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ABSTRACT: Genetic variability and its inherited components are crucial for identifying suitable breeding material and developing superior varieties. The present study was carried out at the College of Agriculture, Vellayani, Thiruvananthapuram, Kerala in the F2 population of the Uma × Nagina 22 cross in rice. The frequency distribution analysis revealed positive skewness with leptokurtic distribution for number of tillers, productive tillers, days to flowering, days to maturity, total chlorophyll content and seed length/breadth ratio. While panicle length, total grains per panicle, hundred seed weight, and proline content displayed negative skewness with platykurtic distribution. The phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of variation (GCV) for all characters under study. High GCV and PCV were observed for the number of tillers, total number of grains per panicle, yield per plant, total chlorophyll content, proline content, protein content, and seed length/breadth ratio. The traits viz. plant height, days to flowering, panicle length, days to maturity, total number of grains per panicle, 100 seed weight, yield per plant, total chlorophyll content, proline content, protein content and seed length/breadth ratio exhibited high heritability coupled with high genetic advance as percent of mean (GAM). The presence of wide genetic variability, high heritability, and significant genetic advancement for many characters indicates an enormous potential for both direct and indirect selection to improve these traits in rice.
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INTRODUCTION
Rice (Oryza sativa) is one of the world's most important staple crops, feeding more than half of the world's population, primarily in Asia, Africa, and parts of Latin America (Bin Rahman and Zhang, 2023).  Rice originated roughly 9,000 years ago in China's Yangtze River region and has evolved into a vital agricultural staple, adapting to a wide range of environments from flooded lowlands to upland terraces (Liu et al., 2017). Global rice production is expected to reach a record of 540.93 million tonnes in 2025, with India and China accounting for more than half of the total (USDA, 2025). Rice production is vital to the survival of billions of people around the world due to its unequalled importance in food security, cultural heritage, and economic stability. Continuous progress in the field of breeding, agronomy, and physiology aims to improve rice production, stress tolerance, and nutritional quality in the face of climate change and increasing demand. This underscores rice's vital role in global agriculture and human nutrition.
Rice cultivation in Kerala faces a number of persistent production problems, which severely limit yield potential and jeopardise the crop's sustainability over time. Major production issues include low soil fertility, insect and disease outbreaks (such as brown planthopper, sheath blight, bacterial blight, etc), labour shortages, lodging in tall traditional varieties, and a lack of suitable varieties for stress-prone habitats such as kole lands and coastal saline areas (Kumar and Kunhamu, 2021). In recent years, the effects of climate change, like frequent heat waves, drought, unpredictable monsoon onset, and submergence events, have broadened the gap between potential and actual production (Suresh et al., 2024).
Breeding efforts resulted in a number of high-yielding and stress-tolerant varieties, and modern technologies such as genetic markers, genomic selection, and climate-smart breeding are increasingly being employed to accelerate varietal development (Razzaq et al., 2021). Despite such attempts, existing cultivars frequently fail to deliver consistent performance in Kerala's diverse and stressful environment. These constraints underscore the critical need for research and the development of new rice varieties that are suited to Kerala's agroecological challenges. New cultivars must be high yielding, resistant to prevalent pests and diseases, tolerant to abiotic stresses (flooding, drought, salinity, and heat), and adaptable to local agricultural systems like as upland, lowland, and pokkali environments. Customer expectations regarding grain quality, nutritional content, and aroma must also be addressed in order for farmers to adopt and market the product. A search for improved varieties is thus critical not just for increasing productivity, but also for preserving Kerala's rice heritage, ensuring food security, and building resilience to future hazards from climate change.
This crop has a lot of potential, therefore there is room to improve it and develop varieties that are tailored to particular agro-ecological circumstances. Any crop development program must begin with a thorough grasp of the degree of genetic variability for various traits.  The basis of genetic improvement in any crop is the establishment and efficient use of diversity through suitable breeding techniques (Fu, 2015).  In general, early segregating generations exhibit more variability than later ones. Designing an efficient breeding program requires evaluating genetic variation and the extent to which desired traits are inherited. Thus, the expected genetic gain from selection can be ascertained by assessing variability across various characters and dividing total variance into heritable and non-heritable components (Robinson et al., 1949).
The success of any crop improvement programme largely relies on the degree of genetic variability available in the base population (Swarup et al., 2021). In self-pollinated crops such as rice, identifying and selecting superior segregants from a heterogeneous population at early generations is crucial (Begna, 2021). Considering this, the present investigation was undertaken to assess the genetic variability for yield and its contributing traits in the F2 population derived from the cross Uma × Nagina 22.
MATERIALS AND METHODS 
The study was carried out at the College of Agriculture, Vellayani, Thiruvananthapuram, Kerala, from June to November 2025. The experimental material comprised an F2 population developed from a cross between two parents - ‘Uma,’ a popular high-yielding rice variety released by Kerala Agricultural University, Kerala, and Nagina 22 (N22), a heat and drought-tolerant genotype from the Indian Council of Agricultural Research–National Rice Research Institute (ICAR–NRRI), Cuttack, Odisha. The F2 population derived from selfing the F1, along with the parents Uma and N22, was grown in an unreplicated trial to evaluate yield and its related traits under heat and drought stress. Each F2 plant was individually tagged, and data were recorded for thirteen quantitative traits: days to first flowering, plant height (cm), total number of tillers, number of productive tillers, days to maturity, panicle length(cm), total number of grains per panicle, seed size (length/breadth ratio), 100 seed weight (g), seed yield per plant (g plant-1), total chlorophyll level (mg/g FW) (estimated by following procedure of  Arnon (1949)), proline content (μmol/g FW) (estimated by following protocol of Bates et al. (1973)) and protein content (µg/µL) (estimated by adopting method of Bradford (1976)).
Statistical analyses were carried out to estimate parameters such as mean, phenotypic variance (Vp), genotypic variance (Vg), and environmental variance (Ve), along with phenotypic and genotypic coefficients of variation (PCV and GCV), following the procedure of Panse and Sukhatme (1961). Broad-sense heritability was calculated using the formula proposed by Burton (1952) and Johnson et al. (1955), while the genetic advance as a percentage of the mean (GAM) was determined as per the method of Johnson et al. (1955). The third- and fourth-degree statistics viz., skewness and kurtosis, respectively, were computed according to Snedecor and Cochran (1974) to assess the distribution pattern of nine quantitative traits in the F2 population derived from the cross Uma × N22. The statistical computations were performed using Microsoft Excel and SPSS software (Version 16).
RESULTS AND DISCUSSIONS
The nature of gene action and the number of genes governing characters can be understood through the study of frequency distributions, as well as third- and fourth-degree statistics, such as coefficients of skewness and Kurtosis (Robson, 1956). In general, a trait's skewed distribution indicates that it is impacted by environmental factors and controlled by non-additive gene action, particularly epistasis (Sheshaiah et al., 2018; Khandappagol et al., 2019). In the study for all characters, the F2 population showed a significant degree of variation. Frequency distributions for yield and its attributing traits in the F2 population of cross Uma x N22 is shown in the Fig. 1. The table 1 displays the mean performance, range, skewness, and kurtosis of the F2 segregating generations of the cross Uma × N22 for yield and the yield contributing attributes. 
[bookmark: _Hlk215355254]The number of tillers (1.52, 2.94), productive tillers (1.44, 2.40), days to flowering (0.25, 0.19), days to maturity (0.38, 0.04), total chlorophyll content (1.45, 1.47) and seed length/breadth ratio (0.71, 1.70) displayed positive skewness with leptokurtic distribution. The days to flowering, tiller number, panicle number and filled spikelets in F7 segregants of Pusa-1176 × BPT-5204 displayed positive skewness and leptokurtic kurtosis, suggesting complementary epistasis and involvement of a few effective genes in governing these traits and this indicates high potential for effective early-generation selection (Kumari et al., 2022). While F2 populations derived from AD 16019 × ADT 43 and AD 16019 × WGL 14377 showed positive skewness with a leptokurtic distribution for days to flowering, number of grains/panicles, seed length/breadth ratio, suggesting non-additive complementary interactions favouring selection for higher values (Lilly et al., 2018).
[bookmark: _Hlk215269880]Plant height (-0.56, 0.93) recorded negative skewness with leptokurtic distribution. In multiple crossings and generations, plant height generally showed negative skewness, a characteristic associated with polygenic inheritance and duplicate epistasis under leptokurtic distributions. This indicates substantial genetic variability with the trait values clustered unevenly around the mean (Prasanna et al., 2024). ​On the other hand, panicle length (-0.12, -0.69), total grains per panicle (-0.08, -1.04), hundred seed weight (-0.61, -0.14), and proline content (-0.39, -0.25) displayed negative skewness with platykurtic distribution. Traits with negative skewness frequently signal a limited prospect for future improvement by direct selection, as most individuals already cluster at elevated values for the trait. While positive skewness with platykurtic distribution was recorded in yield per plant (0.49, -0.50) and protein content (0.47, -0.06). Lilly et al. (2018) reported that grain yield and 1000-grain weight showed positive skewness and platykurtic distributions in rice F2 populations, indicating promising opportunities for effective trait improvement through selection.
Positive skewness indicates that the trait is influenced by complementing epistatic interactions.  In such instances, selection progresses slowly under modest selection pressure but swiftly under stronger selection. In contrast, negative skewness which represents duplicate epistasis, enables faster improvement even with mild selection, and very rapid improvements as selection intensity increases. Similarly, kurtosis aids in the interpretation of population variation: platykurtic distributions represent larger variation, whereas leptokurtic distributions imply narrower variation.  As a result, a platykurtic pattern is advantageous for selection due to the greater range of trait variation in the population (Subalakhshmi et al., 2024). ​
[bookmark: _Hlk215431486]Evaluation of genetic variability in a population is crucial for the development of superior cultivars. Crop improvement slows in the absence of adequate genetic variability, limiting adaptation to new challenges such as climate change and pests. The study demonstrated that the genotypic variance is less than the phenotypic variance for all traits. The Fig. 2 presents the PCV and GCV levels for all traits. The traits like number of tillers (30.20, 20.59), total number of grains per panicle (39.58, 38.93), yield per plant (54.87, 50.55), total chlorophyll content (81.68, 79.01), proline content (28.23, 25.82), protein content (29.21, 28.87), and seed length/breadth ratio (23.96, 23.89) showed high PCV and GCV. Plant height (14.25, 12.28), days to flowering (17.15, 16.51), panicle length (14.52, 12.51), days to maturity (12.1, 11.86) and 100 seed weight (14.84, 12.73) exhibited moderate levels of PCV and GCV, respectively. But productive tillers exhibited high PCV (32.69) and moderate GCV (18.28). The PCV was higher than GCV for all characters, suggesting some environmental influence; however, the small difference between them indicates it is negligible. For efficient selection and crop improvement, traits with high GCV are very helpful. The results were in line with Naik et al. (2020) and Roy and Shil (2020). 
Heritability measures how well traits are passed down from parents to offsprings (Falconer, 1964) and is useful in identifying superior genotypes among varied populations. It also serves as a measure of the reliability of phenotype as a guide to breeding value and the usefulness of field experiments. In this study, the number of tillers (46.47%) and productive tillers (31.27%) displayed moderate heritability. While remaining all characters, namely plant height (74.29%), days to flowering (92.69%), panicle length (74.21%), days to maturity (96.06%), total number of grains per panicle (96.76%), 100 seed weight (73.58%), yield per plant (84.86%), total chlorophyll content (93.56%), proline content (83.63%), protein content (97.70%) and seed length/breadth ratio (99.37%) showed high heritability. The results were in agreement with those of Ojah et al. (2019), Akshay et al. (2022), Chaudhary et al. (2023) and Anusha et al. (2024).
Genetic advance as percentage of mean (GAM) is an important selection criterion in plant breeding that quantifies the estimated genetic gain from one selection cycle as a percentage of the population mean, offering an approximate estimate of possible improvement in comparison to current performance. In the study, GAM was high for all traits viz. plant height (21.81), number of tillers (28.91), productive tillers (21.06), days to flowering (32.75), panicle length (22.19), days to maturity (23.94), total number of grains per panicle (78.89), 100 seed weight (22.49), yield per plant (95.92), total chlorophyll content (157.42), proline content (48.64), protein content (58.78) and seed length/breadth ratio (49.06). Fig. 3 illustrates the genetic advance as a percentage of the mean for all traits. The characters like plant height, days to flowering, panicle length, days to maturity, total number of grains per panicle, 100 seed weight, yield per plant, total chlorophyll content, proline content, protein content and seed length/breadth ratio exhibited high heritability coupled with high GAM. This indicates the presence of additive gene effects and selection is effective for these traits. These results are similar to the findings of Kumari and Parmar (2020), Soundharya et al. (2024) and Akhil et al. (2025) in rice.
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Fig. 1. Frequency distributions for yield and its attributing traits in the F2 population of cross Uma x N22




	[bookmark: _Hlk215264080]Sl. No.
	Characters
	Mean
	Range
	Vp
	Vg
	PCV%
	GCV%
	h2 (bs)%
	GA
	GAM%
	Skewness
	Kurtosis

	
	
	
	Minimum
	Maximum
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk215263383]1
	Plant height (cm)
	140.59
	86.20
	176.60
	401.40
	298.19
	14.25
	12.28
	74.29
	30.66
	21.81
	-0.56
	0.93

	2
	Number. of tillers
	4.89
	3.00
	9.00
	2.18
	1.01
	30.20
	20.59
	46.47
	1.41
	28.91
	1.52
	2.94

	3
	Productive tillers
	4.52
	3.00
	9.00
	2.18
	0.68
	32.69
	18.28
	31.27
	0.95
	21.06
	1.44
	2.40

	4
	Days to flowering
	67.63
	51.00
	99.00
	134.55
	124.72
	17.15
	16.51
	92.69
	22.15
	32.75
	0.25
	0.19

	5
	Panicle length (cm)
	21.12
	15.13
	26.50
	9.40
	6.98
	14.52
	12.51
	74.21
	4.69
	22.19
	-0.12
	-0.69

	6
	Days to maturity
	102.00
	82.00
	133.00
	152.23
	146.23
	12.10
	11.86
	96.06
	24.41
	23.94
	0.38
	0.04

	7
	Total number of grains per panicle
	156.90
	30.67
	247.67
	3856.18
	3731.37
	39.58
	38.93
	96.76
	123.78
	78.89
	-0.08
	-1.04

	8
	100 seed weight (g)
	1.86
	1.22
	2.28
	0.08
	0.06
	14.84
	12.73
	73.58
	0.42
	22.49
	-0.61
	-0.14

	9
	Yield per plant (g per plant)
	6.34
	1.15
	13.42
	12.09
	10.26
	54.87
	50.55
	84.86
	6.08
	95.92
	0.49
	-0.50

	10
	Total chlorophyll content (mg/g FW)
	1.05
	0.24
	3.06
	0.73
	0.68
	81.68
	79.01
	93.56
	1.65
	157.42
	1.45
	1.47

	11
	Proline content (μmol/g FW)
	4.54
	2.00
	6.62
	1.64
	1.37
	28.23
	25.82
	83.63
	2.21
	48.64
	-0.39
	-0.25

	12
	Protein content (µg/µL)
	29.23
	14.51
	48.99
	72.87
	71.19
	29.21
	28.87
	97.70
	17.18
	58.78
	0.47
	-0.06

	13
	Seed length/breadth ratio
	1.57
	0.79
	2.50
	0.14
	0.14
	23.96
	23.89
	99.37
	0.77
	49.06
	0.71
	1.70


Table 1: Genetic parameter estimates and frequency distributions for yield and component traits in the F2 population from the Uma × N22 cross

	
	




Fig. 2. PCV and GCV for yield and its attributing traits in the F2 population of cross Uma × N22.

Fig. 3. Heritability and GAM for yield and its attributing traits in the F2 population of cross Uma × N22.
CONCLUSION 
The characters, namely number of tillers, total number of grains per panicle, yield per plant, total chlorophyll content, proline content, protein content, and seed length/breadth ratio, recorded high genetic variability. The plant height, days to flowering, panicle length, days to maturity, total number of grains per panicle, 100 seed weight, yield per plant, total chlorophyll content, proline content, protein content and seed length/breadth ratio also displayed high heritability along with substantial genetic advance as a percentage of the mean, indicating strong potential for improvement through selection. Most yield-related traits showed positive skewness across populations, with leptokurtic curves indicating complementary gene action and strong early-generation selection potential, whereas plant height and grain traits like panicle length, total number of grains per panicle and 100 seed weight showed negative skewness, which was linked to duplicate epistasis and broad genetic variability and indicate necessity of recombination breeding rather than simple selection.
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PCV%	Plant height (cm)	No. Of tillers	Productive tillers	Days to flowering	Panicle length (cm)	Days to maturity	Total number of grains per panicle	100 seed wt (g)	Yield per plant (g) 	Total chlorophyll content	Proline content	Protein content	Seed length/breadth ratio	14.25	30.2	32.69	17.149999999999999	14.52	12.1	39.58	14.84	54.87	81.680000000000007	28.23	29.21	23.96	GCV%	Plant height (cm)	No. Of tillers	Productive tillers	Days to flowering	Panicle length (cm)	Days to maturity	Total number of grains per panicle	100 seed wt (g)	Yield per plant (g) 	Total chlorophyll content	Proline content	Protein content	Seed length/breadth ratio	12.28	20.59	18.28	16.510000000000002	12.51	11.86	38.93	12.73	50.55	79.010000000000005	25.82	28.87	23.89	



h2bs%	Plant height (cm)	No. Of tillers	Productive tillers	Days to flowering	Panicle length (cm)	Days to maturity	Total number of grains per panicle	100 seed wt (g)	Yield per plant (g) 	Total chlorophyll content	Proline content	Protein content	Seed length/breadth ratio	74.290000000000006	46.47	31.27	92.69	74.209999999999994	96.06	96.76	73.58	84.86	93.56	83.63	97.7	99.37	GAM%	Plant height (cm)	No. Of tillers	Productive tillers	Days to flowering	Panicle length (cm)	Days to maturity	Total number of grains per panicle	100 seed wt (g)	Yield per plant (g) 	Total chlorophyll content	Proline content	Protein content	Seed length/breadth ratio	21.81	28.91	21.06	32.75	22.19	23.94	78.89	22.49	95.92	157.41999999999999	48.64	58.78	49.06	
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