



Evaluation of Genetic Variation and Heritability in Elite Rice (Oryza sativa L.) Genotypes Based on Quantitative Traits
ABSTRACT

The present study was undertaken to assess genetic variability and divergence among 40 elite rice genotypes (Oryza sativa L.) which included red rice, white rice and aromatic rice under field conditions at the experimental farm of Rice and Wheat Research Centre, Malan during Kharif, 2022. The experiment was laid out in a randomized block design with three replications, ten quantitative traits were evaluated, including phenological, morphological, and yield-related characters. The results revealed that significant genotypic differences were observed for all traits, indicating ample amount of genetic variability in the material under study. Notably, moderate to high genotypic and phenotypic coefficients of variation (GCV and PCV) were observed for key traits such as total tillers per plant (24.07% and 26.01%, respectively), spikelet per panicle (24.17% and 28.25%), Grains per panicle (27.27% and 30.46%), and grain yield per plant (24.19% and 30.09%). High heritability (>80%) coupled with high genetic advance (>20%) was recorded for several traits, including plant height (85.88% and 25.38%, respectively), total tillers per plant (85.59% and 45.87%), Grains per panicle (80.14% and 50.30%) and 1000- grain weight (97.84%, 22.35%) indicating the predominance of additive gene action and scope for effective selection. These findings suggest that seed yield and its contributing traits could serve as reliable selection indices in the breeding programs, providing valuable insights for the development of improved cultivars with higher productivity and desirable agronomic characteristics.
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1. INTRODUCTION
Rice (Oryza sativa L.), a member of the Poaceae family, is one of the world's most important food crops, providing a staple for over half the global population and cultivated in 115 countries worldwide. India boasts the largest area under rice cultivation and is the second-largest producer after China. 

India boasts a rich variety of rice, encompassing numerous cultivars, landraces, and lesser-known types. The country cultivates rice across 51.42 million hectare, yielding 225 million metric tons with a productivity of 4.37 metric tons/ha productivity (Anonymous a 2024-25). For centuries, farmers and local entrepreneurs have cultivated these varieties not only for their grain yield but also for desirable traits like aroma, grain length, cooking quality, and resistance to various abiotic stresses. The Himalayan red rice, often called "Red Pearls of the Himalayas" is a unique variety that has gained international recognition for its long grains and aroma (Kaushik et al. 2014). In Himachal Pradesh, several local varieties, or landraces, are grown in various regions. These include Jattoo, Matali, Laldhan, Deval, Chohartu, and Sukaradhan, all of which exhibit distinct morphological and quality characteristics.
Himachal Pradesh considers rice a crucial cereal crop, second only to maize, during the kharif season. The state cultivates rice across 67,300 hectares, yielding 0.130 million metric tons with a productivity of 1.93 metric tons per hectare (Anonymous b 2022-23). Red rice, a traditional variety, covers approximately 1,100 hectares in Himachal Pradesh, producing around 9,926 quintals with a productivity ranging from 8 to 10 quintals per hectare (Anonymous c 2021). These ancient varieties have been grown for centuries in various parts of Asia, including the hilly regions of Himachal Pradesh, where they've adapted to the unique local climate and are deeply embedded in the local diet and cultural heritage.
As almost half the global population relies on rice for sustenance, boosting its productivity is a crucial concern. Rice has undergone extensive selection during its domestication and genetic development for agriculture. To overcome these limitations, we can utilize local landraces and germplasm, which are rich sources of diverse genes. Landraces are traditional crop varieties that farmers have cultivated for generations. They have developed unique characteristics that distinguish them from their wild relatives and are a valuable reservoir of beneficial genes. Historically, these landraces have been vital for ensuring local food security and promoting sustainable agricultural practices (Shengxiang et al. 2002).

This study aims to explore the heritability, genetic advance, phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) in various rice genotypes, focusing on their collective influence on yield and related traits. PCV and GCV are statistical tools that measure the overall variability of traits (PCV) and the specific portion of that variability due to genetic factors (GCV) within and between rice genotypes (Yumkhaibam RS et al. 2023) Heritability indicates how much of a trait's variation is genetically determined, with high heritability suggesting that genetic diversity significantly impacts the trait's expression, making it easier to improve through selection. Conversely, low heritability implies a stronger environmental influence on the trait (Munandar A, 2023) Lastly, genetic advance predicts the potential improvement in a trait from breeding programs, representing the expected gain from selecting superior individuals compared to the average of the entire population.

2. MATERIALS AND METHODS 

The present investigation was carried out during Kharif, 2021 at the experimental farm of Rice and Wheat Research Centre, Malan. Geographically, the farm is located at 320 1’N Latitude and 76020’E longitude, 5km from the famous Chamunda Temple in the lap of majestic Dhauladhar range of North Western Himalayas representing the mid hill zone (Zone-II) of Himachal Pradesh and is characterized by humid sub-temperate climate with high rainfall (2500 mm/annum). This place is 950 m above mean sea level.

The experimental material for the present study comprised of 40 elite rice genotypes which included red rice, white rice and aromatic rice also along with three checks HPR-2880, Kasturi and HPR-2720. These genotypes and checks were assessed for ten different quantitative traits in Randomized Complete Block Design (RBD) with three replications. All the genotypes were raised with good plant health by following recommended package of practices. Recommended package of practices were followed for raising the crop. Each entry was raised in plot size of 4m x 0.4m with row to row and plant to plant spacing of 20 cm and 15 cm, respectively (having 2 rows per genotype). 
2.1 Observations Recorded

Evaluation of genetic variability and divergence of different traits of red rice was carried out. Observations were recorded on the basis of five randomly selected plants for each genotype in each replication for eight quantitative traits viz., plant hight (cm), panicle length (cm), total tillers per plant, spikelets per panicle, grains per panicle, 1000- grain weight (g), grain yield per plant (g) and grain yield per plot (g) and the data was tabulated. The data from the selected five plants was used to calculate the average. For phenological traits viz., days to 50% flowering and days to 75% maturity data was recorded on the plot basis.
2.2 Statistical Analysis  
2.2.1 Analysis of variance      

The mean values of varieties in each replication were used for statistical analysis. The ANOVA was conducted for a randomized block design to test the significance of differences between the genotypes for various characters by calculating the Critical Difference (C.D.) and Standard Error of means (S.E.(m) (±)) as described by Panse and Sukhatme (1989).

SE (m) = ±(MSe/r)1/2; SE (d) = ±(2MSe/r)1/2; CD = SE (d) ×‘t’ 

Further, Genotypic, Phenotypic and Error variance were calculated as per the given formulae:

Genotypic variance (σ²g) = (MSt/MSe)/r 

Phenotypic variance (σ²p) = σ²g + σ²e 

Error variance (σ²e) = MSe 

Where, MSe = Mean sum square of error; MSt = Mean sum square of treatments; r = No. of replications and ‘t’ = tabulated value of ‘t’ at 5% level of significance at error degree of freedom.
2.2.2    Heritability (%)
For further calculations, heritability in broad sense (h2bs) was computed as a ratio of genotypic variance to phenotypic variance (Burton and De Vane (1953) and Johnson et al. (1955)). 

Heritability (broad sense) (h2bs) = (2g / (2p ×100
Where, σ²g = Genotypic variance and σ²p = Phenotypic variance 

2,.2.4    Genetic advance (%)
The expected genetic advance (GA) resulting from the selection of 5% superior individuals was calculated as per Burton and De Vane (1953) and Johnson et al. (1955). 

GA = K × (p × h2bs
Where, K = 2.06 (selection differential at 5% selection intensity) as given by Lush (1949); h2bs = heritability (broad sense) [image: image1.wmf]÷
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; (p = phenotypic standard deviation; (2g = genotypic 
Genetic advance as percent of means for each character was calculated as suggested by Johnson et al., (1955). 

G.A.(%) = G.A. Mean x 100
3. RESULTS AND DISSCUSION 
Perusal of the data on analysis of variance (ANOVA) revealed the presence of significant difference among the genotypes at 5 per cent level of significance for all the traits studied justifying the presence of sufficient genetic variability (Table 1). Hence, presenting scope for improvement of these traits through hybridization and selection. These findings also indicate significant genetic variation among red rice genotypes, indicating a broad genetic base that can be efficiently used in breeding operations. This diversity provides useful information for selecting superior genotypes and accelerates rice genetic improvement for desirable features. Similar results were also reported by Shrestha et al. (2021) and Kumar (2022). They revealed significant values for plant height, panicle length, effective tillers per plant, fertile grain number per panicle among the evaluated rice genotypes. Umamaheswar et al. 2024 also confirmed the presence of significant differences among the evaluated genotypes. Also, Sravani et al. 2022 reported “the presence of significant differences in all the traits examined”.
	Table 1 Analysis of variance of rice genotypes for yield and related traits

	S.No.
	
	Mean sum of square

	
	Source of variation
	Replication
	Treatment
	Error

	
	df
	2
	39
	78

	1
	Days to 50 % flowering
	109.55
	30.32*
	2.92

	2
	Days to 75 % maturity
	123.46
	41.10*
	4.14

	3
	Plant height (cm)
	830.62
	93.91*
	43.16

	4
	Panicle Length (cm)
	20.49
	33.88*
	2.79

	5
	Total Tillers/plant
	3.15
	9.15*
	0.704

	6
	Spikelet/ Panicle
	4626.88
	129.40*
	539.11

	7
	Grains/Panicles
	3833.59
	118.05*
	292.47

	8
	1000- grain weight (g)
	20.06
	2.00*
	0.14

	9
	Grain Yield/ Plant (g)
	30.49
	0.31*
	1.00

	10
	Grain Yield/ Plot (g)
	23950.23
	2035.29*
	1624.28

	
	*Significance at 5%         
	
	
	


In the present study, the estimates of phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) were classified as low (<10%), Moderate (10-20%) and high (>20%) (Table 2, Figure 1). Based on the classification, high PCV estimates were observed for the traits viz., grains per panicle (30.46%) followed by grain yield per plant (30.09%), spikelet per panicle (28.55%) and total tillers per plant (26.01%). Moderate PCV was obtained for plant height (14.34%) followed by panicle length (11.64%) and 1000- grain weight (11.08%) while, lower PCV was obtained for days to 50% flowering (6.91%) and days to 75% maturity (6.20%). The GCV estimates provides insights into the extent of genetic variability inherited from parents and transmitted to the offspring. In this study, high GCV values were observed for grains per panicle (27.27%) followed by spikelet per panicle (24.17%), total tillers per plant (24.07%) and grain yield per plant (24.19%). Moderate GCV values were found for plant height (13.30%) and 1000- grain weight (10.97%). Conversely, panicle length (9.59%), days to 50% flowering (6.65%) and days to 75% maturity (5.87%) exhibited relatively low GCV.

Furthermore, the present findings showed that phenotypic coefficient of variation (PCV) were found to be slightly higher than their respective genotypic coefficient of variation (GCV) for all the traits studied, which indicated that the apparent variation is not only due to genotypes but also due to considerable influence of environment on the performance of genotypes. Similar results of higher PCV in comparison to GCV in rice genotypes were also reported by Kishore et al. (2018), Kumar (2022), Sravani et al. (2022), Demeke et al. (2023) and Umamaheswar et al. (2024). These findings are in agreement with the studies as reported by Mazid et al. (2013) who revealed the similar pattern for 1000- grain weight, Spikelets per panicle, grains per panicle and the total number of tillers. Yashwanth et al. (2021) reported similar findings for plant height, spikelet per panicles and for grain yield per plant. Similar finding for grain yield and 1000- grain weight was reported by Demeke et al. (2023). Umarani et al. (2017) also reported “corresponding results for the total number of tillers per plant, days to 50% flowering, grains per panicle, 1000- grain weight and grain yield per plant”. 
The estimates of heritability in broad sense were classified as low (<50 per cent), moderate (50-80%) and high (>80%) (Table 2, Figure 1). The present study revealed that heritability in broad sense was high for days to 50 per cent flowering (92.40%), days to 75 per cent maturity (89.72%), plant height (85.88%), total tillers per plant (85.59%), grains per panicle (80.14%) and 1000- grain weight (97.84%). Moderate heritability was observed for spikelets per panicle (71.65%) followed by panicle length (67.84%) and grain yield per plant (64.62%). None of the traits under study were observed with low heritability. The findings of the present study indicated a low influence of the environment and a greater role of genetic variation in determining the expression of the studied traits. Consequently, selecting individuals based on their phenotypic expression of these traits would likely be more effective and reliable for future breeding purposes.  
The results are supported by the findings of Gupta et al. (2021) who reported similar results for days to 50 % flowering, plant height, grains per panicle, 1000- grain weight and grain yield per plant. Demeke et al. (2023) reported similar findings for panicle length, plant height and 1000- grain weight. Yashwanth et al. (2021) reported similar observations for days to 50% flowering and plant height. Kumar et al. (2018) also observed same results for plant height, days to 50% flowering, 1000- grain weight and grains per panicle. Keerthiraj and Biju (2020) reported same results for days to 50% flowering, plant height, total tillers per plant, grains per panicle, 1000- grain weight and grain yield per plant, while the result of plant height, panicle length, grains per panicle, 1000- grain weight and grain yield are in accordance with Faysal et al. (2022).
Expected genetic advance expressed as percentage of mean (Table 2, Figure 1) was exhibited high (>20%) for most of the traits viz., grains per panicles (50.30%), total tillers per plant (45.87%), spikelet per panicles (42.15%), grain yield per plant (40.05%), plant height (25.38%) and 1000- grain weight (22.35%) indicating that these traits were under the control of additive gene action. On the other hand, moderate GA (10-20%) was observed for panicle length (16.27%) days to 50 % flowering (13.16%), days to 75 % maturity (11.46%). None of the studied traits exhibited low genetic advance, indicating a limited role for non-additive gene action.
	Table 2 Estimates of parameter of variability for morphological, yield and yield contributing traits in rice genotypes

	S.No.
	Traits
	Grand Mean ± SE (m)
	Range
	PCV %
	GCV %
	h2bs (%)
	GA as % mean

	1
	Days to 50% flowering
	89.70 ± 0.99
	80.00 - 103.33
	6.914
	6.65
	92.40
	13.16

	2
	Days to 75% maturity
	117.16 ± 1.23
	106.00- 130.33
	6.20
	5.87
	89.72
	11.46

	3
	Plant Height
	121.85 ± 3.79
	91.73- 169.87
	14.34
	13.30
	85.88
	25.38

	4
	Panicle Length
	25.32 ± 0.97
	20.00- 32.40
	11.64
	9.59
	67.84
	16.27

	5
	Total Tillers/plant
	8.57 ± 0.48
	4.133- 12.63
	26.01
	24.07
	85.59
	45.87

	6
	Spikelets/ Panicle
	153.32 ± 3.41
	84.38- 246.12
	28.55
	24.17
	71.65
	42.15

	7
	Grains/Panicle
	129.28 ± 9.90
	58.00-207.43
	30.46
	27.27
	80.14
	50.30

	8
	1000- grain weight 
	23.49 ± 0.22
	16.02-27.43
	11.08
	10.97
	97.84
	22.35

	9
	Grain Yield/ Plant
	14.12± 0.58
	5.90-20.16
	30.09
	24.19
	64.62
	40.05


SE: Standard error

PCV: Phenotypic coefficient of variation

GCV: Genotypic coefficient of variation

ECV: Environmental coefficient of variation

h2bs: Heritability in broad sense

GA: Genetic advance (%) of mean
Based upon the combined studies of heritability and genetic advance plant height, total tillers per plant, grains per panicle and 1000- grain weight showed high heritability (>80%) coupled with high genetic advance as a percent of the mean (>20%) which indicates the presence of a significant additive gene action, suggesting that selection for these traits would be beneficial in future breeding programs. For traits like days to 50% flowering, grain yield per plant and days to 75% maturity, high heritability (>80%) coupled with moderate genetic advance (10-20%) as a % of the mean was observed. This suggests that a combination of careful and restricted selection approaches may be effective in improving these traits in breeding programs. Panicle length exhibited moderate heritability coupled with moderate genetic advance while spikelets per panicles and grain yield per plant showed moderate heritability coupled with high genetic advance. All traits showed evidence of additive gene action, which provides opportunities for improvement through hybridization and selection strategies. Similar results of heritability and genetic advance has been reported by Umamaheswar et al. (2024) for grain breadth, panicles plant-1, and grain L/B ratio showed promising heritability and genetic advancement. Sravani et al. (2022) reported the similar findings “for days to 50% flowering, plant height, number of tillers per plant, number of productive tillers per plant, number of grains per panicle, number of filled grains per panicle, total number of grains per panicle, panicle length, panicle weight, test weight, single plant yield, spikelet fertility”.
Figure 1: Graph showing the estimates of parameter of variability for morphological, yield and yield contributing traits in rice genotypes
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The results were supported by Umarani et al. (2017), Kumar et al. (2018), Keerthiraj and Biju (2020), Gupta et al. (2021), Kumar (2022) and Demeke et al. (2023).  Kumar et al. (2018) recorded high heritability coupled with high genetic advance for 1000- grain weight and grains/ panicle. Gupta et al. (2021) reported analogous findings for “plant height, grains/ panicle, 1000- grain weight and grain yield/ plant”. Keerthiraj and Biju (2020) were found to be in accordance with the present study for plant height, total tillers/ plant, grains/ panicle, 1000- grain weight and grain yield/ plant. Umarani et al. (2017) also reported similar results for “the total tillers/ plant, grains/ panicle, 1000- grain weight and grain yield/ plant”. Demeke et al. (2023) reported similar findings for “panicle length, plant height and 1000- grain weight”.
4. CONCLUSION 
Sufficient genetic variability and significant differences were observed among all the forty-one genotypes for all the quantitative traits studied suggesting prevalence of wide range of genetic variation and scope of selection for these traits among the genotypes for further improvement. Analysis of parameter of variability showed presence of high PCV in comparison to GCV for all the traits which indicated environmental factors influencing their expression. High PCV and GCV values were recorded for total tillers per plant, spikelets per panicle, grains per panicle and grain yield per plant. So, these traits provide the higher chances for selection. High heritability coupled with high genetic advance were recorded for plant height, total tillers per plant, grains per panicle and 1000- grain weight, indicated that these characters are governed by additive genes and selection will be rewarding for improvement of such traits.
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