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Quantitative Genetic Analysis of Yield and Quality Attributes in Non-Basmati Rice Lines: Implications for Breeding

ABSTRACT
A study was conducted to assess genetic variability, heritability, and potential for genetic improvement among 30 non-basmati rice germplasm lines under field conditions at NEBCRC, GBPUA&T, Pantnagar. A set of important agronomic, yield-component and grain quality traits including days to 50% flowering, plant height, panicle length, number of tillers per plant, 1000-grain weight, grain and kernel dimensions, hulling and milling percentages, alkali spreading value, and grain yield per plant were recorded. Analysis of variance revealed highly significant differences among genotypes for all traits, indicating abundant genetic variability. The phenotypic coefficient of variation (PCV) consistently exceeded the genotypic coefficient of variation (GCV), implying environmental influence on trait expression. Broad-sense heritability estimates ranged from 48.76% to 95.30%, with highest values for alkali spreading value, panicle length, 1000-grain weight, tiller number, plant height, and days to flowering. Genetic advance (GA) varied from 0.08 to 17.05, and genetic advance as percent of mean (GAM) ranged from 3.70% to 25.77%, with highest GAM recorded for alkali spreading value, panicle length, tiller number, and 1000-grain weight. Traits combining high heritability and high GAM are likely under additive genetic control and may respond well to selection. These findings suggest that several agronomic and quality traits have considerable selection potential and can be exploited to improve yield and grain quality in non-basmati rice breeding programs.
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1. INTRODUCTION
Rice is far more than a simple cereal; it is the lifeline for over half of the world’s population. As the staple food for more than 3 to 3.5 billion people worldwide, rice provides roughly 20 percent of global dietary energy supply. The global rice production forecast for the year 2023-24 is 523.42 million metric tons. Globally, the top rice-producing country is India (150 million metric tons), followed by China (145.28 million metric tons) (USDA, 2024). Together, India and China account for more than half of the rice produced globally. In many Asian countries, it contributes 50–70 percent of daily calories and remains the primary source of carbohydrates, energy, and, to a limited extent, protein. As cultivation intensified during the Green Revolution, rice yields rose substantially, helping to feed rapidly expanding populations and improving food security in many developing countries. Given its wide coverage, it is grown on all habitable continents except Antarctica.
The germplasm collections in rice represent one of the richest reservoirs of genetic diversity which encompassing traditional landraces, modern cultivars, and wild relatives and provide a critical foundation for breeding and crop improvement (Tang et al., 2021). To harness this genetic potential, current landraces must be systematically evaluated and characterized for agro-morphological traits, a process known as phenotypic characterization. By measuring a broad set of morphological, physiological, and agronomic traits, researchers can identify outstanding genotypes for selection and breeding. Quantitative genetic analyses using parameters such as the phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability, and genetic advance are essential in this context. PCV and GCV reflect the total versus the genetic portion of variability respectively, helping to reveal the underlying genetic diversity. High heritability indicates that much of the phenotypic variation is genetically controlled rather than environmentally driven, which increases the reliability of selection. However, heritability alone is not sufficient: only when high heritability is accompanied by substantial genetic advance can a meaningful improvement through selection be expected (Shukla et al., 2004; Khan et al., 2008). 
2. MATERIAL AND METHODS
Thirty non-basmati germplasm lines from the Rice Breeding Block, NEBCRC, GBPUA&T, Pantnagar were evaluated during the Kharif season. Twenty-day-old seedlings were raised in a well-prepared nursery and transplanted into the main field laid out in a Randomized Complete Block Design (RCBD) with three replications. For each genotype and each replication, a plot of 3 m² (three rows, each 6.0 m long) was used. Row-to-row spacing was maintained at 20 cm, and seedlings were transplanted singly (one plant per hill) at a hill-to-hill spacing of 15 cm ensuring uniform plant density and minimizing intra-genotypic competition.  
Table 1: Description of non-basmati germplasm lines
	S. No.
	Variety/Landrace
	Parentage
	Year

	1
	VL Dhan 39
	China-1039 × IR-580-19-2-3-1
	1982

	2
	Sarjoo 52
	TN 1 × Kashi
	1980

	3
	Hansraj
	Landraces
	      1930

	4
	WGL 480
	--
	-

	5
	Pant Dhan 12
	Govind × UPR 201-1-1
	      1996

	6
	Laldhan
	Selection from local material
	-

	7
	Dhansal
	Landraces
	-

	8
	Mahamaya
	Asha × Kranthi
	1994

	9
	Narendra-359
	BG90-2-4 × OB677
	1993

	10
	IR 64
	IR 5657-33-2-1 × IR 2061-465-1-5-3
	1985

	11
	Ratna
	IR 8 × TKM-6
	1970

	12
	VPR 2805
	--
	--

	13
	HAU-GAN-XIANG
	--
	--

	14
	Jaya
	T(N)-1 × T-141
	1970

	15
	Purple
	--
	--

	16
	Manhar
	IR 24 × Cauvery 2
	1985

	17
	Prasad
	IR-747-B-26-3 × IR-57948
	1978

	18
	IR 29
	--
	1974

	19
	Sharbati
	-- 
	1990

	20
	UPR 2791
	--
	--

	21
	IRBB 21
	--
	1980

	22
	IR 72981
	--
	2000

	23
	Improved Indrasan
	--
	2005

	24
	VL Dhan 61
	Jaya × Ta-poo-cho-z
	1997

	25
	Govind
	--
	1996

	26
	Bidhan Dhan 2
	--
	2012

	27
	Pusa 1509
	Pusa 1301 × Pusa Basmati 1121
	2013

	28
	Pant Dhan 4
	--
	1983

	29
	Pant Dhan 23
	--
	2015

	30
	Pant Dhan 26
	UPR 3425-14-3-1
	2015



Observations were recorded on a comprehensive set of agro-morphological, and quality, descriptors to assess the performance and variability among the 30 rice germplasm lines. The traits evaluated included days to 50% flowering, plant height (cm), panicle length (cm), number of tillers per plant, 1000-grain weight (g), grain length (mm), grain breadth (mm), hulling percentage, milling percentage, kernel length (mm), kernel breadth (mm), kernel length/ breadth ratio, alkali spreading value, and grain yield per plant (g). For most traits, five plants were randomly selected and tagged in each plot, and their mean values were used for statistical analysis. Observations on days to 50% flowering were recorded on a plot basis. Following harvest, seeds from each genotype were manually dehulled to evaluate grain and kernel quality characteristics, including kernel length, kernel breadth, and the kernel length/ breadth ratio, which serve as important indicators of grain shape, appearance, and cooking quality. These measurements were taken using standard grain evaluation procedures to ensure precision and uniformity.
Analysis of variance (ANOVA) was performed following the procedures described by Cochran and Cox (1957) to test the significance of differences among genotypes for all recorded traits. To assess the magnitude of genetic control over phenotypic expression, heritability in the broad sense was estimated and classified into low (<30%), medium (30–60%), and high (>60%) categories as proposed by Allard (1960). Genetic advance as a percentage of the mean under 5% selection intensity was calculated according to Johnson et al. (1955) and grouped into low (0–10%), moderate (10–20%), and high (>20%) classes. These parameters provided insight into the expected response to selection and the potential effectiveness of improving traits through breeding. Phenotypic and genotypic coefficients of variation (PCV and GCV) were estimated following Burton and De Vane (1953) and Singh and Chaudhary (1977). Their magnitude was categorized into low (<10%), moderate (10–20%), and high (>20%) as per Sivasubramanian and Madhavamenon (1973). These measures helped quantify the relative contribution of genetic and environmental components to trait variability.
3. RESULTS AND DISCUSSION
Analysis of variance (Table 2) revealed highly significant differences among 30 non-basmati lines for all the traits studied viz., days to 50% flowering, plant height (cm), panicle length (cm), number of tillers per plant, 1000 grain weight (g), grain length (mm), grain breath (mm), hulling percentage, milling percentage, kernel length (mm), kernel breath (mm), length/breath ratio, alkali spreading value and grain yield per plant (g) at both 5% and 1% level of significance indicating presence of good amount of variability. The characters that showed considerable variance have the potential to be exploited for crop improvement. The existence of such significant variation implies that the observed differences among the lines are unlikely to be due to random sampling error; rather, they reflect true genetic differences. As per the rationale commonly employed in crop-genetic research, when genotypes differ significantly, breeders can be confident that selection will be effective, because some genotypes are inherently superior to others under the given conditions.
Table 2: Analysis of variance for yield and quality traits in non-basmati rice germplasm
	S. No.
	Characters
	Mean Sum of Square
	CD (0.05)
	CV (%)

	
	
	Replication
	Treatment
	Error
	
	

	
	
	df =2
	df = 29
	df = 58
	
	

	1
	Days to 50% flowering
	5.78
	25.374**
	6.22
	3.92
	2.40

	2
	Plant Height (cm)
	27.06
	31.547**
	7.39
	4.03
	2.47

	3
	Panicle Length (cm)
	0.06
	48.795**
	0.43
	4.27
	2.61

	4
	No. of Tillers per Plant
	0.26
	42.133**
	0.11
	4.42
	2.70

	5
	1000 Grain Weight (g)
	1.60
	49.726**
	0.31
	3.91
	2.39

	6
	Grain Length (mm)
	0.06
	7.587**
	0.04
	4.67
	2.86

	7
	Grain Breadth (mm)
	0.01
	7.117**
	0.01
	4.68
	2.86

	8
	Hulling percentage
	2.43
	17.821**
	1.97
	3.02
	1.85

	9
	Milling percentage
	8.25
	22.018**
	3.24
	4.18
	2.56

	10
	Kernel length (mm)
	0.04
	7.247**
	0.03
	4.11
	2.52

	11
	Kernel Breadth (mm)
	0.01
	3.876**
	0.01
	4.29
	2.62

	12
	Length/ Breadth ratio
	0.01
	5.645**
	0.01
	4.26
	2.61

	13
	Alkali Spreading Value
	0.01
	61.179**
	0.02
	4.68
	2.86

	14
	Grain Yield Per Plant (g)
	0.05
	12.263**
	0.38
	4.01
	2.45


* Significant at 5% level, **Significant at 1% level  
3.1 Genotypic and Phenotypic coefficient of variation (%): In presenting GCV, PCV, heritability (broad-sense), genetic advance (GA) and genetic advance as percent of mean (GAM) side-by-side (Table 3 and Figures 1), which showcased the maximum genotypic and phenotypic coefficient of variation was observed for alkali spreading value (12.81, 13.12) followed by panicle length (10.44, 10.75), number of tillers per plant (10.02, 10.38) and 1000 grain weight (9.63, 9.92). Moderate GCV and PCV was observed in plant height (7.87, 8.24), days to 50% flowering (6.83, 7.24), milling percentage (6.76, 5.86), and grain yield per plant (4.76, 5.34) and minimum GCV and PCV was observed for kernel breadth (2.57, 3.68) and length/ breadth ratio (3.22, 4.15). Similar findings are reported by Amod et al. (2020) for hulling %, Krishna et al. (2020), Mahesh et al. (2022) and Nandedkar et al. (2022) for grain yield per plant, Dey et al. (2019) for number of tillers per plant, Allam et al. (2015) for alkali spreading value. 
Table 3: Genetic variability parameters yield and its’ attributing traits
	Characters
	Mean
	RANGE
	GCV
	PCV
	h² (Broad Sense)
	Genetic Advance
	Genetic Advance as % of Mean

	
	
	MAX
	MIN
	
	
	
	
	

	Days to 50% flowering
	104.03
	125
	95
	6.83
	7.24
	89.07
	13.82
	13.29

	Plant Height (cm)
	110.24
	131.52
	85.38
	7.87
	8.24
	91.06
	17.05
	15.46

	Panicle Length (cm)
	25.13
	30.12
	20.15
	10.44
	10.75
	94.25
	5.25
	20.88

	No. of Tillers per Plant
	12.29
	15.21
	9.85
	10.02
	10.38
	93.21
	2.45
	19.93

	1000 Grain Weight (g)
	23.21
	27.54
	19.65
	9.63
	9.92
	94.19
	4.47
	19.25

	Grain Length (mm)
	6.58
	7.01
	6.12
	4.25
	5.03
	68.96
	0.48
	7.26

	Grain Breadth (mm)
	2.18
	2.54
	2.09
	4.14
	4.75
	67.68
	0.15
	7.01

	Hulling (%)
	75.95
	81.13
	70.12
	4.38
	7.23
	84.88
	6.31
	8.31

	Milling (%)
	70.45
	78.48
	64.12
	6.76
	5.86
	87.51
	9.18
	13.03

	Kernel length (mm)
	6.48
	7.00
	6.12
	3.63
	4.42
	67.52
	0.40
	6.15

	Kernel Breadth (mm)
	2.07
	2.2
	2.00
	2.57
	3.68
	48.76
	0.08
	3.70

	Length/Breadth ratio
	3.14
	3.28
	3.00
	3.22
	4.15
	59.90
	0.16
	5.13

	Alkali Spreading Value
	5.29
	6.12
	4.00
	12.81
	13.12
	95.30
	1.36
	25.77

	Grain Yield Per Plant (g)
	25.06
	27.14
	23.12
	4.76
	5.34
	79.52
	2.19
	8.75



In the study, the pattern of PCV is greater than GCV presumably varying in magnitude across traits, suggests that while the germplasm carries genetic variability, environmental variation plays a non-

Figure 1: Graphical representation of genotypic and phenotypic coefficient of variation
negligible role in determining phenotypic expression. For traits where, the difference between PCV and GCV is small, environmental influence may be modest, and such traits might show high heritability and good response to selection. Conversely, for traits where PCV considerably exceeds GCV, environmental effects likely mask or inflate phenotypic variability, which could complicate selection unless the experiments are repeated over multiple environments or the environmental variance is controlled. 
3.2 Heritability (bs): Higher estimates for all the character assessed were found in the broad sense heritability results; the heritability values ranged from 48.76 to 95.30 %.  Figure 2 showcased a graphical representation of genetic advance in % of mean and heritability h2 (broad sense). High heritability was noted for alkali spreading value (95.30 %), panicle length (94.25 %), 1000 grain weight (94.19 %), number of tillers per plant (93.21%), plant height (91.06 %), days to 50 % flowering (89.07%), milling (87.51%), hulling (84.88%), and grain yield per plant (79.52 %). Lowest heritability was noted for kernel breadth (48.76%) and length: breadth ratio (59.90%). These heritability estimates imply that for most of the traits particularly those with values above ~80–90% a large proportion of the observed phenotypic variance is attributable to genetic variance rather than environmental variance. High heritability for yield- and quality-related traits such as 1000-grain weight, panicle length, tiller number, and alkali spreading value indicates that these traits are under strong genetic control and are therefore likely to respond effectively to selection. On the other hand, lower heritability for kernel breadth and length/ breadth ratio suggests that these traits are more influenced by environmental effects or non-additive genetic factors (dominance, epistasis), making selection based purely on phenotypic performance less reliable for such traits. This is consistent with observations from similar studies where lower heritability traits often require controlled multi-environment trials or progeny testing to accurately assess genetic potential.

Figure 2: Graphical representation of heritability, h2 (broad sense) and genetic advance in % of mean
3.3 Genetic Advance and Genetic Advance as % of mean: The estimates of genetic advance (GA) in the present study varied widely across traits, ranging from as low as 0.08 to as high as 17.05. The maximum GA was recorded for plant height (17.05), followed by days to 50% flowering (13.82), milling percentage (9.18), hulling percentage (6.31), panicle length (5.25), 1000-grain weight (4.47), number of tillers per plant (2.45), grain yield per plant (2.19), and alkali spreading value (1.36). In contrast, the lowest GA values were observed for kernel breadth (0.08), grain breadth (0.15), length/ breadth ratio (0.16), kernel length (0.40), and grain length (0.48). When expressed as genetic advance as percent of mean (GAM), the values similarly ranged from 3.70 to 25.77. The highest GAM was found for alkali spreading value (25.77%), followed by panicle length (20.88%), number of tillers per plant (19.93%), 1000-grain weight (19.25%), plant height (15.46%), days to 50% flowering (13.29%), milling percentage (13.03%), grain yield per plant (8.75%), and hulling percentage (8.31%). Lower GAM values occurred for kernel breadth (3.70%), length/ breadth ratio (5.13%), kernel length (6.15%), grain breadth (7.01%), and grain length (7.26%).
[bookmark: _Hlk214911163]The concurrence of high heritability estimates with high GAM for characters such as alkali spreading value, panicle length, number of tillers per plant, 1000-grain weight, plant height, days to 50% flowering, milling percentage, grain yield per plant, and hulling percentage suggests that these traits are largely governed by additive gene action a genetic architecture favourable for selection. In such cases, selection based on phenotypic performance is likely to be effective, and breeding progress can be achieved in early generations. Conversely, traits that exhibited low GA and low or moderate GAM such as kernel breadth, grain breadth, kernel/ grain length, and length/ breadth ratio even if their heritability may be moderate to high, indicate limited genetic gain under selection. This pattern could reflect a greater influence of non-additive gene effects (dominance or epistasis), or environmental modulation, thereby making phenotypic selection for these traits less efficient. Therefore, in the context of the population of non-basmati lines evaluated, the traits with high heritability and high genetic advance (or GAM) are considered most promising for direct selection and genetic improvement, while those with low GA and GAM may require alternative breeding strategies such as hybridization or multi-environment evaluation to achieve progress.The results obtained are on par with those reported by Soundharya et al. (2024) for grain yield per plant, Jadhav et al. (2020) for plant height, days to 50% flowering, Ahamed et al. (2021) for plant height, Shirisha et al. (2025) and Krishna et al. (2020) for 1000 grain weight and kernel traits, Ashfaq et al. (2012) for number of tillers per plant.
4. CONCLUSION 
The evaluation of 30 non-basmati rice germplasm lines revealed substantial genetic variability across a suite of agronomic, yield-related and grain quality traits. Highly significant differences among genotypes for all measured traits confirm the existence of a broad genetic base, essential for breeding and improvement efforts. Although PCV consistently exceeded GCV indicating environmental influence on trait expression many traits nevertheless exhibited high broad-sense heritability (notably alkali spreading value, panicle length, 1000-grain weight, tiller number, plant height, and days to flowering), suggesting that observed variation is largely genetically determined. When combined with high genetic advance as percent of mean, these traits appear most promising for selection in breeding programs, reflecting additive gene action and predictable response to selection. In contrast, traits with low to moderate genetic advance such as kernel breadth, grain breadth, kernel/grain length and length/ breadth ratio seem less amenable to reliable improvement via simple phenotypic selection. Thus, prioritizing high heritability–high genetic-advance traits will maximize the success of varietal improvement, while other traits may require more advanced breeding strategies or multi-environment evaluation.
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Heritability	DFF	PH	PL	TPP	TGW	GL	GB	HP	MP	KL	KB	LBR	ASV	GYP	89.07	91.06	94.25	93.21	94.19	68.959999999999994	67.680000000000007	84.88	87.51	67.52	48.76	59.9	95.3	79.52	GA % of Mean	DFF	PH	PL	TPP	TGW	GL	GB	HP	MP	KL	KB	LBR	ASV	GYP	13.2855375882044	15.4646426657206	20.879916600432502	19.927494323540301	19.2534261309737	7.2627986987667796	7.0122418487765801	8.3112400845272791	13.032920138077699	6.1458454802062201	3.6956040663388698	5.1261214185605004	25.765979383051	8.7454280086429907	







