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ABSTRACT
Introduction: 
Rice (Oryza sativa L.) (2n=24) is a major cereal crop that belongs to the Poaceae family and the Oryzoidea subfamily. It is known as the "Global Grain" because it is a staple food in over 100 countries.
Aim:
The present study assess the extent of genetic variability, heritability and genetic advance among yield and quality traits in advanced rice breeding lines, with the objective of identifying effective selection criteria for yield and quality improvement.
Study design
Randomized block design
Place and Duration of study
Conducted at the Institute of Rice Research, ARI, Rajendranagar, Hyderabad, Telangana, India, during the Rabi season of 2023.
Methodology:
The study encompassed 30 advanced rice breeding lines derived from a multiple cross [(IET 23993 x NLR 34449 // BPT 5204) x (NDLR 7 x Tetep // BPT 5204)]) along with three check varieties with 2 replications were evaluated for 15 yield and quality traits. The experimental material was grown under standard agronomic practices and data were recorded on traits such as number of productive tillers per plant, number of grains per panicle, 1000-grain weight, plot yield (kg/ha) and head rice recovery (%). Statistical analyses, including estimation of variance, genotypic and phenotypic coefficients of variation (GCV and PCV), heritability and genetic advance, were conducted to assess genetic parameters influencing trait expression.Statistical analysis was conducted using INDOSTAT software for the analysis of variance for variability, heritability and genetic advance.
Results:
Analysis of variance revealed highly significant differences (P < 0.01) among genotypes for all traits, indicating substantial genetic variability. High GCV and PCV values were recorded for number of grains per panicle (24.40),(24.56),plot yield(23.92),(22.27)and number of productive tillers per plant (22.06),(18.98) suggesting these traits are under strong genetic control and amenable to direct selection. Traits such as number of grains per panicle, productive tillers per plant, 1000-grain weight, plot yield, and head rice recovery exhibited high heritability coupled with high genetic advance as a percentage of mean, indicating the prevalence of additive gene action.
Conclusion:
The study demonstrates that several key yield and quality traits are governed by additive gene effects, making them ideal targets for direct selection in rice breeding programs aimed at enhancing productivity and grain quality. These findings provide valuable insight for genetic improvement in advanced rice breeding lines.
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1. Introduction
“Rice (Oryza sativa L.) (2n=24) is a major cereal crop that belongs to the Poaceae family and the Oryzoidea subfamily. It is known as the "Global Grain" because it is a staple food in over 100 countries. Approximately 90% of the world's rice is grown and consumed in Asia and is responsible for 20% of the world's nutritional energy supply. Rice is mostly a starchy food with amylose and amylopectin fractions (78-79 percent starch). It also provides significant protein and vitamin content” (Singh et al., 2021). “There is an urgent need for enhancing the rice productivity to meet the global food demand, owing to population explosion expected to reach 9.1 billion by 2050, necessitating a 70 percent increase in food production” (Godfray et al., 2010; Hodges et al., 2011; Parfitt et al., 2010). 
	     “The primary aspect to consider when making a selection is variability in genotypes for yield and its component traits. Any successful hybridization programme for varietal development relies heavily on the selection of parents with high variability, allowing for the selection of desirable character combinations to increase grain quality and yield. When selection is made based on yield contributing characteristics, heritability and genetic advance are essential selection parameters. Heritability estimates combined with genetic improvement are typically more effective in predicting selection benefit than heritability estimates alone” (Paul et al., 2006).
1. Material and Methods
	    The present experiment was carried out at Institute of rice research, Agricultural Research Institute, Rajendranagar. The experimental material comprises of a total 30 advanced breeding lines of rice along with 3 checks namely RNR 15048, KNM 118, NLR 34449. During rabi 2023, the experiment was conducted in a Randomized Block Design with two replications maintaining inter and intra row spacing of 15 x 15 cm. The observations during the investigation were recorded on the basis of five random plants selected at optimum stage of plant growth from each line in both the replications for yield evaluation and for recording data on quality traits (Singh et al., 2021).
1. Results and Discussion:
	A total of fifteen quantitative and qualitative traits were studied to assess the extent of genetic variability, heritability, and genetic advance among yield and quality traits in advanced rice breeding lines.
3.1 Analysis of variance 
	     Analysis of variance was used to determine the degree of variation of observed characters among advanced breeding lines of rice and the results are presented in (Table 4). For all of the characters, “the study of variance depicted significant variations among the 30 advanced breeding lines, suggesting prevalence of substantial genetic variation in the material. For all yield and quality characters tested, an F-test revealed that the values of mean sum of squares were significant (at 1% level of significance)”.   (Table 1) (Singh et al., 2021). “High genetic variability for different yield traits in rice” was also reported by Khan et al., (2009) and Devi et al., (2017).
3.2 Genotypic and phenotypic coefficient of variance
	      Genotypic coefficient of variance (GCV) and phenotypic coefficient of variance (PCV) for both yield and quality traits ranged from low to high (Table 1). For all characters, the genotypic variance (GCV) was smaller than phenotypic variance (PCV), this indicates that environment had masking effect on the expression of genetic variability (Table 5 & Fig. 1). 
       Among yield and quality traits, number of grains/panicle (24.40) (24.56) had highest GCV and PCV value followed by plot yield(kg/ha) (22.27)(23.92) and number of productive tillers per plant (18.98)  (22.06) and moderate GCV and PCV values were observed in 1000 grain weight (g) (12.74)  (14.27) followed by head rice recovery (13.24) (14.10), panicle weight (8.20) (12.31) & kernel breadth (8.26) (10.26). “This indicates the existence of wide genetic base among the advanced breeding lines taken under study and possibility of genetic improvement through direct selection for these traits” which are in conformity with the findings of Rathi et al., (2019), Longjam and Singh (2019) and Chakrabarty et al., (2019).


Table 1 Categorization of the range of variation was proposed by Sivasubramanian and Madhavamenon (1973).
	Category
	Range of variation

	Low
	Less than10 %

	Moderate
	10-20 %

	High
	   More than 20 %




3.3 Heritability and Genetic advance
	        “Estimating heritability helps breeders to manage the resources needed to successfully select for desirable characteristics and achieve maximum genetic gain with minimal effort and resources. Heritability is a good index of the transmission of characters to the offsprings from their parents. Heritability(<30%) and genetic advance as percent of mean(<10%) was classified as low (Table 2 and Table 3)” by Johnson et al., (1955). Heritability and genetic advance as percent of mean are present in the (Table 5) and graphical representation of it is present in Fig 2.
	    In the present investigation, highest heritability was obtained for number of grains per panicle (98.70) followed by days to 50% flowering (92.10), plant height (88.30), head rice recovery (88.20), plot yield (86.70),1000 grain weight (79.70), number of productive tillers per plant (74.00), kernel length  (72.50), panicle length  (67.80), kernel breadth  (64.40). Yield and quality traits showed high heritability except kernel length/breadth ratio, hulling (%), milling (%), panicle weight (g), amylose content which exhibited moderate heritability. Similar results were obtained by Saha et al., (2019) and Parimala and Devi (2019), Yugandhar et al., (2018).
	  The degree of gain achieved in a character under a certain selection pressure is referred to as genetic advance. High estimates of genetic advance as percent of mean were obtained for the characters number of grains/panicle (49.95%), plot yield (42.71%), number of productive tillers per plant (33.64%), head rice recovery (25.61%) and 1000 grain weight (23.44%) whereas moderate estimates of genetic advance as percent of mean were observed in kernel breadth (13.61%), panicle length (13.04%), and panicle weight (11.26%). Similar results were obtained by Rathi et al., (2019), Ganapati et al., (2020) and Behera et al., (2018),Babu et al.,(2012).
	   “High heritability does not always indicate high genetic gain, therefore the ideal criteria for selection is high genetic advance combined with high heritability estimates” (Larik et al., 2000). “The yield and quality traits which showed high values for genetic advance as percent of mean along with high heritability were number of grains/panicle, number of productive tillers per plant,1000 grain weight, plot yield and head rice recovery. This implied that additive gene activity influenced the inheritance of these features and through simple selection these traits can be improved” which is similar with Singh et al., (2021) and Kumar et al., (2020).
Table 2 Range of heritability estimates according to Johnson et al. (1955).
	Category
	Range of heritability

	Low
	0-30%

	Medium
	30-60%

	High
	> 60%


Table 3 The range of genetic advance as percent of mean suggested by Johnson et al. (1955). 
	Category
	Range of GAM

	Low
	<10 %

	Moderate
	10-20 %

	High
	>20 %



Table 4 Analysis of variance for yield, its components and quality parameters in rice.

	
S. No
	
Characters
	Mean sum of squares

	
	
	Replication
(d.f=1)
	Treatments
(d.f=32)
	Error
(d.f=65)

	1
	Days to 50% flowering
	0.379
	66.88***
	2.754

	2
	Plant height (cm)
	0.049
	74.149***
	4.596

	3
	No. of productive tillers per plant
	0.242
	27.813***
	4.149

	4
	Panicle length (cm)
	0.006
	6.620***
	1.270

	5
	No. of grains per panicle
	0.015
	3168.311***
	20.890

	6
	Panicle weight (g)
	0.051
	1.030**
	0.396

	7
	1000-grain weight (g)
	0.125
	14.576***
	1.645

	8
	Plot yield (kg/ha)
	546309.500
	2525089.000***
	180091.800

	9
	Head Rice recovery (%)
	0.136
	90.211***
	5.668

	10
	Hulling (%)
	0.379
	17.691***
	8.254

	11
	Milling (%)
	0.015
	17.253***
	4.984

	12
	Kernel length (mm)
	0.084
	0.153***
	0.024

	13
	Kernel breadth (mm)
	0.029
	0.049***
	0.011

	14
	Kernel Length/Breadth ratio
	0.011
	0.134***
	0.054

	15
	Amylose content
	0.022
	2.524***
	1.390



            *** Significant at 1 level of probability







Table 5 Variability, heritability and genetic advance as per cent of mean for yield, yield components and quality characters in rice during Rabi 2023-24 at Rajendranagar.
	S. No.
	Character
	Mean
	Range
	Coefficient of variation
	Heritability (broad sense) (%)
	Genetic advance as % of mean

	
	
	
	Minimum
	Maximum
	PCV (%)
	GCV (%)
	ECV (%)
	
	

	1
	Days to 50% flowering
	95.95
	84.00
	112.00
	6.15
	5.90
	1.72
	92.10
	11.66

	2
	Plant height (cm)
	94.70
	81.50
	107.00
	6.62
	6.22
	2.26
	88.30
	12.05

	3
	No.of Productive tillers/ Plant
	18.12
	11.50
	25.00
	22.06
	18.98
	11.24
	74.00
	33.64

	4
	Panicle length (cm)
	21.27
	16.30
	23.50
	9.33
	7.69
	5.29
	67.80
	13.04

	5
	Number of grains per panicle
	162.53
	100.50
	262.00
	24.56
	24.40
	2.81
	98.70
	49.95

	6
	1000 grain weight (g)
	19.95
	13.85
	27.31
	14.27
	12.74
	6.42
	79.70
	23.44

	7
	Plot yield (kg/ha)
	4861.97
	1950.35
	7836.05
	23.92
	22.27
	8.72
	86.70
	42.71

	8
	Head rice recovery (%)
	49.10
	37.00
	63.00
	14.10
	13.24
	4.84
	88.20
	25.61

	9
	Kernel length (mm)
	5.38
	4.71
	6.13
	5.53
	4.71
	2.90
	72.50
	8.26

	10
	Kernel breadth (mm)
	1.69
	1.31
	2.00
	10.26
	8.23
	6.12
	64.40
	13.61

	11
	Kernel length/breadth ratio
	3.27
	2.81
	4.13
	9.37
	6.09
	7.125
	42.30
	8.17

	12
	Hulling (%)
	86.92
	81.00
	92.00
	4.14
	2.499
	3.305
	36.40
	3.10

	13
	Milling (%)
	60.22
	50.50
	64.00
	5.53
	4.112
	3.706
	55.20
	6.29

	14
	Panicle weight (g)
	6.86
	5.76
	8.95
	12.31
	8.205
	9.178
	44.40
	11.26

	15
	Amylose content
	22.60
	19.30
	25.14
	6.18
	3.331
	5.216
	29.00
	3.63












[bookmark: _Hlk208174246]Figure 1. Graphical representation of PCV and GCV for yield and its attributing traits.

Figure 2. Graphical representation of Heritability in Broad sense and Genetic Advance as % mean for yield and its attributing traits






Conclusion
		In the present investigation which included 30 genotypes of rice was carried out in order to study the nature and amount of variability, heritability and genetic advance for 15 quantitative characters. On the basis of mean performance, high plot yield was exhibited by the genotypes RNR 50015 and RNR 50025. For every character under study, an analysis of variance across 30 genotypes revealed a substantial difference. For plot yield, number of productive tillers per plant, and number of grains per panicle, the highest genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were noted. For head rice recovery and the amount of grains per panicle, high estimates of heredity were noted. Plot yield and the number of grains per panicle showed high genetic advancement, suggesting that additive gene effects predominate and that selection was successful in improving these traits.
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GCV	Days to 50% flowering	Plant height (cm)	No.of Productive tillers/ Plant	Panicle length (cm)	Number of grains per panicle	1000 grain weight (g)	Plot yield (kg/ha)	Head rice recovery (%)	Kernel length (mm)	Kernel breadth (mm)	Kernel length/breadth ratio	Hulling (%)	Milling (%)	Panicle weight (g)	Amylose content	5.9009999999999998	6.22	18.981999999999999	7.69	24.408000000000001	12.746	22.271000000000001	13.24	4.7130000000000001	8.2360000000000007	6.0990000000000002	2.4990000000000001	4.1120000000000001	8.2050000000000001	3.331	PCV	Days to 50% flowering	Plant height (cm)	No.of Productive tillers/ Plant	Panicle length (cm)	Number of grains per panicle	1000 grain weight (g)	Plot yield (kg/ha)	Head rice recovery (%)	Kernel length (mm)	Kernel breadth (mm)	Kernel length/breadth ratio	Hulling (%)	Milling (%)	Panicle weight (g)	Amylose content	6.15	6.6260000000000003	22.061	9.3379999999999992	24.568999999999999	14.275	23.920999999999999	14.1	5.5369999999999999	10.265000000000001	9.3789999999999996	4.1440000000000001	5.5359999999999996	12.311	6.1890000000000001	Series 3	Days to 50% flowering	Plant height (cm)	No.of Productive tillers/ Plant	Panicle length (cm)	Number of grains per panicle	1000 grain weight (g)	Plot yield (kg/ha)	Head rice recovery (%)	Kernel length (mm)	Kernel breadth (mm)	Kernel length/breadth ratio	Hulling (%)	Milling (%)	Panicle weight (g)	Amylose content	



Heritability(%)	Days to 50% flowering	Plant height (cm)	No.of Productive tillers/ Plant	Panicle length (cm)	Number of grains per panicle	1000 grain weight (g)	Plot yield (kg/ha)	Head rice recovery (%)	Kernel length (mm)	Kernel breadth (mm)	Kernel length/breadth ratio	Hulling (%)	Milling (%)	Panicle weight (g)	Amylose content	92.1	88.3	74	67.8	98.7	79.7	86.7	88.2	72.5	64.400000000000006	42.3	36.4	55.2	44.4	29	Genetic advance as % of mean	Days to 50% flowering	Plant height (cm)	No.of Productive tillers/ Plant	Panicle length (cm)	Number of grains per panicle	1000 grain weight (g)	Plot yield (kg/ha)	Head rice recovery (%)	Kernel length (mm)	Kernel breadth (mm)	Kernel length/breadth ratio	Hulling (%)	Milling (%)	Panicle weight (g)	Amylose content	11.666	12.055999999999999	33.646999999999998	13.045	49.95	23.443000000000001	42.715000000000003	25.611999999999998	8.2650000000000006	13.613	8.17	3.105	6.2930000000000001	11.263999999999999	3.6930000000000001	Series 3	Days to 50% flowering	Plant height (cm)	No.of Productive tillers/ Plant	Panicle length (cm)	Number of grains per panicle	1000 grain weight (g)	Plot yield (kg/ha)	Head rice recovery (%)	Kernel length (mm)	Kernel breadth (mm)	Kernel length/breadth ratio	Hulling (%)	Milling (%)	Panicle weight (g)	Amylose content	






