Assessment of Heritability and Genetic Advance for Yield and Yield Components in F1 and F2 Populations of Bread Wheat (Triticum aestivum L.)
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The present study involved 100 treatments (10 parents, 45 F1s, and 45 F2s) arranged in a Randomized Block Design during the 2024 Rabi season at Student Instructional Farm (CSAUAT, Kanpur). The experimental material consisted of 10 parental lines (K-0307, DBW-187, K-1711, DBW-252, DBW-316, DBW-173, HI-1653, HI-1654, SONALIKA and PBW-835). Very high heritability in F1s recorded for the traits viz., days to maturity, number of productive tillers per plant, grain yield per plant, grain weight per spike, biological yield per plant and days to 50% flowering. Whereas, In F2 generation, very high heritability value was noted for the traits viz., days to maturity, number of productive tillers per plant, grain yield per plant, biological yield per plant and days to 50% flowering. High genetic advance in F1s was recorded for number of productive tillers per plant followed by grain yield per plant and biological yield per plant. Moderate genetic advance was recorded for grain weight per spike, number of spikelets per spike and number of grains per spike. Whereas, in F2 generation High genetic advance percent mean was observed for number of productive tillers per plant followed by grain yield per plant, biological yield per plant. Moderate genetic advance was recorded for grain weight per spike. Low for days to 50% flowering followed by spike length, days to maturity and number of grains per spike.
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Introduction
Wheat (Triticum aestivum L.) is the most commonly grown and consumed cereal in the world. Wheat is a noteworthy crop since it is used to make a wide variety of finished products, including chapati, rolls, noodles, cookies, bread, macaroni, and other pasta dishes. Wheat demand is projected to increase by 60% by 2050, while production is expected to decrease by ~30% due to extreme climate conditions (CIMMYT, 2021). To address this, improved wheat varieties can be developed through heterosis breeding among parents with high genetic divergence. It is critical that economic trait variability exists in working germplasm for lucrative exploitation following recombination breeding and selection. India produced an anticipated 112.92 million tons of wheat in 2023–2024 on 31.78 million hectares of land with an average productivity of 36.15 quintals per hectare. The states that produce the most wheat in terms of area and yield are Uttar Pradesh, Madhya Pradesh, Punjab, Haryana, and Rajasthan. Among these states, Uttar Pradesh is the top producer of wheat, producing 35.43 million tons from 9.31 million hectares of land (ICAR-IIWBR, 2024). The current study sought to determine the nature and extent of heritability, and genetic improvements among several wheat yield and contributing factors. Crop improvement heavily relies on genetic characteristics including heritability, and Genetic Advance (GA) for desired traits. Understanding heritability and genetic development allows breeders to forecast future generations' features, make informed decisions, and measure the degree of genetic improvement accomplished through selection. 
Tuhina-Khatun et al., (2015). Understanding heritability and genetic development allows breeders to forecast future generations' features, make informed decisions, and measure the degree of genetic improvement accomplished through selection. (Zerga et al., 2016).
Materials and Methods
The presents study involved 100 treatments (10 parents, 45 F1s, and 45 F2s) arranged in a Randomized Block Design during the 2024 Rabi season at Student Instructional Farm (CSAUAT, Kanpur). The experimental material consisted of 10 parental lines (K-0307, DBW-187, K-1711, DBW-252, DBW-316, DBW-173, HI-1653, HI-1654, SONALIKA and PBW-835. Each parent and F1 were planted in single row while each F2 was planted in two rows of three-meter length with inter and intra-row spacing of 20х10 cm, respectively. Recommended cultural practices were applied to raise good crop. Observations were recorded on plot basis for days to 50% flowering, days to maturity, plant height (cm), number of productive tillers per plant, spike length (cm), number of spikelets per spike, number of grains per spike, grain weight per spike (g), 1000 grain weight (g), harvest index (%), grain yield per plant (g), protein content (%) and seed hardness (kg/seed) were recorded on 5 randomly selected plants for 45 F1and 45 F2’s plants. Data were recorded on fourteen characters to estimate heritability in broad sense (h2bs) as per Burton and Devane (1953), genetic advance (GA) and genetic advance as per cent of mean by Pawar et al. (2002) were work out following INDOSTAT software, Hyderabad.
Results and Discussion
Heritability 
The broad-sense heritability and genetic advance were calculated and presented of F1 in Table 1. Very high heritability value was noted for the traits viz., days to maturity (95.76%), number of productive tillers per plant (93.94%), grain yield per plant (92.99%), grain weight per spike (92.50%), biological yield per plant (90.86%) and days to 50% flowering (90.40%). High heritability value recorded for number of spikelets per spike (70.59%), plant height (67.80%) and 1000 grain weight (60.77%). While, number of grains per spike (56.17%), harvest index (54.44), spike length (53.58%) and seed hardness (44.97%) exhibited moderate value of heritability.
In F2 generation, very high heritability value was noted for the traits viz., days to maturity (96.77%), number of productive tillers per plant (95.21%), grain yield per plant (93.33%), biological yield per plant (90.10%) and days to 50% flowering (85.50%). High heritability value recorded for grain weight per spike (66.64%). Moderate value of heritability recorded for Spike length (59.24%), number of grains per spike (58.06%), seed hardness (52.76%), harvest index (47.83%), number of spikelets per spike (45.77%) and 1000 grain weight (41.94%). While, plant height (30.14%) and protein content (22.86%) exhibited moderate value of heritability. Comparable findings of elevated heritability were shown by Saxena et al., (2007), Zewdu et al., (2024), Seyoum and Sisay, (2021), Kumar et al., (2024), Bishwas & Singh, (2024), Tiwari et al., (2025)
Genetic Advance
Genetic advance percent mean of F1 and F2 generation presented in Table 1. Estimates of genetic advance in per cent over mean ranged from 3.90 % (protein content) to 39.09% (number of productive tillers per plant) in F1 generation. High genetic advance was recorded for number of productive tillers per plant (39.09%) followed by grain yield per plant (29.56%) and biological yield per plant (24.22%). Moderate genetic advance was recorded for grain weight per spike (15.14%), number of spikelets per spike (11.33%) and number of grains per spike (10.23%). Low value of genetic advance recorded for days to 50% flowering (9.98%). days to maturity (8.34%), 1000 grain weight (7.74%), spike length (6.97%), plant height (6.52%), harvest index (6.50%), seed hardness (5.17%) and protein content (3.90%). Whereas, in F2 generation, estimates of genetic advance in per cent over mean ranged from 2.15% (protein content) to 36.30% (number of productive tillers per plant). High genetic advance percent mean was observed for number of productive tillers per plant (36.30%) followed by grain yield per plant (26.85%), biological yield per plant (22.83%). Moderate genetic advance was recorded for grain weight per spike (12.56%). Low for days to 50% flowering (8.01%) followed by spike length (7.53%), days to maturity (7.40%), number of grains per spike (7.27%), seed hardness 6.23(%), harvest index (5.32%), number of spikelets per spike (5.17%), 1000 grain weight (4.39%), plant height (2.41%) and protein content (2.15%).These findings are conformed with the results of Saxena et al., (2007), Maurya et al., (2014), Devesh et al., (2018), Singh et al., (2025), Jaiswal et al., (2024).
Conclusion
Broad-sense heritability estimates were very high for days to maturity, number of productive tillers per plant, grain yield per plant, biological yield per plant, and days to 50% flowering in both F₁ and F₂. This means that genetics played a big role and the environment didn't have much of an effect. On the other hand, traits like grain weight per spike, spike length, number of grains per spike, and harvest index had moderate heritability, which means that both genetics and the environment had an effect. High genetic advance combined with high heritability was seen for the number of productive tillers per plant, grain yield per plant, and biological yield per plant, suggesting the predominance of additive gene action and greater response to selection. Genetic advance as a percentage of mean further supported the efficacy of selection. 
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Table 1. Genetic variability-Parents, F1 and F2 Generations
	Traits
	
	Mean
	Min
	Max
	var (g)
	var (p)
	Heritability (%)
	GA
	GA% mean

	Days to 50% flowering
	F1
	77.53
	70.00
	86.00
	15.61
	17.27
	90.40
	7.74
	9.98

	
	F2
	77.80
	72.00
	83.00
	10.71
	12.53
	85.50
	6.23
	8.01

	Days to maturity
	F1
	121.62
	111.00
	131.33
	25.33
	26.45
	95.76
	10.15
	8.34

	
	F2
	122.44
	112.00
	129.00
	19.96
	20.63
	96.77
	9.05
	7.40

	Plant height (cm)
	F1
	99.45
	89.20
	106.87
	14.71
	21.83
	67.38
	6.49
	6.52

	
	F2
	96.10
	89.87
	101.40
	4.20
	13.92
	30.14
	2.32
	2.41

	Productive tillers/ plant
	F1
	13.90
	7.67
	19.27
	7.41
	7.89
	93.94
	5.43
	39.09

	
	F2
	13.40
	9.33
	18.20
	5.86
	6.15
	95.21
	4.86
	36.30

	Spike length (cm)
	F1
	11.19
	9.53
	12.07
	0.27
	0.50
	53.58
	0.78
	6.97

	
	F2
	10.71
	9.60
	11.47
	0.26
	0.44
	59.24
	0.81
	7.53

	Spikelets/spike
	F1
	18.41
	16.32
	20.60
	1.45
	2.06
	70.59
	2.09
	11.33

	
	F2
	17.45
	16.07
	18.80
	0.42
	0.92
	45.77
	0.90
	5.17

	Number of grains/spike
	F1
	52.57
	43.27
	58.80
	12.14
	21.61
	56.17
	5.38
	10.23

	
	F2
	50.26
	44.73
	55.20
	5.42
	9.34
	58.06
	3.65
	7.27

	Grain weight/spike (g)
	F1
	2.71
	2.12
	2.96
	0.04
	0.05
	92.50
	0.41
	15.14

	
	F2
	2.63
	2.05
	2.88
	0.04
	0.06
	66.64
	0.33
	12.56

	Seed hardness (kg/seed)
	F1
	11.32
	9.90
	12.09
	0.18
	0.40
	44.97
	0.59
	5.17

	
	F2
	10.85
	10.15
	12.05
	0.20
	0.39
	52.76
	0.68
	6.23

	Protein content (%)
	F1
	11.47
	10.70
	12.19
	0.12
	0.31
	38.99
	0.45
	3.90

	
	F2
	10.88
	10.27
	11.57
	0.06
	0.25
	22.86
	0.23
	2.15

	1000-grain weight (g)
	F1
	44.71
	38.40
	49.01
	4.64
	7.64
	60.77
	3.46
	7.74

	
	F2
	43.08
	39.09
	46.36
	2.01
	4.78
	41.94
	1.89
	4.39

	Biological yield/plant (g)
	F1
	41.10
	32.17
	52.62
	25.70
	28.28
	90.86
	9.95
	24.22

	
	F2
	40.28
	33.26
	49.68
	22.11
	24.54
	90.10
	9.20
	22.83

	Harvest index (%)
	F1
	40.50
	35.40
	45.23
	3.00
	5.52
	54.44
	2.63
	6.50

	
	F2
	40.53
	36.41
	43.93
	2.29
	4.79
	47.83
	2.16
	5.32

	Grain yield/plant (g)
	F1
	16.73
	11.75
	21.86
	6.19
	6.66
	92.99
	4.94
	29.56

	
	F2
	16.35
	12.75
	20.77
	4.87
	5.21
	93.33
	4.39
	26.85



