Evaluation of heritability and genetic advance for yield attributes using line × tester derived generations in wheat (Triticum aestivum L.)
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The present study, “Evaluation of heritability and genetic advance for yield attributes using line × tester derived generations in wheat (Triticum aestivum L.),” was conducted at the SIF Farm, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, during rabi seasons of 2023–24. Ten lines and five testers were crossed using a line × tester mating design to evaluate selection parameters i.e. heritability and genetic advance in F₁ and F₂ generations. Heritability estimates varied widely, with high heritability in both generation F1 and F2 observed for biological yield per plant, while the remaining traits showed moderate to low heritability indicating strong environmental influence. Genetic advance as percent of mean (GA%) revealed high values for number of productive tillers per plant, biological yield per plant, and seed yield per plant in both generations, indicating additive gene action. Low heritability with low GA% for number of productive tillers per plant, number of spikelets per spike, number of grains per spike, 1000 grain weight, protein content and seed hardness indicated minimal response to direct selection. The findings emphasize that yield and major yield components can be effectively improved by selection in later generations, while traits strongly influenced by the environment require alternative breeding strategies.
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INTRODUCTION
Wheat (Triticum aestivum L. em Thell), an allohexaploid (2n=6x=42), represents the prominent cereal crop within the Poaceae family (order Poales) with its origins traced back to Southwest Asia (Turkey). It functions as a vital reservoir of essential nutrients for around 40% of the worldwide population. Since ancient times, wheat has been a primary cereal crop to undergo domestication, playing a significant role in the overall diet for over 8000 years.
Wheat is one of the most important cereal crops globally, second only to rice in terms of consumption and cultivated area. As a staple food, it plays a pivotal role in ensuring global food and nutritional security, serving as a primary source of energy and nutrients for nearly one-third of the world’s population. Its agronomic versatility, broad adaptability, ease of cultivation and storage, and wide utility in processed food industries have earned it the title of the “King of Cereals” (Iqbal et al., 2017).
Wheat is cultivated on an estimated 222.7 million hectares worldwide, with a total production of about 786.7 million tonnes and an average productivity of 3,530 kg/ha (USDA, 2023). In India, wheat is a major rabi crop, occupying a central place in the agricultural economy. Production increased from 6.5 million tonnes in 1950–51 to a record 117.50 million tonnes in 2024–25, cultivated over an area of 32.76million hectares and achieving a productivity of 3587 kg/ha (Anonymous, 2024–25). However, with the country’s population continuously expanding, an annual increase of at least 1.6% in wheat grain yield is required to meet future food demands (Vision 2050, IIWBR, Karnal). Among all states with an estimated production of 36.24 million tonnes (31%), followed by Madhya Pradesh with 23.37 million tonnes (20%), and Punjab with 17.90 million tonnes (15%). Haryana and Rajasthan also contributed significantly, producing 11.47 million tonnes (10%) and 11.38 million tonnes (10%), respectively. (DA&FW, India 2024-25). It is prominent as the most widely cultivated crop on a global scale, outdoing the total trade volume of all other crops combined. The global wheat production for the 2024-25 period was around 800.86 metric tonnes, with China leading the production at 140.1 million tonnes, and the European Union following at 122.12 million tonnes. India, on the other hand, secures the third position with an estimated production of 113.29 million tonnes (USDA report, 2025). Apart from the impressive productivity statistics, the nutritional composition of wheat is noteworthy, boasting a rich array of essential elements. 
Nutritionally, wheat provides significant caloric and protein intake. On average, it contains about 12% protein, 1.8% lipids, 1.8% ash, 2% reducing sugars, 59.2% starch, and 70% total carbohydrates, contributing approximately 314 kcal per 100 grams (Iqbal et al., 2017). This makes it a critical component of daily diets across many cultures and economies. Its extensive use in the preparation of diverse foods such as bread, chapattis, pasta, porridge, and bakery items further highlights its global culinary importance.
At the core of this profile is a notable protein content of 12.1%, in conjunction with 1.8% lipids, 1.8% ash, 2.0% reducing sugars, 6.7% pentosans, 59.2% starch, a total carbohydrate content of 70%, and 314 kilocalories per 100 grams of food, rendering it a substantial source of energy (Lavkush et al., 2022).	
Heritability is a key metric in quantitative genetics that reflects the proportion of total phenotypic variability that is determined by genetic components. Traits exhibiting high heritability are more amenable to successful selection, whereas those with low heritability are largely influenced by environmental factors (Burton and De Vane, 1953). Since heritability on its own does not accurately forecast genetic gain, it is commonly interpreted in combination with genetic advance (GA), which predicts the possible improvement achievable through selection (Johnson et al., 1955). A high estimate of heritability accompanied by high GA generally signifies dominant additive gene effects, while low heritability with low GA implies non-additive gene action such as dominance or epistasis as well as a strong environmental role (Panse, 1957; Singh and Chaudhary, 1985).			
	In view of the pressing challenges to boost wheat production under fluctuating environmental conditions, the present study was undertaken to evaluate heritability and genetic advance percent over mean in F₁ and F₂ populations derived from line × tester crosses. The objective was to determine heritability levels, estimate genetic advance, and pinpoint traits amenable to improvement through early or delayed selection, thereby facilitating the development of high-yielding and genetically diverse wheat cultivars.
MATERIALS AND METHODS
The study was conducted at the SIF Farm of CSAUAT, Kanpur, during the rabi seasons of 2023–24. Ten genetically diverse lines namely, K 9533, HD 3392, HD 3086, DBW 316, DBW 173, HD 2967, PBW 826, HI 1612, DBW 222, and PBW 644 and five testers K 9107, K 0607, KRL 370, PBW 833 and PBW 835 were crossed using a line × tester mating design to produce F₁ seeds. These F₁s were selfed to generate F₂ populations. Both F₁ and F₂ generations were evaluated in a Randomized Block Design (RBD) with recommended agronomic practices. Observations were recorded on thirteen important traits, including days to 75% heading, days to maturity, plant height (cm), number of productive tillers per plant, spike length (cm), number of spikelets per spike plant, number of grains per spike, seed hardeness (kg/seed), protein content (%), 1000 grain weight (g), biological yield(g), harvest index (%) and seed yield per plant (g).
Heritability Estimation:
1. Narrow-sense heritability (h²ₙ) in F₁ and F2 was calculated according to Kempthorne & Curnow (1961):
h²ₙ = [2σ²g / (2σ²g + 2σ²s + 2σ²e)] × 100
Classification of heritability (Robinson et al., 1966):
High: >30% ; Moderate: 10–30% ; Low: <10%
Genetic Advance:
Calculated using Robinson et al. (1949):
GA = k × h² × σph
GA(%) = (GA / x̄) × 100
Where k = 2.06 at 5% selection intensity.
Classification:
High: >20% ; Moderate: 10–20% ; Low: <10%
RESULTS AND DISCUSSION
The heritability estimates obtained in this study varied considerably across the thirteen evaluated traits in both the F₁ and F₂ generations, highlighting differences in the relative contributions of genetic and environmental factors to phenotypic performance. In the F₁ generation, high heritability (>30%) was recorded only for biological yield per plant (32.50%), indicating strong additive genetic control and suggesting that substantial improvement can be achieved through selection. These observations are in line with earlier reports in wheat by Saini et al. (2025) and Ubale et al. (2025). Most other traits in F₁ exhibited moderate heritability (10–30%), including days to 75% heading, days to maturity, plant height, harvest index, and grain yield per plant. Such intermediate levels of heritability point to the involvement of both additive and non-additive gene effects, consistent with the findings of Singh et al. (2025). Traits such as number of productive tillers per plant, spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight, protein content, and seed hardness displayed low heritability (<10%), suggesting strong environmental influence and limited prospects for early-generation selection. These outcomes support the observations of Bishwas et al. (2024), who emphasized the substantial impact of environmental variability on reproductive and physiological traits in wheat.
In the F₂ generation, biological yield per plant again showed high heritability (36.53%), reflecting even stronger genetic control under segregating conditions. Traits including days to maturity, plant height, spike length, and grain yield per plant exhibited moderate heritability, whereas the remaining traits showed low values. The overall reduction in heritability estimates in F₂ may be attributed to greater segregation, recombination, and environmental sensitivity—patterns also described by Kumar et al. (2024). These findings suggest that early segregating generations are more environmentally driven, and thus selection becomes more effective in later generations. The patterns of genetic advance as a percentage of mean further corroborated the heritability trends.
In the F₁ generation, GA% ranged from 5.11% to 35.69%. High GA% values were recorded for number of productive tillers per plant, biological yield per plant, and seed yield per plant, indicating predominance of additive genetic effects—consistent with conclusions by Gautamc et al. (2024). Moderate genetic advance was observed for spike length, number of spikelets per spike, number of grains per spike, and 1000-grain weight, suggesting combined additive and non-additive gene action. Low GA% values for days to 75% heading, days to maturity, plant height, protein content, seed hardness, and harvest index are similar to the findings of Thapa et al. (2024). In the F₂ generation, GA% ranged from 4.02% to 29.51%, again with high values for number of productive tillers per plant, biological yield per plant, and seed yield per plant—further supporting the predominance of additive gene action and the suitability of these traits for phenotypic selection in advanced generations, as also noted by Iqbal et al. (2017). Traits such as spike length, number of spikelets per spike, and number of grains per spike showed moderate GA%, while low GA% for days to 75% heading, days to maturity, plant height, 1000-grain weight, protein content, seed hardness, and harvest index—combined with their low heritability—indicates strong environmental influence and limited potential for direct selection. Similar conclusions were reported by Kant et al. (2024). Collectively, these results indicate that yield and its major components possess considerable additive genetic variance and are therefore well suited for selection, whereas traits heavily influenced by the environment may require alternative breeding strategies such as heterosis breeding or recurrent selection.
CONCLUSION
Traits such biological yield per plant exhibited high heritability while traits such as  number of productive tillers per plant, biological yield per plant, and seed yield per plant reported high genetic advance, indicating strong additive gene action. These traits are ideal targets for selection in advanced generations. Traits those reported low heritability and low genetic advance, reflecting strong environmental influence and limited genetic control. Thus, selection for these traits should be avoided in early generations, and alternative breeding strategies may be needed.
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	Characters
	Grand mean
	Heritability in percent (h2)
	GA
	GA in per cent over mean

	
	F1
	F2
	F1
	F2
	F1
	F2
	F1
	F2

	Days to 75% heading
	78.77
	80.30
	14.56
	9.17
	7.13
	5.96
	9.05
	7.42

	Days to maturity
	121.52
	123.40
	11.65
	16.37
	6.85
	5.09
	5.63
	4.12

	Plant height
	94.16
	90.37
	14.18
	14.75
	4.81
	3.63
	5.11
	4.02

	Number of productive tillers per plant
	13.30
	12.77
	7.22
	7.76
	4.05
	3.77
	30.43
	29.51

	Spike length
	11.50
	11.20
	2.34
	10.46
	1.18
	1.15
	10.27
	10.24

	Number of spikelets per  spike
	19.19
	18.56
	3.12
	7.06
	2.32
	1.99
	12.07
	10.74

	Number of grains per spike
	53.68
	52.32
	8.23
	8.94
	6.78
	5.56
	12.64
	10.63

	1000 grain weight
	42.97
	41.36
	1.15
	0.56
	5.40
	3.34
	12.56
	8.07

	Protien content
	11.81
	10.99
	3.22
	4.23
	0.90
	0.57
	7.60
	5.19

	Seed hardness
	10.90
	10.52
	4.24
	0.62
	0.64
	0.44
	5.86
	4.16

	Biological yield per plant (g/plant)
	40.61
	40.44
	32.50
	36.53
	11.56
	8.51
	28.46
	21.03

	Harvest index (%)
	39.25
	36.95
	26.37
	8.26
	2.58
	1.59
	6.58
	4.31

	Grain yield per plant (g)
	15.79
	15.10
	18.65
	18.10
	5.64
	4.23
	35.69
	28.02


Table 1: Heritability (narrow sense) and genetic advance % over mean in thirteen characters of wheat (Triticum aestivum L.)

