Original Research Article
Estimation of Genetic Variability, GCV and PCV through line x tester mating design across F₁ and F₂ generations of wheat (Triticum aestivum .L)

[bookmark: _GoBack]Abstract
[bookmark: _Hlk216287229]The present investigation was conducted at the SIF Farm, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, during rabi seasons of 2023–24, CSAUAT, Kanpur, to assess genetic variability, genotypic coefficient of variation (GCV)  and phenotypic coefficient of variation (PCV) in wheat (Triticum aestivum L.). Ten diverse lines and five testers were crossed in a line × tester mating design to produce F₁ hybrids, 20 seeds from each cross were sent for advancement during the kharif season of 2023 to generate F₂ populations source seed at IIWBR- Regional Station, Dalang Maidan (H.P) for cultivation in and off season nursery. Both F₁ and F₂ generations, along with parents, were evaluated in a randomized block design for thirteen characters. ANOVA revealed highly significant differences among parents, F₁s, and F₂s for most traits, confirming substantial genetic diversity. F₁ hybrids exhibited clear heterotic advantages for major yield components, while F₂ populations displayed wider ranges and useful segregation, indicating the presence of desirable recombinants. GCV and PCV estimates showed that PCV exceeded GCV for all traits in both generation, reflecting environmental influence. In both F1 and F2 generation moderate GCV and PCV for trait such as number of productive tillers per plant, biological yield per plant and grain yield per plant indicated strong genetic control and good prospects for selection. Traits with low GCV and PCV, including days to 75% heading, days to maturity, plant height, spike length, number of spikelets per spike, number of grains per spike, protein content, 1000 grain weight and harvest index, showed limited variability and stronger environmental effects. Overall, the study highlights the effectiveness of hybridization followed by selection and identifies several yield-related traits with high potential for genetic improvement in wheat breeding programs.
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INTRODUCTION										Wheat (Triticum aestivum L.) is one of the most extensively cultivated cereal crops worldwide and remains central to global food security. The crop is grown across a wide range of agro-ecological zones—from cool temperate regions to semi-arid environments—demonstrating remarkable adaptability. As a staple food, wheat supplies a major share of daily caloric intake for nearly two-thirds of the global population and serves as the primary raw material for numerous food products such as bread, chapati, pasta, biscuits, semolina and various bakery items. Owing to its stable grain quality, broad adaptability and strong consumer preference, wheat forms the cornerstone of food-security strategies in many countries. The global significance of wheat was emphasized as early as Allard et al. (1960), who underscored its importance in sustaining agricultural economies and livelihoods.	From a nutritional perspective, wheat is valued for its balanced profile of carbohydrates, proteins, vitamins and essential minerals. The grain contains roughly 60–70% carbohydrates—primarily starch—making it an excellent source of energy. Its protein content, which ranges between 12–15%, contributes meaningfully to human dietary requirements. Additionally, wheat provides essential amino acids, vitamin E, B-complex vitamins and minerals such as iron, zinc, magnesium and phosphorus. Whole grain wheat is also rich in dietary fiber, which supports gastrointestinal health and reduces the risk of metabolic disorders. According to Begna et al. (2024), the nutrient density of wheat plays a vital role in addressing malnutrition, particularly in developing nations.			Globally, wheat occupies nearly 222.7 million hectares, producing approximately 786.7 million tonnes with an average yield of 3,530 kg/ha (USDA, 2023). In India, it is a major rabi crop and a key component of the national agricultural economy. Production has risen dramatically from 6.5 million tonnes in 1950–51 to 117.50 million tonnes in 2024–25, cultivated over 32.76 million hectares with a productivity of 3,587 kg/ha (Anonymous, 2024–25). With the country’s rapidly growing population, wheat yields must increase by at least 1.6% annually to meet future demands (Vision 2050, IIWBR, Karnal). Among Indian states, Uttar Pradesh leads production with 36.24 million tonnes (31%), followed by Madhya Pradesh (23.37 million tonnes; 20%) and Punjab (17.90 million tonnes; 15%). Haryana and Rajasthan also contribute significantly, producing 11.47 million tonnes (10%) and 11.38 million tonnes (10%) respectively (DA&FW, 2024–25). On a global scale, wheat remains the most widely traded agricultural commodity. For 2024–25, world production was estimated at around 800.86 million tonnes, with China being the largest producer (140.1 million tonnes), followed by the European Union (122.12 million tonnes) and India (113.29 million tonnes) (USDA, 2025). Alongside impressive production figures, wheat’s rich nutritional composition further reinforces its importance.							In crop-improvement programs, the success of selection depends fundamentally on the presence of sufficient genetic variability within breeding materials. Genetic variability refers to the genetic differences among individuals and forms the basis for selection, hybridization and genetic advancement. As highlighted by Terfa et al. (2020), variability enables breeders to identify superior genotypes with desirable characteristics such as improved grain yield, enhanced spike length, higher kernel weight or tolerance to biotic and abiotic stresses. In a self-pollinated crop like wheat, where hybrid vigor is generally limited, direct selection becomes especially crucial.								To assess genetic variability, breeders commonly rely on the genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV), statistical measures introduced by Burton et al. (1952) to distinguish environmentally induced variation from genetically controlled variation. GCV quantifies variability arising purely from genetic factors, whereas PCV encompasses both genetic and environmental effects. Typically, PCV values exceed GCV values because environmental influences contribute to total phenotypic variation. A small difference between PCV and GCV suggests minimal environmental interference and reliable selection efficiency, while a larger gap indicates strong environmental masking, making selection less predictable.					Several recent studies have demonstrated the usefulness of these parameters in wheat. Prasad et al. (2020) reported substantial GCV and PCV estimates for yield components, suggesting considerable opportunity for genetic improvement. Similarly, Bankapur et al. (2018) found that PCV exceeded GCV for traits such as spike length and grain weight, highlighting the considerable effect of environment. Bendjama et al. (2022) and Terfa et al. (2020) further emphasized that traits characterized by high GCV and PCV, combined with strong heritability and high expected genetic advance, are primarily governed by additive gene action and can therefore be improved effectively through direct selection.			Given the crucial role of wheat in ensuring food and nutritional security, and the necessity for continual yield enhancement, the present study aims to quantify genetic variability among selected wheat genotypes using GCV and PCV. This will facilitate the identification of promising traits and guide the development of efficient selection strategies in future wheat-breeding programs.
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, 20 seeds from each cross were sent for advancement during the kharif season of 2023 to generate F₂ populations source seed at IIWBR- Regional Station, Dalang Maidan (H.P) for cultivation in and off season nursery. Both F₁ and F₂ generations, along with parents, were evaluated in a randomized block design for thirteen characters. 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).
Statistical analysis
The analysis of variance for the design of experiment was carried out according to the procedure outlined by Panse and Sukhatme (1967). The significance of difference among treatment means was tested by ‘F’ test. To test the hypothesis H0: t1 = t2 = ----------- = tv, the fixed effect model for the analysis of variance for Randomized Block Design is given below:
Yij	=	µ + ti + bj + eij
Where,
	Yij	=	Yield of ith entry in the jth replication 
	µ	=	General or population mean
	ti	=	Effect of the ith entry (i = 1, 2, ---------, v.)
	bj	=	Effect of the jth replication (j = 1, 2, ----------, r.)
	eij	=	Environmental Effects
chart 1- Skeleton of ANOVA of the experiment:
	Source of variation
	d.f.
	M.S.
	‘F- test’

	Replications
	(r-1)
	Mr
	Mr/ Me for r-1, (r-1) (t-1) d.f.

	Treatments
	(t-1)
	Mt
	Mt/ Me for t-1, (r-1) (t-1) d.f.

	Error
	(r-1) (t-1)
	Me
	

	Total
	(rt-1)
	
	


Since the experiment consisted of parents, F1s and F2s, hence separate ANOVA was prepared separately involving parents + F1s and parents + F2s to test the variability among treatments, heterosis and inbreeding depression as follows:
Chart 2 - Skeleton of ANOVA for parents + F1s + F2s:
	Source of variation
	d.f.
	M.S.
	‘F-test’

	Replications
	(r-1)
	Mr
	Mr/ Me2 for r-1, (r-1) (t-1) d.f.

	Treatments
	(t-1)
	Mt
	Mt/ Me2 for t-1, (r-1) (t-1) d.f.

	Parents (P)
	(p-1)
	Mp
	Mp/ Me2 for p-1, (r-1) (t-1) d.f.

	F1s
	(f1-1)
	Mf1
	Mf1/ Me2 for f1-1, (r-1) (t-1) d.f.

	Parents vs F1s
	1
	Mh1
	Mh1/ Me2 for 1, (r-1) (t-1) d.f.

	F2s
	(f2-1)
	Mf2
	Mf2/ Me2 for f2-1, (r-1) (t-1) d.f.

	Parents vs F2s
	1
	Mh2
	Mh2/ Me2 for 1, (r-1) (t-1) d.f.

	F1s vs F2s
	1
	Mf2 - Mf1
	MpMf1/ Me2 for 1, (r-1) (t-1) d.f.

	Error
	(r-1) (t-1)
	Me2
	

	Total
	(rt-1)
	
	


Where,
	r	=	number of replications
	t	=	number of treatments
	p	=	number of parents
           f1	=	number of F1 crosses
	f2	=	number of F2 crosses
chart 3 - Skeleton of ANOVA for parents + F1s:
	Source of variation
	d.f.
	M.S.
	‘F’ test

	Replications
	(r-1)
	Mr
	Mr/ Me1 for r-1, (r-1) (t-1) d.f.

	Treatments
	(t-1)
	Mt
	Mt/ Me1 for t-1, (r-1) (t-1) d.f.

	Parents
	(p-1)
	Mp
	Mp/ Me1 for p-1, (r-1) (t-1) d.f.

	F1s
	(f1-1)
	Mf1
	Mf1/ Me1 for f1-1, (r-1) (t-1) d.f.

	Parents vs F1s
	1
	Mh1
	Mh1/ Me1 for 1, (r-1) (t-1) d.f.

	Error
	(r-1) (t-1)
	Me1
	


Where,
	r	=	number of replications
	t	=	number of treatments
	p	=	number of parents
	f1	=	number of F1 crosses
The standard error, critical difference and coefficient of variation were calculated as follows:
S.E. of difference =	
Critical difference = S.E.(d) x ‘t’ (t values at 5% and 1%) for error d. f. 
Where,
	Table value of t distribution at error d. f. and P ≤ 0.05
	Coefficient of variation (C.V.%) = 
Chart 4 - Skeleton of ANOVA for parents + F2s:
	Source of variation
	d.f.
	M.S.
	‘F’ test

	Replications
	(r-1)
	Mr
	Mr/ Me1 for r-1, (r-1) (t-1) d.f.

	Treatments
	(t-1)
	Mt
	Mt/ Me1 for t-1, (r-1) (t-1) d.f.

	Parents
	(p-1)
	Mp
	Mp/ Me1 for p-1, (r-1) (t-1) d.f.

	F2s
	(f2-1)
	Mf2
	Mf2/ Me1 for f2-1, (r-1) (t-1) d.f.

	Parents vs F2s
	1
	Mh2
	Mh2/ Me1 for 1, (r-1) (t-1) d.f.

	Error
	(r-1) (t-1)
	Me1
	


Where,
	r	=	number of replications
	t	=	number of treatments
	p	=	number of parents
	f2	=	number of F2 crosses
The standard error, critical difference and coefficient of variation were calculated as follows:
S.E. of difference =	
Critical difference = S.E.(d) x ‘t’ (t values at 5% and 1%) for error d. f. 
Where,
	Table value of t distribution at error d. f. and P ≤ 0.05
	Coefficient of variation (C.V.%) = 
 Estimation of coefficient of variability:
The genotypic coefficient of variability (GCV) and phenotypic coefficient of variability (PCV) and were computed following Burton and de Vane (1953).
GCV =  x 100 or   
PCV = x 100 or   
Results and discussion
Analysis of Variance (ANOVA)
The ANOVA for thirteen quantitative traits revealed highly significant variation among parents, F₁s, and F₂s (Tables 1, 2a, 2b), indicating the presence of considerable genetic diversity among the evaluated wheat genotypes. Similar levels of significant variability in bread wheat have been reported by Hussain et al. (2020), who documented substantial genetic divergence for yield and morphological traits and by Alemu et al. (2021), who found wide genotypic differences across diverse wheat panels.
Significant differences between parents and F₁s for most traits indicated pronounced heterotic expression, aligning with results from Mahdy et al. (2023), who observed strong heterosis for yield components in bread wheat hybrids. However, traits such as days to maturity, plant height, seed hardness, and harvest index showed non-significant differences, suggesting relative stability across genotypes. Limited variation in these phenological traits has also been reported by Sharma et al. (2023).
Comparisons of F₂s with parents showed significant differences for most traits, except for days to 75% heading, number of productive tillers per plant, number of spikelets per spike, number of grains per spike, 1000-grain weight, and grain yield per plant. The lack of significance for these traits reflects genetic dilution due to segregation and recombination—patterns similarly described by Kumar et al. (2024) in segregating wheat populations and by Rahman et al. (2023).
Line × Tester Analysis
The line × tester analysis showed highly significant differences for most traits, except for days to 75% heading, days to maturity, plant height, seed hardness, harvest index, and seed yield per plant, indicating predominant additive gene effects. Similar findings were reported by Al-Khaled et al. (2024), who demonstrated substantial additive variance in bread wheat combining ability studies and by Garg et al. (2021).
Means and Variability in Parents, F₁s, and F₂s
Mean values and ranges for the traits among parents, F₁s, and F₂s (Table 3) revealed clear differences across generations. F₁ hybrids generally outperformed the parents for most traits—except days to 75% heading, seed hardness, harvest index, and protein content—reflecting strong hybrid vigor. Comparable heterotic superiority in wheat has been reported by Yadav et al. (2025) and Mahdy et al. (2023).
F₂ populations displayed higher means than parents for several traits, including days to 75% heading, days to maturity, spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight, and biological yield per plant. However, traits such as plant height, number of productive tillers per plant, protein content, seed hardness, harvest index, and grain yield per plant showed reduced means due to the expected breakdown of heterosis following segregation. Broader ranges in F₂ further confirmed increased variability and the generation of potential recombinants. This trend has also been observed in wheat segregating generations by Rehman et al. (2023) and Kumar et al. (2024).
The lower mean values for most traits in F₂ compared to the F₁ hybrids—except days to 75% heading and days to maturity—indicate that segregation contributed to greater phenotypic dispersion and a shift toward parental values. The stability of the two phenological traits suggests stronger additive gene control, consistent with the conclusions of Alemu et al. (2021).
Overall, the F₁ hybrids exhibited strong heterotic performance, whereas the F₂ populations showed wide genetic variation suitable for selection of superior recombinants. Similar conclusions were reported by Mahdy et al. (2023) and Kumar et al. (2024).
Genotypic and Phenotypic Coefficients of Variation (GCV & PCV)
In both generations, PCV values exceeded GCV values for all traits, demonstrating that environmental factors influenced phenotypic expression. Comparable observations in wheat were reported by Hussain et al. (2020) and Sharma et al. (2023).
No traits in either F₁ or F₂ exhibited high GCV (>20%). Moderate GCV (10–20%) was observed for key yield traits such as number of productive tillers per plant, biological yield per plant, and grain yield per plant. These levels agree with earlier wheat findings by Singh et al. (2021) and Alemu et al. (2021).
Low GCV (<10%) for traits including days to 75% heading, days to maturity, plant height, spike length, spikelets per spike, grains per spike, 1000-grain weight, protein content, seed hardness, and harvest index indicated limited genetic variability—suggesting slower progress through direct selection. Similarly low genetic variability was reported by Hussain et al. (2020).
PCV values showed the same pattern: no high PCV (>20%), moderate PCV for yield components, and low PCV for morphological and phenological traits. These results corroborate the findings of Garg et al. (2021) and Alemu et al. (2021).
Conclusion
The study demonstrated substantial genetic variability among parents, F₁s, and F₂s, confirming wide scope for improvement in wheat. In both generations F1 and F2, traits such as number of productive tillers per plant, biological yield per plant and grain yield per plant showed moderate GCV and PCV indicates strong heterotic expression, making them highly responsive to selection in segregating generations. The closeness of GCV and PCV for these traits indicates appreciable genetic control and suitability for effective selection. Conversely, traits like days to 75% heading, days to maturity, plant height, spike length, number of spikelets per spike, number of grains per spike, 1000 grain weight, protein content, seed hardness and harvest index exhibited low variability, suggesting strong environmental influence and limited genetic control. These traits are less amenable to early-generation selection and may require alternative breeding strategies or multi-environment evaluations. Overall, the combined variability and performance results indicate that hybridization followed by selection is an effective approach for enhancing key yield-related traits in wheat.
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Table 1 : Analysis of variance in a line × tester cross analysis of parents, F₁s and F₂s for 13 characters in wheat (Triticum aestivum L.)
	     
          Characters




Sources of variation
	Df
	Days to 75% heading
	Days to maturity
	Plant height
	Number of productive tillers per Plant
	Spike length
	Spikelets per spike
	Grain per spike
	1000 grain weight
	Protein content
	Seed hardness
	Biological yield per plant 
	

Harvest index (%)
	Grain yield per plant (g)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Replication
	2
	10.95
	38.51
	6.95
	0.33
	0.01
	0.74
	3.31
	5.54
	0.05
	0.22
	0.84
	0.64
	0.34

	Treatment
	114
	61.76
	82.61
	54.23
	12.08
	1.62
	5.50
	42.92
	25.78**
	1.43**
	0.76**
	84.62**
	13.08**
	19.87**

	Parent
	14
	105.56**
	152.33**
	77.92**
	17.99**
	1.89**
	5.60**
	40.59**
	22.54**
	2.76**
	1.31**
	183.43**
	25.60**
	44.30**

	Line (p)
	9
	140.69**
	199.59**
	92.83**
	44.67**
	1.73**
	12.15**
	141.75**
	64.48**
	0.55*
	1.16**
	254.18**
	28.11**
	59.99**

	Tester (p)
	4
	318.39**
	312.88**
	294.46**
	18.62**
	3.99**
	13.44**
	68.38**
	30.98**
	3.67**
	3.99**
	376.52**
	9.73**
	69.79**

	Line x tester
	36
	4.15
	12.27
	3.45
	1.95**
	0.84**
	2.43**
	17.78**
	19.72**
	0.40**
	0.11
	7.40**
	1.96
	1.95

	F₁s
	49
	54.88**
	71.21**
	43.62**
	11.16**
	1.26**
	5.11**
	44.68**
	28.86**
	0.69**
	0.62**
	82.86**
	7.40**
	18.15**

	F2s
	49
	53.67**
	71.15**
	35.49**
	11.07**
	1.50**
	4.59**
	34.66**
	15.79**
	0.68**
	0.54**
	60.75**
	6.53**
	14.08**

	F₁s vs parent
	1
	47.23**
	12.16
	0.10
	12.18**
	16.10**
	39.47**
	276.72**
	214.89**
	0.29**
	0.25
	40.66**
	0.03
	25.55**

	F2s vs parent
	1
	13.82
	188.33**
	506.67**
	0.18
	1.80**
	1.23
	22.47
	3.25
	27.48**
	6.68**
	15.34*
	186.74**
	0.03

	F1  vs F2
	1
	-1.21
	-0.07
	-8.13
	-0.09
	0.24
	-0.53
	-10.02
	-13.07
	-0.02
	-0.08
	-22.11
	-0.87
	-4.07

	Error
	228
	10.22
	22.76
	13.33
	0.28
	0.19
	0.59
	4.30
	2.90
	0.19
	0.19
	2.59
	2.32
	0.38

	Total
	344
	27.30
	42.69
	26.84
	4.19
	0.67
	2.22
	17.09
	10.50
	0.60
	0.38
	29.76
	5.88
	6.84



*, ** significant at 5% and 1% level, respectively


Table 2a : Analysis of variance in a line × tester cross analysis of parents and F₁s for 13 characters in wheat (Triticum aestivum L.)
	     
          Characters




Sources of variation
	Df
	Days to 75% heading
	Days to maturity
	Plant height
	Number of productive tillers per Plant
	Spike length
	Spikelets per spike
	Grain per spike
	1000 grain weight
	Protein content
	Seed hardness
	Biological yield per plant 
	

Harvest index (%)
	Grain yield per plant (g)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Replication
	2
	13.10
	18.82
	18.06
	0.20
	0.01
	0.38
	2.74
	2.41
	0.02
	0.08
	0.35
	0.82
	0.82

	Genotype
	64
	65.85**
	88.04**
	50.44**
	12.67**
	1.63**
	5.76**
	47.41**
	30.38**
	1.14**
	0.76**
	104.20**
	11.27**
	11.27**

	Cross
	49
	54.88**
	71.21**
	43.62**
	11.16**
	1.26**
	5.11**
	44.68**
	28.86**
	0.69**
	0.62**
	82.86**
	7.40**
	7.40**

	Parent
	14
	105.56**
	152.33**
	77.92**
	17.99**
	1.89**
	5.60**
	40.59**
	22.54**
	2.76**
	1.31**
	183.43**
	25.60**
	25.60**

	Line (p)
	9
	108.77**
	165.59**
	63.80**
	24.91**
	1.63**
	5.46**
	42.34**
	24.78**
	2.66**
	1.41**
	171.62**
	32.81**
	32.81**

	Tester (p)
	4
	117.54**
	160.49**
	124.55**
	3.04**
	2.81**
	5.72**
	45.87**
	22.90**
	2.53**
	1.33**
	128.76**
	3.67
	3.67

	Line (p) x tester (p)
	1
	28.79**
	0.41
	18.39**
	15.53**
	0.58
	6.40**
	3.82
	0.97
	4.60**
	0.27
	508.46**
	48.50**
	48.50**

	Cross vs parent
	1
	47.23**
	12.16
	0.10
	12.18**
	16.10**
	39.47**
	276.72**
	214.89**
	0.29
	0.25
	40.66**
	0.03
	0.03

	Error
	128
	10.17
	21.94
	14.41
	0.29
	0.21
	0.61
	4.54
	3.01
	0.20
	0.19
	2.58
	2.51
	2.51

	Total
	194
	28.57
	43.71
	26.33
	4.37
	0.67
	2.31
	18.67
	12.03
	0.51
	0.38
	36.08
	5.38
	5.38


Table 2b: Analysis of variance in a line × tester cross analysis of parents and F₁s for 13 characters in  wheat (Triticum aestivum L.)
	     
          Characters




Sources of variation
	Df
	Days to 75% heading
	Days to maturity
	Plant height
	Number of productive tillers per Plant
	Spike length
	Spikelets per spike
	Grain per spike
	1000 grain weight
	Protein content
	Seed hardness
	Biological yield per plant 
	

Harvest index (%)
	Grain yield per plant (g)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Replication
	2
	4.48
	26.53
	1.49
	0.10
	0.00
	0.41
	0.39
	3.67
	0.03
	0.13
	1.29
	0.02
	0.06

	Genotype
	64
	64.40**
	90.74**
	52.14**
	12.41**
	1.59**
	4.76**
	35.77**
	17.07**
	1.55**
	0.80**
	86.87**
	13.52**
	20.47**

	Cross
	49
	53.67**
	71.15**
	35.49**
	11.07**
	1.50**
	4.59**
	34.66**
	15.79**
	0.68**
	0.54**
	60.75**
	6.53**
	14.08**

	Parent
	14
	105.56**
	152.33**
	77.92**
	17.99**
	1.89**
	5.60**
	40.59**
	22.54**
	2.76**
	1.31**
	183.43**
	25.60**
	44.30**

	Line (p)
	9
	108.77**
	165.59**
	63.80**
	24.91**
	1.63**
	5.46**
	42.34**
	24.78**
	2.66**
	1.41**
	171.62**
	32.81**
	49.43**

	Tester (p)
	4
	117.54**
	160.49**
	124.55**
	3.04**
	2.81**
	5.72**
	45.87**
	22.90**
	2.53**
	1.33**
	128.76**
	3.67
	18.65**

	Line (p) x tester (p)
	1
	28.79
	0.41
	18.39**
	15.53**
	0.58
	6.40**
	3.82
	0.97
	4.60**
	0.27
	508.46**
	48.50**
	100.76**

	Cross vs parent
	1
	13.82
	188.33**
	506.67**
	0.18
	1.80**
	1.23
	22.47**
	3.25
	27.48**
	6.68**
	15.34**
	186.74**
	0.03

	Error
	128
	10.60
	24.05
	12.93
	0.27
	0.18
	0.56
	3.98
	2.75
	0.19
	0.19
	2.65
	2.23
	0.36

	Total
	194
	28.29
	46.08
	25.75
	4.27
	0.64
	1.94
	14.43
	7.48
	0.63
	0.39
	30.42
	5.93
	6.99


*, ** significant at 5% and 1% level, respectively
[bookmark: _Hlk189402476]Table 2c : Mean and range of parents, F1s & F2s for 13 different characters in wheat (Triticum aestivum L.).
	Characters
	General mean
	Range

	
	Parents
	F₁s
	F2s
	Parents
	F₁s
	F2s

	
	
	
	
	Minimum
	Maximum
	Minimum
	Maximum
	Minimum
	Maximum

	Days to 75% heading
	79.67
	78.50
	80.30
	70.33
	92.67
	71.00
	89.00
	71
	91

	Days to maturity
	121.07
	121.66
	123.40
	110.33
	133.33
	112
	129.00
	112
	131

	Plant height
	94.20
	94.15
	90.37
	88.73
	104.43
	88.30
	102.60
	84.20
	97.86

	Number of productive tillers per  plant
	12.84
	13.44
	12.77
	9.20
	18.67
	9.63
	17.82
	9.78
	17.19

	Spike length
	10.97
	11.65
	11.20
	9.73
	11.87
	9.90
	12.51
	9.64
	12.33

	Number of spikelets per spike
	18.37
	19.44
	18.56
	16.00
	20.13
	16.01
	21.07
	16.08
	21.07

	Number of grains per spike
	51.51
	54.34
	52.32
	45.81
	57.78
	45.52
	60.22
	44.78
	58.38

	1000 grain weight
	41.05
	43.55
	41.36
	35.60
	46.40
	37.61
	50.07
	36.90
	47.38

	Protein content
	11.88
	11.79
	10.99
	10.37
	13.23
	10.89
	12.78
	10.10
	12.09

	Seed hardness
	10.96
	10.88
	10.52
	9.95
	11.87
	9.92
	11.61
	9.68
	11.22

	Biological yield per plant
	39.78
	40.86
	40.44
	28.01
	49.30
	29.68
	49.85
	30.50
	47.82

	Harvest index
	39.27
	39.24
	36.95
	33.97
	45.51
	35.82
	42.59
	33.75
	40.12

	Grain yield per plant
	  15.13
	15.99
	15.10
	10.02
	21.93
	10.93
	20.11
	10.62
	52.50







Table 3 :Estimation of GCV (%) and PCV (%) in F1s and F2s for 13 characters in wheat (Triticum aestivum L.).

	Characters
	Grand mean
	GCV (%)
	PCV (%)

	
	F1
	F2
	F1
	F2
	F1
	F2

	Days to 75% heading
	78.77
	80.30
	5.47
	4.73
	6.80
	6.21

	Days to maturity
	121.52
	123.40
	3.86
	3.20
	5.46
	5.12

	Plant height
	94.16
	90.37
	3.68
	3.10
	5.46
	4.92

	Number of productive tillers per  plant
	13.30
	12.77
	15.28
	14.86
	15.80
	15.41

	Spike length
	11.50
	11.20
	5.98
	5.91
	7.17
	7.03

	Number of spikelets per spike
	19.19
	18.56
	6.82
	6.23
	7.95
	7.45

	Number of grains per spike
	53.68
	52.32
	7.04
	6.10
	8.08
	7.22

	1000 grain weight
	42.97
	41.36
	7.03
	5.03
	8.11
	6.46

	Protein content
	11.81
	10.99
	4.73
	3.68
	6.07
	5.37

	Seed hardness
	10.90
	10.52
	4.02
	3.25
	5.67
	5.24

	Biological yield per plant
	40.61
	40.44
	14.33
	10.88
	14.87
	11.60

	Harvest index
	39.25
	36.95
	4.36
	3.28
	5.93
	5.13

	Grain yield per plant
	15.79
	15.10
	17.76
	14.15
	18.20
	14.72



