Comparative Analysis of UV-B Radiation Effects on Mutagenesis in Wheat Genotypes (Triticum aestivum L.)
Abstract
1. The present study was conducted to evaluate genetic variability, heritability and trait associations among wheat (Triticum aestivum L.) genotypes under the agro-climatic conditions of Prayagraj during the Rabi season 2025–26. The experiment was laid out in a Randomized Block Design (RBD) 10 genotypes with two different UV-B treatment, including one check variety, and three replications. Observations were recorded on 15 quantitative and physiological traits, including plant height at different growth stages, days to 50% flowering, flag leaf dimensions, awn length, number of tillers per plant, days to maturity, number of grains per spike, test weight, chlorophyll content, and seed yield per plant and per plot. Analysis of variance revealed significant differences among genotypes for all studied traits, indicating the presence of substantial genetic variability. The mean performance showed considerable variation among genotypes for key traits such as seed yield per plant, number of grains per spike, and number of tillers per plant. Higher phenotypic coefficient of variation (PCV) compared to genotypic coefficient of variation (GCV) for most traits suggested the influence of environmental factors. High heritability coupled with moderate genetic advance was observed for several traits, Plant height at 30 Days After Sowing (DAS), Plant height at 60 Days After Sowing (DAS), Plant height at 90 Days After Sowing (DAS), Days to 50% flowering, Flag leaf length (cm), Flag leaf width (cm), Spike length (cm), Awn length (cm), Number of tillers per plant, Days to maturity, Number of grains per spike, Test weight (g), Seed yield per plant (g), Seed yield per plot (g), Chlorophyll content (SPAD value) indicating the effectiveness of selection. Correlation analysis revealed that seed yield showed a strong positive association with traits such as number of tillers per plant, number of grains per spike, and test weight. Overall, the study identified important yield-contributing traits that can be effectively utilized in wheat breeding programmes for yield improvement.
Keywords:- Genetic variability, heritability, correlation analysis, GCV and PCV, yield traits.

1. Introduction
Wheat (Triticum aestivum L.), a member of the Poaceae family, is one of the most important staple food crops in the world, ranking second only to rice. It is believed to have originated in Southwest Asia and is primarily a self-pollinated crop. Often called the “King of Cereals,” wheat earns this title due to its wide adaptability, high productivity, and significant role in global food systems and trade. Unlike crops such as rice and maize that prefer tropical climates, wheat is mainly cultivated in temperate regions.
Globally, wheat plays a vital role in ensuring food security, and in India, it holds a particularly prominent place in agriculture. It occupies about 28% of the total cereal-growing area and contributes nearly 33% of the country’s overall food grain production (Emmadishetty et al., 2022). Wheat is widely used for making essential food products like bread, pasta, and breakfast cereals, as well as beverages such as beer. In addition, it serves as an important source of animal feed and has various industrial uses, including the production of biofuels, starch, and environmentally friendly materials. This wide range of applications highlights its importance not only in nutrition but also in industrial development.
In India, wheat cultivation includes three main species: Triticum aestivum, Triticum durum, and Triticum dicoccum. Among these, bread wheat (Triticum aestivum L.) dominates production, accounting for nearly 95% of the total output, while durum wheat contributes about 4% and dicoccum wheat around 1%.
Maintenance of genetic purity of varieties is of primary importance for preventing varietal deterioration during successive regeneration cycles and for ensuring varietal performance at an expected level. The aspects of Distinctness, Uniformity and Stability (DUS) are fundamental for characterization of varieties. In countries having Plant Breeder's Right (PBR) in operation, a new variety is registered only, if it is distinct from other varieties, uniform in its characteristics and genetically stable. In the light of the above facts, the present study on the documentation of characters for wheat genotypes was planned with the objective to identify stable diagnostic characteristics of plant morphology of wheat genotypes (Chauhan et al., 2020).   
This method improves seed performance and supports strong seedling establishment, making it an effective and sustainable treatment strategy. In this study, three seed priming methods were assessed for their suitability for use in agricultural systems. The first method involved priming with ultraviolet (UV) radiation, which falls under the category of physical agent-based priming (Sher et al., 2019). This technique has been examined in all three regions of the ultraviolet spectrum (UV-A, UV-B, and UV-C) and involves exposing seeds to a defined dose of radiation (Bartolić et al., 2022). Laboratory studies have shown these effects. For example, UV-C treatment improved the antioxidant capacity of seeds compared to untreated seeds, and also increased the total phenolic compounds, without reducing germination (Beltagi et al., 2023). UV treatments have also been reported to influence physiological parameters, including increased concentrations of chlorophyll, carotenoids, and anthocyanins (Kacharava et al., 2009). In bread wheat, a total of 237 mutant varieties have been developed and released, of which 195 were produced using physical mutagens, 40 through chemical mutagens, and only 2 through a combination of both methods. Physical mutagens used in plant breeding include both non-ionizing radiation, such as ultraviolet (UV) rays (Tevini et al., 1989), and ionizing radiation, including X-rays, gamma rays, alpha particles, and beta particles. Among these, gamma rays are the most commonly used by plant breeders due to their ease of application and their strong ability to penetrate deeper into plant tissues, making them highly effective for inducing mutations (Suprasanna et al., 2015).
1.1 Botanical Classification
Wheat belongs to the family Poaceae (Gramineae), which includes a large number of cereal crops and grass species of global importance. The genus Triticum comprises several species, but the major cultivated types are as follows:
I. Bread Wheat (Triticum aestivum L.) This is the most widely cultivated wheat species worldwide, accounting for nearly 95% of total production. It is mainly used for making bread, chapati, bakery products, and other food items due to its good gluten content and adaptability.
II. Durum Wheat (Triticum durum Desf.) This species is primarily grown for pasta, macaroni, and semolina products. It has hard grains and high protein content, making it suitable for processing industries.
III. Emmer Wheat (Triticum dicoccum Schrank) Also known as dicoccum wheat, it is an ancient wheat species cultivated on a limited scale, especially in certain parts of India. It is valued for its nutritional quality and resilience under marginal conditions.
2. MATERIAL AND METHODS
2.1 Experimental Site
The field experiment was conducted at the Agricultural Research Farm, Main Experimental Station (MES), Prof. Rajendra Singh (Rajju Bhaiya) University, Prayagraj, during the Rabi season of 2025–26. The experimental site is geographically located at 81°51′ E longitude and 25°27′ N latitude, with an elevation of about 98 meters above mean sea level. The soil of the experimental field was fertile alluvial loam, which is well-suited for wheat cultivation.
2.2 Experimental Material
The experimental material comprised 10 diverse genotypes along with two different UV-B treatment of wheat (Triticum aestivum L.), These genotypes were selected to study their performance and variability under the given agro-climatic conditions. Detailed information about the genotypes is presented in Table 1.
Table :-1. List of genotype

	Control
	Genotypes
	Source

	V1 T0
	DBW-168
	BHU Varanasi

	V2  T0
	HD-3086
	BHU Varanasi

	V3  T0
	DBW-39
	BHU Varanasi

	V4  T0
	HUW-510
	BHU Varanasi

	V5  T0
	RAJMARI
	BHU Varanasi

	V6  T0
	HPW-373
	BHU Varanasi

	V7  T0
	BBW-303
	BHU Varanasi

	V8  T0
	HUW-669
	BHU Varanasi

	V9  T0
	OPATA
	BHU Varanasi

	V 10 T0
	M-6
	BHU Varanasi

	Treated with UV-B Rays 15 minutes
	
	

	V11 T1
	DBW-168
	

	V12  T1
	HD-3086
	

	V13  T1
	DBW-39
	

	V14  T1
	HUW-510
	

	V15  T1
	RAJMARI
	

	V16  T1
	HPW-373
	

	V17  T1
	BBW-303
	

	V18  T1
	HUW-669
	

	V19  T1
	OPATA
	

	V 20 T1
	M-6
	

	Treated with UV-B Rays 30 minutes
	
	

	V21 T2
	DBW-168
	

	V22  T2
	HD-3086
	

	V23  T2
	DBW-39
	

	V24  T2
	HUW-510
	

	V25  T2
	RAJMARI
	

	V26  T2
	HPW-373
	

	V27  T2
	BBW-303
	

	V28  T2
	HUW-669
	

	V29  T2
	OPATA
	

	V 30 T2
	M-6
	


2.3. Recording of Quantitative Traits
The observations on the following quantitative traits were recorded from randomly selected plants in each genotype to evaluate growth, physiological performance, and yield attributes:
2. Plant height at 30 Days After Sowing (DAS) 
3. Plant height at 60 Days After Sowing (DAS) 
4. Plant height at 90 Days After Sowing (DAS) 
5. Days to 50% flowering 
6. Flag leaf length (cm) 
7. Flag leaf width (cm)
8. Spike length (cm) 
9. Awn length (cm) 
10. Number of tillers per plant 
11. Days to maturity 
12. Number of grains per spike 
13. Test weight (g) 
14. Seed yield per plant (g) 
15. Seed yield per plot (g) 
16. Chlorophyll content (SPAD value)
2.4 Statistical Analysis
Germplasm accessions of wheat were grown in three replications in Randomized Block Design in rabi session 2025-26. the recorded data were analyzed using appropriate statistical methods to evaluate variability and relationships among traits. Analysis of variance (ANOVA) was carried out to test the significance of differences among genotypes. Frequency distribution was prepared for all observed traits to understand their distribution pattern. The range and variance were estimated to assess the extent of variability present in the material. Genetic variability parameters were calculated to determine the magnitude of variation among genotypes. Heritability and genetic advance were estimated to evaluate the inheritance pattern and selection efficiency, thereby identifying the most important yield-contributing characters.
Table 2:- Mean performance of wheat genotypes for growth, and yield-contributing trait
	Treatment
	30 DAS plant height
	60 DAS plant height
	Days to 50% flowering
	90 DAS plant height
	Flag Leaf Length in (cm)
	Flag Leaf Width in (cm)
	Spike Length in (cm)
	Awn Length in (cm)
	Number of Tiller per Plant
	DAS to Maturity
	Number of Grain per Spike
	Seed Yield per Plant (g)
	Seed Yield per Plot (kg)
	Test Weight (g)
	Chlorophyll Content

	V1    T0
	27.53
	59.47
	83.33
	100.47
	28.23
	1.634
	12.04
	7.06
	10.47
	131
	56
	13.47
	2.105
	44.093
	48.34

	V2    T0
	24
	65.2
	79.33
	107.27
	27.42
	1.539
	10.87
	7.06
	9.6
	124.33
	56.6
	14.91
	2.225
	44.91
	57.39

	V3   T0
	23.4
	53.13
	91
	94.13
	25.04
	1.705
	10.89
	7.35
	9.33
	129.67
	46.2
	15.07
	2.224
	42.383
	50.37

	V4    T0
	25.4
	69.93
	75
	100.8
	28.36
	1.792
	10.19
	7.78
	9.73
	124.67
	36.4
	13.74
	1.946
	43.803
	60.49

	V5   T0
	24.4
	65.07
	77.33
	105.67
	26.66
	1.775
	11.23
	5.7
	8.27
	123
	55.4
	12.25
	2.151
	41.83
	49.94

	V6   T0
	27.8
	66.53
	81
	113.33
	29.03
	1.874
	12.37
	7.05
	8.47
	128.33
	61.2
	15.29
	2.37
	42.16
	56.38

	V7     T0
	23.87
	63.8
	78.33
	105.4
	26.45
	1.761
	11.03
	5.71
	8.27
	125
	60
	16.29
	2.455
	41.56
	49.07

	V8   T0
	26.73
	62.4
	86.33
	104.07
	30.92
	1.777
	10.8
	8.6
	8.93
	128
	68
	17.77
	2.73
	44.477
	55.73

	V9    T0
	23.67
	53.73
	84.33
	101.13
	26.06
	1.651
	10.87
	7.02
	9.8
	123
	60.8
	16.57
	2.356
	34.58
	49.51

	V10   T0
	27.47
	69.47
	79.67
	102.73
	26.69
	1.679
	10.47
	7.1
	9.2
	125.33
	62.6
	15.75
	2.275
	39.46
	58.81

	V11   T1
	25.6
	59.67
	87
	101.53
	33.27
	1.727
	11.18
	7.23
	9.53
	129
	57.47
	17.31
	2.656
	44.793
	49.62

	V12   T1
	23.87
	63.6
	78.67
	111
	28.19
	1.595
	10.63
	7.16
	9
	125.67
	56.8
	16.51
	2.444
	43.047
	57.84

	V13   T1
	24.87
	53.67
	91.67
	96.13
	30.35
	1.695
	10.35
	8.43
	9.2
	128.33
	45
	16.15
	2.642
	44.947
	44.95

	V14   T1
	28.67
	70.27
	73.67
	101.4
	28.97
	1.711
	9.92
	7.93
	8.67
	125
	35.2
	16.51
	2.511
	44.967
	60.26

	V15   T1
	27.4
	62.73
	78.67
	108.47
	26.89
	1.627
	10.77
	5.88
	8.47
	124
	54
	16.22
	2.23
	43.193
	43.83

	V16   T1
	27.27
	63.73
	81
	113.27
	29.29
	1.765
	12.12
	7.02
	8
	127
	63.2
	15.48
	2.179
	41.54
	57.03

	V17     T1
	24.4
	65.47
	78.67
	107.47
	26.99
	1.737
	11.32
	5.99
	8
	124.67
	64.4
	16.11
	2.241
	42.97
	47.77

	V18   T1
	25.6
	58.73
	87.33
	105.2
	29.81
	1.731
	11.7
	6.65
	6.8
	128.33
	58.4
	19.04
	2.595
	43.387
	55.53

	V19   T1
	24.67
	52.67
	85
	101
	27.81
	1.699
	10.79
	6.85
	9.07
	124.67
	58.2
	15.66
	2.323
	35.4
	46.03

	V20  T1
	27.93
	71.67
	76.67
	102.73
	28.71
	1.69
	10.1
	7.13
	8.07
	125
	53
	17.24
	2.342
	43.06
	58.93

	V21    T2
	26.67
	55.8
	88.67
	103.6
	27.34
	1.609
	11.68
	6.36
	9.07
	129.33
	55.4
	18.37
	2.643
	42.97
	46.86

	V22     T2
	25.47
	64.67
	79.33
	108.8
	29.59
	1.583
	10.83
	6.73
	9.73
	125
	55.6
	16.79
	2.522
	42.207
	55.74

	V23   T2
	23.33
	53.13
	93.33
	98.07
	29.84
	1.727
	10.77
	7.36
	9.87
	128
	43.6
	16.5
	2.257
	43.127
	42.37

	V24    T2
	28.27
	70.93
	74.33
	102.4
	27.27
	1.705
	9.91
	7.93
	10.53
	125
	36
	15.37
	2.03
	42.807
	60.93

	V25   T2
	26.47
	63.07
	79.33
	106.2
	25.6
	1.708
	11.1
	6.44
	9.33
	125.33
	55
	15.95
	2.265
	43.71
	50.45

	V26   T2
	25.87
	64.8
	81.67
	112.8
	29.51
	1.842
	11.72
	6.99
	7.6
	127
	60.6
	14.33
	2.067
	40.993
	54.23

	V27    T2
	26.13
	65
	79.33
	104.4
	26.17
	1.731
	11.16
	5.77
	8.27
	125
	59.4
	14.91
	2.371
	43.76
	44.52

	V28   T2
	25.73
	56.07
	87
	101.67
	29.95
	1.735
	11.57
	6.45
	7.67
	127.33
	65.8
	16.49
	2.507
	42.89
	59.29

	V29   T2
	24.67
	53.2
	84.33
	99.4
	27.82
	1.619
	10.67
	7
	8.67
	124.67
	59.4
	14.55
	2.188
	35.54
	47.93

	V30   T2
	28
	70.53
	78.67
	99.93
	28.42
	1.701
	9.73
	6.9
	9.6
	126
	61.47
	11.87
	1.952
	41.35
	56.3

	Mean
	25.84
	62.27
	82
	104.02
	28.22
	1.7
	10.96
	6.95
	8.91
	126.22
	55.37
	15.75
	2.33
	42.2
	52.55

	SE
	1.21
	1.72
	1.23
	1.72
	1.23
	1.72
	1.32
	0.05
	0.35
	0.33
	0.49
	0.82
	0.16
	0.66
	0.16

	CD 5%
	3.43
	4.87
	3.48
	4.87
	3.74
	0.15
	0.99
	0.93
	1.39
	2.32
	0.44
	1.87
	0.45
	1.00
	2.74

	CV
	8.13
	4.78
	2.60
	2.87
	8.10
	5.33
	5.53
	8.15
	9.55
	1.12
	0.49
	7.27
	11.90
	1.45
	3.19

	Minimum
	23.33
	52.67
	73.67
	94.13
	25.04
	1.54
	9.73
	5.7
	6.8
	123
	35.2
	11.87
	1.95
	34.58
	42.37

	Maximum
	28.67
	71.67
	93.33
	113.33
	33.27
	1.87
	12.37
	8.6
	10.53
	131
	68
	19.04
	2.73
	44.97
	60.93


Where :- (T0) = Control (without any treatments). (T1) = Treated with UV-B Rays 15 minutes. (T2) = Treated with UV-B Rays 30 minutes. (V1, V2) = Variety / Genotypes denoted.
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Fig 1: Effect of UV-B rays on DAS to 50% flowering and DAS to maturity.


Fig 2: Effect of UV-B rays on plant height 30 DAS, 60 DAS, 90 DAS.
	
Fig 3: Effect of UV-B rays on FLW (cm), AL (cm), SL (cm), FLL (cm)

Fig 4: Effect of UV-B rays on NTP, NGS, SYG (g), & SYP (kg).

Fig 5: Effect of UV-B rays on test weight (g)

3. RESULTS AND DISCUSSION
In this study, a new method was used to evaluate the effect of ultraviolet-B (UV-B) radiation on seed performance. Seeds were exposed to UV-B light for two different times, 15 minutes and 30 minutes, along with an untreated control group. Clear differences were observed among the treatments in genetic variability and heritability.
3.1. Analysis of Variance for Yield and Associated Traits in Wheat
The analysis of variance (ANOVA) revealed the presence of significant differences among the wheat genotypes for the majority of the traits studied. The mean sum of squares due to treatments was found to be significant at both 5% (*) and 1% (**) levels for most of the characters, indicating considerable genetic variability among the genotypes. Highly significant differences at the 1% level were observed for important traits such as plant height at 60 DAS (111.04**), days to 50% flowering (81.47**), plant height at 90 DAS (69.57**), number of grains per spike (222.47**), test weight (21.87**), chlorophyll content (96.73**), and seed yield per plant (7.61**). These results clearly indicate the presence of substantial genetic variation for these economically important traits. Similarly, traits like plant height at 30 DAS (7.77*), flag leaf length (9.44*), flag leaf width (0.01*), and seed yield per plot (0.13*) were found significant at the 5% level, suggesting moderate variability among genotypes. The error mean square values were relatively low for most of the traits, indicating good experimental precision and reliability of the recorded data. The non-significant variation due to replication for most characters further supports the uniformity of experimental conditions. Table 3. 


Table 3. Mean Sum of Square of Wheat Genotypes 
	Trait
	Mean sum of squares

	
	Replications
	Treatment
	Error

	
	(d.f=2)
	(d.f=29)
	(d.f=58)

	30 das plant height
	7.430
	7.7744*
	4.416

	60 das plant height
	18.140
	111.0455**
	8.866

	das to 50% flowering
	28.300
	81.4713**
	4.530

	90 das plant height
	79.010
	69.5767**
	8.886

	Flage Leaf Length in (cm)
	1.147
	9.4477*
	5.22

	Flage Leaf Width in (cm)
	0.239
	0.0168*
	0.008

	Spike Length in (cm)
	0.364
	1.3272**
	0.367

	Awn Length in (cm)
	0.035
	1.6211**
	0.321

	Number of Tiller per Plant
	13.221
	2.2635**
	0.723

	DAS to Maturity
	5.344
	12.8352**
	2.011

	Number of Grain per Spike
	33.496
	222.4770**
	0.074

	Seed Yield per Plant (g)
	0.283
	7.6157**
	1.309

	Seed Yield per Plot (kg)
	0.251
	0.1338*
	0.077

	Test Weight (g)
	2.046
	21.8714**
	0.374

	Chlorophyll Content
	0.470
	96.7314**
	2.819



3.2. Heritability and Genetic advance
The estimates of heritability (broad sense) and genetic advance expressed as percent of mean have been presented in Table 4, fig 6.
The estimates of heritability ranged from 20.00 to 99.89 percent among different quantitative traits. The highest heritability was observed for number of grains per spike (99.89%), followed by test weight (95.09%) and chlorophyll content (91.73%), indicating strong genetic control and less environmental influence on these traits. Moderate heritability was recorded for days to 50% flowering (84.99%), plant height at 60 DAS (79.33%), plant height at 90 DAS (69.47%), days to maturity (64.23%) and seed yield per plant (61.58%). on the other hand, low heritability was observed for 30 DAS plant height (20.21%), flag leaf length (21.26%), flag leaf width (25.00%), and seed yield per plot (20.00%), indicating a greater influence of environmental factors on these traits.
The estimates of genetic advance revealed that the highest genetic advance was recorded for number of grains per spike (17.73) followed by chlorophyll content (11.04), plant height at 60 DAS (10.71) and DAS to 50% flowering (9.62). Moderate genetic advance was observed for plant height at 90 DAS (7.72), test weight (5.38), and seed yield per plant (2.34). however, low genetic advance was recorded for traits like 30 DAS plant height (0.98), flag leaf length (1.12), flag leaf width (0.06), spike length (0.79), awn length (1.03), number of tillers per plant (0.95), DAS to maturity (3.14) and seed yield per plot (0.13). Similar findings were also reported by (Atta et al., 2008), (Bhoite et al., 2008), (Khan et al., 2010) & (Khokar et al., 2010).
Further, genetic advance as percent of mean was highest for number of grains per spike (32.02%), followed by chlorophyll content (21.01%), plant height at 60 DAS (17.20%), and seed yield per plant (14.89%), suggesting the predominance of additive gene action and effectiveness of selection for these traits. In contrast, low genetic advance as percent of mean was observed for DAS to maturity (2.48%), flag leaf width (3.27%), 30 DAS plant height (3.79%), and flag leaf length (3.99%), indicating limited scope for improvement through simple selection. 
Table 4 : Estimation of components of variance and genetic parameters for different quantitative characters.
	Trait
	Vg
	Vp
	Ve
	GCV %
	PCV %
	HERTI %
	GA 
	GA AS %

	30 DAS plant height
	1.12
	5.54
	4.42
	4.09
	9.11
	20.21
	0.98
	3.79

	60 DAS plant height
	34.06
	42.93
	8.87
	9.37
	10.52
	79.33
	10.71
	17.20

	DAS to 50% flowering
	25.65
	30.18
	4.53
	6.18
	6.70
	84.99
	9.62
	11.73

	90 DAS plant height
	20.23
	29.12
	8.89
	4.32
	5.19
	69.47
	7.72
	7.43

	Flage Leaf Length in (cm)
	1.41
	6.63
	5.23
	4.20
	9.13
	21.26
	1.12
	3.99

	Flage Leaf Width in (cm)
	0.03
	0.12
	0.01
	3.13
	6.18
	25.00
	0.06
	3.27

	Spike Length in (cm)
	0.32
	0.69
	0.37
	5.16
	7.57
	46.37
	0.79
	7.25

	Awn Length in (cm)
	0.43
	0.75
	0.32
	9.47
	12.49
	57.33
	1.03
	14.78

	Number of Tiller per Plant
	0.51
	1.24
	0.72
	8.05
	12.48
	41.12
	0.95
	10.68

	DAS to Maturity
	3.61
	5.62
	2.01
	1.50
	1.88
	64.23
	3.14
	2.48

	Number of Grain per Spike
	74.13
	74.21
	0.07
	15.55
	15.56
	99.89
	17.73
	32.02

	Seed Yield per Plant (g)
	2.10
	3.41
	1.31
	9.21
	11.73
	61.58
	2.34
	14.89

	Seed Yield per Plot (kg)
	0.02
	0.10
	0.08
	5.93
	13.30
	20.00
	0.13
	5.44

	Test Weight (g)
	7.17
	7.54
	0.37
	6.34
	6.51
	95.09
	5.38
	12.74

	Chlorophyll Content
	31.30
	34.12
	2.82
	10.65
	11.12
	91.73
	11.04
	21.01




Fig 6: Heritability and Genetic advance

3.3. The mean performance for various qualitative trails wheat genotypes 
Considerable variation was observed among genotypes for all the characters studied, indicating the presence of substantial genetic diversity. Plant height at 30 DAS ranged from 23.33 cm to 28.67 cm with a mean of 25.84 cm, while at 60 DAS it varied from 52.67 cm to 71.67 cm (mean: 62.27 cm). At 90 DAS, plant height ranged between 94.13 cm and 113.33 cm, with an average of 104.02 cm. Days to 50% flowering varied from 73.67 to 93.33 days (mean: 82 days), indicating variability in maturity behavior among genotypes . Among yield attributes, number of grains per spike showed a wide range from 35.2 to 68 with a mean value of 55.37. grain yield per plant ranged from 11.87 g to 19.04 g (mean: 15.75 g), whereas seed yield per plot varied from 1.95 kg to 2.73 kg with an average of 2.33 kg. Test weight ranged between 34.58 g and 44.97 g, reflecting variation in grain size and quality. Morphological traits such as flag leaf length (25.04–33.27 cm), spike length (9.73–12.37 cm), and number of tillers per plant (6.8–10.53) also exhibited noticeable variability. Physiological traits like chlorophyll content ranged from 42.37 to 60.93 Similar findings were also reported by (Nyaupane et al., 2024),, while germination percentage varied between 85.8% and 95.5%. Seedling traits also showed variation, with root length ranging from 9.40 to 12.88 cm, shoot length from 5.40 to 6.92 cm, and seedling length from 14.83 to 19.48 cm. The observed variability in these traits indicates the potential of selecting superior genotypes for growth and yield improvement. Similar findings were also reported by (Abdelgani et al., 2025; Swelam et al., 2022), (Ghaffar et al., 2023; Nyaupane et al., 2024; Zhuang et al., 2024).
Table 5 :- Genotypic Correlation Coefficients among Yield and Component Traits in Wheat
The genotypic correlation coefficients revealed the nature and magnitude of association among different quantitative traits in wheat. 
	Trait
	30 DAS plant height
	60 DAS plant height
	Days to 50% flowering
	90 DAS plant height
	Flag Leaf Length in (cm)
	Flag Leaf Width in (cm)
	Spike Length in (cm)
	Awn Length in (cm)
	Number of Tiller per Plant
	Days to Maturity
	Number of Grain per Spike
	Seed Yield per Plant (g)
	Seed Yield per Plot (kg)
	Test Weight (g)
	Chlorophyll Content

	30 DAS plant height
	1
	0.8515 **
	-0.6712 **
	0.1813
	0.16
	0.0477
	-0.2376
	0.3015
	-0.0413
	0.2915
	-0.1123
	-0.1139
	-0.3573
	0.3855 *
	0.6821 **

	60 DAS plant height
	
	1
	-0.9076 **
	0.4128 *
	-0.1499
	0.2719
	-0.3872 *
	0.0079
	-0.026
	-0.4211 *
	-0.1393
	-0.3424
	-0.6749 **
	0.3624 *
	0.6895 **

	Days  to 50% flowering
	
	
	1
	-0.4676 **
	0.3859 *
	-0.0375
	0.3494
	0.1912
	0.0048
	0.7039 **
	0.1552
	0.4052 *
	0.6526 **
	-0.0775
	-0.5387 **

	90 DAS plant height
	
	
	
	1
	0.0028
	0.1975
	0.572 **
	-0.46 *
	-0.4808 **
	-0.2192
	0.4503 *
	0.0009
	-0.2068
	0.0916
	0.2787

	Flag Leaf Length in (cm)
	
	
	
	
	1
	0.3946 *
	-0.1383
	0.6494 **
	-0.181
	0.744 **
	0.0865
	0.4113 *
	0.7193 **
	0.445 *
	0.2641

	Flag Leaf Width in (cm)
	
	
	
	
	
	1
	0.4488 *
	0.0824
	-0.6763 **
	0.1594
	0.0822
	-0.2633
	-0.3486
	0.1415
	0.197

	Spike Length in (cm)
	
	
	
	
	
	
	1
	-0.4984 **
	-0.4862 **
	0.559 **
	0.6143 **
	0.1768
	0.3276
	0.0247
	-0.241

	Awn Length in (cm)
	
	
	
	
	
	
	
	1
	0.5165 **
	0.3435
	-0.4774 **
	0.0877
	0.1021
	0.1816
	0.396 *

	Number of Tiller per Plant
	
	
	
	
	
	
	
	
	1
	0.1022
	-0.5212 **
	-0.3495
	-0.5178 **
	0.0044
	-0.0796

	Days to Maturity
	
	
	
	
	
	
	
	
	
	1
	0.0371
	0.3017
	0.4324 *
	0.4271 *
	-0.131

	Number of Grain per Spike
	
	
	
	
	
	
	
	
	
	
	1
	0.0861
	0.3212
	-0.3087
	-0.0985

	Seed Yield per Plant (g)
	
	
	
	
	
	
	
	
	
	
	
	1
	1.012 **
	0.1769
	-0.0423

	Seed Yield per Plot (kg)
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.3713 *
	-0.1898

	Test Weight (g)
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.172

	Chlorophyll Content
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


* indicates significance at 5% level, ** indicates significance at 1% level

Table 6: Phenotypic Correlation Coefficients among Yield and Component Traits in Wheat
The phenotypic correlation coefficients indicated the degree of association among different traits at the observable level in wheat genotypes. In general, the magnitude of phenotypic correlations was lower than genotypic correlations, suggesting the influence of environmental factors on trait expression.
	Trait
	30 das plant height
	60 das plant height
	days to 50% flowering
	90 das plant height
	Flag Leaf Length in (cm)
	Flag Leaf Width in (cm)
	Spike Length in (cm)
	Awn Length in (cm)
	Number of Tiller per Plant
	Days to Maturity
	Number of Grain per Spike
	Seed Yield per Plant (g)
	Seed Yield per Plot (kg)
	Test Weight (g)
	Chlorophyll Content

	30 das plant height
	1
	0.4429 **
	-0.2722 **
	0.1996
	0.1599
	0.2098 *
	0.022
	0.1008
	0.0141
	0.0066
	-0.0489
	0.0138
	0.0179
	0.1717
	0.2566 *

	60 DAS plant height
	
	1
	-0.7934 **
	0.4146 **
	0.0148
	0.1579
	-0.2115 *
	-0.0081
	-0.045
	-0.2929 **
	-0.1247
	-0.1659
	-0.1085
	0.3138 **
	0.5664 **

	Days to 50% flowering
	
	
	1
	-0.3851 **
	0.2772 **
	-0.0207
	0.2712 **
	0.2012
	0.0206
	0.5948 **
	0.1452
	0.2752 **
	0.3065 **
	-0.0527
	-0.4568 **

	90 DAS plant height
	
	
	
	1
	0.076
	0.1794
	0.4102 **
	-0.2104 *
	-0.3657 **
	-0.1789
	0.3755 **
	0.1407
	0.109
	0.0629
	0.2143 *

	Flag Leaf Length in (cm)
	
	
	
	
	1
	0.1364
	0.2444 *
	0.3594 **
	-0.044
	0.2491 *
	0.0373
	0.2535 *
	0.3162 **
	0.2487 *
	0.1368

	Flag Leaf Width in (cm)
	
	
	
	
	
	1
	0.1832
	0.0328
	-0.2305 *
	0.1642
	0.0408
	-0.072
	0
	0.0311
	0.065

	Spike Length in (cm)
	
	
	
	
	
	
	1
	-0.2875 **
	-0.3102 **
	0.3435 **
	0.421 **
	0.0536
	0.0624
	0.0211
	-0.1935

	Awn Length in (cm)
	
	
	
	
	
	
	
	1
	0.3231 **
	0.2773 **
	-0.3598 **
	0.1477
	0.1377
	0.1455
	0.3434 **

	Number of Tiller per Plant
	
	
	
	
	
	
	
	
	1
	0.0201
	-0.3354 **
	-0.1592
	-0.093
	-0.0147
	-0.0157

	Days to Maturity
	
	
	
	
	
	
	
	
	
	1
	0.0289
	0.124
	0.2399 *
	0.3288 **
	-0.0914

	Number of Grain per Spike
	
	
	
	
	
	
	
	
	
	
	1
	0.0625
	0.1392
	-0.3 **
	-0.0954

	Seed Yield per Plant (g)
	
	
	
	
	
	
	
	
	
	
	
	1
	0.7104 **
	0.1155
	-0.0039

	Seed Yield per Plot (kg)
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.1365
	-0.083

	Test Weight (g)
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.162

	Chlorophyll Content
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


* indicates significance at 5% level, ** indicates significance at 1% level

4. Conclusion
The present study revealed the existence of considerable genetic variability among wheat (Triticum aestivum L.) genotypes for all the traits studied, as confirmed by analysis of variance (ANOVA). The significant differences observed among genotypes indicated the presence of sufficient scope for effective selection and genetic improvement. The variability analysis showed wide differences among genotypes for important yield and physiological traits such as plant height at different stages, number of tillers per plant, number of grains per spike, test weight, chlorophyll content, and seed yield. The presence of higher phenotypic coefficient of variation (PCV) compared to genotypic coefficient of variation (GCV) for most traits suggested the influence of environmental factors along with genetic factors. Correlation analysis at both genotypic and phenotypic levels revealed that seed yield per plant was positively and significantly associated with number of tillers per plant, number of grains per spike, test weight, and chlorophyll content. 
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Test Weight (g)	
DBW-168, T0	HD-3086, T0	DBW-39, T0	HUW-510, T0	RAJMARI, T0	HPW-373, T0	BBW-303, T0	HUW-669, T0	OPATA, T0	M-6, T0	DBW-168, T1	HD-3086, T1	DBW-39, T1	HUW-510, T1	RAJMARI, T1	HPW-373, T1	BBW-303, T1	HUW-669, T1	OPATA, T1	M-6, T1	DBW-168, T2	HD-3086, T2	DBW-39, T2	HUW-510, T2	RAJMARI, T2	HPW-373, T2	BBW-303, T2	HUW-669, T2	OPATA, T2	M-6, T2	44.093000000000011	44.91	42.382999999999996	43.803000000000004	41.83	42.160000000000011	41.56	44.477000000000004	34.58	39.46	44.793000000000013	43.047000000000004	44.946999999999996	44.967000000000006	43.193000000000012	41.54	42.97	43.386999999999993	35.4	43.06	42.97	42.207000000000001	43.127000000000002	42.806999999999995	43.71	40.993000000000002	43.760000000000012	42.89	35.54	41.349999999999994	
Heritability	30 DAS plant height	60 DAS plant height	DAS to 50% flowering	90 DAS plant height	Flage Leaf Length in (cm)	Flage Leaf Width in (cm)	Spike Length in (cm)	Awn Length in (cm)	Number of Tiller per Plant	DAS to Maturity	Number of Grain per Spike	Seed Yield per Plant (g)	Seed Yield per Plot (kg)	Test Weight (g)	Chlorophyll Content	20.21	79.33	84.990000000000023	69.47	21.259999999999987	25	46.37	57.33	41.120000000000012	64.23	99.89	61.58	20	95.09	91.73	Genetic advance	30 DAS plant height	60 DAS plant height	DAS to 50% flowering	90 DAS plant height	Flage Leaf Length in (cm)	Flage Leaf Width in (cm)	Spike Length in (cm)	Awn Length in (cm)	Number of Tiller per Plant	DAS to Maturity	Number of Grain per Spike	Seed Yield per Plant (g)	Seed Yield per Plot (kg)	Test Weight (g)	Chlorophyll Content	0.98	10.709999999999999	9.620000000000001	7.72	1.1200000000000001	6.0000000000000032E-2	0.79	1.03	0.95000000000000062	3.14	17.73	2.34	0.13	5.38	11.04	


DAS to 50% flowering	DBW-168, T0	HD-3086, T0	DBW-39, T0	HUW-510, T0	RAJMARI, T0	HPW-373, T0	BBW-303, T0	HUW-669, T0	OPATA, T0	M-6, T0	DBW-168, T1	HD-3086, T1	DBW-39, T1	HUW-510, T1	RAJMARI, T1	HPW-373, T1	BBW-303, T1	HUW-669, T1	OPATA, T1	M-6, T1	DBW-168, T2	HD-3086, T2	DBW-39, T2	HUW-510, T2	RAJMARI, T2	HPW-373, T2	BBW-303, T2	HUW-669, T2	OPATA, T2	M-6, T2	83.33	79.33	91	75	77.33	81	78.33	86.33	84.33	79.669999999999987	87	78.669999999999987	91.669999999999987	73.669999999999987	78.669999999999987	81	78.669999999999987	87.33	85	76.669999999999987	88.669999999999987	79.33	93.33	74.33	79.33	81.669999999999987	79.33	87	84.33	78.669999999999987	DAS to Maturity	DBW-168, T0	HD-3086, T0	DBW-39, T0	HUW-510, T0	RAJMARI, T0	HPW-373, T0	BBW-303, T0	HUW-669, T0	OPATA, T0	M-6, T0	DBW-168, T1	HD-3086, T1	DBW-39, T1	HUW-510, T1	RAJMARI, T1	HPW-373, T1	BBW-303, T1	HUW-669, T1	OPATA, T1	M-6, T1	DBW-168, T2	HD-3086, T2	DBW-39, T2	HUW-510, T2	RAJMARI, T2	HPW-373, T2	BBW-303, T2	HUW-669, T2	OPATA, T2	M-6, T2	131	124.33	129.66999999999999	124.66999999999999	123	128.33000000000001	125	128	123	125.33	129	125.66999999999999	128.33000000000001	125	124	127	124.66999999999999	128.33000000000001	124.66999999999999	125	129.33000000000001	125	128	125	125.33	127	125	127.33	124.66999999999999	126	30 DAS plant height	DBW-168, T0	HD-3086, T0	DBW-39, T0	HUW-510, T0	RAJMARI, T0	HPW-373, T0	BBW-303, T0	HUW-669, T0	OPATA, T0	M-6, T0	DBW-168, T1	HD-3086, T1	DBW-39, T1	HUW-510, T1	RAJMARI, T1	HPW-373, T1	BBW-303, T1	HUW-669, T1	OPATA, T1	M-6, T1	DBW-168, T2	HD-3086, T2	DBW-39, T2	HUW-510, T2	RAJMARI, T2	HPW-373, T2	BBW-303, T2	HUW-669, T2	OPATA, T2	M-6, T2	27.53	24	23.4	25.4	24.4	27.8	23.87	26.73	23.67	27.47	25.6	23.87	24.87	28.67	27.4	27.27	24.4	25.6	24.67	27.93	26.67	25.47	23.330000000000005	28.27	26.47	25.87	26.130000000000031	25.73	24.67	28	60 DAS plant height	DBW-168, T0	HD-3086, T0	DBW-39, T0	HUW-510, T0	RAJMARI, T0	HPW-373, T0	BBW-303, T0	HUW-669, T0	OPATA, T0	M-6, T0	DBW-168, T1	HD-3086, T1	DBW-39, T1	HUW-510, T1	RAJMARI, T1	HPW-373, T1	BBW-303, T1	HUW-669, T1	OPATA, T1	M-6, T1	DBW-168, T2	HD-3086, T2	DBW-39, T2	HUW-510, T2	RAJMARI, T2	HPW-373, T2	BBW-303, T2	HUW-669, T2	OPATA, T2	M-6, T2	59.47	65.2	53.13	69.930000000000007	65.069999999999993	66.53	63.8	62.4	53.730000000000011	69.47	59.67	63.6	53.67	70.27	62.730000000000011	63.730000000000011	65.47	58.730000000000011	52.67	71.669999999999987	55.8	64.669999999999987	53.13	70.930000000000007	63.07	64.8	65	56.07	53.2	70.53	90 DAS plant height	DBW-168, T0	HD-3086, T0	DBW-39, T0	HUW-510, T0	RAJMARI, T0	HPW-373, T0	BBW-303, T0	HUW-669, T0	OPATA, T0	M-6, T0	DBW-168, T1	HD-3086, T1	DBW-39, T1	HUW-510, T1	RAJMARI, T1	HPW-373, T1	BBW-303, T1	HUW-669, T1	OPATA, T1	M-6, T1	DBW-168, T2	HD-3086, T2	DBW-39, T2	HUW-510, T2	RAJMARI, T2	HPW-373, T2	BBW-303, T2	HUW-669, T2	OPATA, T2	M-6, T2	100.47	107.27	94.13	100.8	105.66999999999999	113.33	105.4	104.07	101.13	102.73	101.53	111	96.13	101.4	108.47	113.27	107.47	105.2	101	102.73	103.6	108.8	98.07	102.4	106.2	112.8	104.4	101.66999999999999	99.4	99.93	


