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ABSTRACT 

	A study was carried out to assess genetic variability and divergence for 12 traits across 80 diverse genotypes, including three checks of bread wheat, under normal sowing conditions. The analysis of variance demonstrated highly significant differences in mean squares attributed to the genotypes across all studied features. The grain yield per plot exhibited the highest coefficients of variation at both the genotypic and phenotypic levels. Peduncle length followed by awn length exhibited the highest heritability. The highest genetic advance was seen for grain yield per plot followed by plant height. Significant heritability along with a notable genetic advance as a percentage of the mean was noted for grain yield per plot, spike length, awn length, grain weight per spike, peduncle length, grains per spike and spikelets per spike. The eighty germplasm accessions exhibited significant variability for the traits examined, and they were categorized into four distinct clusters through Hierarchical Euclidean cluster analysis. The greatest inter-cluster distance was noted between clusters III and IV, followed by the distance between clusters II and IV. The intra-cluster distance exhibited its minimum value in cluster IV, while cluster I demonstrated the maximum distance. Cluster III demonstrated the most advantageous genotypes such as IC 634028 and EC 182958, demonstrating the highest cluster mean values for the majority of the studied characters. Consequently, it holds potential for wheat hybridization programs focused on.
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1. INTRODUCTION 

Bread wheat (Triticum aestivum L.) is an annual plant that self-pollinates and belongs to the true grass family Gramineae (Poaceae). This has been referred to as the “King of cereals”. This source provides approximately 20% of the global essential proteins and calories, along with the potential for enhanced nutrient health benefits in the daily human diet [1]. In 2025, the USDA [2] anticipates a historic global wheat production of 808.5 million metric tons. During the 2024-2025 Rabi season, the agriculture ministry estimates that India’s wheat production will reach a record high of 115.43 million tonnes. Furthermore, there is a global increase in the demand for nutritious food, driven by enhanced living standards. Breeders need to focus on enhancing the traits linked to yield, alongside the quality attributes of widely cultivated food crops, including cereals like wheat. With the growing population, a significant increase in yield is essential to guarantee food security, and projections indicate that by 2030, India will need over 109 million tons of wheat [3]. To ensure food security, the demand for wheat is expected to grow at a rate of 1.6% annually until 2050 [4]. 
The primary goal of a plant breeder is to create cultivars that exhibit high yield potential while maintaining acceptable quality standards. Understanding genetic variability for yield and its contributing components is essential for enhancing grain yield and developing effective breeding programs. To achieve a successful breeding program, it is essential to implement efficient selection strategies grounded in genetic diversity and a thorough analysis of variation among various yield-attributing traits. Therefore, understanding genetic diversity and variation for various yield-attributing traits is essential for the development of high-yielding wheat varieties. In breeding programs, greater emphasis is placed on selecting genetically diverse parents to generate desirable recombinants [5]. Rauf et al. [6] emphasized that a thorough understanding of germplasm variability and the genetic relationships among breeding materials is essential for crop improvement initiatives, as it aids in the creation of enhanced recombinants for hybridization efforts. The cluster analysis serves as a suitable approach for assessing familial relationships, specifically to evaluate the degree of genetic divergence among genotypes. Consequently, understanding the genetic diversity related to grain yield is crucial for achieving the varied objectives of plant breeding, including enhancing yield, ensuring broad adaptation, and developing desirable quality traits [7]. Subsequently, the present study was aimed to evaluate the wheat germplasm lines for genetic diversity analysis to select diverse lines as parents and used them in hybridization programmes thereafter.

2. material and methods 

The current investigation took place during the rabi season of 2024-2025 at the Norman E. Borlaug Crop Research Centre, G. B. Pant University of Agriculture & Technology, Pantnagar, U.S. Nagar, Uttarakhand. The Research Centre is located in the tarai region of Uttarakhand, characterized by subtropical and humid climatic conditions. The Centre is situated in the foothills of the Himalayas, with an altitude of approximately 243.84 meters above mean sea level, positioned at 29.5° N latitude and 79.3° E longitude. 
The experimental material utilized in this study comprised of 80 wheat genotypes, along with three checks (HD 2967, DBW 187 and Sonalika), which were evaluated using an Augmented Block Design [8]. The design was composed of 8 blocks, each containing 10 entries and 3 checks (replicated in each block) with plot area of 0.80 m2. Each genotype was cultivated in two rows of 2 m each. The plants were planted approximately 5 cm apart to ensure an accurate plant population. Conventional agronomic methods and fertilizer application were implemented to cultivate a successful crop. Data was collected from 5 randomly selected plants for 12 agronomic traits, including days to 75% heading (DTH) on plot basis, days to maturity (DTM) on plot basis, plant height (PH), peduncle length (PL), awn length (AL), tillers per meter (TPM), spike length (SL), number of spikelets per spike (NSPS), number of grains per spike (NGPS), grain weight per spike (GWPS), 1000 grain weight (TGW) and grain yield per plot (GYPP).
 
Statistical analysis
The analysis of variance for the Augmented Block Design was conducted for each character following the methodology proposed by Federer [8]. The calculations for the phenotypic and genotypic coefficient of variation [9], broad-sense heritability [10], and genetic advance [11] were also carried out. Additionally, the data collected on the aforementioned characters underwent Hierarchical Euclidean cluster analysis [12] in order to evaluate genetic diversity using RStudio software version 3.
.

3. results and discussion

As shown in Table 1, the analysis of variance data for different characters is provided. With the exception of tillers per meter, analysis of variance showed that there were substantial variations among genotypes for most of the characteristics examined. As a result, the current study’s population exhibits sufficient variation to be utilized for future crop development. Both Wolde et al. [13] and Upadhyay et al. [14] saw similar outcomes.

Table 1. Analysis of variance for yield and its contributing traits in wheat
	Source of variation
	df
	Mean sum of squares

	
	
	DTH
	DTM
	PH
	PL
	AL
	TPM
	SL
	NSPS
	NGPS
	GWPS
	TGW
	GYPP

	Block (Ignoring treatment)
	7
	6.8
	2.55
	47.98**
	5.01*
	0.55*
	1043.79
	3.52*
	2.54*
	21.98
	0.3
	12.26
	19830.48

	Treatment (eliminating blocks)
	82
	28.73**
	7.74**
	73.38**
	20.77**
	1.68**
	770.02
	5.38**
	6.33**
	58.26**
	0.46**
	33.83**
	52375.71**

	Checks
	2
	679.17**
	21.79**
	10.17
	48.38**
	0.03
	270.38
	6.79**
	40.60**
	388.79**
	2.07**
	347.68**
	129980.37**

	Varieties
	79
	12.62*
	7.48**
	75.19**
	20.27**
	1.74**
	781.92
	5.41**
	5.42**
	49.11**
	0.42**
	26.29**
	50664.97**

	Checks versus varieties
	1
	0.01
	0.09
	56.81*
	5.18
	0.4
	828.74
	0
	9.15**
	119.65**
	0
	1.74
	32314.64

	Error
	14
	4.64
	1.74
	7.55
	1.4
	0.15
	710.66
	0.93
	0.86
	7.93
	0.12
	7.68
	13034.28


*DTH, Days to heading; DTM, Days to maturity; PH, Plant height; PL, Peduncle length; AL, Awn length; TPM, Tillers per metre; SL, Spike length; NSPS, Number of spikelets per spike; NGPS, Number of grains per spike; GWPS, Grain weight per spike; TGW, thousand grain weight; GYPP, Grain yield per plot

Variability Parameters

The estimates for range, mean, phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability (h²), genetic advance (GA), and genetic advance as a percent of mean (GAM) for twelve traits of wheat germplasm are depicted in Table 2. The phenotypic coefficient of variation (PCV) surpassed the genotypic coefficient of variation (GCV) for all characters examined, indicating a minimal influence of environmental interaction on character expression. This finding aligns with the results reported by Gollen et al. [15]. A diverse array of genotypic coefficients of variation (GCV) was noted for each of the traits studied. GYPP exhibited the highest GCV of 23.79% among all the traits analysed, followed by GWPS (18.61%), SL (17.89%), AL (17.04%), and GPS (11.54%) respectively. Comparable findings were reported by Arya et al. [16] and Zewdu et al. [17]. The highest PCV was observed for GYPP (27.61%), followed by GWPS (22.14%), SL (19.67%), TPM (19.39%), AL (17.83%), TGW (12.66%), and GPS (12.60%) respectively. Comparable results were also reported by Koshraj et al. [18] and Zewdu et al.  [17]. The estimates of heritability assist the plant breeder in selecting elite genotypes from diverse populations. The highest estimates of heritability were observed in PL i.e. 93.12%, followed by AL (91.29%), PH (89.96%), SPS (84.21%), GPS (83.84%), SL (82.73%), and GYPP (74.27%) respectively. Comparable results were also reported by Poonia et al. [19], Zewdu et al.  [17] and Abinasa et al. [20].  The highest GA was observed for GYPP (344.9%), followed by PH (16.09%), GPS (12.12%), and TGW (7.49%), respectively. Significant heritability coupled with a high genetic advance as a percentage of the mean was observed for GYPP, SL, AL, GWPS, PL, GPS, and SPS, suggesting a considerable impact of additive gene action on the expression of these traits, indicating that selection could be effective and successful. Comparable results were also reported by Poonia et al.  [19], Arya et al.  [21], Wolde et al. [13] and Abinasa et al.  [20]. The high heritability, coupled with a low genetic advance as a percentage of mean for DTH and DTM, suggests the presence of non-additive gene action. Therefore, selecting for these traits may lead to misleading outcomes or false results.
Table 2. Genetic Variability Parameters for different Characters in bread wheat
	Character
	Range
	Mean
	GCV (%)
	PCV (%)
	h2 (%)
	GA (%)
	GAM

	DTH
	75.71-97.04
	84.69
	3.34
	4.20
	63.22
	4.63
	5.47

	DTM
	131.08-149.75
	136.02
	1.76
	2.01
	76.69
	4.33
	3.18

	PH
	86.08-150.08
	106.73
	7.71
	8.12
	89.96
	16.09
	15.08

	PL
	29.41-64.05
	39.14
	11.10
	11.50
	93.12
	8.65
	22.09

	AL
	1.58-11.61
	7.40
	17.04
	17.83
	91.29
	2.49
	33.58

	TPM
	71.08-217.75
	144.21
	5.85
	19.39
	9.11
	5.26
	3.65

	SL
	6.17-23.17
	11.83
	17.89
	19.67
	82.73
	3.97
	33.58

	SPS
	15.15-31.71
	19.36
	11.04
	12.03
	84.21
	4.05
	20.09

	GPS
	41.08-89.75
	55.63
	11.54
	12.60
	83.84
	12.12
	21.79

	GWPS
	0.45-5.15
	2.94
	18.61
	22.14
	70.68
	0.95
	32.28

	TGW
	30.17-51.90
	40.51
	10.65
	12.66
	70.79
	7.49
	18.48

	GYPP
	219.67-1667.67
	815.33
	23.79
	27.61
	74.27
	344.9
	42.30


*DTH, Days to heading; DTM, Days to maturity; PH, Plant height; PL, Peduncle length; AL, Awn length; TPM, Tillers per meter; SL, Spike length; NSPS, Number of spikelets per spike; NGPS, Number of grains per spike; GWPS, Grain weight per spike; TGW, thousand grain weight; GYPP, Grain yield per plot; GCV, genotypic coefficient of variance; PCV, phenotypic coefficient of variance, h2, heritability (broad sense); GA, genetic advance; GAM, genetic advance as percent of mean

Genetic diversity
Using Hierarchical Euclidean cluster analysis, eighty genotypes along with three checks were categorized into four different clusters, as displayed in the dendrogram (Fig. 1) and Table 3. indicating a significant level of genetic diversity present within the material which divided all 83 genotypes into different clusters. Cluster I was the largest of the four clusters, comprising fifty genotypes, while Cluster II with 30 genotypes. Cluster III contained two genotypes, and Cluster IV was solitary with a single genotype. Previous research has also recorded the classification of genotypes through cluster analysis, including works by Singh et al. [22], Verma et al. [23], Tewari et al. [24] and Singh et al. [25].
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Fig. 1: Dendrogram showing the distribution of genotypes in four different clusters

Table 3. Clustering pattern of 83 genotypes based on hierarchical Euclidean cluster analysis of wheat germplasm.

	Cluster
	No. of genotypes
	Genotypes

	



I
	



50
	PBW 897, HI 1669, TAW 123, HS 628, HD 2967, PBW 893, SKW 356, NIAW 4153, DBW 222, K 1616, PBW 869, HI 1653, GW 2018-936, NIAW 4120, Sonalika, CG 1029, LBP 2024-23, BRW 3988, CG 1040, BRW 3992, BRW 3989, DBW 359, HPW 373, RWP 2073, HI 1673, DBW 370, HI 1650, VL 2028, DBW 400, MP 1378, DBW 377, DBW 187, GW 543, VL 2041, MP 1323, DBW 303, NIAW 3624, HI 1655, LBP 2024-24, TAW 186, PWU 15, HI 1544, BRW 3990, LOK 79, DBW 444, DBW 386, JAUW 672, IC 539313, Gajraj 7 Special, Kudrat 8

	

II
	

30
	DBW 444, TAW 185, HD 3369, HD 3411, HI 1654, DBW 371, GW 547, PBW 766, TRVW 155, TJW 153, PBW 889, PBW 824, DBW 424, DBW 372, HI 1665, DBW 166, DBW 394, Unnat PBW 550, BRW 3991, HI 1675, NIAW 4028, DBW 332, CG 1036, DBW 443, MACS 6768, NIAW 183, BNSR 6, HI 1672, PBW 803, HD 3386

	III
	2
	IC 634028, EC 182958

	IV
	1
	Karan Poshan 2



Table 4. depicts the estimates of average intra and inter cluster distances for the four clusters. The highest intra-cluster distance was observed in cluster I (4.05), followed by cluster II (3.60), cluster III (1.96), and cluster IV (0) as it was solitary. The significant intra-cluster distance signify that the genotypes exhibited greater genetic variation, which could be utilized to boost wheat yield. The highest inter-cluster distance was observed between cluster III and cluster IV i.e. 13.93, followed by the cluster II and cluster IV (13.33), cluster I and IV (11.77), cluster I and III (8.04), and finally, cluster II and III (7.06). Comparable results have been found by Singh and Dwivedi [26], Hailegiorgis et al. [27], and Patil et al.  [28]. This suggests that the genotypes within these clusters exhibit a wide range of genetic diversity and could be utilized in hybridization programmes aimed at enhancing wheat productivity, ultimately leading to the production of effective transgressive segregants with significant potential for developing high-yielding varieties. However, the smallest inter-cluster distances was observed between cluster II and cluster I, indicating a close relationship between these clusters, which may not yield beneficial outcomes.

Table 4. Average inter and intra cluster (diagonal) distances among four clusters 
	Clusters
	I
	II
	III
	IV

	I
	4.05
	4.36
	8.04
	11.77

	II
	
	3.60
	7.06
	13.33

	III
	
	
	1.96
	13.93

	IV
	
	
	
	0.00



The analysis of the cluster means for twelve traits under consideration, as depicted in Table 5, indicates that Cluster III has the highest mean value of 1137.16 displayed by GYPP, followed by DTM (139.91) and plant height (121.16). Cluster IV showed the highest mean value for TGW (43.85), while cluster II had the highest mean for TPM (163.32), and cluster I showed the mean of 14.24 indicating longest spike length. These clusters are significant contributors to the genetic divergence of the various traits examined. Cluster III exhibited the highest cluster means for most of the traits under consideration; consequently, the genotypes within this cluster can be utilized for enhancing these traits. These results were also corroborated by Upadhyay et al. [14], Kumar et al. [29]. Specific genotypes can be selected from designated clusters for hybridization initiatives involving other sanctioned cultivars. This will facilitate the identification, selection, and integration of genotypes to achieve significant traits within a single line possessing a wide genetic foundation. The current study indicates that genotypes from various clusters showing favorable mean performance could assist in the development of higher-yielding varieties. The incorporation of a wide range of divergent parents in the hybridization programmes offers a substantial opportunity to harness enormous genetic diversity in segregating generations, thereby increasing the probability of obtaining optimum heterosis. 


Table 5. Cluster mean values for different characters
	Character
	Cluster I
	Cluster II
	Cluster III
	Cluster IV

	DTH
	86.21
	83.67
	86.66
	83.98

	DTM
	136.16
	135.61
	139.91
	135.30

	PH
	108.77
	98.82
	121.16
	106.40

	PL
	40.11
	36.39
	42.30
	39.29

	AL
	7.65
	6.11
	8.79
	7.58

	TPM
	150.53
	163.32
	160.54
	128.55

	SL
	14.24
	11.18
	13.58
	10.55

	SPS
	20.02
	17.88
	23.46
	18.87

	GPS
	57.33
	51.24
	66.91
	54.47

	GWPS
	3.15
	2.28
	3.47
	3.03

	TGW
	36.85
	36.66
	42.01
	43.85

	GYPP
	774.13
	677.96
	1137.16
	833.23


*DTH, Days to heading; DTM, Days to maturity; PH, Plant height; PL, Peduncle length; AL, Awn length; TPM, Tillers per meter; SL, Spike length; NSPS, Number of spikelets per spike; NGPS, Number of grains per spike; GWPS, Grain weight per spike; TGW, thousand grain weight; GYPP, Grain yield per plot


4. Conclusion

Based on the over results, it can be concluded that there was a significant amount of variability present in the genotypes under study. This variability offers a valuable opportunity for the selection of desirable genotypes and will assist breeders in enhancing varietal improvement programs by utilizing this broad spectrum of genetic variability in segregating generations. Cluster III, specifically IC 634028 and EC 182958, exhibited the highest mean values for the majority of yield and yield contributing traits. Additionally, they demonstrated a broad range of diversity with the genotypes of cluster IV. It is important to highlight that the genotypes from clusters III, IV, and II may be chosen for the production of transgressive segregants concerning grain yield and its contributing traits. Consequently, these genotypes could be beneficial in future wheat hybridization programmes focused on achieving high grain yield.
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