


Study of Genetic Variability And Character Association In Wheat (Triticum aestivum L.)

ABSTRACT
This study aimed to identify wheat genotypes with superior yield potential and to elucidate the genetic basis of yield-related traits. We evaluated 80 diverse Indian wheat genotypes under field conditions at the Agriculture Research Farm-I, Tantia University, Sri Ganganagar, Rajasthan, during the rabi season of 2023-24. Eleven agro-morphological traits, including days to 50% flowering (DFF), plant height (PH), peduncle length (PL), biological yield per plant (BYP), grain yield per plant (GYP), and harvest index (HI), were assessed to determine their performance and genetic variability.
[bookmark: _GoBack]	The results revealed significant genetic variability among the genotypes. WH-1310 emerged as the top performer, exhibiting the highest grain yield per plant (41.36 g), followed by DBW-179 (41.47 g), HS-627 (40.60 g), HTW-11 (40.38 g), HD-1609 (40.26 g), and HW-5207 (40.30 g). A strong positive correlation was observed between grain yield per plant and plant height, peduncle length, biological yield per plant, and harvest index, underscoring their critical role in enhancing grain yield.
	To explore the genetic diversity further, a non-hierarchical Euclidean cluster analysis was conducted, grouping the 80 genotypes into eight distinct clusters. Cluster I exhibited the maximum intra-cluster distance, indicating substantial genetic diversity within this group, while Cluster VIII showed the minimum intra-cluster distance, suggesting genetic uniformity. The maximum inter-cluster distance was recorded between Clusters VII and IV (7.2631), highlighting significant genetic divergence suitable for breeding programs.
	Heritability estimates in the broad sense were calculated to assess trait inheritance. Peduncle length (97.12%), biological yield per plant (94.83%), flag leaf area (92.87%), harvest index (92.11%), and days to 50% flowering (90.56%) exhibited high heritability values (>90%), indicating strong genetic control. Grain yield per plant showed moderate heritability (73.51%) but the highest genetic advance at 5% of the mean, alongside peduncle length (20.10), suggesting significant potential for selection-based improvement.
	Overall, this study provides critical insights into the genetic variability and yield potential of wheat genotypes. The identified high-yielding genotypes, such as WH-1310 and DBW-179, hold promise for developing improved wheat cultivars. Further research is recommended to uncover the specific genetic and molecular mechanisms driving these traits, enhancing breeding efforts for yield optimization.
INTRODUCTION
Wheat (Triticum aestivum L.) is the most important cereal crop for the majority of the world’s population. It serves as the staple food for about two billion people, which is roughly 36% of the global population. Wheat provides around 55% of the carbohydrates and 20% of the calories consumed worldwide. It also has a relatively high protein content of about 13%, compared to other major cereals.
Wheat is grown in a wide range of climatic conditions, making the study of its genetics crucial for plant improvement. It belongs to the Poaceae (Gramineae) family, which includes other major crops like barley, oat, rye, maize, and rice. The Triticeae tribe, which includes wheat and barley, comprises more than 15 genera and 300 species. In 1918, Sakamura reported the chromosome numbers for the genomes of commonly recognized members of this group. Based on his findings, wheat is classified into three groups: diploids (2n=14), tetraploids (2n=28), and hexaploids (2n=42).
Wheat is believed to have originated in Asia Minor. About 8,000 years ago, the people of Asia Minor began cultivating wheat and barley, marking a significant step in the course of civilization. Excavations at Mohenjo-Daro and ancient texts like the Atharva-Veda indicate that wheat cultivation began in India over 5,000 years ago. Archaeological records suggest that wheat was first cultivated around 9600 BCE in the Fertile Crescent. Today, wheat is a cereal grain (botanically a type of fruit known as caryopsis) cultivated worldwide. It is a self-pollinated C3 plant with a cleistogamous condition. “The wheat is most successfully grown between the latitudes of 30° to 60°N and 27o to 40°S” (Nuttonson, 1955), but beyond these limits it also be grown from arctic to high elevated equators. The optimum temperature for best growth and yield is 25°C with minimum 20°C and maximum 35°C growth temperatures, (Briggle, 1980). Wheat is adapted to a wide range of moisture conditions from xerophytic to lithoral. Cultivars of widely differing pedigrees are grown under various conditions of soil and climate which shows extensive trait variation.
Wheat is world’s broadly cultivated food grain crop. In India, it is the next most important staple food grain crop after rice and is used in several forms to make flour for leavened, flat and steamed breads, cookies, cakes, pies, pastries, cereals, pasta, flour tortillas and noodles, and for fermentation to make beer and other alcoholic beverages, and biofuel. “The raised bread loaf is possible because wheat kernel contains gluten that traps minute bubbles of CO2 causing the dough to rise when fermentation occurs  in leavened dough” (Hanson et al., 1982). Wheat plants physiological adaptability with ease of yield storage and converting grain into flour for making edible foods, make it the major diet part for most of civilization. Wheat is planted to a limited extent as a forage crop for livestock, although the dry straw is used as cattle feed.
Wheat growing places in India is alienated in six zones viz. The Indo-Genetic plains comprising the N-E Plains Zone, and the N-W Plains Zone forms the major wheat tract followed by the Peninsular Zone, Central Zone, The Southern Hill Zone and the Northern Hill Zone. Wheat has flexible nature because it has high yield potential and can be grown easily in different agroecological conditions. Having such a yield potential, there is an urgent need to improve the grain quality as a sizeable protein as well as grain quantity to cater the ever-increasing demand of the population. Almost all the popular wheat varieties are low of protein content as well as of essential amino acids such as lysine and tryptophan. Breeders can improve the nutritional value of this very important crop through the genetic manipulation.



Grain yield is a complex polygenic character with great genetic, physic-morphological, ecological and Pathological dependence. The hereditary potential of a cultivar/genotype depends upon stability and yielding. Genetically, yield contributing attributes i.e. yield components, (productive tiller, number of grains, 1000 grain weight etc.), there genetic nature and magnitude of association are responsible for realization of yield potential influenced by changing seraphic, agro climatic condition. Thus, it is essential to accumulate information on these aspects to resolve and quantify their mode of contribution to grain yield. Existence of large genetic variability is a prime pre-requisite for any breeding programme aimed at forming new varieties with high yield potential and yield stability.



 

MATERIALS AND METHODS
The experiment was carried out at Agriculture Research Center-I, Department of Genetics and Plant Breeding, Faculty of Agriculture, Tantia University, Sri Ganganagar (Raj.) during rabi season of 2023-24. The description of the materials used and methods adopted for the present study were presented in this chapter under the following heads.
3.1 EXPERIMENTAL SITE
Two different experiments were conducted in at Agriculture Research Farm-I, Faculty of Agriculture, Tantia University, Sri Ganganagar (Raj.) in Rabi season. Farm is situated in well leveled field having proper drainage. Geographically farm is located in at 29.8820069 N latitude and 73.8625774 E longitude at an altitude of 113 m above from sea level in the Trans Gangetic Zones and 1B zone of Rajasthan.
3.2 EXPERIMENTAL DETAILS:
3.2.1 Experimental Layout
The experimental field was divided into 6 blocks with 15 plots (along with 3 checks) were accommodated in each block.
	No. of Accessions/genotypes
	=
	83 including checks

	Experimental Design
	=
	Augmented Block Design

	Plot size
Crop spacing
	=
=
	2 rows of 2.5 m length spaced at 0.25m
25x10 cm

	Date of sowing
	=
	21st December, 2023

	Checks
	=
	HD-2967, SONALIKA, HI-8713







CHART 1. These 80 genotypes are as under:
	S.No.     
	Name of Genotypes

	1
	DDK-1051

	2
	HW-3631

	3
	HD-3043

	4
	HTW-6

	5
	BRW-3723

	6
	HUW-699

	7
	HI-8765

	8
	HI-8708

	9
	HS-626

	10
	MACS-3949

	11
	WH-1127

	12
	DBW-110

	13
	TL-3007

	14
	HI-8737

	15
	PBW-756

	16
	NIAM-1994

	17
	HI-8751

	18
	PDW-344

	19
	DBW-105

	20
	HI-8777

	21
	HS-627

	22
	DBW-129

	23
	WH-1216

	24
	K-1006

	25
	GJW-463

	26
	HI-8759

	27
	AKAW-3717

	28
	K-1317

	29
	DBW-39

	30
	HI-1612

	31
	DWAP-1530

	32
	HIKK-09

	33
	KBRL-82-2

	34
	PBW-725

	35
	HD-3171

	36
	TL-3006

	37
	COH-1105

	38
	DHTW-60

	39
	HTW-11

	40
	HW-5207

	41
	KBRL-79-2

	42
	UASD-DT-6

	43
	AKAW-4901

	44
	CG-1013

	45
	DBW-187

	46
	DBW-88

	47
	HI-1620

	48
	MACS-5044

	49
	DBW-246

	50
	KRL-283

	51
	MP-3382

	52
	PWD-752

	53
	UAS-334

	54
	UAS-357

	55
	WH-1080

	56
	AKAW-4927

	57
	DBW-173

	58
	DBW-93

	59
	DBW-179

	60
	FLW-10

	61
	FLW-22

	62
	HIKK-05

	63
	HTW-9

	64
	PBW-703

	65
	PWD-757

	66
	DBW-71

	67
	HD-1609

	68
	HD-3086

	69
	FLW-16

	70
	HIKK-06

	71
	WH-1310

	72
	GRU-2010

	73
	HD-3237

	74
	DBW-220

	75
	PBW-760

	76
	UAS-459

	77
	WH-730

	78
	DBW-107

	79
	DWAP-1531

	80
	MP-3336






RESULT AND DISCUSSION
The data collected from genotypes of wheat were used to assess morphological diversity, population structure and molecular diversity. The present work entitled “Study of Genetic variability and character association in wheat (Triticum aestivum L.)” are discussed under the following headings:

Genetic Variability

Present study revealed highly significant differences among the tested genotype in respect of all the characters. So, variability present in these genotypes will facilitate success of future wheat breeding program. Range and mean performance of genotypes with respect to eleven quantitative characters has been given in Table.1. Widest range of mean of the genotype ranging from 71.66 to130.73 in plant height followed by grain per spike 33.26 to 63.66 in case of number of grains per spike, 39.00 to 47.00 in case of days to reproductive phase and108.33 to 117.60 in case of days to maturity.

The analysis of variance also showed highly significant differences between the treatments for all the characters under study. It basically represented presence of large variability in the materials which could be successfully exploited in future breeding programme for developing high yielding New Plant Type varieties. Kumar and Mishra (2004) and Paul et.al (2006) showed the similar observations.

Estimation of genetic parameters
Genotypic and phenotypic coefficient of variation
Genotypic coefficient of variation (GCV) ranged from 2.599 to 24.41. Higher magnitude of GCV was recorded for harvest index (24.41), followed by biological yield per plant (20.426), peduncle length (18.07), days to maturity (13.46), plant height (10.4), days to 50% flowering (9.97), thousand grain weight (8.55), grain yield per plant (8.37), number of tillers per pant (6.90), flag leaf area (6.17), spike length (2.59) showed lowest GCV values.
A wide range of phenotypic coefficient of variation (PCV) was observed and ranged from 25.43 to 2.79. High magnitude of phenotypic coefficient of variation (PCV) was recorded for harvest index (25.43) followed biological yield per plant (20.97), peduncle length (18.33), number of tillers per pant (16.71), days to maturity (16.49), plant height (11.2), days to 50% flowering (10.47), thousand grain weight (10.12), grain yield per plant (9.77), flag leaf area (6.40), and spike length (2.79) showed lowest PCV values. These were also reported by Yousaf Ali et.al (2008), Zecevic et.al (2010) and Kalimullah et.al (2012).

Heritability

The heritability (%) in broad sense for eleven characters studied, which range from (97.12%) to (17.04%). peduncle length (97.12), biological yield per plant (94.83), flag leaf area (92.87), harvest index (92.11), days to 50% flowering (90.56), and spike length (86.79), showed high heritability. Moderate heritability was recorded for plant height (86.35) grain yield per plant (73.51), and thousand grain weight (71.30), whereas days to maturity (66.63), and tillers per pant (17.04), showed lowest heritability.


Genetic Advance as Percent of Mean
A character with high heritability cannot automatically offer substantial genetic advancement. Johnson et al. (1955) suggested that heritability and genetic advancement would prove more useful when computed together, predicting the resulting effect of selection on phenotypic expression. Maximum genetic improvement was reported for peduncle length (20.09), biological yield per plant (40.97) and flowering days to 50 percent (11.16). However, for harvest index (48.26), biological yield per plant (40.97) and peduncle length (36.68) a high estimate of genetic progress as a percent of the mean was reported. Result are in conformity with the findings of Satyavart (2002) for spike length, Nawracaa et al. (2004) for plant height, number of grains per spike and number of spikelets per spike, Wahid Abdul and Karim Shahla (2014) also reported high heritability plant height and Kumar Naveen et al. (2013) revealed that characters exhibited high heritability for test weight similar observation were reported by Kalimullah et al. (2012) and Vamshikrishna Nukasani et al. (2013) reported high heritability coupled with high genetic advance for traits grain weight per spike and grains per spike. According to Paul K et al (2006) high heritability along with high genetic advance were observed for grains weight per spike, grain per spike length, plant height and productive tillers.
Estimates of Correlation Coefficient
Observations revealed that the genotypic correlation of grain yield per plant were higher with almost all the characters than phenotypic correlations, but in the same direction in the present research. High magnitude of genetic association may be due to pleiotropic rather than linkage. Muhammad and Ihsan (2004) observed positive correlation for plant height, spike length, Sherif et al. (2005) for number of grains yield. Chaitali and Bini (2007) and Anwar et al. (2009) showed similar observation. Thus, observations revealed that the genotypic correlations of grain yield were higher with almost all the characters than phenotypic correlations.
By improving the characters which are directly and positively associated with grain yield will ultimately improve yield and also by elimination the negative correlated characters with grain yield.
Path Coefficient Analysis
Correlation provides relationship between two characters but in path analysis direct and indirect of independent trait on dependent trait will be known. Path coefficient analysis was done to determine direct and indirect influence of days to 50% flowering, flag leaf area, days to maturity, plant height, spike length, tillers per plant, peduncle length, biological yield per plant, harvest index, test weight on grain yield per plant. Estimates of path coefficient have been furnished in table 2. All the characters viz. peduncle length, spike length, harvest index, test weight biological yield per plant was positive correlation with grain yield.
Ayccek and Yldrm (2006) found positive correlation was observed between grain yield per plant with plant height and grain weight per spike. Grain yield per plant can be improved by considering the abovementioned characters. Various workers also reported direct effect on grain yield for the various characters like grain weight per spike (Singh 2003, Lad et al. 2003, khan et al. 2005).
Genetic divergence analysis
Selection of suitable parents plays a critical role in a successful plant breeding program. Various methods are available for estimating genetic diversity and grouping of breeding material. Eighty genotypes of wheat taken for Euclidian analysis were differed significantly with regard to the characters under study and displayed marked divergence, when taking all 11 characters together. Average intra and inter cluster distances were calculated and presented in Table 3. Intra cluster distance showed divergence among the genotype within a cluster while inter cluster distance expressed relative divergence between the clusters. The cluster mean for eleven characters among the eight clusters are also presented in Table 4. The detailed descriptions of different cluster are given here under :- K-means clustering of standardized data was used to identify the more significant level of discrimination between the clusters for each of variable. Then dendrogram was constructed based on Ward's method using Euclidean distance (Kumar et al., 2009).
K-mean clustering
After reducing the dimension, eight PCs were transformed into a single index and data were subjected to K mean clustering. The mean characteristics of various clusters have been presented in Table 5 Cluster IV, V, VI and VII (DFF and DM); cluster III & V (FLA), cluster II & VI (PH), cluster I & V (TP), cluster III & VII (SL), cluster III & V (PL), cluster III & V (BYP), cluster I & VII (GYP), cluster II & VII (TW) and cluster VII & VI (HI) were found more diverse clusters based on cluster mean for traits given in parenthesis. The maximum intra cluster distance was recorded for Cluster V followed by Cluster II, Cluster IV, Cluster I, Cluster VIII, Cluster III, Cluster VI and Cluster VII, whereas maximum inter cluster distance was found between Cluster VIII-V (6.3705) followed by Cluster VI-V (6.1179), Cluster VI-III (5.7923), Cluster V-II (5.3940) and Cluster VII-V (5.1579) (Table. 6).The maximum intra cluster distance was recorded for Cluster I followed by Cluster V, Cluster VII, Cluster II, Cluster III, Cluster VI, Cluster IV and Cluster VIII, whereas maximum inter cluster distance was found between Cluster VII-IV (7.2631) followed by Cluster VIII-IV (6.0618), Cluster IV-II (5.5329), and Cluster VIII-III (5.02072) this indicates that strains include in these clusters had high genetic diversity so they can utilization in hybridization program for obtaining desirable recombinants in order to develop high yielding varities. Same observations were also reported by Singh and Dwivedi (2005), Verma et.al (2006), Singh et.al (2006) and Mittal et.al (2008).
Hierarchical Euclidean-ward clustering
After reducing the dimension, PCs were transformed into a single index and data were subjected to nonhierarchical Euclidean clustering. Eight well characterized groups were formed on the basis of similarity in agro-morphological traits. The maximum number of genotypes (16) fell in cluster V followed by cluster VI (13) cluster I (13) and cluster VII (12); and forming larger group. Similarly cluster III (10) cluster VIII (7), cluster II (7), and cluster IV (5) comprised variable number of genotypes given in parenthesis. The mean characteristics of various clusters have been presented in Table. 7. Cluster II & I (DFF), cluster III & IV (FLA), cluster II & V (PH), cluster II & V (DM), cluster IV & VII (TP), cluster III & IV (SL), cluster III & IV (PL), cluster III & IV (BYP), cluster I & VII (GYP) and cluster VII & V (HI) were found more diverse clusters based on cluster mean for traits given in parenthesis. this indicates that strains include in these clusters had high genetic diversity so they can utilization in hybridization program for obtaining desirable recombinants in order to develop high yielding varities. Same observations were also reported by Singh and Dwivedi (2005), Verma et al. (2006), Singh et al. (2006) and Mittal et al. (2008). To exploit genetic diversity through hybridization program inter-cluster distance must be taken into consideration. Genetic diversity is directly proportional to the inter-cluster distance. Higher the distance between cluster greater the diversity between them and vice-versa.





Table 1. Analysis of variance for various quantitative characters.

	

S.V.
	

Df
	M.S.S.

	
	
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	Block (adj)
	3
	6.30
	32.58*
	117.97*
	0.75
	0.52
	5.20
	7.24*
	98.07*
	21.62
	6.87
	42.33

	Treatments (adj) #
	81
	17.93
	5.96
	90.58
	7.17
	0.59
	1.55
	3.74
	62.30
	32.57
	11.53
	77.53

	Among control
	2
	29.08
	2.977
	25.97
	14.25
	1.40
	1.09
	0.88
	26.99
	235.14
	10.25
	509.78

	Among test
	79
	17.65
	6.04
	92.21*.
	6.99
	0.57
	1.56
	3.81*
	63.19*
	27.44
	11.56
	66.59

	Test vs control
	1
	86.75
	6.51
	186.45*
	27.98
	0.51
	0.86
	9.90*
	88.61
	117.70
	9.26
	106.20

	Error
	7
	10.26
	2.29
	13.08
	4.78
	0.46
	1.79
	0.53
	9.23
	65.90
	8.93
	141.61


*,** Significant at 1 & 5 % level of significance
# Treatments are significant for all characters
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Table 2 Measure of variability for various quantitative characters

	
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	Mean
	85.30
	27.11
	86.64
	131.17
	8.45
	10.03
	19.46
	77.00
	32.31
	37.69
	42.65

	Min
	74.00
	22.12
	67.40
	124.00
	6.00
	6.90
	15.73
	60.18
	21.41
	30.54
	23.54

	Max
	97.00
	31.83
	123.80
	136.00
	10.00
	14.30
	23.86
	98.87
	41.47
	45.10
	58.26

	S. Deviation
	4.20
	2.57
	10
	2.86
	0.86
	1.58
	2
	8.48
	5.84
	3.38
	9.21

	S. Error
	0.43
	0.26
	1.043
	0.29
	0.09
	0.16
	0.20
	0.88
	0.60
	0.35
	0.96

	C.D. @5%
	3.89
	0.95
	6.65
	0.36
	4.28
	2.35
	1.42
	0.14
	0.23
	5.18
	0.23

	
C.V. @5%
	
12.95
	
10.57
	
12.59
	
17.00
	
5.66
	
2.90
	
2.53
	
2.38
	
5.55
	
1.06
	
1.38



Table 3 Estimates of genetic parameters for eleven agro-morphological traits in wheat

	

Traits
	
Heritability (%)
	Coefficient of Variations
	
Genetic Advance
	
Genetic Advance as % means

	
	
	Genotypic
	Phenotypic
	
	

	DFF
	90.563
	9.971
	10.478
	11.161
	19.548

	FLA
	92.874
	6.170
	6.402
	8.904
	12.249

	PH
	86.352
	10.408
	11.200
	4.231
	19.924

	DM
	66.636
	13.461
	16.490
	2.354
	22.636

	TP
	17.041
	6.901
	16.718
	0.074
	5.869

	SL
	86.799
	2.599
	2.790
	5.944
	4.988

	PL
	97.121
	18.071
	18.337
	20.097
	36.687

	BYP
	94.813
	20.426
	20.978
	12.943
	40.972

	GYP
	73.510
	8.379
	9.773
	6.539
	14.799

	TW
	71.301
	8.550
	10.126
	3.213
	14.872

	HI
	92.110
	24.410
	25.434
	6.768
	48.260



Table 4 Phenotypic correlation of eleven agro-morphological traits

	Traits
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	DFF
	1.000
	
	
	
	
	
	
	
	
	
	

	FLA
	-0.053
	1.000
	
	
	
	
	
	
	
	
	

	PH
	-0.128
	0.422
	1.000
	
	
	
	
	
	
	
	

	DM
	0.461
	-0.003
	0.074
	1.000
	
	
	
	
	
	
	

	TP
	0.101
	-0.343
	0.095
	0.226
	1.000
	
	
	
	
	
	

	SL
	-0.252
	0.385
	0.551
	-0.133
	-0.160
	1.000
	
	
	
	
	

	PL
	-0.081
	0.487
	0.881
	0.104
	0.016
	0.576
	1.000
	
	
	
	

	BYP
	-0.120
	0.457
	0.907
	0.066
	0.117
	0.502
	0.845
	1.000
	
	
	

	GYP
	-0.058
	-0.231
	0
	0.049
	0.212
	0.072
	0.054
	-0.124
	1.000
	
	

	TW
	0.100
	-0.122
	-0.198
	0.201
	-0.116
	-0.020
	-0.149
	-0.210
	0.325
	1.000
	

	HI
	0.022
	-0.381
	-0.400
	0.027
	0.137
	-0.186
	-0.345
	-0.564
	0.878
	0.355
	1.000


*,** Significant at 1 & 5 % level of significance
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Table 5 Genotypic correlation of eleven agro-morphological traits

	Traits
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	DFF
	1.000
	
	
	
	
	
	
	
	
	
	

	FLA
	-0.053
	1.000
	
	
	
	
	
	
	
	
	

	PH
	-0.128
	0.422**
	1.000
	
	
	
	
	
	
	
	

	DM
	0.461**
	-0.003
	0.074
	1.000
	
	
	
	
	
	
	

	TP
	0.101
	-0.343**
	0.095
	0.226*
	1.000
	
	
	
	
	
	

	SL
	-0.252*
	0.385**
	0.551**
	-0.133
	-0.160
	1.000
	
	
	
	
	

	PL
	-0.081
	0.487**
	0.881**
	0.104
	0.016
	0.576**
	1.000
	
	
	
	

	BYP
	-0.120
	0.457**
	0.907**
	0.066
	0.117
	0.502**
	0.845**
	1.000
	
	
	

	GYP
	-0.058
	-0.231*
	0
	0.049
	0.212*
	0.072
	0.054
	-0.124
	1.000
	
	

	TW
	0.100
	-0.122
	-0.198
	0.201
	-0.116
	-0.020
	-0.149
	-0.210*
	0.325**
	1.000
	

	HI
	0.022
	-0.381**
	-0.400**
	0.027
	0.137
	-0.186
	-0.345**
	-0.564**
	0.878**
	0.355**
	1.000


*,** Significant at 1 & 5 % level of significance
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Table 6 Eigen values and variability explained by each principal component (PCs)

	Principal components
	PC 1
	PC 2
	PC 3
	PC 4
	PC 5

	Eigene Value (Root)
	4.105
	1.929
	1.621
	1.216
	0.563

	% Var. Exp.
	0.373
	0.175
	0.147
	0.111
	0.051

	Cum. Var. Exp.
	0.373
	0.549
	0.696
	0.807
	0.858



Table 7 Correlation coefficient of traits with respect to principal components (PCs)

	Variable
	PC1
	PC2
	PC3
	PC4
	PC5

	DFF
	0.081
	-0.061
	0.599
	-0.277
	0.435

	FLA
	-0.346
	0.074
	-0.021
	-0.377
	0.347

	PH
	-0.436
	-0.251
	0.005
	0.079
	0.020

	DM
	0.014
	-0.279
	0.584
	-0.177
	-0.226

	TP
	0.037
	-0.310
	0.279
	0.661
	-0.133

	SL
	-0.313
	-0.151
	-0.312
	-0.144
	-0.159

	PL
	-0.423
	-0.286
	-0.002
	-0.035
	0.199

	BYP
	-0.445
	-0.183
	0.069
	0.129
	-0.132

	GYP
	0.186
	-0.588
	-0.264
	0.038
	0.304

	TW
	0.180
	-0.366
	-0.050
	-0.515
	-0.579

	HI
	0.374
	-0.369
	-0.219
	-0.033
	0.333
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Table 8 Path coefficient direct and indirect effect of all other characters on grain yield

	Traits
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	HI
	TW

	DFF
	-0.0219
	0.00367
	0.03019
	-0.00048
	-0.00382
	-0.0116
	-0.00647
	-0.08671
	0.00076
	0.01637

	FLA
	0.00107
	-0.07487
	-0.12003
	0.01773
	0.01281
	0.01832
	0.05742
	0.3878
	-0.00082
	-0.5917

	PH
	0.00276
	-0.03751
	-0.23958
	-0.00008
	-0.00407
	0.0245
	0.08927
	0.73385
	-0.00104
	-0.6131

	DM
	-0.00983
	-0.00007
	-0.01749
	-0.00107
	-0.01056
	-0.00704
	0.01112
	0.05379
	0.0012
	0.02896

	TP
	-0.00197
	0.02261
	-0.023
	-0.00027
	-0.04241
	-0.00623
	0.00303
	0.11883
	-0.00052
	0.16492

	SL
	0.00563
	-0.0304
	-0.13009
	0.00017
	0.00585
	0.04513
	0.05722
	0.39342
	-0.0002
	-0.34873

	PL
	0.0014
	-0.04253
	-0.21155
	-0.00012
	-0.00127
	0.02554
	0.1011
	0.67845
	-0.00082
	-0.5212

	BYP
	0.00237
	-0.03616
	-0.21898
	-0.00007
	-0.00628
	0.02211
	0.08543
	0.8029
	-0.00115
	-0.79817

	HI
	-0.003
	0.01116
	0.04504
	-0.00023
	0.00399
	-0.00162
	-0.01506
	-0.167
	0.00551
	0.56023

	TW
	-0.00028
	0.03519
	0.11668
	-0.00002
	-0.00556
	-0.0125
	-0.04185
	-0.50904
	0.00245
	1.25894










Page-22


Table 9 Cluster mean based on K-mean method

	Variable
	Cluster1
	Cluster2
	Cluster3
	Cluster4
	Cluster5
	Cluster6
	Cluster7
	Cluster8

	DFF
	-0.2563
	-0.3134
	0.4555
	-0.0010
	-0.2333
	-0.4896
	-0.7339
	0.7739

	FLA
	0.1313
	0.9938
	1.1815
	0.7280
	1.1679
	-0.8435
	0.1363
	-0.6848

	PH
	0.3966
	-0.6906
	1.5947
	-0.5589
	2.1532
	-0.7150
	0.5214
	-0.6263

	DM
	0.0357
	0.1423
	0.8396
	-0.4397
	-0.3475
	-1.0275
	-0.8373
	0.9952

	TP
	0.4833
	-1.8575
	-0.4269
	-0.8688
	0.4881
	0.2400
	-2.0320
	0.4164

	SL
	0.2137
	-0.1819
	1.7795
	-0.0173
	0.7261
	-0.4633
	0.8588
	-0.6648

	PL
	0.6521
	-0.5678
	1.6582
	-0.5479
	1.6245
	-0.8423
	0.5066
	-0.6645

	BYP
	0.5176
	-0.2914
	1.6228
	-0.4194
	1.9005
	-0.7684
	0.2974
	-0.7232

	GYP
	0.5640
	-1.8801
	-0.0078
	-1.0406
	-1.4605
	0.2596
	0.6853
	0.3467

	TW
	-0.1987
	1.0550
	-0.0174
	-0.2643
	-1.0442
	-0.2496
	0.6326
	0.5509

	HI
	0.0788
	-1.4397
	-0.8513
	-0.5944
	-1.9004
	0.6204
	0.2863
	0.6948





Table 10 Intra-and inter-cluster average distances by K-mean analysis

	Cluster No.
	Cluster1
	Cluster2
	Cluster3
	Cluster4
	Cluster5
	Cluster6
	Cluster7
	Cluster8

	Cluster1
	1.3360
	
	
	
	
	
	
	

	Cluster2
	4.4238
	1.7668
	
	
	
	
	
	

	Cluster3
	3.2296
	5.0843
	0.6854
	
	
	
	
	

	Cluster4
	2.9652
	2.1693
	4.5104
	1.4758
	
	
	
	

	Cluster5
	4.0198
	5.3940
	2.9131
	4.7536
	1.8652
	
	
	

	Cluster6
	2.8573
	4.4813
	5.7923
	2.8074
	6.1179
	0.4871
	
	

	Cluster7
	2.9270
	3.9616
	3.8956
	3.2430
	5.1579
	3.6770
	0.4482
	

	Cluster8
	2.9550
	4.4833
	5.3818
	3.3299
	6.3705
	2.5457
	4.3174
	1.3551





Table 11 Distribution of wheat genotypes based on Euclidean clustering method

	Cluster No.
	Frequency
	Name of the Genotypes

	
I
	

13
	AKAW-4901, AKAW-4927, BRW-3723, CG-1013, DBW-39, DBW- 71, DBW-88, DBW-93, DBW-107, DBW-110, DBW-173, DBW-187, GJW-463, HD-3086, HI-1612, TL-3006, TL-3007, UASD-DT-6, DWAP-1531, WH-730

	II
	7
	AKAW-4927, CG-1013, SONALIKA (CH.) MP-3382, MP-3382, NIAW1994

	
III
	
10
	BRW-3723, HD-3043, HD-3171, HI-1620, GRU-2010-18/7, HD- 1609, WH-1310, DBW-129, AKAW-3717, WH-1127

	
IV
	
5
	HIKK-05, HIKK-06, HIKK-09, DHTW-60, DBW-
39

	
V
	
16
	DBW-93, FLW-22, FLW-16, KRL-283, PWD-752 HIKK-09 UAS-357 COH-1105, DBW-220, HTW-9, HTW-11, HD-3237, KBRL-79-2, KBRL-82-2, PBW-703, DBW-246

	
VI
	
13
	DBW-110, K-1006, K-1317, PBW-760 WH-1216, HUW-699, HI- 8737(d), FLW-16, DBW-105, HTW-6, 82, WH-1080, DWAP-1530, HD2967 (CH.)

	
VII
	
12
	GJW-463, HW-5207, PBW-756, HI-8777 , PDW-344 UAS- 459 DBW-179 MACS-5044 FLW-10, HS-626, HS-627, PBW-
725

	
VIII
	7
	HI-8713 (CH.), HI-8708 , MACS-3949 , HI-8759, DDK- 1051, HI-8765, HW-3631
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Table 12 Cluster mean based on Euclidean clustering method

	
Variable / Cluster No
	

Cluster1
	

Cluster2
	

Cluster3
	

Cluster4
	

Cluster5
	

Cluster6
	

Cluster7
	

Cluster8

	DFF
	-1.12670
	-0.65667
	0.16719
	-0.16922
	-0.433542
	0.624675
	0.44754
	1.69477

	FLA
	0.16560
	0.91048
	0.92411
	1.13181
	-0.923159
	0.092950
	-0.69051
	-0.22543

	PH
	0.34195
	-0.65321
	1.28440
	2.47069
	-0.741159
	-0.068232
	-0.60879
	-0.71705

	DM
	-0.53812
	-0.56567
	0.32098
	-0.19767
	-0.750904
	0.166716
	0.94913
	1.02734

	TP
	-0.48412
	-1.79104
	0.20124
	0.59670
	0.337903
	0.307707
	0.39121
	-0.03804

	SL
	0.55127
	0.12154
	1.16785
	0.55617
	-0.566825
	0.014586
	-0.38364
	-1.28477

	PL
	0.40999
	-0.57534
	1.47348
	1.78359
	-0.880623
	0.261334
	-0.70921
	-0.82174

	BYP
	0.23931
	-0.53498
	1.38841
	2.08570
	-0.746003
	0.137662
	-0.86964
	-0.44236

	GYP
	0.49670
	-1.51208
	0.41958
	-1.55079
	0.226269
	0.012574
	0.91215
	-1.00628

	TW
	-0.19978
	-0.16907
	-0.12306
	-1.21888
	-0.219869
	0.463542
	1.11679
	-0.68627

	HI
	0.18168
	-1.01777
	-0.45913
	-2.02067
	0.583981
	-0.111939
	1.27450
	-0.53219





CONCLUSION
· Studies of variation indicated that considerable amount of variation for plant height followed by days to maturity, days to 50% flowering, plant height and flag leaf area which may be utilized for breeding for improvement.
· All traits showed high heritability except tillers per plant.
· The higher genetic advance showed in peduncle length (20.10) and low tiller per plant (0.074).
· Correlation and path analysis provided information about yeild components. Thus, it helps in selection of superior genotype from diverse genetic population.
· Path coefficient analysis provides information about highly positive association ship of plant height, spike length, peduncle length, biological yield per plant, harvest index and 1000-grain weight. Plant height indicated maximum emphasis should be given while making selection for improving yield.
	The maximum inter cluster distance was found between Cluster VII and IV (7.2631) followed by Cluster VIII and IV (6.0618), Cluster IV and II (5.5329), and Cluster VIII and III (5.02072). Cluster II and I (DFF), cluster III and IV (FLA), cluster II and V (PH), cluster II and V (DM), cluster IV and VII (TP), cluster III and IV (SL), cluster III and IV (PL), cluster III and IV (BYP), cluster I and VII (GYP) and cluster VII and V (HI) were found more diverse clusters based on cluster mean for traits given in parenthesis. Remaining traits had minimum or no contribution in divergence.
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