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Abstract

Diversity eluviation providesopportunity to assess genetically important distincttraits that will much effectly contributing to improvement of genotypes. Genetic diversity assess in a core collection is key to find out ways to efficient utilization of genetic resource. Indian bread wheat cultivarsspanning over a century is procured form from the Indian Institute of Wheat & Barely Research (IIWBR), Karnal, used made up of a core collection.A characterization of DUS descriptors and analysis of core collection by traditional and multivariate methods.The present investigation was carried out with a view to know the degree of genetic diversity, association among yield attributing characters in bread wheat (Triticum aestivum L.) at the agromorphological level. The experimental material consisted of ~100 genotypes which were evaluated in an Augmented Randomized Block Design. DUS descriptors were used to discriminate genotypes during germplasm evaluation. Descriptors like waxiness on plant parts, foliage colour, flag leaf attitude and seed size considerable amount of variability.Quantitative characteristics were recorded to record variation in genotypes at agro-morphological level. The data were subjected to appropriate statistical analysis for estimation of mean, range, variance, heritability, genetic advance as percentage of mean and correlation. Quantitative characters like no. of grain per spike, no. of spikelet per spike and test weight have significantly contributing to yield. These characters have huge amount of genetic variation, high GCV and PCV value, highly heritable, GAM and positive significant correlation with yield. PCA and cluster analysis of eight characters and genotypes fall into three principal component and three cluster respectively. Based on analysis, first and third cluster genotypes have associate with yield component and great chances to enhance their characters. Second cluster genotypes have lower than average characters.Avoid use of second cluster genotypes to reduce the time, cost and labour.
Introduction

Wheat and its related species, including more than 250 perennial and 75 annual species forming the tribe Triticeae in the grass family (Poaceae), have proved themselves to be one of the most indispensable plant groups for human welfare. It is the world’s largest cereal crop species. It has been described as the “King of Cereals” because of the acreage it occupies, high productivity and the prominent position it holds in the International food grain trade. According to the earliest historic records, wheat was an important cultivated cereal in south-western Asia, its geographical centre of origin. The majority of the cultivated wheat varieties belong to three main species of the genus Triticum. These are the hexaploid, Triticum aestivum L. (bread wheat), the tetraploid, Triticum durum (Desf) and Triticum dicoccum(Schrank) and diploid Triticum monococcum. Globally, Triticum aestivum (bread wheat) is the most important species which covers 90 percent of the area under wheat cultivation (Anonymous, 2007). 

The total cultivated area of wheat in the world is around 221.61 million ha with production of 728.96 (2013-14) million tonnes and a forecast of 724.9 million tonnes (2014-15) while the average global productivity of wheat is 3289.3 kg per ha (FAO, 2014). The major wheat producing countries are China followed by India, USA, and France. India’s share in the world area is about 12.5 percent, whereas it occupies 13.1 share in total wheat production. In India, wheat is the second most important crop after rice occupying 31.88 million hectares with a production of 94.48 million tonnes and the average productivity of 30.295quintal per hectare in 2013-14 (FAO, 2014). Uttar Pradesh, Punjab and Haryana are the important states from the point of both area and production (Anonymous, 2015). Punjab stands first followed by Haryana while Jammu and Kashmir stands eleventh (2000 kg per ha) in terms of wheat productivity. The cultivated area and production of wheat in Jammu and Kashmir is 291 thousand hectares and 5820 thousand quintals, respectively (Anonymous, 2015). 

Therefore, development of high-yielding varieties requires a thorough knowledge of the existing genetic variation for yield and its components. One of the main objectives of any breeding program is to produce high yielding lines for release as cultivars to farmers. The prerequisite to achieve this goal is to find sufficient amount of variability, in which desired lines are to be selected for further manipulation to achieve the target. Introduction of new cultivars can be made from one region to the other easily and may be used for further manipulation to develop breeding lines (Jamal et al., 2009). 

Therefore, as a first step towards achieving this goal, the present study aims to evaluate wheat germplasm released in India spanning a period of 100 years (1906-2006) procured from NBPGR. This core collection was then analysed foreight quantitative agro-morphological characters. Establishing a core collection (CC) is a favoured approach for the efficient exploration and utilization of variation in genetic resources (Hodgkin et al., 1995; Zhang et al., 2011). The core collection involves the selection of a subset from the whole germplasm by certain methods in order to capture the maximum genetic diversity of the whole collection while minimizing genotypes and redundancy (Frankel, 1984). 

MATERIALS AND METHODS 

The set of 98 genotypes (94 core set genotypes and four check varieties) (Table 1) Indian bread wheat genotypes collected from the Indian Institute of Wheat & Barely Research (IIWBR), Karnal, Haryana; based on the multivariate analysis for five agro-morphological traits was evaluated at Faculty of Agriculture, Sher-e-Kashmir University of Agricultural Sciences and Technology of Jammu, using Augmented Randomized Block Design (Federer, 1956) to estimate genetic variation for the traits in Rabi 2013-14. Analysis of variance (ANOVA) for estimating phenotypic and genotypic coefficient of variation, heritability and genetic advance as per cent of mean for all eight traits namely plant height (cm), days to 50% flowering, days to maturity, number of spikelets per spike, spike length (cm), number of seeds per spike, test weight (gm) and yield per plant (gm) was performed, where mean values were subjected to statistical analysis for estimation of genetic parameters viz; mean, range, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability in broad sense (h2) and genetic advance as percentage of mean (GA%). The Pearson’s correlation coefficient (r) was analysed to evaluate the relationships among different variables. Cluster analysis was carried out based on genetic distance matrix of the 94 germplasm accessions along with four checks, applying the UPGMA (Unweighted Pair-Group Method using Arithmetic average) clustering method (Michener et al., 1957). Principal component analysis simplifies the complex data by transforming number of correlated variables into a smaller number of variables called principal components. Scatter diagram was plotted to show the variation pattern. Quantitative traits were analyzed by cluster and principal component analysis with the help of software program ‘SPSS’ v 16.0 for windows. Cluster analysis identifies variable which are further clustered into main group and subgroups using Ward’s method. The genotypes in each cluster were also analyzed for basic statistics. The genotypes were sown with a row to row distance of 20 cm and 0.5 m distance in between blocks and each genotype was sown in 3 lines of 2 m length in Rabi 2013-14. Check varieties were repeated in each block.Recommended cultural practices were followed to grow a healthy crop and for proper expression of genotypes. Three random but robust plants from inner rows were tagged from each plot for data collection. A total of eight quantitative traits were taken at appropriate crop growth stage, in to the consideration. 
Results 

Variability of Qualitative DUS characters:
Qualitative characteristics studied show significant variation among genotypes and efficiently grouped them at agro-morphological level (Table 4). Most of varieties showed green anthocyanin pigment, absence in auricle pubescence, medium to strong waxiness of leaf sheath and peduncle, weak waxiness in leaf blade, absent to weak in waxiness of spike, semi erect to semi drooping leaf attitude, green foliage colour, dull white to brown spike colour, hollow in pith, dense to very dense in density of spike, dull white to amber colour of grains, round to ovate of grain shape, medium to bold size grain. Almost similar patterns of DUS descriptors were observed for varieties (Malik et al., 2014). This indicated that irrespective of demography or climate, selection criteria for high yielding genotypes led to selection of similar DUS descriptors. Descriptors like waxiness on plant parts, foliage colour, flag leaf and seed size were found important in contributing genetic variability in Indian wheat (Malik et al., 2014).

Genetic variability: 

Ninety four genotypes of bread wheat were critically evaluated for quantitative characters plant height, days to 50 per cent flowering, days to maturity, number of spikelets per spike, spike length, number of seeds per spike, TGW (gm), and average yield per plant (gm).The analysis of variance showed significant variability among all genotypes (Table 2) for all the traits. The mean sum of squares due to genotypes showed significant variability for all the traits while check varieties exhibited non-significant variability for all the traits except spike length, number of grain per spike, test weights and average yield per plants. The blocks exhibited non-significant variability for all traits. The genetic variability of the various traits was also estimated. The largest variation was observed in the test weight (gm) (CV = 16.71) followed by the Avg. yield per plant (gm), spike length (cm) and plant height (CV = 13.73, 6.96, 5.58%, respectively). Days to maturity showed lowest variation (CV= 1.38%). The minimum to maximum values for yield (gm), days to flowering, days to maturity, plant height(cm),  spike length(cm) and test weight were 4.25-38.50, 56.00-82.00, 145.00-159.00, 67.73- 128.27, 7.67-13.83 and 12.70-45.57 respectively. The considerable amount of genetic variability for majority of the traits was studied by Michener et al., 1957 and Arya et al., 2015.
The PCV values were higher than GCV values for all the traits which reflect the influence of environment on the expression of traits. The estimates of GCV were high for yield per plant (31.10), number of grains per spike (17.17) and the remaining traits recorded moderate to low GCV estimates. The heritability and GAM were high for plant height (81.70, 22.18), number of days to 50% flowering (91.81, 13.79) number of spikelets per spike (79.58, 14.34) number of grains per spike (91.18, 33.77), average yield per plant (91.04, 61.13). Similarly, Kumar and Kerkhi (2015) suggested that high heritability coupled with high genetic advance was observed for grain yield plant. Kumar et al. (2013) reported that GCV and PCV were moderate for yield per plant, high heritability and high genetic advance were recorded for all the traits. Kumar et al. (2003) reported high heritability coupled with high genetic advance for plant height, number of spikelets per spike, and number of days to 50% flowering in wheat. Sachan & Singh (2003) also reported high heritability estimates for grain yield, number of spikelets per spike, number of seeds per spike, plant height, which support the present findings. High heritability accompanied with high genetic advance in case of plant height, spike length, number of grains per spike, test weight and yield per plant indicates that most likely the heritability is due to additive gene effects and selection may be effective in early generations for these traits. Similar findings have been reported earlier also (Shah et al., 2015, Sharma & Garg, 2002 and Dwivedi et al., 2002). High heritability for days to maturity coupled with low genetic advance indicates non-additive gene effects. Therefore, there seems a limited scope for improvement in this trait.
Association between traits 

The correlation coefficient at phenotypic level between all the eight traits in genotypes of wheat is presented in Table 2. The seed yield per plant showed significant and positive phenotypic correlation with days to maturity (r = 0.0307**), no. of spikelets per spike (r = 0.0236*), spike length (cm) (r = 0.0244*), no. of grains per spike (r = 0.0257*), test weight (gm) (r = 0.0558**). Similar results were reported by Kumar et al., 2013. The correlation coefficient of seed yield per plant at the phenotypic level with plant height (cm) (r =- 0.017*), was negative and significant but not significant with days to 50% flowering. No. of grain per spike showed positive correlation with days to maturity (r = 0.466**), number of spikelets per spike (r = 0.288**), and spike length (r = 0.324**), Therefore, any selection for these characters is likely to simultaneously improve other traits. Similar results were reported by several earlier workers (Kumar et al. 2003, Babbar and Patel 2005, Jeena et al. 2005, Singh and Sandhu 2008). Positive correlations were observed between spike length (cm) and days to maturity (0.467* number of spikelets per spike (r = 0.469**). Similar results have been reported by Brar et al. (2004), Obaidullah et al. (2006). The correlations indicate that among the yield components days to maturity, no. of spikelets per spike, spike length (cm), no. of grains per spike, test weight (gm) are significantly associated with seed yield. Thus these yield components are important traits for selection in breeding for yield improvement.
Principal Component Analysis (PCA) 
A multivariate data analysis technique that reduced complexcity of data sets and simplified results. These include principal component analysis and hierarchic clustering analysis (HCA). Principal component analysis is suitable to identify and determination of independent principal components that are effective on plant traits separately. It helps breeders to genetic improvement traits such as yield that have low heritability specifically in early generations via indirect selection for traits effective on this (Golparvar et al., 2003, , Leilah et al., 2005, Golparvar et al., 2006).The bi-plot helps to visualize the first three principal components are often the most important in reflecting the variation patterns among genotypes and the traits associated with these are more useful in differentiating genotypes (Fig.1 & Fig.2). In the present study, first three components account for about 63.708% of total variation (Table 3), giving a clear idea of the structure underlying the variables analyzed. However, the criterion of cut-off limit for the coefficients of the proper vectors greater than 0.3 having a large enough effect to be considered important.

The first principal component accounted for 31.50% of total variance indicating that plant height (cm), no. of grains per spike and no. of spikelets per spike were the variables that contributed most positively and also registered those with high yield component values (Table 3, Fig. 2). The second component accounted for 17.177 percent of total variance which identified component variables (days to 50% flowering and test weight (gm) presenting positive contributions and the main characters responsible for classification. The third principal component accounted for 15.032% was positively associated with spike length (cm) and days to maturity. This component was negatively associated with yield (kg/ ha) differentiating those accessions with their characteristics (Table 3). The overall comparison or association of levels of similarity among traits under study is depicted as Fig. 3. In conclusion, indirect selection via traitslike no. of grains per spike, no. of spikelets per spike which have higher heritability relative to seed yield and strongly associated with this trait is emphasized in this study for genetic improvement of yield. Golparvar et al. 2006 and Arain et al.2011 have reported similar results for breeding these important traits in bread wheat genotypes.

On the basis of their greater intercluster distance of germplasm lines, high value of cluster mean according to the character to be improved and performance of the individual germplasm for the character, the lines could be used in hybridization programme for improvement of different plant characters. From principal component analysis (PCA) the first three principal components explained 63.708% of the total variation, suggesting that traits such as plant height, days to flowering, days to maturity and grain yield contributing traits are the principal discriminatory traits in the germplasm. The diverse parents from various clusters are helpful in planning and broadening the breeding programme by planning the crosses and increased use of heterosis and genetic diversity especially for grain yield in our country.

The generated information can be helpful in reducing the overall time required to screen large populations for potential breeding stock. Accessions showing tall plant types for plant height and days to 50% flowering may be useful as potential donors for increasing total plant biomass. The genotypes with late maturity, longer spikes and high no. of grain per spike, high no. spikelets per spike with high test weight might serve as potential donors for increasing grain yield of predominant wheat varieties. It is concluded that the genetic variation existing in the germplasm set can efficiently be utilized in genetic improvement of bread wheat.

Cluster analysis 

Analyses performed by the UPGMA grouped 98 genotypes into total three clusters (Fig. 1). Genotypes which are falling under different clusters could be used for hybrid to get the higher heterotic effect. Sanni et al., 2012 also reported similar findings from cluster analysis of the rice germplasm for agro-morphological traits diversity.

The average of traits for each cluster are shown in table 3. In first cluster 28 lines were classified. The average values of genotypes in this cluster for plant height (cm), days to 50% flowering andno. of spikelet per spikewere higher than the total mean of all genotypes.Third cluster comprises 35 lines in this group were in the highest rate with respect to days to maturity, no. of grains per spike, test weight, average grain yield. Members of this group are suitable for breeding programs aimed at improving the yield. Crossing among existing genotypes in first and third group provided more possibility to having more genetic variance and optimal genotypes with respect to yield performance. In the second cluster 35 genotypes were classified. These genotypes were lower rate of almost all traits. These can be remove form cluster to avoid efforts and labour, cost.

Cluster analysis based on extracted factors

Cluster analysis based on the three principal components grouped the lies into the three clusters (Fig. 1). Average of component for each cluster is shown in table 3. In the first cluster were highest rate with respect to third component. Third cluster had greatest values for second component. Therefore, these genotypes of this cluster can be used for increase in grain yield in breeding programs. First and third cluster genotypes have associated with high yield component. Second cluster had not associated with any component. Genotypes of this cluster cannot use for increase yield associated characters in breeding programs.

Summary and Conclusion 
This study has shownthe existence of considerable genetic variation among the genotypes in cluster first and third. Among these cluster genotypes HPW 89  followed by HS 295, PBC TYPE 11, K 9162, RAJ 3777, PBW 396, DL 788-2 (VIDISHA), DL 153-2 (KUNDAN), PBN 142 (KAILASH), WL 410 and UTKALIKA were found superior in average yield per plant. These genotypes considered with may help for further selection and breeding. However, these genotypes should also be tested in multi-location trials to confirm their superiority and may then be used as parents in hybridization programme to develop high yielding varieties along with desirable character.Parents may be selected from those clusters which had significant genetic distance for crossing in order to obtain genetic recombination and transgressive segregation in the subsequent generations.These cluster positively associated with PCI and PCIII. Among these high yielding principal component characters like no.of grain per spike, no. of spikelet per spike and test weight have majorly contributing to yield. In addition to these characters have considerable amount of genetic variation, high GCA value, highly heritable, GAM and positivesignificant correlation with yield. However further study across location and years needs to be done in order to corroborate the results obtained in the present investigation.
	S. No.
	Genotype
	S. No.
	Genotype
	S. No.
	Genotype
	S. No.
	Genotype

	1
	PBC TYPE 11
	26
	SONORA 64 
	51
	WL 711
	76
	DL 788-2 (VIDISHA)

	2
	A 115
	27
	NP 884
	52
	DL 153-2 (KUNDAN
	77
	HP 1633 (SONALI)

	3
	A 90
	28
	HD  1949 (MOTI)
	53
	HD 2285 (GOBIND)
	78
	HP 1761 (JAGDISH)

	4
	8A
	29
	HD  1982 (JANAK)
	54
	HD 2385
	79
	HPW 147

	5
	NP 111
	30
	HD  2177
	55
	HI 784 (SWATI)
	80
	HS 295

	6
	NP 165
	31
	HD 2189
	56
	HUW 206 (MALVIYA 206)
	81
	HS 365

	7
	C 518
	32
	HS 1138-6-4 (SHAILJA)
	57
	J 405
	82
	K 9644 (ATAL)

	8
	NP 710
	33
	HW 657
	58
	K 8020 (TRIVENI)
	83
	NIAW 34

	9
	NP 721
	34
	HYB 65
	59
	K 8027 (MAGHAR)
	84
	PBW 396

	10
	C 591
	35
	IWP 72
	60
	PBN 142 (KAILASH)
	85
	HPW 89 (SURABHI)

	11
	HYB 11
	36
	J 1-7
	61
	PBW 226
	86
	HD 2864 (URJA)

	12
	NP 809
	37
	K 78
	62
	RAJ 1482
	87
	HS 347 (HIMGIRI)

	13
	NP 832
	38
	LAL BAHADUR
	63
	RW 3016
	88
	HS 420 (SHIVALIK)

	14
	NI 179
	39
	NARMADA 4
	64
	GW 120
	89
	K 7903 (HALNA)

	15
	NP 890
	40
	NARMADA 195
	65
	DWR 39 (PRAGATI)
	90
	K 8434 (PRASAD)

	16
	NP 770
	41
	UP 215
	66
	HS 86
	91
	K 9162

	17
	HY 5
	42
	UP 262
	67
	PBN 51
	92
	K 9533 (NAINA)

	18
	C 286
	43
	UP 368
	68
	SAGARIKA 
	93
	RAJ 3777

	19
	HYB 633
	44
	WG 357
	69
	NARMADA 112
	94
	RAJ 4037

	20
	NP 825
	45
	GW 40
	70
	UTKALIKA
	
	

	21
	NP 852
	46
	J 24
	71
	HP 1493
	S. No.
	CHECKS

	22
	SAFED LERMA
	47
	HD 2329
	72
	HUW 37 (MALVIYA37)
	1.
	HD2967

	23
	KHARCHIA 65
	48
	HD  2135 (NILGIRI)
	73
	HUW 213
	2.
	PBW 644

	24
	C 306
	49
	HUW 12 (MALVIYA 12)
	74
	UP 1109
	3.
	WH1021

	25
	NP 824
	50
	WL 410
	75
	AKW1071 (PUNA)
	4.
	RSP 561


Table 1. Mean, range, standard error, coefficient of variance and critical difference, analysis of variance, Phenotypic coefficient of variance, genotypic coefficient of variance, heritability, genetic advance and genetic advance as a percentage of mean, correlation coefficient among eight quantitative traits for grain yield and other traits

*,**: Significant at 5 and 1 percent levels respectively.

Table 2. Mean, range, standard error, coefficient of variance and critical difference, analysis of variance, Phenotypic coefficient of variance, genotypic coefficient of variance, heritability, genetic advance and genetic advance as a percentage of mean, correlation coefficient among eight quantitative traits for grain yield and other traits

	Source
	d.f.
	Plant height (cm)
	Days to 50% flowering
	Days to maturity
	No. of spikelets per spike
	Spike length (cm)
	No. of grains per spike
	Test weight (gm)
	Avg. yield per plant (gm)

	Mean ± S.E.
	
	91.35±7.21
	65.41±1.94
	153.74±2.92
	42.28±8.22
	11.09±1.10
	57.27±3.91
	30.03±7.09
	21.39±4.15

	Range
	
	67.73- 128.27
	56.00-82.00
	145.00-159.00
	32.00-48.00
	7.67-13.83
	30.00-88.00
	12.70-45.57
	4.25-38.50

	CV
	
	5.58
	2.10
	1.34
	3.66
	6.96
	4.83
	16.71
	13.73

	CD
	
	15.71
	4.24
	6.37
	17.90
	2.38
	8.52
	15.46
	9.05

	ANOVA

	Block (Adj.)
	4
	17.26
	4.425
	3.57
	1.30
	0.94
	24.6
	38.99
	5.73

	Genotypes (Adj.)
	97
	140.38**
	22.42**
	17.53**
	12.60**
	1.69**
	97.75**
	54.93**
	109.68**

	Among-checks
	3
	74.30
	2.93
	5.73
	7.80
	6.04**
	110.53**
	122.10**
	192.57**

	Among-genotypes
	93
	142.12**
	23.12**
	17.98**
	11.75**
	1.39*
	86.88**
	51.36*
	96.37**

	Check-vs-Genotypes
	1
	184.20*
	15.69*
	10.35
	107.50**
	16.07**
	1077.29**
	181.49**
	1037.37**

	Error
	12
	26.00
	1.89
	4.27
	2.40
	0.59
	7.65
	25.17
	8.63

	Genetic Analysis

	PCV
	
	12.97
	7.37
	2.76
	8.20
	11.72
	17.98
	23.80
	32.59

	GCV
	
	11.91
	6.99
	2.43
	7.81
	8.86
	17.17
	16.99
	31.10

	Heritability
	
	81.70
	91.81
	76.22
	79.58
	57.23
	91.18
	51.00
	91.04

	GA
	
	20.07
	9.09
	6.66
	5.62
	1.39
	17.51
	7.53
	18.41

	GAM
	
	22.18
	13.79
	4.37
	14.34
	13.81
	33.77
	25.00
	61.13

	Correlation coefficient

	Plant height (cm)
	
	
	.283**
	-.028
	.120
	.105
	.026
	-.037
	-.017

	Days to 50 % flowering
	
	
	
	-.071
	.077
	.153
	.149
	.045
	.053

	Days to maturity
	
	
	
	
	.295**
	.467**
	.466**
	.173
	.307**

	No. of spikelets per spike
	
	
	
	
	
	.469**
	.288**
	.072
	.236*

	Spike length (cm)
	
	
	
	
	
	
	.324**
	.190
	.244*

	No. of grains per spike
	
	
	
	
	
	
	
	.044
	.257*

	Test weight (gm)
	
	
	
	
	
	
	
	
	.558**


*,**: Significant at 5 and 1 percent levels respectively

Table 3. Coefficients and vectors associated with the first three principal components

	Clusters Analysis
	PC1
	PC2
	PC3
	

	I
	0.25309
	-0.28045
	0.99402
	

	II
	-0.36733
	-0.55852
	-0.46795
	

	III
	0.29791
	1.11823
	-0.29209
	

	Principal Component Analysis

	Eigen Value 
	2.520
	1.374
	1.203
	

	Variance (%) 
	31.500
	17.177
	15.032
	

	Cumulative variance (%) 
	31.500
	48.677
	63.708
	

	Coefficient Vector
	Communalities

	Spike length (cm)
	-0.007
	-0.049
	0.580
	0.607

	Days to maturity 
	-0.040
	0.064
	0.601
	0.643

	Yield (Kg/ha) 
	0.372
	-0.018
	-0.214
	0.663

	No. of grains per spike
	0.324
	-0.083
	0.081
	0.488

	No. of spikelets per spike
	0.336
	-0.015
	0.081
	0.600

	Plant height (cm)
	0.354
	-0.099
	-0.024
	0.514

	Days to 50 % flowering
	-0.151
	0.628
	0.022
	0.826

	Test weight (gm)
	-0.004
	0.524
	-0.005
	0.755

	Average of traits for each clusters 

	Cluster
	Freq.
	Plant height (cm)
	Days to 50% flowering
	Days to maturity
	No. of spikelets per spike
	Spike length (cm)
	No. of grains per spike
	Test weight (gm)
	Avg. yield per plant (gm)

	I
	28
	110.2
	67.54
	153.68
	43.01
	11.23
	57.93
	28.08
	20.28

	II
	35
	83.74
	64.69
	152.38
	40.79
	10.47
	52.79
	26.37
	13.43

	III
	35
	85.49
	65.93
	155.43
	42.58
	11.39
	59.50
	40.33
	31.80


Table 4.Frequency distribution (%) for the discontinuously variable descriptors measured on the bread wheat accessions under study.
	Agro-Morphological Character
	Descriptor state and number of varieties in parenthesis

	
	
	
	1
	3
	5
	7
	9

	Auricle pigmentation
	Green
	-
	Purple
	-
	Dark purple

	
	
	
	(80)
	
	(18)
	
	(0)

	Auricle pubescence
	Absent
	
	Moderate
	
	Strong

	
	
	
	(68)
	
	(30)
	
	(0)

	Foliage colour
	
	Pale green
	-
	Green
	-
	Dark green

	
	
	(1)
	
	(82)
	
	(16)

	Spike colour
	
	Dull white
	Brown
	Dark brown
	

	
	
	
	
	(46)
	(37)
	(15)
	

	  Spike density
	
	lax
	Medium
	
	dense
	Very dense

	
	
	(12)
	(3)
	
	(45)
	(37)

	Pith
	
	hollow
	
	Medium
	
	Solid

	
	
	(80)
	
	(17)
	
	(0)

	Flag Leaf attitude
	Erect
	Semi-erect
	
	Semi-drooping
	Drooping

	
	(12)
	(37)
	
	(42)
	(7)

	Waxiness spike
	Absent
	Weak
	Medium
	Strong
	Very strong

	
	(25)
	(43)
	(16)
	(3)
	(1)

	Waxiness leaf sheath
	Absent
	Weak
	Medium
	Strong
	Very strong (3)

	
	(15)
	(21)
	(29)
	(30)
	

	Waxiness leaf blade
	Absent
	Weak
	Medium
	Strong
	Very strong

	
	(0)
	(68)
	(2)
	(1)
	(0)

	Waxiness of peduncle
	Absent
	Weak
	Medium
	Strong
	Very strong

	
	(0)
	(18)
	(28)
	(23)
	(12)

	Grain shape
	Round
	Ovate
	
	oblong
	Elliptical

	
	(44)
	(40)
	
	(12)
	(2)

	Grain. Size (mm)
	Small <35
	Medium: 35-40
	
	Large: 40-45
	Very large

	
	(10)
	(41)
	
	(47)
	(0)

	Grain colour
	-
	Dull white
	Amber
	Red
	

	
	
	(28)
	(66)
	(4)
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Figure 1.Genotypes by traits score plot of 98 Indian wheat varieties on the basis of 8 agro-morphological characters, comparison between two principal components

	Figure 2. Comparison between components and their Eigen values
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	Figure 3. Comparative levels of similarity among traits under study

	
Similarity level of traits under study

                                    


     Rescaled Distance Cluster Combine

    


    0         5        10        15        20        25

 Traits    

    +---------+---------+---------+---------+---------+

  Test weight (gm)

7   ─┬─┐

 Yield per plant (gm)    
8   ─┘ ├───────┐

 Spike length (cm)    
5   ───┘       ├───────────┐

 Days to 50% flowering
2   ─┬─┐       │           │

 No. of grains per spike
6   ─┘ ├───────┘           ├─────────────────────────┐

 No. of spikelets per spike
4   ───┘                   │                         │

 Plant height

1   ───────────────────────┘                         │

  Days to maturity

3   ─────────────────────────────────────────────────┘
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