Genetic Divergence and Principal Component Analysis for Seed yield and Yield-   	Contributing Traits in Field Pea (Pisum sativum L.)

                                                            
ABSTRACT:  Genetics divergence and principal component analysis (PCA) were applied to assess seed yield and yield-contributing traits in field pea germplasm. Data were recorded for 40 field pea accessions distributed over environment during the rabi growing season 2019-2020. The number of pods per plant and biological yield per plant showed highest coefficients of variation and heritability estimates indicated that number of seeds per plant and pod bearing length were most amenable to breeding improvement. Polymorphism information content and heterozygosity agreement with geographical origins. The genotypes under the experiment were grouped into 10 clusters based on divergence analysis. The highest number of genotypes found in cluster I. the highest intra cluster distance was found in cluster III followed by cluster I. the highest inter cluster divergence was observed between genotypes of cluster IV and X  followed by cluster V and X. Cluster IX have early flowering  and maturity genotypes. Pod cluster per plant has highest value in cluster I followed by plant height and pod bearing length has highest value in cluster III. According to Principal component analysis (PCA) indicated that the out of 19, only 6 principal components explained 81.66% of the total variance, with the two most informative components clearly separating the genotypes. Yield-related traits exhibited the highest loading values on the principal components, with number of nodes per plant identified as the most important trait contributing to separation and should therefore be prioritized for future breeding programmes.
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1. INTRODUCTION: 
Pea (Pisum sativum L.) belongs to the genus pisum of family fabaceae (Leguminasae), subfamily Papillionaceae, and tribe Vicieae. Field pea (Pisum sativm L. var. arvense) is widely grown around the world and it is the second most consumed legume after chickpea. This crop comprises two species, Pisum fulvum Sibth and Sm. And Pisum sativum L. there are two types of cultivated peas viz., garden pea (pisum sativum var.hortense) and field pea (Pisum sativum var. arvense). Garden pea is used for table purpose. Hence, harvest at green pod condition and cooked as fresh or canned for subsequent uses. The immature peas are used as a vegetable, fresh frozen or canned, varieties of the species typically called garden pea. Field pea is used as dry, whole or split as dal or used as flour (besan) for various food preparations. Dry pea seed contains 22.5% protein, 56.5% carbohydrate, 1% fat, 2.2% minerals, 4.5% fiber and important vitamins like vitamin B1 and B5. The stalks, broken cotyledons and seed coat are used as animal feed.
Among the genus pisum a species and p.sativum ssp. Abyssinicumis considered a possible candidate as progenitor and it resembles closely to the cultivated form (Jing et al., 2010). Genetic composition of pea is ca. 4800 Mbp spread across 2n=2x=14 chromosomes. Carbonized remains have been found at many historical sites in the fertile crescent of the middle east dating back to the sixth or seventh millennium BC, suggesting domestication occurred during that era (Zohary and Hopf 1973). Pea spread from the fertile crescent to Russia and westward into Europe and eastward into china and india. There are four centers of origin based on genetic diversity were proposed by vavilov (1926), namely central asia, the near east, Abyssinia (Ethiopia) and the Mediterranean (Smykal et al., 2014). It is grown in higher altitudes in tropical areas with temperature ranging between 7oC - 30oC. Pea has great nutrient value and contains vitamin A, B and C, along with minerals, dietary fiber and antioxidant compounds (Urbano et al., 2003). Nowdays, protein markets are shifting away from dairy, egg, soy, due to consumers, perceived fears about consuming animal-derived products basically for dietary choices.
Field pea (Pisum sativum L.) is an economically vital crop for many countries and has a key role in agriculture, rural livelihoods, and food security. Characterized by a high content of dietary protein and essential nutrients, field pea is crucial for improving human nutrition and food systems. Despite its agronomic potential, seed yield is comparatively low. Improving the seed yield of pea is a challenging task for breeders because of its complex genetic systems and the influence of external environment factors. 
Genetic divergence defines the degree of genetic variation among cultivars within a species. A diverse group of cultivars represents a wider gene pool for selection in breeding programs aimed at improving traits that contribute to seed yield. The relevance of seed yield and its components is vital for any crop species. Seed yield is the most important economic trait in field pea, and its effectiveness relies on the contribution of several other yield – contributing traits. Correlations between seed yield and its underlying traits act as a basis for selection. Moreover, it helps the breeder choose parents that are genetically distant unto the proposed improved breeding cross if the intention is to produce transgressive segregants.
Multivariate statistical techniques such as principal component analysis (PCA) and genetic divergence evaluation through Euclidean distance provide the means for understanding the interrelationship, relative contribution, and importance of different components towards selection for seed yield and its contributing traits.

2. MATERIAL AND METHODS
The present investigation on forty field pea germplasm were carried out during rabi season 2019-20 under pea improvement project at seed breeding farm, department of plant breeding and genetics, college of agriculture, JNKVV, Jabalpur, (MP) and AICRP on MULLaRP, IIPR Kanpur (Table 1). These germplasm were sown in randomized complete block design (RBCD) with three replications. All these genotypes were sown in single row pattern keeping 30 cm distance from row to row and 10 cm distance from plant to plant, row length is 4m and number of genotypes per row is 6. Data were recorded according to the national test guidelines for DUS test of pea which is developed by PPV & FR Authority, GOI, New Delhi. Observations were recorded on the basis of five random competitive plants were selected from each germplasm and per each replication separately for following 19 quantitative characters viz., number of primary branches per plant, number of secondary branches per plant, plant height (cm), number of nodes per plant, number of nodes per plant, number of effective nodes per plant, pod bearing length (cm), number of pods per plant, pod cluster per plant, number of effective pods per plant, pod length (cm), number of seeds per pod, number of seeds per plant, hundred (100) seed weight, biological yield per plant (g), seed yield per plant (g) and harvest index (%) except days to first flower opening, days to 50% flowering and days to maturity, which were recorded on plot basis.

2.1 Statistical analysis
The mean data recorded for each trait were subjected to statistical analysis. All statistical analyses were performed using WINDOSTAT software. 
Genetic divergence analysis: genetic divergence among genotypes was estimated using Mahalanobis D2 statistics. Based on D2 values, genotypes were grouped into clusters following Tocher’s methods. Inter-cluster and intra-cluster distances were calculated to assess genetic diversity.
Principal Component Analysis (PCA): Principal component analysis was carried out using the correlation matrix to identify the major contributing traits responsible for variability. Eigenvalues and eigenvectors were computed, and principal components with eigenvalues greater than unity were considered significant. The percentage contribution of each trait to total variation was also calculated.

                              






                               Table 1. List of genotypes utilized in the experiment

	S. No.
	Germplasm
	S.No.
	Germplasm

	1.
	FP-14-32
	21.
	P-81-10

	2.
	FP-14-34
	22.
	JP-885(Purple)

	3.
	FP-14-36
	23.
	KPMR-502

	4.
	FP-14-39
	24.
	IFP-99-25

	5.
	FP-14-41
	25.
	LEP-227

	6.
	FP-14-44
	26.
	KFP-151

	7.
	FP-14-50
	27.
	DDR-52

	8.
	FP-14-51
	28.
	DDR-54

	9.
	FP-14-54
	29.
	P-3

	10.
	FP-14-67
	30.
	LEP-260

	11.
	FP-14-69
	31.
	Kalamatar

	12.
	FP-14-71
	32.
	Deshi Pili Batri

	13.
	FP-14-73
	33.
	Somnath Pili Batri

	14.
	FP-14-75
	34.
	Chatru Matar

	15.
	FP-14-76
	35.
	Double Branching

	16.
	FP-14-81
	36.
	Batra Chhoti Badwah

	17.
	FP-14-87
	37.
	Batana Moolchand

	18.
	FP-14-88
	38.
	Kesav  Batana

	19.
	FP-14-90
	39.
	Gol Batri (Amar)

	20.
	FP-7-562
	40.
	Batri  Patiram



3. RESULTS  AND DISCUSSION
The present investigation was carried out to assess the extent of genetic divergence and to identify important yield-contributing traits among 40 field pea genotypes evaluated during rabi season of 2019-20. The analysis of data revealed significant variation among genotypes for all the characters studied, indicating the presence of considerable genetic variability. Such variability provides ample scope for selection and improvement of seed yield in field pea. 

3.1 Genetic divergence analysis
	Genetic divergence means estimation of genetic distance between two or more genotypes in order to achieve best combination for hybridization. D2 statistics helps in the selection of genetically divergent parents for their exploitation in hybridization programmes. The technique measures the degree of diversification and determines the relative proportion of each components trait to the total divergence. It measures the forces of differentiation at two levels i.e. intra cluster and inter cluster levels. It provides reliable estimates of genetic divergence and a large number of germplasm lines can be evaluated at a time for genetic diversity by this technique. In the present investigation, 40 genotypes were grouped into ten clusters using Tocher’s method. The intra and inter cluster distance was calculated by using D2 values.

3.1.1 Percentage contribution of individual character towards genetic divergence 
	The percentage contributions towards genetic divergence by nineteen quantitative characters under study are presented in Table 2. 
	
The variance of cluster mean of different traits indicated that there is a significant variation for all the traits. Hence, traits like number of seeds per plant (40.00%) followed by pod bearing length (33.72%), number of nodes per plant (11.92%) , harvest index (5.9%), biological yield per plant(3.85%), and 100 seed weight (2.95%) were revealed that the highest percentage contribution towards genetic divergence was recorded by yield and yield attributing traits.
	These findings in agreement with the earlier findings of Singh and Mishra (2008) for days to 50% flowering, plant height, number of pods per plant, number of seeds per plant and 100 seed weight, Siddika et al. (2014) for number of pods per plant, seed yield per plant and 100 seed weight, Kannoj et al. (2016) for days to 50% flowering, number of seeds per pod, harvest index, pod length, number of pods per plant, 100 seed weight, number of primary branches per plant, pod cluster per plant and number of nodes per plant, while, Saha et al. (2016) reported for days to first flower opening, days to 50% flowering, plant height and number of primary branches per plant, Lat et al. (2018) for number of primary branches per plant, plant height, harvest index and days to 50% flowering.

Table 2: Percentage contribution of individual character towards genetic divergence

	S. No.
	Traits
	Times ranked 1st
	Contribution towards divergence (%)

	1
	DFFO
	-
	0.00

	2
	DFF
	-
	0.00

	3
	DM
	-
	0.00

	4
	NPBPP
	1
	0.13

	5
	NSBPP
	4
	0.51

	6
	PH
	4
	0.51

	7
	NNPP
	93
	11.92

	8
	NENPP
	-
	0.00

	9
	PBL
	263
	33.72

	10
	PCPP
	-
	0.00

	11
	NPPP
	-
	0.00

	12
	NEPPP
	2
	0.26

	13
	PL
	2
	0.26

	14
	NSPP
	-
	0.00

	15
	NSPPlt
	312
	40.00

	16
	100SW
	23
	2.95

	17
	BYPP
	30
	3.85

	18
	HI
	46
	5.90

	19
	SYPP
	-
	0.00



3.1.2 Grouping of genotypes into different clusters 
       The maximum numbers (Table.3) of genotypes (27) were found in the cluster I and cluster III (5) while, remaining cluster II, cluster IV, cluster V, cluster VI, cluster VII, cluster VIII, cluster IX and cluster X were mono-genotypic i.e. only one genotype in each clusters.
	From the genetic superiority combinations of germplasm, most of the clusters, it was found that the genotypes included in clusters are heterogeneous in terms of their origins. These results revealed that geographic diversity might not be an important factor in determining genetic divergence. 
	These finding are in agreement with the results obtained by Singh and Mishra (2008) reported 6 clusters by evaluating 21 genotypes, Dharma et al (2009) reported 4 clusters for 30 genotypes, Habtamu and Million (2013) reported 5 clusters for 16 genotypes, Siddik et al (2014) reported 5 clusters for 25 genotypes, Saha et al (2016) reported 5 clusters for 46 genotypes, Gupta et al.(2017)  reported four clusters by evaluating 20 genotypes, Bhuvaneswari et al. (2017) reported 4 clusters and Parihar et al (2014) reported 12 clusters by evaluating 140 genotypes.











 Table 3: Grouping of germplasm into various cluster	

	Cluster no.
	No. of germplasm
	                                   Name of the germplasm

	I
	27
	FP-14-36, 39, 41, 44, 50, 54, 67, 69, 71, 73, 76, 81 ,87, 88, 90, Lep-260, P-81-10, KPMR-502, KFP-151, P-3, Desi pili batari, Chatru matar, Double branching, Kesav batana, Batana moolchand, Batri patiram and Golbatri (Amar).

	II
	1
	Batra chhoti badwah

	III
	5
	FP-14-32, 51, IFP-99-25, Lep-227 and Somnath pilibatri

	IV
	1
	FP-14-75

	V
	1
	JP-885 (Purple)

	VI
	1
	DDR-52

	VII
	1
	FP-7-562

	VIII
	1
	DDR-54

	IX
	1
	Kalamatar

	X
	1
	FP-14-34



3.1.3 Intra cluster divergence D2 values
 The inter cluster distances were found higher than the intra cluster distance revealing a considerable amount of genetic diversity among the genotypes studied (Fig.1,Table 4). Cluster III showed highest intra cluster value (1474.60) followed by cluster I (1298.75) whereas, cluster II, cluster IV, cluster V, cluster VI, cluster VII, cluster VIII, cluster IX and cluster X were mono-genotypic hence, showed zero value for intra cluster distance. Genotypes falling in these clusters were more divergent and they could be utilized as parents for hybridization to broaden the genetic base.

3.1.4 Inter cluster divergence D2 values
	The highest inter cluster divergence was observed between genotypes of cluster IV and cluster X (11913.05) followed by cluster V and cluster X (8847.81), cluster I and cluster X (6827.42) respectively. Lowest inter cluster distance was reported between cluster IX and cluster X (3568.07). Genotypes from these clusters could be used as parents in hybridization programme for the finding of best recombinants in the further segregating generations. Good recombinants may be selected for the development of improved pea cultivars with high yield and other quality parameters. The least inter-cluster distance was found between cluster IX and cluster X (3568.07), indicating that the genotypes belong to these clusters were genetically similar and selection of parents from these clusters should be avoided to maintain a relatively broad genetic base.
Fig.1. Intra and inter- cluster genetic divergence among field pea genotypes based on 	mahalanobis D2 statistics analysis

[image: ]
Table 4: Inter and intra cluster distances between germplasm
	Clusters
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X

	I
	1298.75
	1865.58
	2594.99
	1971.40
	1972.94
	2178.67
	2724.87
	2558.89
	4402.99
	6827.42

	II
	
	0.00
	692.25
	2135.94
	4419.63
	2685.48
	2272.75
	2126.96
	3737.40
	5100.15

	III
	
	
	1474.60
	3151.36
	5280.77
	3457.01
	2767.80
	3018.07
	4354.93
	5066.50

	IV
	
	
	
	0.00
	3540.53
	4167.86
	5432.49
	4402.57
	7851.92
	11913.05

	V
	
	
	
	
	0.00
	1101.80
	3580.81
	4441.45
	4020.42
	8847.81

	VI
	
	
	
	
	
	0.00
	2417.92
	3287.45
	1948.58
	5586.53

	VII
	
	
	
	
	
	
	0.00
	3270.69
	1418.56
	3739.41

	VIII
	
	
	
	
	
	
	
	0.00
	4280.45
	4039.57

	IX
	
	
	
	
	
	
	
	
	0.00
	3568.07

	X
	
	
	
	
	
	
	
	
	
	0.00



3.1.5 Cluster mean values
	The cluster mean values of all the nineteen characters were studied in the present investigation. The values were found high for most of the yield and yield attributing traits are discussed for further consideration in crop improvement programme. The cluster mean value showed a wide range of variation for all the traits studied (Table 5).
	On the basis of nineteen quantitative traits, pod cluster per plant has highest value in cluster I, plant height and pod bearing length has highest value in cluster III, days to first flower opening and days to 50% flowering has highest value in cluster IV, while, number of primary branches per plant, number of effective nodes per plant, number of effective pods per plant, number of seeds per pod, number of seeds per plant , biological yield per plant and seed yield per plant has lowest value in cluster IV. 
	Pod length has highest value in cluster V; while, number of secondary branches per plant, plant height, number of nodes per plant, pod bearing length has lowest value in cluster V. 
	Hundred (100) seed weight has highest value in cluster VI. Days to maturity has highest value in cluster VII, while, number of pods per plant, pod length has lowest value in cluster VII. 
	Number of primary branches has highest value in cluster VIII, while, pod cluster per plant, harvest index has lowest value in cluster VIII. 
	Number of effective nodes per plant, number of seeds per pod, harvest index has highest value in cluster IX , while, days to first flower opening, days to 50% flowering, days to maturity, 100 seed weight has lowest value in cluster IX. 
	Number of secondary branches per plant, number of nodes per plant, number of pods per plant, number of effective pods per plant, number of seeds per plant, biological yield per plant and seed yield per plant has highest value in cluster X.
	High mean values for the particular traits in different clusters demonstrated good diversity present in these clusters and selection of genotypes from these clusters would be potent for the traits dominated in these. For the development of high yielding genotypes, trait based genotypes may be selected for the hybridization programme to develop the hybrids and varieties with high yield and quality traits.
	The result indicated that the characters contributed maximum genetic divergence are number of seeds per plant, pod bearing length, number of nodes per plant, harvest index, biological yield per plant, 100 seed weight, number of secondary branches per plant, plant height, number of effective nodes per plant, pod length and number of primary branches per plant. The rest of the characters contributed less than 1% towards genetic divergence.

These above result indicated that genotypes included in this investigation represent sufficient genetic diversity between clusters and within cluster. The genotypes of cluster IV (FP-14-75) showed higher inter cluster distance with cluster X (FP-14-34) followed by cluster V (JP-885) and cluster X (FP-14-34), cluster I (FP-14-36,39,41,44,50,54,67,69,71,73,76,81,87,88,90 and lep-260, P-81-10,KPMR-502, KFP-151, P-3, Desipilimatar, Chatrumatar, Double branching, Kesav batana, Batana mool chand, Batari patiram, Gol batari (Amar)) and cluster X (FP-14-34),cluster VI (DDR-52) and cluster X (FP-14-34). Lowest inter cluster distance was reported between cluster IX (Kalamatar) and cluster X, (FP-14-34).

	These genotypes showed higher inter cluster distance and hybridization from diverse clusters may broaden the genetic base of pea crop. For achieving more heterosis, the genotypes possess higher inter cluster distance, will be utilized in crop improvement programme for the identification of best recombinants in segregating generations and also in hybrid development programme for the achievement of higher heterosis regarding high yield.
Intra cluster distance has been found highest in cluster III hence, the hybridization among the genotypes of cluster III may also result good recombinants.

On the basis of overall result from the diversity analysis it is clear that the clusters showing highest diversity in respect to inter cluster or intra cluster, genotypes from these clusters undeniably be potent for good agronomic breeding traits and will be utilized in systematically designed hybridization programme for the isolation of best recombinant especially for good yield and yield related traits.




.



               Table 5 : Cluster mean for yield and its component traits of field pea germplasm: Tocher’ Method
	Clusters
	DFFO
	DFF
	DM
	NPBPP
	NSBPP
	PH
	NNPP
	NENPP
	PBL
	PCPP
	NPPP
	NEPPP
	PL
	NSPP
	NSPPLT
	100SW
	BYPP
	HI
	SYPP

	I
	59.27
	64.79
	93.69
	1.48
	3.17
	74.43
	46.86
	9.42
	49.55
	1.62
	17.55
	14.79
	5.30
	3.08
	55.19
	15.13
	23.41
	36.57
	8.76

	II
	54.78
	61.56
	89.41
	1.88
	4.05
	112.84
	55.34
	9.44
	85.92
	1.50
	15.05
	14.96
	5.08
	3.43
	62.04
	13.69
	25.74
	34.77
	9.40

	III
	59.29
	66.02
	94.26
	1.78
	4.19
	122.84
	54.99
	12.08
	87.12
	1.48
	19.94
	18.16
	5.38
	3.10
	70.91
	14.61
	32.74
	33.53
	10.81

	IV
	63.51
	69.11
	92.11
	1.18
	3.19
	101.40
	43.56
	7.84
	62.23
	1.33
	11.56
	11.00
	4.91
	2.21
	27.79
	17.12
	10.52
	47.21
	5.04

	V
	45.89
	51.89
	81.67
	1.25
	2.22
	33.69
	23.67
	7.97
	18.64
	1.50
	12.95
	13.03
	6.15
	3.29
	47.38
	14.31
	21.17
	36.71
	8.07

	VI
	40.67
	46.71
	78.46
	1.81
	4.01
	75.41
	31.59
	9.63
	42.58
	1.55
	15.77
	14.37
	5.85
	3.33
	57.15
	21.26
	32.53
	37.40
	12.31

	VII
	42.19
	52.11
	97.07
	1.29
	3.69
	61.32
	41.37
	8.81
	53.58
	1.29
	9.18
	15.06
	4.18
	3.49
	97.04
	14.57
	14.54
	42.12
	9.19

	VIII
	49.71
	58.04
	95.63
	2.24
	4.20
	103.61
	82.30
	14.41
	55.69
	0.94
	15.76
	13.77
	5.02
	3.28
	56.48
	13.64
	27.09
	27.53
	8.14

	IX
	33.33
	38.33
	72.00
	1.83
	2.43
	93.37
	45.82
	22.93
	39.16
	1.14
	25.96
	20.93
	5.15
	4.77
	96.01
	11.41
	22.93
	48.33
	10.85

	X
	55.62
	66.29
	92.19
	1.74
	4.38
	101.91
	86.30
	21.48
	66.82
	1.58
	37.09
	32.86
	4.69
	3.14
	122.55
	13.73
	60.71
	27.94
	17.20



		

 3.2 Principal component analysis
	Owing to lack of knowledge regarding relative importance and usefulness of variables, the investigator tries to include all the possible variables and makes the data matrix perceivably large, complicated and beyond comprehension. Therefore, the investigator requires a technique for systematic reduction and summarization of data sets.
	Principal component analysis, basically a well-known data reduction technique, initially floated by Pearson (1901) and later developed by Hoteling (1933), offers solution to this complex problem by transforming the original set of variables into smaller set of linear combinations that account for most of the variability of the original data set. The objective of principal component analysis is to identifying the minimum number of components, which can explain maximum variability out of the total variability (Anderson, 1972 and Morrison, 1982) and also to rank genotypes on the basis of PC scores.
	In present investigation first five principal components were identified as important because they have more than one Eigen value that showed total variation among 40 genotypes of pea under study (Table 6). Out of nineteen, only six principal components (PCs) exhibited more than 1.0 Eigen value and showed about 81.66% variability among the traits studied. Out of which only 5 principal components were given due importance for further explanation. The PC1 had the highest variability (27.51%) followed by PC2 (17.37%), PC3 (14.94%), PC4 (10.12%) and PC5 (6.32%).

Table 6:  Eigen values, variability and cumulative percentage of field pea genotypes
	Characters
	Principal Component (PC)
	Eigen value
	 Variability (%)
	Cumulative (%)

	DFFO
	PC1
	5.22
	27.51
	27.51

	DFF
	PC2
	3.30
	17.37
	44.87

	DM
	PC3
	2.84
	14.94
	59.82

	NPBPP
	PC4
	1.92
	10.12
	69.94

	NSBPP
	PC5
	1.20
	6.32
	76.27

	PH
	PC6
	1.02
	5.39
	81.66

	NNPP
	PC7
	0.80
	4.24
	85.90

	NENPPP
	PC8
	0.62
	3.30
	89.21

	PBL
	PC9
	0.50
	2.64
	91.86

	PCPP
	PC10
	0.39
	2.07
	93.93

	NPPP
	PC11
	0.32
	1.69
	95.63

	NEPPP
	PC12
	0.27
	1.42
	97.05

	PL
	PC13
	0.26
	1.38
	98.43

	NSPP
	PC14
	0.11
	0.60
	99.04

	NSPPlt
	PC15
	0.06
	0.33
	99.37

	100SW
	PC16
	0.06
	0.32
	99.69

	BYPP
	PC17
	0.03
	0.15
	99.85

	HI
	PC18
	0.02
	0.11
	99.96

	SYPP
	PC19
	0.00
	0.03
	100.00









Fig.2: Scree plot showing the relationship between eigenvalues and principal components derived from principal component analysis (PCA)
[image: ]
Scree plot explained the percentage of variance associated with each principal component obtained by drawing a graph between Eigen values and principal component number. PC1 showed 27.51% variability with Eigen value 5.22, which then declined gradually (fig.2). Semi curve line is obtained after seventeen PC tented to become straight with little variance observed in each PC. From the graph, it is clear that the maximum variation was observed in PC1 in compare to other eighteen PCs. So, selection of lines from this PC will be desirable.
           Table 7: PC values of rotation component matrix of field pea germplasm
	Traits
	PC1
	PC2
	PC3
	PC4
	PC5

	DFFO
	-0.301
	0.588
	0.636
	-0.166
	0.010

	DFF
	-0.212
	0.630
	0.645
	-0.138
	0.013

	DM
	-0.201
	0.644
	0.432
	-0.051
	0.001

	NPBPP
	0.420
	0.479
	-0.419
	0.194
	-0.185

	NSBPP
	0.357
	0.660
	-0.284
	0.060
	-0.289

	PH
	0.373
	0.540
	-0.437
	0.126
	0.528

	NNPP
	0.546
	0.543
	0.007
	-0.106
	-0.393

	NENPPP
	0.857
	-0.060
	-0.152
	0.059
	-0.105

	PBL
	0.295
	0.666
	-0.287
	0.053
	0.523

	PCPP
	-0.279
	0.010
	0.301
	-0.583
	0.399

	NPPP
	0.715
	-0.016
	0.246
	-0.157
	-0.241

	NEPPP
	0.874
	-0.308
	0.116
	-0.138
	0.075

	PL
	-0.071
	0.359
	0.384
	0.499
	-0.124

	NSPP
	0.224
	-0.071
	0.685
	0.365
	-0.039

	NSPPlt
	0.793
	-0.256
	0.417
	-0.023
	0.204

	100SW
	-0.157
	0.155
	-0.171
	0.664
	0.142

	BYPP
	0.867
	0.021
	0.158
	-0.202
	0.087

	HI
	-0.159
	-0.297
	0.354
	0.707
	0.126

	SYPP
	0.805
	-0.191
	0.383
	0.230
	0.203


Extraction method: Principal component analysis
A bold value represents more related traits in each principal component
	The field pea genotypes included in this investigation for PCA analysis comprised 19 yield attributing traits. All the characters were estimated on the basis of principal component scores (PC scores) and presented in (Table 7). These scores can be utilized to propose precise selection indices whose, intensity can be decided by variability explained by each of the principal component. High PC scores for particular genotypes in a particular component denote high values for the variable in those genotypes.

Table 8: Interpretation of rotated matrix for the traits having maximum values in each PCs
	







Traits
	PC1
	PC2
	PC3
	PC4
	PC5

	
	Number of nodes/plant
	Days to maturity
	Days to first flower opening
	Pod length
	Pod cluster/plant

	
	Number of effective nodes/plant
	Number of primary branches/plant
	Days to 50% flowering
	100 seed weight
	

	
	Number of pods/plant
	Number of secondary branches/plant
	Number of seeds/pod
	Harvest index
	

	
	Number of effective pods/plant
	Plant height
	
	
	

	
	Number of seeds/plant
	Pod bearing length
	
	
	

	
	Biological yield/plant
	
	
	
	

	
	Seed yield/plant
	
	
	
	



On the basis of principal component analysis, two types of component were identified i.e. yield related component, physiological component.PC1, PC2, PC4 and PC5 accounted for yield related traits whereas PC3 dominated by physiological traits.
. 
	PC1 was dominated by number of nodes per plant, number of effective nodes per plant, number of pods per plant, number of effective pods per plant, number of seeds per plant, biological yield per plant and seed yield per plant. PC2 was dominated by days to maturity, number of primary branches per plant, number of secondary branches per plant, plant height and pod bearing length. PC3 was for days to first flower opening, days to 50% flowering, number of seeds per pod. PC4 was by pod length, 100 seed weight and harvest index. PC5 contributed only one yield related traits i.e. pod cluster per plant.    
	Similar findings have been reported by Parihar et al. (2014) for biological yield per plant, number of pods per plant, seed yield per plant and number of primary branches per plant.
	Shukla et al. (2015) for number of nodes per plant, number of effective pods per plant, number of seeds per pod, 100 seed weight, biological yield per plant seed yield per plant and harvest index.
	Singh et al. (2017) reported for pod length, number of pods per plant, number of seeds per pod, number of secondary branches per plant and pod length.         









            Table 9: Principal component scores of different field pea genotypes

	S. No.
	Genotypes
	PC1
	PC2
	PC3
	PC4
	PC5

	1
	FP-14-32
	4.463
	0.615
	0.930
	-1.932
	0.920

	2
	FP-14-34
	8.289
	0.468
	1.242
	-2.090
	-0.164

	3
	FP-14-36
	1.160
	1.005
	0.121
	1.011
	1.177

	4
	FP-14-39
	-1.533
	-1.081
	2.039
	2.217
	-0.108

	5
	FP-14-41
	1.380
	0.816
	1.876
	-0.793
	-0.499

	6
	FP-14-44
	-0.188
	-1.728
	0.987
	-0.159
	0.712

	7
	FP-14-50
	-2.410
	-0.589
	-0.036
	-0.793
	-0.136

	8
	FP-14-51
	0.369
	1.135
	1.881
	1.311
	2.022

	9
	FP-14-54
	0.895
	-0.522
	1.983
	0.330
	0.727

	10
	FP-14-67
	1.607
	-1.377
	1.501
	-0.004
	-1.188

	11
	FP-14-69
	0.043
	-0.850
	1.763
	1.725
	-0.441

	12
	FP-14-71
	-1.828
	0.713
	0.620
	0.041
	-0.901

	13
	FP-14-73
	-4.205
	-0.428
	-0.140
	-0.722
	-0.379

	14
	FP-14-75
	-3.175
	0.803
	-1.104
	1.022
	0.464

	15
	FP-14-76
	-2.204
	-1.118
	-0.043
	1.362
	1.119

	16
	FP-14-81
	-0.397
	2.581
	2.017
	-0.183
	-1.797

	17
	FP-14-87
	-1.636
	-1.285
	0.416
	-0.485
	0.954

	18
	FP-14-88
	-3.482
	2.374
	-0.483
	0.345
	-0.840

	19
	FP-14-90
	-0.388
	-1.879
	-0.865
	1.387
	-0.378

	20
	FP-7-562
	-0.495
	-1.820
	0.246
	-0.272
	2.501

	21
	P-81-10
	-0.257
	-4.113
	-0.324
	0.390
	-0.593

	22
	JP-885(Purple)
	-1.354
	0.404
	1.115
	0.403
	-0.935

	23
	KPMR-502
	0.008
	3.640
	-2.425
	0.326
	-0.268

	24
	IFP-99-25
	1.857
	3.559
	-2.987
	0.066
	0.008

	25
	LEP-227
	-0.262
	0.646
	-0.253
	-1.848
	-0.401

	26
	KFP-151
	-1.147
	-2.381
	-4.428
	-0.093
	-0.454

	27
	DDR-52
	2.365
	1.775
	-1.679
	3.745
	-1.642

	28
	DDR-54
	-2.186
	-0.453
	2.022
	-2.925
	1.121

	29
	P-3
	0.690
	1.145
	1.102
	2.789
	0.825

	30
	LEP-260
	4.591
	-5.086
	-4.002
	0.440
	-0.762

	31
	Kalamatar
	2.065
	-0.459
	3.252
	1.084
	-2.245

	32
	Desi pilibatri
	-0.039
	2.068
	-1.892
	-0.864
	0.708

	33
	Somnath pilibatri
	0.934
	-0.409
	-0.223
	1.088
	2.945

	34
	Chatru matar
	-0.595
	-1.876
	-0.915
	-1.424
	-0.871

	35
	Double branching
	0.924
	1.063
	-1.642
	0.036
	0.663

	36
	Batrachhoti badwah
	0.370
	1.253
	-0.465
	0.168
	0.309

	37
	Batana moolchand
	-0.745
	0.337
	-0.821
	-1.935
	0.129

	38
	Kesav batana
	-0.740
	-1.028
	1.337
	-1.319
	-1.002

	39
	Golbatri (Amar)
	-2.813
	-0.342
	-0.187
	-1.675
	-1.313

	40
	Batri patiram
	0.069
	2.428
	-1.537
	-1.771
	0.011



	On the basis of PC scores, highest score was recorded in PC1, FP-14-34 (8.289), Lep-260 (4.591) and FP-14-32 (4.463) and DDR-52 (2.365) respectively. Similarly in PC2, KPMR-502 (3.640), IFP-99-25 (3.559) and FP-14-81 (2.581) respectively contributed high PC scores. In PC3 Kalamatar (3.252), FP-14-39 (2.039) and DDR-54 (2.022) respectively showed high PC score. In PC4 DDR-52 (3.745), P-3 (2.789) and FP-14-39 (2.217) respectively while in PC5 somnath pili batari (2.945), FFP-7-562 (2.501) and FP-14-51 (2.022) achieved highest scores respectively.


Table 10: Germplasm selected on the basis of PC scores in each component 		     showed positive values and shares in other different components
	PC1
	PC2
	PC3
	PC4
	PC5

	FP-14-34    (8.289)
	KPMR-502 (3.640)
	Kalamatar (3.252)
	DDR-52 (3.745)
	Somnath pilibatari (2.945)

	Lep-260(4.591)
	IFP-99-25 (3.559)
	FP-14-39 (2.039)
	P-3  (2.789)
	FP-7-562 (2.501)

	FP-14-32 (4.463)
	FP-14-81 (2.581)
	DDR-54 (2.022)
	FP-14-39 (2.217)
	FP-14-51 (2.022)

	DDR-52 (2.365)
	Batripatiram(2.428)
	FP-14-81 (2.017)
	FP-14-69 (1.725)
	FP-14-36 (1.177)

	Kalamatar (2.065)
	FP-14-88 (2.374)
	FP-14-54 (1.983)
	FP-14-90 (1.387)
	DDR-54 (1.121)

	IFP-99-25 (1.857)
	Desi pili batri (2.068)
	FP-14-41 (1.876)
	FP-14-76 (1.362)
	FP-14-76 (1.119)

	FP-14-67(1.607)
	Batra chhoti badwah (1.253)
	FP-14-69 (1.763)
	FP-14-51 (1.311)
	

	FP-14-41 (1.380)
	FP-14-51 (1.135)
	FP-14-67 (1.501)
	Somnath pili batari (1.088)
	

	FP-14-36 (1.160)
	Double branching
	
	
	

	(1.063)
	Kesav batana (1.337)
	Kalamatar (1.084)
	
	

	
	FP-14-36 (1.005)
	FP-14-34 (1.242)
	FP-14-75 (1.022)
	

	
	
	Jp-885 (Purple) (1.115)
	
	



It can be concluded from the above results that yield contributing traits having highest variation in PC1 followed by PC2, PC3 and PC4 and PC5. The above finding revealed that genotypes namely FP-14-36 (PC1, PC2 and PC5), FP-14-51 (PC2, PC4 and PC5), Kalamatar (PC1, PC3 and PC4) shred their presence in three PCs. Genotypes FP-14-34 and Lep-260 had high PC scores, so that these genotypes contributed high effect of particular traits as they have. on the basis of PCA, the traits considered most important for yield contributions are number of nodes per plant, number of effective nodes per plant, number of pods per plant, number of effective pods per plant, number of seeds per plant, biological yield per plant, days to maturity, number of primary branches per plant, number of secondary branches per plant, plant height, pod bearing length, pod length, 100 seed weight, harvest index and pod cluster per plant.
	These genotypes contributing higher PC scores will be useful for the transferring the single traits in the genotypes lacking that traits. It could be concluded that PC analysis highlights the characters with maximum variability. So, intensive selection procedures can be designed to bring about rapid improvement of yield and yield attributing traits. This genotype might be utilized for multi locational testing programme for stability analysis for yield and its component traits. The projection of accessions on selected PCs was useful to identify diverse groups of parents for better transgressive segregation. Promising accessions showing the variation in the desired parameters can be utilized in the future breeding programmes.
CONCLUSIONS
For further research into pea breeding, the results of the present study can provide useful insights. The principal component analysis can clarify for geneticist breeding and pea seed producers the relationship of similar traits in pea breeding. Therefore, Principal component analysis revealed that the PC1, which accounted for the highest variability (27.51%) followed by PC2, PC3, PC4, PC5 respectively among the genotypes for the traits under study. On the basis of PC scores, highest scores was recorded in PC1 (FP-14-34). Similarly in PC2 (KPMR-502), PC3 (Kalamatar), PC4 (DDR-52) and PC5, Somnath pilibatari achieved highest scores. These identified high scored genotypes might be utilized in genetic improvement programme for the improvement of yield and quality traits in the future breeding programmes.
Genetic distance analysis based on molecular markers may be used to identify suitable parents for broadening the narrow genetic base of the local field pea. The available gene pools can be used in selection work to breed high-yielding field pea varieties adapted to local conditions, providing the best yield potential. Hence, selected accessions and their genetic distances can be useful in selection for field pea breeding toward the yield-contributing trait. 
On the basis of diversity analysis (D2 analysis), forty germplasm were grouped into 10 clusters. The percent contribution of individual characters toward the total divergence was found high for number of seeds per plant, followed by pod bearing length, number of nodes per plant, harvest index, biological yield per plant, 100 seed weight etc. The highest inter cluster divergence was observed between genotypes of cluster IV and X, followed by cluster V and X, cluster I and X, cluster VI and X, cluster III and V, cluster II and X. The cluster I was poly genotypic (25 genotypes), cluster III (5 genotypes) and rest of the clusters were mono genotypic having one genotype in each cluster. Highest intra cluster distance has been found in cluster III. These germplasm from different clusters might be utilized as parents in crossing programme to isolate desirable segregates for yield and yield attributing traits.
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