


Evaluation of trait relationships in Urdbean [Vigna mungo L. Hepper] genotypes using Principal Component Analysis


ABSTRACT
Blackgram [Vigna mungo (L.) Hepper] is a nutritionally rich pulse crop widely cultivated under rainfed conditions, where drought stress severely limits its productivity across seasons. Therefore, identification of high-yielding, drought-tolerant genotypes through efficient statistical tools like Principal Component Analysis (PCA) is essential for genetic improvement and sustainable production. The present investigation was undertaken to identify promising high-yielding urdbean genotypes suitable for cultivation across Kharif seasons by evaluating 96 genotypes along with two checks. The field experiment was conducted at Soybean Farm, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh, India under natural field conditions with Randomized Complete Block Design in Kharif 2023 and 2024. The pooled data across seasons were analysed using Principal Component Analysis (PCA) to select superior genotypes with maximum yield potential. In Pooled analysis PCA was applied to thirteen quantitative traits, and among the thirteen principal components (PCs), only three had eigenvalues greater than 1.00, revealing the essential features of the dataset and showed about 64.68% of variability among the traits studied. Rotated component matrix revealed that the PC1 which accounted for the highest variability (34.77%) was mostly related with traits such as days to maturity, plant height, number of primary branches per plant, number of pod clusters per plant, number of pods per plant and pod length.
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1. INTRODUCTION
Blackgram [Vigna mungo (L.) Hepper] is an important pulse crop belonging to the family Papilionaceae. It is valued for its high nutritional content, comprising approximately 24–27% protein, 1% fat, 57% carbohydrates, 3.8% fibre, and 4.8% ash, thereby contributing significantly to dietary protein intake in many regions. The crop is cultivated across both summer and winter seasons; however, it is predominantly grown under rainfed conditions, where it frequently encounters terminal drought stress, leading to substantial reductions in productivity. Drought represents a complex, multi-dimensional stress that adversely affects plant growth and development at various phenological stages (Abarshahr et al., 2011). Consequently, the development of drought-tolerant varieties is of paramount importance for sustaining blackgram production under water-limited environments.
In crop improvement programmes, the identification and selection of promising genotypes constitute a critical and challenging step. As a self-pollinated species, blackgram exhibits relatively low genetic variability within its germplasm, which further complicates the breeding process. Therefore, the identification of genotypes capable of maintaining higher yield under drought stress conditions is a fundamental prerequisite for the development of resilient cultivars. In this context, systematic evaluation and exploration of available germplasm resources, coupled with an understanding of the relative contribution of different yield-attributing traits, are essential for effective selection strategies.
An in-depth understanding of the nature, magnitude, and organisation of genetic variation is indispensable for the genetic improvement of crop species (Maji and Shaibu, 2012). Plant breeders often evaluate a large number of morphological, physiological, and yield-related traits during germplasm characterisation and screening. However, the analysis and interpretation of such high-dimensional data can be complex and may obscure meaningful relationships among traits. To address this limitation, multivariate statistical tools such as principal component analysis (PCA) are widely employed to summarise variability, identify patterns, and eliminate redundancy within datasets (Adams, 1977; Amy and Pritts, 1991). PCA effectively reduces a large number of correlated variables into a smaller set of uncorrelated principal components, thereby facilitating clearer interpretation of the underlying data structure. This technique has been extensively utilised for data reduction, transformation, and the assessment of genetic diversity in crop improvement studies (Kumar et al., 2020; Rajput et al., 2025).
In light of the above, the present investigation was undertaken to identify promising high-yielding urdbean genotypes suitable for cultivation across Kharif seasons. A total of 96 genotypes, along with two standard checks, were evaluated, and pooled seasonal data were analysed using principal component analysis (PCA) to facilitate the selection of superior and stable genotypes for breeding programmes.

1. EXPERIMENTAL DETAILS:

1.1. Experimental sites and climate:
The field experiment was conducted at Soybean Farm, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh, India under natural field conditions with Randomized Complete Block Design in Kharif 2023 and 2024. Latitude and longitude of the experiment field was ~23.21° N and 79.96° E.  The region has a subtropical climate with distinct seasonal patterns. Temperature variations were significant, with temperatures ranging from 17.2°C to 43.6°C and average annual precipitation was about 1,286 mm. All the standard package and practices were used to obtain results.

2.2 Experimental materials and design:
There were total 96 genotypes including two checks, and the source of genotypes were JNKVV Jabalpur and PAU Punjab, genotypes were sown in two replication and data were taken from randomly selected five genotypes from the field using standard methods. The field experiment included two check varieties TJU 130 and TJU 339, under a Randomized Complete Block Design with two replications. Each genotype was methodically planted in two meter rows with 30 cm and 10 cm spacing between and within rows. The package of practices recommended in the crop production guide was followed.

Table1. List of selected genotypes used during the investigation
	S. no.
	Genotypes
	S. no.
	Genotypes
	S. no.
	Genotypes
	S. no.
	Genotype

	1
	JU-3
	25
	TJU 4
	49
	KUG 1152
	73
	KUG 1137

	2
	PDU-1
	26
	TJU 22
	50
	KUG 1153
	74
	KUG 1138

	3
	TJU45-1
	27
	TJU 67
	51
	KUG 1154
	75
	KUG 1140

	4
	TU-98-14
	28
	TJU 24
	52
	KUG 1155
	76
	KUG 1141

	5
	TJU 139
	29
	TJU 339 (CHECK)
	53
	KUG 1156
	77
	KUG 1139

	6
	TJU 328
	30
	TJU 130 (CHECK)
	54
	KUG 1157
	78
	KUG 1162

	7
	TJU 213
	31
	TJU 231
	55
	KUG 1158
	79
	KUG 1163

	8
	TAU 2
	32
	TJU 48
	56
	KUG 1159
	80
	KUG 1164

	9
	TJU 18
	33
	TJU 273
	57
	KUG 1160
	81
	KUG 1165

	10
	INDIRA URD 1
	34
	TJU 111
	58
	KUG 1121
	82
	KUG 1167

	11
	TJU 42
	35
	TJU 41-1
	59
	KUG 1122
	83
	KUG 1168

	12
	PU 19
	36
	TJU 84
	60
	KUG 1123
	84
	KUG 1169

	13
	TJU 134
	37
	PU 35
	61
	KUG 1124
	85
	KUG 1170

	14
	TU 94-2
	38
	KUG 1149
	62
	KUG 1125
	86
	KUG 1171

	15
	TJU 55
	39
	MASH 114
	63
	KUG 1126
	87
	KUG 1173

	16
	TJU 24-10
	40
	MASH 479
	64
	KUG 1127
	88
	KUG 1174

	17
	TJU 41-2
	41
	MASH1137
	65
	KUG 1129
	89
	KUG 1175

	18
	T 9
	42
	MASH1008
	66
	KUG 1130
	90
	KUG 1176

	19
	TJU 103
	43
	KUG 1142
	67
	KUG 1131
	91
	KUG 1177

	20
	TJU 62
	44
	KUG 1145
	68
	KUG 1132
	92
	KUG 1178

	21
	LBG 20
	45
	KUG 1146
	69
	KUG 1133
	93
	KUG 1179

	22
	TJU 262
	46
	KUG 1147
	70
	KUG 1134
	94
	KUG 1180

	23
	URDI LOCAL
	47
	KUG 1148
	71
	KUG 1135
	95
	KUG 1181

	24
	IPU 2-43
	48
	KUG 1151
	72
	KUG 1136
	96
	MASH 338



2.3 Data Recording
A total of thirteen quantitative traits, namely days to first flower initiation, days to 50% flowering, days to maturity, plant height, number of primary branches per plant, number of pod clusters per plant, number of pods per plant, pod length, number of seeds per pod, biological yield per plant, harvest index, 100-seed weight, and seed yield per plant, were recorded. Observations were taken from five randomly selected plants for each accession within every replication to ensure representative sampling and minimise experimental error.
2.4 Statistical Analysis: Principal Component Analysis (PCA) and Cluster Analysis
Principal component analysis (PCA) was performed using XLSTAT software to quantify the contribution of individual traits to the overall variability observed among the genotypes. The analysis also facilitated the assessment of genetic divergence by representing genotypic relationships in a two-dimensional graphical framework, thereby enabling the visual interpretation of spatial distribution and relative positioning of genotypes. In addition, cluster analysis was employed to group genotypes based on similarity patterns, providing further insights into genetic relationships among the studied accessions.
3. Results and Discussion
Among the thirteen principal components derived from the analysis, only the first three components exhibited eigenvalues greater than 1.00 and collectively accounted for 64.68% of the total variability observed among the traits. These components were therefore considered significant and were emphasised for subsequent interpretation. The first principal component (PC1) contributed the highest proportion of variation (34.77%), followed by the second principal component (PC2) with 16.62%, and the third principal component (PC3) with 13.29% variation. The cumulative contribution of these three components to total variability was 64.68%, as presented in Table 2. These findings are consistent with earlier reports by Jeberson et al. (2018) and Mohanlal et al. (2018), thereby reinforcing the reliability of the present analysis.
Table.2.  Principal Components of Different Traits in Pooled Analysis
	Traits
	Principal
Component
(PC)
	Eigen value
	Variability (%)
	Cumulative (%)

	Days to first flower initiation
	PC1
	4.52
	34.77
	34.77

	Days to 50% flowering
	PC2
	2.16
	16.62
	51.40

	Days to maturity
	PC3
	1.72
	13.29
	64.69

	Plant height (cm)
	PC4
	0.99
	7.66
	72.36

	Number of primary branches per plant
	PC5
	0.89
	6.84
	79.20

	Number of pod clusters per plant
	PC6
	0.63
	4.89
	84.10

	Number of pods per plant
	PC7
	0.52
	4.06
	88.16

	Pod length (cm)
	PC8
	0.51
	3.92
	92.08

	Number of seeds per pod
	PC9
	0.41
	3.16
	95.25

	Biological yield per plant (g)
	PC10
	0.32
	2.52
	97.77

	Harvest index (%)
	PC11
	0.17
	1.33
	99.10

	100 seed weight (g)
	PC12
	0.07
	0.56
	99.67

	Seed yield per plant (g)
	PC13
	0.04
	0.32
	100.00


	
The scree plot illustrated the proportion of variance explained by each principal component through a graphical relationship between eigenvalues and principal component numbers. The first principal component (PC1) accounted for the highest proportion of variability (34.77%) with an eigenvalue of 4.52, followed by PC2 (16.62%) and PC3 (13.29%). Collectively, these three principal components contributed 64.68% of the total variation observed among the studied traits.
The scree plot exhibited a semi-curvilinear trend, with a sharp decline in eigenvalues from PC1 to PC3, followed by a gradual plateau, indicating minimal additional variation explained by subsequent components. This pattern suggests that the first three principal components capture the majority of the variability present in the dataset, while the remaining components contribute negligibly.
The graphical representation clearly indicated that PC1 contributed the maximum variation compared to the subsequent principal components. Therefore, greater emphasis on traits with high loadings in PC1 may be advantageous for the selection of superior genotypes. Similar trends have been reported by Mohanlal et al. (2020) and Pavithra et al. (2024), thereby supporting the validity of the present findings (Fig. 1).
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Fig.1 Screen plot between Eigen value and Principal Components for Pooled Analysis
The rotated component matrix (Table 2) revealed the relative contribution of individual traits to the first principal component (PC1). PC1 exhibited a negligible negative association with 100-seed weight (−0.018), indicating its minimal influence on this component. In contrast, it showed strong positive loadings for several key agronomic and yield-related traits, including days to first flower initiation (0.557), days to 50% flowering, days to maturity (0.657), plant height (0.625), number of primary branches per plant (0.514), number of pod clusters per plant (0.700), number of pods per plant (0.694), pod length (0.700), number of seeds per pod (0.472), biological yield per plant (0.641), harvest index (0.188), and seed yield per plant (0.807). 
PC2 was negatively related to the plant height (-0.075), number of primary branches per plant (-0.245), number of pod clusters per plant (-0.371), number of pods per plant (-0.486), biological yield per plant (-0.570), seed yield per plant (-0.191) and positively with days to first flower initiation (0.607), days to 50% flowering (0.632), days to maturity (0.386), pod length (0.126), number of seeds per pod (0.300), harvest index (%)(0.551), 100 seed weight (0.188).
 PC3 highlighted yield-related traits such as plant height (72.36), number of primary branches per plant (79.20), number of pod clusters per plant (0.151), number of pods per plant (0.151), pod length (0.066), number of seeds per pod (0.121), harvest index (0.688), 100 seed weight (0.781), seed yield per plant (0.263) and negatively related with days to first flower initiation (-0.412), days to 50% flowering (-0.356), days to maturity (-0.202), biological yield per plant (-0.349).
The rotated component matrix indicated that the first three principal components (PCs) collectively accounted for the maximum proportion of variability (64.68%) among the traits studied. The first principal component (PC1), which contributed the highest share of variation (34.77%), was primarily associated with key growth and yield-related traits, including days to maturity, plant height (cm), number of primary branches per plant, number of pod clusters per plant, number of pods per plant, and pod length (cm). This suggests that PC1 predominantly represents the major yield-contributing attributes in blackgram.
The second principal component (PC2) was mainly characterised by phenological traits, particularly days to first flower initiation and days to 50% flowering, indicating its role in capturing variation related to crop developmental timing.
The third principal component (PC3) was largely influenced by harvest index and 100-seed weight, reflecting its association with yield efficiency and seed-related attributes. These findings, as presented in Table 3, highlight the differential contribution of trait groups to overall genetic variability and provide a useful basis for trait prioritisation in selection and breeding programmes.
Table 3. Principal Component values (>0.500) of rotation component matrix of Urdbean genotypes in pooled analysis
	Traits
	Principal components

	
	PC 1
	PC 2
	PC 3

	Days to first flower initiation
	0.557
	0.607
	-0.412

	Days to 50% flowering
	0.583
	0.632
	-0.356

	Days to maturity
	0.657
	0.386
	-0.202

	Plant height (cm)
	0.625
	-0.075
	0.124

	Number of primary branches per plant
	0.514
	-0.245
	0.232

	Number of pod cluster per plant
	0.700
	-0.371
	0.151

	Number of pods per plant
	0.694
	-0.486
	0.090

	Pod length (cm)
	0.700
	0.126
	0.066

	Number of seeds per pod
	0.472
	0.300
	0.121

	Biological yield per plant (g)
	0.641
	-0.570
	-0.349

	Harvest index (%)
	0.188
	0.551
	0.688

	100 seed weight (g)
	-0.018
	0.188
	0.781

	Seed yield per plant (g)
	0.807
	-0.191
	0.260



Table 4. Rotated Matrix Results of Different Traits (>0.500) in Pooled Analysis
	Traits
	PC1
	PC2
	PC3

	
	Days to maturity
	Days to first flower initiation
	Harvest index (%)

	
	Plant height (cm)
	Days to 50% flowering
	100 seed weight (g)

	
	Number of primary branches per plant
	
	

	
	Number of pod clusters per plant
	
	

	
	Number of pods per plant
	
	

	
	Pod length (cm)
	
	












The principal component (PC) scores for each of the first three components (PC1, PC2, and PC3) exhibited both positive and negative values (Table 5), indicating the differential contribution and distribution of genotypes across the multivariate space. These scores can be effectively utilised to formulate precise selection indices, wherein the weighting of each component may be determined based on the proportion of variability explained by the respective principal components. A higher PC score for a given genotype within a particular component reflects a greater expression of the traits that are positively associated with that component. Consequently, genotypes with high scores in components linked to desirable agronomic and yield-related traits may be considered superior candidates for selection in breeding programmes. In PC1, the positive scores ranged from 0.012 (KUG 1180) to 12.57 (KUG 1173), while negative value ranged from -0.88 (KUG 1178) to -2.540 (TJU 24-10). In PC2, the positive value of the component ranged from 0.009 (KUG 1179) to (7.38) KUG 1173 and negative value ranged from – 0.003 (KUG 1140) to -2.560 (TJU 4). In PC3, the positive value of the components ranged from 0.031 (KUG 1155) to 3.17 (TJU 328) and negative from- 0.699 (TJU 213) to -2.767 (URDI LOCAL).
[bookmark: _GoBack]Based on top PC scores; promising genotypes were categorized in the table.6. Here genotypes KUG 1173, KUG 1181, TJU 111, TJU 41-2, TJU 24, KUG 1122, T9, MASH 338, TJU 231, KUG 1153, KUG 1158, KUG 1123, KUG 1156, TJU 41-1, KUG 1165, TU-98-14, TJU 4, KUG 1167, JU3, PU-19, TJU 134, LBG 120, KUG 1149, MASH 479, MASH 1137, KUG 1142, KUG 1146, KUG 1152, KUG 1155, KUG 1157, KUG 1160, KUG 1129, KUG 1131, KUG 1138, KUG 1139, KUG 1169 in PC1 indicated that these genotypes possesses high values of traits viz., days to first flower initiation, days to 50% flowering, days to maturity, plant height, number of primary branches per plant, number of pod clusters per plant, number of pods per plant, pod length, biological yield per plant, seed yield per plant. The result were in agreement with Ayesha et al. (2021), Nayak et al. (2021),  Barathi et al. (2023), Mishra et al. (2025). The highest PC scores was obtained by KUG 1173 followed by TJU 18, URDI LOCAL, TAU 2, TJU 42, TJU 22, INDIRA URD-1, KUG 1159, KUG 1138, KUG 1149, KUG 1125, KUG 1169, LBG 20, TJU 213, KUG 1146, KUG 1178, TJU 41-1, KUG 1131, KUG 1165, T9, TJU 62, TJU 231, TJU 48, TJU 273, MASH 1008, KUG 1145, KUG 1158, KUG 1121, KUG 1123, KUG 1132, KUG 1135, KUG 1136, KUG 1167, KUG 1171, KUG 1181 in PC2 was mainly related with days to first flower initiation, days to 50% flowering, harvest index .The highest PC scores was obtained by KUG 1125, TJU 328, KUG 1141, KUG 1122, KUG 1169, KUG 1159, INDIRA URD 1, KUG 1165, KUG 1156, KUG 1121, TJU 62, KUG 1124, KUG 1171, TJU 4, KUG 1127, KUG 1134, MASH 338, TJU 45-0, TU-98-14, TJU 24-10, T9, LBG 20, TJU262, TJU111, TJU 41-1, TJU 84, PU 35, KUG 1129, KUG 1133, KUG 1177, KUG 1179 in PC3 for character namely; harvest index, 100 seed weight same result was found by Bordoloi et al. (2022), Kumar et al. (2023), Mohanlal et al. (2023) as mentioned in (Table 4 and Table 6).
Table 5. PC Scores of Genotypes in Pooled Analysis
	S. No.
	Genotypes
	PC1
	PC2
	PC3

	1
	JU3
	1.256
	0.146
	0.742

	2
	PDU-1
	0.983
	0.958
	0.470

	3
	TJU 45-0
	0.192
	2.071
	1.017

	4
	TU-98-14
	1.169
	0.789
	1.254

	5
	TJU 139
	0.396
	0.542
	0.339

	6
	TJU 328
	-1.003
	0.046
	3.170

	7
	TJU 213
	0.609
	1.311
	-0.699

	8
	TAU 2
	0.675
	2.265
	-2.198

	9
	TJU 18
	0.190
	4.837
	-0.215

	10
	INDIRA URD 1
	0.804
	2.056
	1.713

	11
	TJU 42
	0.426
	2.356
	0.419

	12
	PU 19
	1.677
	0.470
	0.524

	13
	TJU 134
	3.548
	0.801
	0.500

	14
	TU 94-2
	0.546
	0.623
	0.244

	15
	TJU 55
	0.905
	0.388
	0.161

	16
	TJU 24-10
	-2.540
	1.406
	1.849

	17
	TJU 41-2
	3.052
	0.508
	0.791

	18
	T 9
	2.876
	2.455
	2.136

	19
	TJU 103
	0.452
	0.231
	0.678

	20
	TJU 62
	0.383
	1.440
	1.404

	21
	LBG 20
	1.532
	1.371
	2.389

	22
	TJU 262
	0.558
	-1.600
	2.767

	23
	URDI LOCAL
	-1.351
	2.514
	-2.315

	24
	IPU 2-43
	0.385
	-0.595
	0.395

	25
	TJU 4
	1.062
	-2.560
	1.307

	26
	TJU 22
	0.260
	2.182
	0.190

	27
	TJU 67
	-1.030
	0.438
	-0.904

	28
	TJU 24
	3.050
	0.382
	-1.649

	29
	TJU 339 (CHECK)
	4.906
	2.257
	0.405

	30
	TJU 130 (CHECK)
	0.076
	0.630
	0.034

	31
	TJU 231
	2.289
	1.278
	0.092

	32
	TJU 48
	0.218
	1.395
	0.408

	33
	TJU 273
	0.261
	2.975
	0.303

	34
	TJU 111
	3.326
	0.413
	2.035

	35
	TJU 41-1
	1.514
	1.078
	1.825

	36
	TJU 84
	0.895
	-0.084
	1.798

	37
	PU 35
	0.276
	0.871
	2.174

	38
	KUG 1149
	1.260
	1.577
	0.237

	39
	MASH 114
	0.380
	0.192
	0.553

	40
	MASH 479
	2.111
	0.152
	0.963

	41
	MASH 1137
	1.632
	0.345
	0.754

	42
	MASH 1008
	0.834
	2.564
	-0.265

	43
	KUG 1142
	1.043
	0.147
	-1.099

	44
	KUG 1145
	0.550
	1.366
	-0.388

	45
	KUG 1146
	4.051
	1.260
	0.551

	46
	KUG 1147
	0.501
	0.292
	0.508

	47
	KUG 1148
	0.334
	0.474
	0.457

	48
	KUG 1151
	0.442
	0.148
	0.801

	49
	KUG 1152
	3.297
	0.385
	0.114

	50
	KUG 1153
	2.200
	0.612
	0.239

	51
	KUG 1154
	0.743
	0.136
	-0.114

	52
	KUG 1155
	1.255
	0.018
	0.031

	53
	KUG 1156
	1.828
	-0.655
	1.464

	54
	KUG 1157
	2.343
	0.103
	0.181

	55
	KUG 1158
	1.916
	1.040
	0.555

	56
	KUG 1159
	0.785
	1.920
	2.201

	57
	KUG 1160
	1.051
	0.510
	0.607

	58
	KUG 1121
	0.599
	1.347
	1.421

	59
	KUG 1122
	2.876
	0.169
	2.730

	60
	KUG 1123
	1.860
	1.522
	0.914

	61
	KUG 1124
	0.854
	0.735
	1.401

	62
	KUG 1125
	0.527
	1.480
	5.399

	63
	KUG 1126
	0.622
	0.068
	0.958

	64
	KUG 1127
	0.033
	0.281
	1.129

	65
	KUG 1129
	2.087
	0.074
	1.586

	66
	KUG 1130
	0.078
	-0.453
	0.512

	67
	KUG 1131
	1.410
	1.040
	0.470

	68
	KUG 1132
	0.861
	1.429
	0.928

	69
	KUG 1133
	0.502
	0.134
	1.641

	70
	KUG 1134
	0.071
	0.701
	1.066

	71
	KUG 1135
	0.985
	1.251
	0.675

	72
	KUG 1136
	-1.757
	2.452
	-1.318

	73
	KUG 1137
	0.689
	0.293
	0.848

	74
	KUG 1138
	2.653
	1.637
	0.838

	75
	KUG 1140
	0.854
	-0.003
	0.553

	76
	KUG 1141
	0.260
	0.380
	3.054

	77
	KUG 1139
	2.448
	0.416
	0.643

	78
	KUG 1162
	0.372
	0.170
	0.549

	79
	KUG 1163
	0.321
	0.237
	-0.482

	80
	KUG 1164
	0.547
	-0.655
	-0.952

	81
	KUG 1165
	1.497
	1.019
	1.631

	82
	KUG 1167
	1.049
	2.199
	0.250

	83
	KUG 1168
	-1.069
	0.307
	0.449

	84
	KUG 1169
	1.466
	1.473
	2.451

	85
	KUG 1170
	0.793
	0.497
	0.673

	86
	KUG 1171
	0.880
	1.319
	1.323

	87
	KUG 1173
	12.57
	7.387
	0.350

	88
	KUG 1174
	0.741
	0.902
	0.783

	89
	KUG 1175
	0.711
	2.398
	0.755

	90
	KUG 1176
	0.722
	0.165
	0.619

	91
	KUG 1177
	0.800
	0.170
	2.946

	92
	KUG 1178
	-0.888
	1.104
	0.257

	93
	KUG 1179
	0.801
	0.009
	2.205

	94
	KUG 1180
	0.012
	-0.416
	0.127

	95
	KUG 1181
	4.534
	2.363
	0.107

	96
	MASH 338
	2.615
	-1.667
	1.054


Table 6. Promising genotypes on the basis of PC score of pooled Analysis
	PC1
	PC2
	PC3

	KUG 1173
	KUG 1173
	KUG 1125,

	KUG 1181,
	 TJU 18
	TJU 328

	TJU 111,
	TJU 18
	KUG 1141

	TJU 41-2
	URDI LOCAL,
	KUG 1122

	TJU 24
	TAU 2,
	KUG 1169,

	KUG 1122,
	TJU 42
	KUG 1159,

	T9,
	TJU 22
	INDIRA URD 1

	MASH 338
	INDIRA URD-1
	KUG 1165

	TJU 231
	KUG 1159
	KUG 1156,

	KUG 1153
	KUG 1138
	KUG 1121

	KUG 1158
	KUG 1149
	 TJU 62,

	KUG 1123
	KUG 1125
	KUG 1124,

	KUG 1123
	KUG 1169,
	KUG 1171

	TJU 41-1
	LBG 20
	TJU 4,

	KUG 1165
	TJU 213
	KUG 1127

	TU-98-14,
	KUG 1146
	KUG 1134,

	TJU 4,
	KUG 1178
	MASH 338,

	KUG 1167
	TJU 41-1
	TJU 45-0

	JU3
	KUG 1131
	TU-98-14

	PU-19
	KUG 1165
	TJU 24-10

	TJU 134
	TJU 45-0
	T9

	LBG 120
	TJU 24-10
	LBG 20

	KUG 1149
	T9
	TJU262

	MASH 479
	TJU 62
	TJU111

	MASH 1137
	TJU 231
	TJU 41-1

	KUG 1142
	TJU 48
	TJU 84

	KUG 1146
	TJU 273
	PU 35

	KUG 1152
	MASH 1008
	KUG 1129

	KUG 1155
	KUG 1145
	KUG 1133

	KUG 1157
	KUG 1158
	KUG 1177

	KUG 1160
	KUG 1121
	KUG 1179

	KUG 1129
	KUG 1123
	

	KUG 1131
	KUG 1132
	

	KUG 1138
	KUG 1135
	

	KUG 1139
	KUG 1136
	

	KUG 1169
	KUG 1167
	

	
	KUG 1171
	

	
	KUG 1181
	



CONCLUSION
Principal component Analysis (PCA) of 96 urdbean genotypes revealed superior genotypes was in PC1 (KUG 1173, KUG 1181), PC2 (KUG 1173, TJU 18), PC3 (KUG 1125, TJU 328).These finding revealed that crossing PC1 (yield contributing traits) with PC3 (seed traits) genotypes to develop improved varieties, using the identified superior lines as parental material and among PC2 and PC1 for crop duration and yield improvement. 
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