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Introduction 

Pigeon pea [Cajanus cajan (L.) Millsp.], a member of the 

Leguminosae (Fabaceae) family, experiences 25-30 % cross-

pollination (1). It is one of the main protein-rich legume crops 

that is cultivated extensively in tropical and subtropical 

locations and has a significant role in the Indian economy (2). In 

India, during 2020-21 pigeon pea covered an area of 6.5 M ha 

and produced around 5.45 metric tons of seeds (3). India is 

considered the primary center of origin of pigeon pea. Because 

it is a reliable and drought-tolerant crop, pigeon pea ensures 

sustained yields from marginal soils even with low inputs; as a 

result, it is more suited for subsistence agriculture (4). 

 The size of pigeon pea genome is 833.1 Mb arranged 

into 11 linkage groups (2). It is a multipurpose crop that is 

mostly grown for its edible grains. The seeds contain about 20-

24 % of protein which includes high levels of important dietary 

amino acids including leucine (16.48 g/kg), tyrosine (14.77 g/kg) 

and arginine (13.51 g/kg) (5). 

 Through the evaluation of genetic diversity, diverse 

genotypes may be classified and identified from the 

germplasm. Genetic diversity may be defined as the degree to 

which heritable materials vary within a set of plants because of 

evolutionary influences like domestication and plant breeding 

(6). Geographical distances or genetic obstacles to crossing 

ability may cause genetic divergence among genotypes (7). The 

identified genetically diverse parents may be used as parents in 

heterosis breeding programs that exhibit a wide range of 

variability, helping in the isolation of transgressive segregates 

in advanced generations (8, 9). These genetic resources can be 

utilized globally in pigeon pea breeding and enhancement 

programs (10). While cluster analysis produces a diversity 

pattern, principal component analysis (PCA) is utilized to 

corroborate it. Principle component analysis identifies the 

multivariate representative sample size, analyze how principal 

components responded to the number of plants sampled per 

experimental plot and develop an approach for estimating 

sample size for principal components as a function of accuracy 
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Abstract  

Pigeon pea is an important leguminous crop widely cultivated in tropical and subtropical regions for its protein-rich seeds and soil-enriching 

properties. The present investigation was conducted in an augmented block design during Kharif 2020 at the Research Farm of Banda 

University of Agriculture and Technology, Banda, Uttar Pradesh, India. The experimental material consisted of 73 genotypes of pigeon pea, 
including three checks, NDA-1, Bahar and Pant Arhar-291 to examine genetic diversity among these genotypes. Analysis of variance revealed 

significant genotypic variation for most of the traits among the genotypes, suggesting that the variation may be exploited through selection 

for the development of a variety with high-yield genetic potential. Cluster analysis grouped the genotypes into five distinct, non-overlapping 

clusters. Cluster I contained the highest number of genotypes (25), followed by Cluster III (19), Cluster II (14), Cluster V (9) and Cluster IV (6). 
Clusters II and IV had the greatest inter-cluster distance, which indicated that crossing genotypes between these clusters would result in high-

quality recombinants. Principal component analysis (PCA) extracted five components that contributed 67.89 % variance to the total variation 

among the tested genotypes. The genotypes which showed the highest genetic diversity can be used as a parent in a hybridization program. 

Early flowering was observed with the genotypes IPA-10W-8-1 (74.09 days), IPA-12W-16 (78.09 days) and genotypes IPA-12W-3 (202.37 g), IPAB-
10-13 (199.70 g), IPA-17W-218 (195.72 g), IPA-12W-38 (192.80 g), Local-4 (191.83 g), IPA-10W-5-8 (190.83 g) had the highest seed yield per plant. 

These germplasm lines can be used as potential parents for the development of high-yielding and early maturing cultivars.  
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level (11). Therefore, it was intended for the current study to 

classify genotypes using PCA and hierarchical cluster analysis 

to assess diversity (12). 

 To assess genetic diversity among various genotypes, 

genotypic divergence (D2) analysis is helpful (13), which was 

later explained in detail by Rao (14). It is the approach that is 

most frequently used for assessing the genetic diversity of 

various crops. The primary methods of improvement for 

increased yield with resistance to severe disease, big seed size 

and shortened maturity have continued to be conventional 

breeding techniques, including single plant selection from 

regionally suited cultivars and pedigree selection from inter-

varietal crosses (15). Understanding and knowledge of genetic 

variability, knowledge of genetic background information, 

collection and use of plant genetic resources and 

categorization are crucial and the foundation of crop 

improvement initiatives (16-18). Parental selection and the 

identification of genetic variability are aided by PCA and cluster 

analysis (19). To find genetically diverse parents for the next 

breeding plan, an attempt has been undertaken in the current 

study to evaluate the existence of genetic variation in 73 

genotypes of pigeon pea using D2 and PCA (20).  

 

 

 

Materials and Methods 

Plant materials 

The experimental material comprised of 73 pigeon pea 

genotypes, including local landraces and three check varieties: 

NDA-1, Bahar and Pant Arhar-291. The elite lines were obtained 

from the ICAR-Indian Institute of Pulses Research (IIPR), 

Kanpur, a center with an advanced pigeon pea breeding 

program. Local landraces were collected from the Banda 

region to assess their adaptability to regional agro-climatic 

conditions and potential farmer-preferred traits. A complete 

list of the genotypes used in the study is presented in Table 1. 

Study research site 

The field experiment was conducted during the Kharif season 

of 2020 at the Research Farm of Banda, University of 

Agriculture and Technology, Banda, India. The precise location 

of the research farm is identified by its geographic coordinates: 

Latitude 25.533743°N, Longitude 80.338042°E and it is situated 

at an altitude of 113 meters above mean sea level. The soil of 

the experimental field is clay loam and the pH is 7.4-7.7.  

 The maximum temperature ranged from 17.30 °C to 
39.0 °C while the minimum temperature was from 10.41 °C to 

27.58 °C, the maximum rainfall was received up to 158 mm and 

the average relative humidity varied from 16.90 % to 86.67 % 

during the crop period.  

SN. Genotype Source S.N. Genotype Source 

1 IPA-12W-51 IIPR, Kanpur 38 IPAB-11-20-2 IIPR, Kanpur 
2 IPA-12-100 IIPR, Kanpur 39 LOCAL-5 Patwan, Banda 
3 IPA-12W-81 IIPR, Kanpur 40 IPAB-11-9-1 IIPR, Kanpur 
4 IPDA-4 IIPR, Kanpur 41 IPA-12W-45 IIPR, Kanpur 
5 LOCAL-1 Baberu, Banda 42 IPAB-10-13 IIPR, Kanpur 
6 IPAB-11-1-3 IIPR, Kanpur 43 DBN-711 IIPR, Kanpur 
7 IPM-16-1 IIPR, Kanpur 44 IPA-12W-3 IIPR, Kanpur 
8 IPA-10W-5-8 IIPR, Kanpur 45 IPAB-11-19-3 IIPR, Kanpur 
9 IPAB-11-10-1 IIPR, Kanpur 46 IPAB-10-37 IIPR, Kanpur 

10 IPAB-11-8-1 IIPR, Kanpur 47 IPAB-11-1-8 IIPR, Kanpur 
11 IPA-12W-49 IIPR, Kanpur 48 IPA-12W-385 IIPR, Kanpur 
12 IPAB-11-16-1 IIPR, Kanpur 49 UPAS-120 IIPR, Kanpur 
13 LOCAL-2 Chitrakute, Banda 50 IPA-12W-82 IIPR, Kanpur 
14 IPA-12W-220 IIPR, Kanpur 51 IPAB-81-9 IIPR, Kanpur 
15 LOCAL-3 Marka, Banda 52 IPAB-10-10 IIPR, Kanpur 
16 IPA-12W-227 IIPR, Kanpur 53 IPAB-11-14-1 IIPR, Kanpur 
17 IPAB-11-1-4 IIPR, Kanpur 54 IPA-12W-16 IIPR, Kanpur 
18 IPAB-81-5 IIPR, Kanpur 55 IPAM-15-2 IIPR, Kanpur 
19 IPA-12W-382 IIPR, Kanpur 56 IPA-10W-20-3 IIPR, Kanpur 
20 IPA-12W-43 IIPR, Kanpur 57 IPA-12-37 IIPR, Kanpur 
21 IPA-12W-84 IIPR, Kanpur 58 IPAB-16-17-1 IIPR, Kanpur 
22 PKV-TARS IIPR, Kanpur 59 IPA-12W-50 IIPR, Kanpur 
23 IPA-12W-208 IIPR, Kanpur 60 IPA-12W-398 IIPR, Kanpur 
24 IPA-12W-53 IIPR, Kanpur 61 IPA-12W-45 IIPR, Kanpur 
25 LOCAL-4 Majganva, Banda 62 IPAB-11-13-1 IIPR, Kanpur 
26 IPAB-11-6-1 IIPR, Kanpur 63 IPA-10W-20-3 IIPR, Kanpur 
27 IPAB-11-20-1 IIPR, Kanpur 64 IPA-17B-12 IIPR, Kanpur 
28 IPA-10W-2-7 IIPR, Kanpur 65 IPAB-81-6 IIPR, Kanpur 

29 IPAB-11-9-1 IIPR, Kanpur 66 LOCAL-6 Tindwari, Banda 

30 IPAB-1-6 IIPR, Kanpur 67 IPA-10W-8-1 IIPR, Kanpur 
31 IPAM-16-2 IIPR, Kanpur 68 IJT-50 IIPR, Kanpur 
32 IPA-12W-38 IIPR, Kanpur 69 IPA-12W-47 IIPR, Kanpur 

33 IPAB-1-3 IIPR, Kanpur 70 IPA-12W-389 IIPR, Kanpur 

34 IPA-12W-46 IIPR, Kanpur 71 NDA-1 (Check-1) IIPR, Kanpur 

35 IPAB-10-9 IIPR, Kanpur 72 Bahar (Check-2) IIPR, Kanpur 

36 IPA-12W-395 IIPR, Kanpur 73 Pant Arhar-291 (Check-3) IIPR, Kanpur 

37 IPA-17W-218 IIPR, Kanpur - - - 

Table 1. List of pigeon pea genotypes including check used in the present study  
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  Experimental design and observations recorded 

An augmented block design was used to set up the experiment. 

Each genotype was sown in a net plot area of 6 m2 with a 4 m 

row length and spacing of 30 cm between the rows. The data 

were collected on five randomly selected plants from each 

genotype for plant height (PH), number of primary branches 

(NPB), number of secondary branches (NSB), number of pods 

per plant (NPP), number of seeds per pod (NSP), pod length (PL), 

100-seed weight (SW), biological yield per plant (BYP), harvest 

index (HI) and seed yield per plant (SY). Days to 50 % flowering 

(DF) and days to maturity (DM) were recorded on a plot basis. 

Shelling Percentage (%) was calculated by the formula Shelling 

(%) = Grain weight (g)/Pod weight (g) × 100. Harvest index was 

calculated through the formula Harvest index (%) = Seed yield 

per plant (g)/Biological yield per plant (g) × 100. 

Statistical analysis 

The statistical analysis was done using R software (version 

4.5.0). The ‘ggplot2’ and ‘factoextra’ packages were used for 

PCA analysis. Hierarchical clustering and dendrograms were 

generated with the ‘hclust’ function to identify genetic diversity 

in the studied materials. 

 

Results and Discussion  

Analysis of variance 

Wide genetic variation and efficient selection strategies are the 

keys to the success of any breeding programs that make it 

possible to exploit existing genetic resources (21-23). The 

analysis of variance revealed highly significant differences 

among the genotypes with respect to almost all the characters 

under study (Table 2). This indicated that there is significant 

inherent genetic variability among the genotypes under study, 

which provides ample scope for identifying genotypes with 

desirable characters to improve yield, provided the material is 

subjected to sensible selection pressure similar findings were 

also reported in the previous studies (24-26). Significant 

variations between treatments were also observed for the 

number of days to germination, days to flower initiation, days 

to 50 % flowering, days to 100 % flowering, days to first pod 

appearance, days to maturity, plant height, height of first pod 

and grain production (27). 

Distribution of genotypes into clusters  

Mahalanobis’ D2 statistics were computed between all possible 

pairs of 73 pigeon pea genotypes and the genetic diversity 

present among the genotypes was assessed. In cluster analysis, 

73 germplasm lines were grouped into five different non-

overlapping clusters in which cluster I had the maximum number 

of genotypes (25) followed by cluster III (19 genotypes), cluster II 

(14 genotypes), cluster V (09 genotypes) and cluster IV (06 

genotypes) (Table 3). Twenty-three genotypes of pigeon pea 

were grouped into five clusters by the Dendrogram method (Fig. 

1). Rao et al. (28) grouped 100 germplasm lines of rice in 4 

clusters, in which cluster 1 had the minimum while cluster 4 had 

the maximum number of individuals. The individuals gathered in 

a particular cluster were genetically similar to one another within 

the cluster (28). In the present study, the genotypes were 

classified into five different clusters, providing an ample 

opportunity to identify diverse parental lines for the crossing 

program in pigeon pea. It is essential to introduce new genetic 

variations or integrate genes from genetically diverse parent 

plants to utilize observed genetic diversity found among the 

examined pigeon pea genotypes (21). Hybridization between 

lines selected from different clusters is likely to produce more 

heterotic hybrids. 

Characters 
Sources of variation 

Blocks Treatment Genotype Checks Genotype vs. check Error 
d.f. 6 72 69 2 1 12 
DF 34.19 1027.66* 816.64* 8511.04* 621.90* 21.04 
DM 94.15 4440.66* 3221.71* 48560.33* 309.36* 35.11 
PH 46.54* 170.20* 166.60* 133.16* 492.72* 14.22 
NPB 4.61* 6.11* 5.99* 6.41* 14.15* 1.5 
NSB 15.76* 22.46* 19.31* 110.93* 62.87* 62.87 
NPP 6964.17* 7523.04* 7110.45* 1627.72 47782.45* 898.83 
NSP 0.031* 0.013 0.012 0.047* 0.047 0.01 
PL 0.43* 0.19 0.17 0.95* 0.95 0.95 
100-SW 1.49 3.04* 2.77* 13.24* 0.93 0.84 
BYP 311.41* 1717.85* 1732.07* 544.16* 3084.24* 80.11 
HI 2.73 22.63* 21.35* 62.49* 31.87* 3.77 
Shelling % 69.52* 41.83* 32.94* 327.97* 83.02* 10.27 
SY 83.37 563.24* 538.48* 1693.13* 11.87 31.55 

Table 2. Analysis of variance of augmented block design for 13 characters in pigeon pea genotypes 

*Indicates significant at 5 %; DF: days to 50 % flowering; DM: days to maturity; PH: plant height; NPB: number of primary branches; NSB: 
number of secondary branches; NPP: number of pods per plant; NSP: number of seeds per pod; PL: pod length; SW: 100-Seed weight; BYP: 

biological yield per plant; HI: harvest index; SY: seed yield per plant. 

Cluster Number of 
genotypes 

Genotypes 

I 25 
NDA-1, IPAB-11-1-3, LOCAL-3, IPA-12W-81, IPAB-11-16-1, IPAB-11-1-8, IPAB-10-13, IPA-12W-3, IPA-10W-20-3, UPAS-120, 
IPAB-11-13-1, IPA-12W-277, IPA-12W-208, Pant Arhar-291, IPA-12W-385, IPAB-11-20-2, IPAB-11-1-4, IPAM-16-1, IPA-17W-

218, IPAB-11-6-1, IPAM-16-2, IPAB-11-14-1, IPAB-10-37, IPA-12W-385, IJT-50 

II 14 LOCAL-2, LOCAL-4, IPA-12W-389, IPA-12W-82, IPA-12W-53, LOCAL-6, IPA-12-37, IPA-12W-220, Bahar, IPA-12W-38, IPA-
12W-47, IPA-12W-50, IPA-12W-49, IPAB-81-5 

III 19 
IPA-10W-8-1, IPAB-11-10-1, IPA-12W-46, PKV- Tars, IPAB-11-9-1, DBN-711, IPAM -15-2, IPAB- 4, IPA-12W-45, IPA-10W-5-8, 

IPAB-10-9, IPAB-11-20-1, IPAB-11-9-1, IPA-12W-51, IPAB-11-19-3, IPAB-81-9, IPA-10W-20-3, IPA-12W-43, IPAB-81-6 

IV 6 IPAB-11-8-1, IPA-12W-16, IPA-12W-100, IPA-12W-84, IPAB-10-10, IPA-17B-12, 

V 9 LOCAL-1, IPA-12W-398, IPA-12W-395, IPA-12W-45, IPA-10W-2-7, LOCAL-5, IPAB-16-17-1, IPAB-1-6, IPAB-1-3 

Table 3. Clustering pattern of 73 pigeon pea genotypes (including three checks) for yield and its attributing traits 
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Inter-cluster and intra-cluster distance 

The intra and inter-cluster distances between all possible pairs 

of five clusters were computed and presented in Table 4. While 

the minimum inter-cluster distance demonstrated a close link 

between the groupings, the largest inter-cluster distance 

indicated broad diversity (29). The maximum intra-cluster 

distance was found in cluster IV (111.35) followed by cluster V 

(93.57), cluster I (89.82), cluster II (79.34) and minimum intra-

cluster distance was found in cluster III (72.72). The maximum 

inter-cluster distance was found from cluster II to IV (280.14), 

followed by cluster I to IV (276.68), cluster I to V (243.34), cluster 

IV to V (181.72), cluster III to V (176.20), cluster III to IV (176.14), 

cluster II to III (173.01), cluster I to II (161.36) and minimum inter

-cluster distance was found between I and III (135.01). Similar 

results were also obtained in the previous studies (30, 31) in 

which it is reported that a high magnitude of inter-cluster 

distance as compared to intra-cluster distance. The presence of 

substantial inter-cluster distance as compared to intra-cluster 

distance indicated that a considerable amount of genetic 

diversity exists among the examined genotypes (32). To increase 

the probability of obtaining desirable segregants, preference is 

given to optimal genetic divergence among the parental lines for 

hybridization. Therefore, it is suggested that the genotypes from 

clusters with maximum inter-cluster distance may be crossed to 

get superior segregants in succeeding generations.  

Cluster means for different characters 

The cluster means for all 13 characters are presented in Table 5 

and it showed that among all clusters, cluster I rendered the 

highest cluster mean values for the characters viz. pod length 

(6.59), number of primary branches per plant (25.00), harvest 

index (43.93) and number of pods per plant (835.41). However, 

the highest cluster means for the number of seed per plant 

(3.60), 100 seed weight (10.15) and shelling % (69.02) reported 

in cluster III; for days to 50 % flowering (157.16), seed yield per 

plant (178.28) and biological yield per plant (413.90) in cluster II; 

for days to maturity (272.01) and plant height (228.52) in cluster 

V; for number of secondary branches (66.56) in cluster IV. The 

maximum yield was observed for the genotypes of cluster II 

and a minimum of cluster IV. It is clearly indicated from the 

result that neither of any clusters has genotypes with all 

desirable traits. Therefore, crossing between genotypes of 

 

Fig. 1. Dendrogram showing the relationship between 73 genotypes including three checks of pigeon pea genotypes. 1- NDA-1, 2- BAHAR, 3- 
PANT ARHAR-291, 4- IPA-12W-51, 5- IPA-12W-100, 6- IPA-12W-81, 7- IPAB-4, 8- LOCAL-1, 9- IPAB-11-1-3, 10- IPAM-16-1, 11- IPA-10W-5-8, 12- IPAB

-11-10-1, 13- IPAB-11-8-1, 14- IPA-12W-49, 15- IPAB-11-16-1, 16- LOCAL-2, 17- IPA-12W-220, 18- LOCAL-3, 19- IPA-12W-277, 20- IPAB-11-1-4, 21- 
IPAB-81-5, 22- IPA-12W-382, 23- IPA-12W-43, 24- IPA-12W-84, 25- PKV-TARS, 26- IPA-12W-208, 27- IPA-12W-53, 28- LOCAL-4, 29- IPAB-11-6-1, 30- 

IPAB-11-20-1, 31- IPA-10W-2-7, 32- IPAB-11-9-1, 33- IPAB-1-6, 34- IPAM-16-2, 35- IPA-12W-38, 36- IPAB-1-3, 37- IPA-12W-46, 38- IPAB-10-9, 39- IPA
-12W-395, 40- IPA-17W-218, 41- IPAB-11-20-2, 42- LOCAL-5, 43- IPAB-11-9-1, 44- IPA-12W-45, 45- IPAB-10-13, 46- DBN-711, 47- IPA-12W-3, 48- 

IPAB-11-19-3, 49- IPAB-10-37, 50- IPAB-11-1-8, 51- IPA-12W-385, 52- UPAS-120, 53- IPA-12W-82, 54- IPAB-81-9, 55- IPAB-10-10, 56- IPAB-11-14-1, 
57- IPA-12W-16, 58- IPAM-15-2, 59- IPA-10W-20-3, 60- IPA-12W-37, 61- IPAB-16-17-1, 62- IPA-12W-50, 63- IPA-12W-398, 64- IPA-12W-45, 65- IPAB-

11-13-1 , 66- IPA-10W-20-3, 67-IPA-17B-12, 68- IPAB-81-6, 69- LOCAL-6, 70- IPA-10W-8-1, 71- IJT-50, 72- IPA-12W-47, 73- IPA-12W-389. 

Cluster I II III IV V 

I 89.82 161.36 135.01 276.68 243.34 

II   79.34 173.01 280.11 171.58 

III     72.72 176.14 176.2 
IV       111.35 181.72 
V         93.57 

Table 4. The average intra and inter-cluster distances for five 
clusters in pigeon pea germplasm 

Bold figures indicate the intra-cluster distance into different 
genotypes is divided into five clusters. 
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different clusters is desirable to develop superior genotypes. 

Similar observations on the utility of cluster-based 

hybridization were reported (33, 34). 

 This result indicates the importance of the selection of 

genotypes from the corresponding clusters in hybridization 

programs for effecting improvement in the respective traits (34). 

The most desirable pigeon pea genotypes were identified for all 

13 characters in the 73 genotypes through cluster analysis (Table 

6). 

Principal component analysis 

This method was first developed by Pearson and later used by 

Hotteling. Now it is being currently used by several workers to 

select superior genotypes (35, 36). PCA is a powerful tool in 

modern data analysis because this is a well-known multivariate 

statistical technique that is used to identify the minimum 

number of components, which may rank genotypes based on 

PC scores and can explain the most variability out of all 

variability (34, 37). 

 Principal components are generally estimated either 

from a correlation matrix or a covariance matrix. Considering 

the importance of PCA, this study is conducted on pigeon pea 

genotypes to the identification of the yield and yield-related 

traits responsible for the yield differences among the pigeon 

pea genotypes. The estimates on PCA for 13 quantitative traits 

are presented in Table 6. The perusal of the table revealed that 

the recorded data from 13 traits were transformed into 13 

principal components. The first five principal components with 

an eigenvalue of more than one showed 67.89 % of the total 

variation present in studied genotypes. PC1 alone contributed 

20.22 % of the variation, followed by PC2 (17.04 %), PC3 (12.00 

%), PC4 (10.66 %) and PC5 (7.97 %). The eigenvalues of the first 

five components were 2.628, 2.215, 1.560, 1.386 and 1.034, 

respectively. These results suggest that a substantial proportion 

of trait variation can be explained by a small number of 

components. Similar trends have been reported in pigeon pea 

(38, 39). The key traits contributing to variation in each principal 

component are providing insights into which phenotypic 

variables most influence genetic diversity in the genotypes 

studied Table 6. 

 Principal Component I (PC1), which accounted for the 

highest proportion of variability among genotypes, showed high 

loadings for seed yield per plant, number of pods per plant, 100-

seed weight, biological yield per plant and number of primary 

branches per plant. Days to 50 % flowering, days to maturity, pod 

length and biological yield per plant were mainly contributed to 

PC II while pod length, harvest index (%) number of seeds per 

pod and shelling (%) to PC III (Table 7). These results indicated 

that the above traits contributed the most to the divergence and 

carried most of its variability. The yield level was thus decided by 

these five components, which was the weighted average of the 

characters. Similar findings regarding the influence of secondary 

branches, pods per plant and plant height were reported (31). 

 The number of principal components to retain is typically 

determined using the Kaiser criterion, which considers 

components with eigenvalues greater than one as significant. In 

this study, only the first five PCs met this threshold, collectively 

accounting for most of the phenotypic variation among pigeon 

pea genotypes for yield-related traits. Therefore, traits associated 

with these five components should be prioritized in pigeon pea 

improvement programs (38, 40). The principal component biplot 

(Fig. 2) graphically represents all 13 traits as vectors, illustrating 

their relative contributions to genotype differentiation and 

helping to identify promising trait combinations for selection. 

 Principal component analysis (PCA) is an effective 

multivariate technique to find and determine the independent 

main components that govern plant attributes individually. PCA 

bioplot measures the association between the traits to choose 

effective characters using an indirect selection of superior 

genotypes (41, 42). The gap within traits indicates the association 

among them, like if two variables, away from the origin, having 

an acute angle (less than 90°) were positively correlated, as 

biological yield PC1 and PC2 indicated the contribution of these 

traits toward divergence (Fig. 3). The length of the vector 

represented the magnitude of that character. The scree plot 

showed that the major contribution towards divergence was due 

to PC1 followed by PC2, PC3, PC4 and PC5 (Fig. 3). A scatter plot 

of 13 characters using PC1 and PC2 is shown in (Fig. 4). 

 

Cluster I II III IV V 
DF 101.11 157.16** 95.98* 103.76 152.2 
DM 156.85 271 147.94* 156.26 272.01** 
PH 222.49 222.62 222.37 222.29* 228.52** 
NPB 25.00** 24.56 24.35 22.50* 24.58 
NSB 63.25* 65.34 65.23 66.56** 65.15 
NPP 835.41** 789.93 721.49 586.73* 646.33 
NSP 3.56 3.55* 3.60** 3.56 3.56 
PL 6.59** 6.3 6.19 6.09* 6.17 
100-SW 9.94 9.75 10.15** 8.64* 9.75 
BYP 382.49 413.90** 376.82 307.44* 363.02 
HI 43.93** 43.33 43.93 40.92* 43.25 
Shelling % 68.21 66.45 69.02** 65.54* 68.62 
SY 168.02 178.28** 165.46 123.54* 157.34 

Table 5. Cluster mean for different characters in pigeon pea 
germplasm  

*Lowest value, **Highest value. 

Characters Genotypes 
DF IPA-10W-8-1, IPA-12W-16 
DM IPA-10W-8-1, IPA-12W-16, IPA-10W-5-8, IPAB-11-1-4, IPAB-11-20-1 
PH IPA-10W-20-3, IPA-12-37, IPA-12W-277, IPAB-81-5, IPA-12W-43, IPAB-11-9-1 
NPB IPAB-10-37, IPA-12W-3, IPAB-11-20-2, IPA-12W-46, IPAB-11-20-2, Local-5 
NSB IPA-12W-208, Local-4, IPA-12W-53, IPA-10W-2-7, IPAB-11-20-1, IPA-12W-38 
NPP IPA-12W-3, IPAB-10-13, IPAB-11-1-8, UPAS-120, IPAB-10-37, IPAM-16-1 
NSP IPAM-15-2, IPAB-11-19-3, IPAB-1-6, IPA-12W-385, IPA-12W-84, IPAB-11-20-1 
PL UPAS-120, IPA-12W-82, Local-1, Local-3, IPAB-11-6-1 
100-SW IPA-12W-395, IPA-12W-81, IPA-17W-218, IPA-12W-45, IPA-12W-3, IPA-12-37 
BYP Local-2, Local-4, IPAB-11-1-4, IPA-12W-38 
HI IPAB-10-13, IPA-12W-3, PKV-Tars, IPA-12W-47, IPA-12W-277 
Shelling % IPAB-11-19-3, IPAB-11-1-8, IPAB-10-37 
SY IPA-12W-3, IPAB-10-13, IPA-17W-218, IPA-12W-38, Local-4, IPA-10W-5-8 

Table 6. The most desirable pigeon pea genotypes were identified for 13 characters  
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Characters PC1 PC2 PC3 PC4 PC5 
Eigenvalue 2.628 2.215 1.560 1.386 1.034 
Variance (%) 20.222 17.045 12.004 10.662 7.957 
Cumulative Variance (%) 20.222 37.268 49.273 59.935 67.893 
Eigenvectors 
DF 0.014 0.603 -0.238 -0.221 0.079 
DM -0.004 0.604 -0.225 -0.231 0.102 
PH -0.009 0.116 0.195 -0.254 -0.733 
NPB -0.333 -0.108 -0.011 -0.247 -0.066 
NSB -0.021 0.078 0.188 -0.207 -0.323 
NPP -0.388 0.056 -0.243 0.319 -0.240 
NSP -0.194 -0.148 0.019 -0.455 0.168 
PL -0.175 -0.235 -0.518 -0.199 -0.310 
100-SW -0.361 -0.078 0.129 -0.121 0.339 
BYP -0.357 0.210 -0.237 0.413 -0.056 
HI -0.340 0.056 0.477 -0.195 0.065 
Shelling % -0.109 -0.247 -0.394 0.357 0.173 
SY -0.531 0.197 0.181 0.166 0.015 

Table 7. Principal component analysis for 13 quantitative traits in pigeon pea germplasm 

 
Fig. 2. PCA Biplot of 73 genotypes, including three checks of pigeon pea genotypes for yield and yield-related traits. 

Fig. 3. Screen plot reflected the eigen value of different principal component and the percent cumulative variability as shown by PCA of pigeon 
pea germplasm based on quantitative traits. 
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Conclusion  

Mahalanobis D2 analysis revealed genetic divergence among 73 

pigeon pea genotypes and grouped into five clusters by the 

dendrogram method. Based on divergence classes, clusters II 

and IV showed the highest amount of diversity. This suggested 

that crossing among genotypes from different clusters may 

result in a wide array of variability for exercising effective 

selection and could increase the probability to recover desirable 

segregants in subsequent generations. The genotypes with 

desirable attributes from the corresponding cluster could be 

further evaluated for isolating high-yielding and early maturing 

genotypes employing mass selection and pedigree selection. 

PCA showed that five PCs were found significant and 

contributed 67.893 % of the total cumulative variability among 

the different genotypes. Based on these components, the 

genotypes are selected which would be utilized for the further 

breeding program for developing high-yielding cultivars. 
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