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Abstract
A collection of 32 redgram genotypes were evaluated for nine morphological and phenological characters by principal component 

analysis for determining pattern of genetic diversity and relationship among individuals. The largest variation was observed for seed 
yield per plant with coefficient of variation of 74.01% followed by number of pods per plant (69.63), plant height (53.47) and num-
ber of branches (42.16). The least variation was observed in pod length with coefficient of variation of 10.60%. Principal component 
analysis was used to assess the variation and relative contribution of various traits towards total variability. In this study, principal 
component 1 had the contribution from the traits such as days to maturity, days to 50% flowering, plant height and 100 seed weight, 
number of branches, number of pods per plant and seed yield per plant which accounted to 34.54% of the total variability. The prin-
cipal component 2 explained 26.82% of total variability from days to 50% flowering and days to maturity. Number of branches and 
plant height had contributed 16.03% of total variability in principal component 3. The principal component 4 explained 11.40% of 
total variability from the number of branches, number of seeds per pod, pod length, 100 seed weight and plant height. The cumulative 
variance of 88.80% of total variation among ten characters was explained by first four axes. Thus, the results of principal component 
analysis used in the study had revealed the high level of genetic variation and the traits controlling for the variation were identified. 
Hence, these entries can be utilized for trait improvement in breeding programs for the traits contributing for major variation. Cor-
relation analysis revealed that number of pods per plant and plant height had significant and positive association with seed yield per 
plant and also exhibited significant positive inter correlation among them. Cluster analysis depicted two clusters and identified the 
groups of cultivars those were more closely related.

Keywords: Pigeonpea; Principal Component Analysis; Diversity

Introduction

Redgram is an important grain legume crop grown widely in the 
world. Globally, redgram is grown in an area of 56.16 lakh hectares 
with a production of 44.25 lakh tonnes and productivity of 788.1 
kg/ha [1]. India ranks first in redgram production globally with 
38.8 lakh tonnes cultivated in 48.24 lakh hectares with productiv-
ity of 804 kg/hectare in 2020-21 [1]. India is the largest producer 
of redgram contributing for 75% of the global production. Even 

though India is the largest producer, it unable to supply domestic 
demand and import redgram every year. Even more cultivars are 
available; the production of redgram has been difficult to increase. 
The lower production of redgram is due to the cultivars are low 
genetic potential with poor harvest index, long crop duration that 
mature in 150 to 280 days, poor plant type, and susceptibility to 
biotic and abiotic stresses. Long duration redgram cultivars do not 
allow crop rotation with other crop in the same field in a year. Earli-
ness of crop maturity can fit for multiple cropping system or crop 
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rotation, escape stress (biotic and abiotic) at the end of the season 
and increasing the cropping efficiency of the farming system. There 
is large variation for days to 50% flowering in pigeon pea, ranging 
from less than 50 days to more than 160 days. Using this variation, 
we can develop a high yielding cultivar with early or extra early 
flowering genotypes. The present research was carried out to iden-
tify the genotypes for early flowering and maturity. 

Material and Methods

Seeds of 32 entries of redgram were collected from ICRISAT, Hy-
derabad (Table 1) and the crop was grown during the rabi season 
2014 at Agricultural Research Station, Virinjipuram which is situ-
ated at latitude of 12 5’N and longitude of 78E with sandy loam soil 
of pH 7.8. Each accession was raised in one row of 4 m length with 
90 cm and 30 cm inter and intra row spacing respectively. Trait’s 
observations were recorded on five representative plants per row. 
Recommended cultural practices were followed. The plants were 
evaluated for various phenological and morphological traits [2]. 
such as days to 50% flowering, days to maturity and morphological 
traits such as plant height (cm), no. of branches/plant, no. of pods/
plant, pod length (cm), no. of seeds/pod, hundred seed weight 
(g) and seed yield per plant (g). The data were subjected to basic 
statistics, correlation analysis and Principal Component Analysis 
(PCA) using statistical software package Statistical Tool for Agri-
cultural Research (STAR). Clustering analysis was performed using 
DAR win 5.0 software.

S. No. Cultivars S. No. Cultivars
1 ICP7 17 ICP10654
2 ICP26 18 ICP11412
3 ICP28 19 ICP11418
4 ICP2746 20 ICP11419
5 ICP3046 21 ICP11424
6 ICP6049 22 ICP11432
7 ICP6128 23 ICP11477
8 ICP6859 24 ICP11543
9 ICP6971 25 ICP11681
10 ICP6973 26 ICP13991
11 ICP6974 27 ICP14722
12 ICP7220 28 ICP14974
13 ICP7260 29 ICP15029
14 ICP7426 30 ICP15597
15 ICP7803 31 ICP15598
16 ICP8860 32 ICP15599

Table 1: Redgram germplasm collected for diversity analysis.

Result and Discussion

The first order statistics measures i.e., minimum, maximum, 
mean, standard deviation (sd) and coefficient of variation (CV) for 
measured traits are presented in the (Table 2). The overall mean for 
days to 50% flowering for the germplasm accessions was 102.30 
days with minimum and maximum of 72 and 152 days respectively. 
The plant height ranged from 25.90 cm to 183.40 cm with mean of 
74.24. Number of branches varied from 1.60 to 8.0 with a mean of 
3.92. The maximum and minimum value for the number of pods 
per plant is 25 and 189.80 respectively with mean value of 54.20. 

The mean value for pod length is 3.79 cm and showed minimum 
of 2.70 cm and maximum of 4.70 cm. Number of seeds per pod 
showed mean value of 3.46 with minimum value of 2.20 and maxi-
mum of 4.30. 100 seed weight had recorded maximum of 11.00 g 
and lowest of 6.2g with mean of 8.36g in 32 collected entries. Days 
to maturity had observed with as early as of 120 days and as late as 
of 182 days after sowing with mean of 150.84 days. The seed yield 
per plant showed a wide range of 5.0 g to 53.10 g with a mean of 
15.68 g. The largest variation was observed for seed yield per plant 
with CV of 74.01 followed by number of pods per plant (69.63), 
plant height (53.47), number of branches (42.16), days to 50% 
flowering (18.24). Pod length has shown the least variation with 
CV of 10.60. The plant height was recorded with the highest devia-
tion from the population mean (39.70) while other attribute traits 
such as number of pods per plant (37.74), days to 50% flowering 
(18.61), days to maturity (16.62), and seed yield per plant (11.61) 
also deviated considerably from the mean. 

Traits Minimum Maximum Mean Std Dev CV (%) Skewness Kurtosis
DFF 72.00 152.00 102.30 18.61 18.24 0.42 0.12
DM 120.00 182.00 150.84 16.62 11.02 -0.25 -0.73
Plant height 25.90 183.40 74.24 39.70 53.47 0.81 0.05
No. of Branches 1.60 8.00 3.92 1.65 42.16 1.15 0.68
No. of pods per plant 25.00 189.80 54.20 37.74 69.63 2.33 5.63
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Pod length 2.70 4.70 3.79 0.40 10.60 -0.46 0.95
No. of seeds per pod 2.20 4.30 3.46 0.56 16.33 -0.81 0.21
100 seed weight 6.20 11.00 8.36 1.10 13.21 -0.03 0.13
Seed yield per plant 5.00 53.10 15.68 11.61 74.01 2.28 5.23

Table 2: Descriptive statistics based on 32 accession of redgram.

DFF: Days to 50% Flowering; DM: Days to Maturity; PH: Plant Height; NB: Number of Branches; NPP: Number of Pods Per Plant; PL: Pod 
Length, NSP: Number of Seeds Per Pod; 100 SW: 100 Seed Weight; SYP: Seed Yield Per Plant.

Study of skewness explains degree of departure from the nor-
mal distribution and provides information about nature of gene 
action that controls a trait. Kurtosis gives details about flatness or 
peakedness of a distribution and it estimates number of genes con-
trolling a trait [3]. When the frequency distribution is asymmetri-
cal, the distribution is known as skewed and it indicates the trait 
is controlled by non-additive gene action and may be influenced 
by environmental variables. The traits showing skewed distribu-
tion indicates mostly dominant gene action and positively skewed 
specify complementary gene interaction and negatively skewed 
denote duplicate gene interaction. Frequency distribution for dif-
ferent traits on 32 collected redgram accessions revealed different 
patterns of distribution as shown on (Figure 1). None of the traits 
had shown normal distribution. The traits such as days to 50% 
flowering, plant height, number of branches, number of pods per 
plant and seed yield per plant were positively skewed indicates 
complementary gene interaction. Negative skewness was observed 
for days to maturity, pod length, number of seeds per pod and 100 
seed weight shows duplicate gene interaction.
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The positive values of kurtosis indicated leptokurtic curve and 
negative kurtosis indicated platykurtic curve. Negative kurtosis de-
notes absence of gene interaction while positive kurtosis indicates 
presence of gene interaction. The traits with leptokurtic distribu-
tion are controlled by few numbers of genes while platykurtic dis-
tributions are controlled by many numbers of genes. The traits such 
as days to 50% flowering, plant height, number of branches, num-
ber of pods per plant, pod length, number of seeds per pod, 100 
seed weight and seed yield per plant were leptokurtic while, days to 
maturity were platykurtic. 

Principal component analysis

Principal component analysis was used to know the genetic di-
versity of collected redgram entries and to measure contribution of 
each component to the total variance. Total variation in each prin-
cipal axis was determined by number of variables. Principal com-
ponent analysis measures the importance and contribution of each 
component to total variance. It can be used for measurement of in-
dependent impact of a particular trait to the total variance whereas 

Figure 1: Frequency distribution of different quantitative traits. For trait description please see Table 1.
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each coefficient of proper vectors indicates the degree of contri-
bution of every original variables with which each principal com-
ponent is associated. The higher the coefficients, regardless of the 
sign, the more effective they will be in discriminating between ac-
cessions. The four principal components with cumulative variance 
of 88.80% was extracted which gives the clear idea of structure 
underlying the variables analyzed. Similar results were observed 
by Thanga [4].

In the current study PCA has extracted four principal compo-
nents with eigen value more than 1.0 and expressed cumulative 
variance of 88.80% (Table 3). The first principal component is the 
largest contributor to the total variation (34.54%) in the population 
followed by component two (26.82%) component three (16.03%) 
and four (11.40%). PCA can be used to assess the independent im-
pact of a specific trait to the total variance for each component. All 
the collected redgram entries were widely scattered across differ-
ent quarters (Figure 2).

Principal 
Components PC1 PC2 PC3 PC4

EigenValues 3.11 2.41 1.44 1.03
% of Variance 34.54 26.82 16.03 11.40
Cumulative % 34.54 61.36 77.39 88.80
Component 
matrix
DFF 0.44 0.21 -0.40 0.06
MAT 0.47 0.17 -0.35 0.04
Plant height 0.38 -0.33 0.19 0.26
No.of Branches 0.15 -0.20 0.50 0.61
No of Pods per 
plant 0.08 -0.58 -0.07 -0.37

Pod length -0.36 -0.23 -0.39 0.38
No.of Seeds per 
pod -0.38 -0.08 -0.42 0.40

100 seed weight 0.37 -0.13 -0.26 0.26
Seed yield per 
plant 0.05 -0.61 -0.18 -0.22

Table 3: Eigen value and percent of total variation and component 
matrix for the principal components.

Figure 2: Scree plot depicting Eigen value variation for 9 
principal components.

Principal Component 1 has 34.54% of the total variability 
contributed from days to 50% flowering (0.44), days to maturity 
(0.47), plant height (0.38), pod length (-0.36), number of seeds per 
pod (-0.38), 100 seed weight (0.37). 

The Principal Component 2 is related days to 50% flowering 
(0.21), plant height (0.33), number of branches (-0.20), number of 
pods per plant (-0.58), pod length (-0.23) and Seed yield per plant 
(-0.61) that explained 26.82% of total variability.

The Principal Component 3 has 16.03% of the total variability 
contributed from days to 50% flowering (-0.40), days to maturity 
(-0.35), number of branches (0.50), Pod length (-0.39), Number of 
Seeds per pod (-0.42) and 100 seed weight (-0.26). 

Similarly plant height (0.26), number of branches (0.61), num-
ber of pods per plant (-0.37), Pod length (0.38), Number of Seeds 
per pod (0.40), 100 seed weight (0.26) and Seed yield per plant 
(-0.22) had contributed for the total variance of 11.40% from Prin-
cipal Component 4. Manyasa., et al. [5] reported a cumulative vari-
ance of 76.9% of total variation among 12 characters as explained 
by the first five axes in a genetic diversity analysis in pigeonpea.

Biplot analysis 

The biplot can be utilized to think about the associations be-
tween traits and trait outline of the genotype. The cosine of the 
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Principal 
Components PC1 PC2 PC3 PC4

EigenValues 3.11 2.41 1.44 1.03
% of Variance 34.54 26.82 16.03 11.40
Cumulative % 34.54 61.36 77.39 88.80
Component matrix
DFF 0.44 0.21 -0.40 0.06
MAT 0.47 0.17 -0.35 0.04
Plant height 0.38 -0.33 0.19 0.26
No.of Branches 0.15 -0.20 0.50 0.61
No of Pods per plant 0.08 -0.58 -0.07 -0.37
Pod length -0.36 -0.23 -0.39 0.38
No.of Seeds per pod -0.38 -0.08 -0.42 0.40
100 seed weight 0.37 -0.13 -0.26 0.26
Seed yield per plant 0.05 -0.61 -0.18 -0.22

Table a

angle between the traits explains the correlation between the traits 

[6,7]. If the angle between the traits is less than 90° indicates the 
positive correlation between them, if the angle is greater than 90° 
indicates negative correlation and when angle is of 90° indicates 
zero correlation. The biplot ordination indicated positive associa-
tions of days to 50% flowering, days to maturity, plant height and 
100 seed weight having obtuse angle among them. Likewise, plant 
height, number of branches, number of pods per plant and seed 
yield per plant showed positive association and having obtuse 
angle among them. Days to 50% flowering and days to maturity 
having obtuse angle with number of pods per plant, pod length, 
number of seeds per pod and seed yield per plant traits indicated 
negative association with these traits. 

The angle between a genotype and a trait indicates the relative 
level of genotype for the traits. Thus less than 90° (acute angle) in-
dicates that the genotype is above average for the trait; more than 
90° (obtuse angle) indicates that the genotype is below average for 
the trait; and 90° (right angle) indicates that the genotype is aver-
age for the trait. A vector drawn from origin to each trait (i.e.) the 
length distance indicates the amount of variation for the trait [6,8]. 
Higher the length represents more variation and lower the length 
indicates less variation. In this study days to 50% flowering, days 

Figure 3: Distribution of cultivars across two components.

to maturity, plant height, number of pods per plant and seed yield 
per plant were well represented with high amount of variability 
(Figure 3). 

Correlation analysis

Number of pods per plant had highly significant and positive as-
sociation with seed yield per plant and plant height had significant 
and positive association with seed yield per plant. Number of pods 
per plant and height exhibited significant positive inter correla-
tion among themselves (Table 4). Therefore, selection of any one 
of the characters would simultaneously bring improvement in the 
associated character and finally in the yield. Days to 50% flowering 
had a highly significant positive association with days to maturity 
revealing the considerable commonness in the expression of genes 
responsible for these traits. Days to 50% flowering and days to ma-
turity had negative association with number of branches, number 
of pods per plant, pod length, number of seeds per pod and seed 
yield per plant. Pod length had highly significant positive associa-
tion with number of seeds per pod.

Traits MAT Plant 
height

No. of 
Branches

No. of Pods 
per plant

Pod 
length

No. of 
Seeds/pod

100 seed 
weight

Seed yield 
per plant

DFF .973** .261 -.101 -.138 -.348 -.282 .472** -.124
MAT .318 -.039 -.069 -.392* -.335 .488** -.069
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Plant height .552** .415* -.252 -.347 .465** .415*

No. of Branches .081 -.086 -.188 .129 .076
No. of Pods per plant .136 -.074 .136 .969**

Pod length .762** -.115 .301
No. of Seeds/pod -.231 .081
100 seed weight .244

Table 4: Pearson’s correlation coefficients among agronomic characteristics and yield parameters of evaluated redgram accessions.
*, ** Significant levels at 5% and 1% probability respectively.

The cluster analysis was done using DARwin 5 software. The 
dendogram drawn out of UPGMA depicted two broad clusters con-
tains 29 genotypes in one cluster and other 3 genotypes in second 
cluster. Cluster analysis identified the groups of cultivars those 
were more closely related. Cluster A is again sub cluster into two a1 
and b1of which a1 had 18 genotypes. Sub cluster b1 had 11 geno-

Figure 4: Grouping of cultivar based on clustering upon agronomic characteristics and yield parameters of evaluated redgram acces-
sions.

types. Major cluster B had no sub cluster and had three genotypes 
ICP6973, ICP6128, ICP6974 representing high number of pods per 
plant. In B1 subgroup the genotypes representing the very early 
flowering ICP15029, ICP15599, ICP15597 and ICP15598 grouped 
close to each other (Figure 4). Bhavana., et al. [9] grouped the 17 
genotypes of pigeon pea into two main clusters.
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