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Abstract

To determine the selection criteria, the genotypes of chickpeas were evaluated during the rabi season of
the year 2019-2020 for twenty five characteristics including biochemical and physiological
characteristics. Selection of genotypes and traits based on Principal component analysis. The first of the
12 PCS identified is 83.9% of the variation of the 9 PCS. PC1 explained 21.45% of the total diversity.
While PC2, PC3, PC4, PC5, PC6, PC7, PC8 and PC9 have displayed variability of 11.61, 10.61, 9.89,
9.05, 6.66, 6.01, 4.47, 4.32 and all PCs have 1 to 1 respectively. More Egin values are shown. Results
regarding PCA revealed that first three PCS’s showed maximum variation and cumulative variance
percent. Principle component analysis extracted from first principal component PC1 showed high
positive loading for days to maturity (0.373), days to 50% flowering (0.370), grain yield per plant
(0.357), chlorophyll content (0.338), starch content (0.293), biological yield (0.282), number of seeds per
plant (0.244), plant height (0.213). where as it showed high negative loading for canopy temperature at
vegetative stage (-0.047), trypsin inhibitor (-0.053), crude fiber (-0.105), and protein content (-0.150).
Principal factor two PC2 enabled high positive loading for leaf area index at 108™ and 55™ day (0.380)
(0.306), number of secondary branches (0.323), biological yield (0.252). where as it showed high
negative loading for plant height (-0.333), specific leaf weight at 110" day (-0.423), harvest index (-
0.286), and days to 50% flowering (-0.197). which exhibited most significant contributions to genetic
variability among chickpea genotypes in this study.

Keywords: Chickpea, genetic variation, Eigen value, PCA

Introduction

Among pulses chickpea (Cicer arietinum L.) is an important bean crop grown during rabi
season. On average, it produces 126 kg of protein per hectare and makes perhaps the highest
protein-giving legume next to peanuts and soybeans. Genetic variability is a basic prerequisite
for improvement of any crop species for characters of economic importance. There is good
scope to improve productivity of crop through varietal improvement programme, but which
needs the information regarding the range of existing genetic variability, relationship of the
various economically important characters and extent of genetic diversity in the promising
genotypes available with the plant breeders (Upadhyay et al., 2002; 2007) 151, Principal
component analysis involves a mathematical process that converts a number of unrelated
variables into a number of unrelated variables called Principal components. The first major
component has a share of variability in as much data as possible and each subsequent
component is responsible for as much variability as possible. The Principal component
analysis is the multivariate analysis, which is used to study the diversity present in the selected
population. In chickpea more PCA studies is made on pure breeding lines like germ plasm
lines, while these are not reported in segregating population. The present study is envisaged to
measure the genetic variability and effects of yield, biochemical and physiological characters
on seed yield in chickpea to identify diverse genotype for their further utilization in
hybridization programme for yield improvement.

Materials and Methods

A study on evaluation of best chickpea genotypes using Principal component analysis was
conducted during Rabi 2019-20 at Center for Experimental Experiment Center, Department of
Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom University,
Agriculture, Technology and Science, Prayagraj. Randomized block design with three
Replications. The experimental material comprised of 25 different chickpea genotypes
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evaluated for 25 traits in that quantitative, biochemical and
physiological traits are taken, received from IIPR, Khanpur
and Department of Genetics and Plant Breeding SHUATS.
The size of each plot is 1 * 1 m2 row to row spacing 30 cm.
And plant to plant distance 10 cm. The soil in this region is of
sandy loam and alkaline nature. According to Masae (1965) [
and Joll Liffey (1986), PCA is a well-known method of
reducing parameters that can be used to reduce a large set of
variables to a small set, which still contains most of the
information in a large set. The purpose of the present
investigation was to evaluate chick genotypes to identify and
sequence important traits and genotypes based on principal
component analysis for better hybrid development in
chickpeas.

Results and Discussion

Principal component analysis is a simple non-parametric
method for extracting information related to confusing data
sets. With minimal effort, this one provides a guide to
minimizing how complex data is set to a lower dimension,
which is often laid out on hidden, simple structures. PCA is a
statistical process that uses the orthogonal transformation to
convert a set of observations of potentially correlated
variables into a set of values of linear unrelated variables
known as the principal components whose number of original
components is less than or equal to the number of original
variables.

This transformation is defined in such a way that the first
principal component has the highest possible variation and in
turn each subsequent component has as many variations as
possible under the limit that the orthogonal components are
proceeding components. The resulting vectors are an
unrelated orthogonal base set. The principal components are
orthogonal because they are the eigen vector of the co-
variance matrix, which is symmetrical. In the present
investigation PCA was done for the yield and yield related
characteristics of chickpea. In present investigation PCA was
performed for yield and yield attributing traits of chickpea.

In this experimental study PCA was performed for
quantitative, biochemical and physiological traits of chickpea.
Out of 12 only 9PC’s exhibited more than 1.0 Eigen value and
showed 83.9% variability. Therefore these 9 PC’s were given
due important for the further explanation.

The PC1 explained total variation 21.45% followed by
respectively among the genotypes for the traits under study.
PC1, PC2 and PC3 showed maximum contribution to the total
variation are presented tablel. In present investigation PCA
was performed for yield and yield attributing traits of
chickpea.

In this experimental study PCA was performed for
quantitative, biochemical and physiological traits of chickpea.
Out of 12 only 9PC’s exhibited more than 1.0 Eigen value and
showed 83.9% variability. Therefore these 9 PC’s were given
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due important for the further explanation.

The PC1 explained total variation 21.45% followed by
respectively among the genotypes for the traits under study.
PC1,PC2 and PC3 showed maximum contribution to the total
variation are presented tablel. In present investigation PCA
was performed for yield and vyield attributing traits of
chickpea. In this experimental study PCA was performed for
quantitative, biochemical and physiological traits of chickpea.
Out of 12 only 9PC’s exhibited more than 1.0 Eigen value and
showed 83.9% variability. Therefore these 9 PC’s were given
due important for the further explanation. The PC1 explained
total variation 21.45% followed by respectively among the
genotypes for the traits under study. PC1, PC2 and PC3
showed maximum contribution to the total variation are
presented tablel.

PC1, PC2, and PC3 showed the maximum contribution to the
total diversity that Table 1 presents. PC1 is responsible for the
maximum amount of total variability in the set of all variables
and the remaining components account for the proportion of
the difference in successive less and less. PC1 accounted for
the maximum variability i.e. 21.45% which gradually
increased to PC2 (11.61), PC3 (10.61), PC4 (9.89), PC5
(9.05), PC6 (6.66), PC7 (6.01), PC8 (4.47), PC9 (4.32)%. In
nine PC’s. From the above results it can be concluded that
PC1 has the greatest difference in vyield attribute
characteristics after PC2 and PC3.

The purpose of the PCA is to identify the minimum number
of components, which can explain the maximum variation
from the total variation based on the PC scores. The findings
similar to the Mahendra et al., (2015) that the cumulative
variance of 84.1% of total variance. Component 1 had 21.45
variability and the remaining of 11.6, 10.61, 9.89, 9.05, was
consolidated in component 2,3,4 and 5. That first principal
component PC1 showed high positive loading for days to
maturity (0.373), days to 50% flowering (0.370), grain yield
per plant (0.357), chlorophyll content (0.338), starch content
(0.293), biological yield (0.282), number of seeds per plant
(0.244), plant height (0.213). where as it showed high
negative loading for canopy temperature at vegetative stage (-
0.047), trypsin inhibitor (-0.053), crude fiber (-0.105), and
protein content (-0.150).

Principal factor two PC2 enabled high positive loading for
leaf area index at 108™ and 55™ day (0.380) (0.306), number
of secondary branches (0.323), biological yield (0.252). where
as it showed high negative loading for plant height (-0.333),
specific leaf weight at 110" day (-0.423), harvest index (-
0.286), and days to 50% flowering (-0.197). Principal factor
three PC3enabled high positive loadings for hundred seed
weight (0.440), specific leaf weight at 60" day (0.402),
relative water content at 45" day (0.154), plant height (0.141),
biological yield (0.104). whereas it showed high negative
loading for trypsin inhibitor (-0.455), number of seeds per pod
(-0.366), chlorophyll content (-0.241), and crud fiber (-0.231).

Table 1: PC Values of rotation component matrix for twenty five variables of chickpea

Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9

Days to 50% flowering 0.370 | -0.197 | 0.015 0.105 0.031 0.184 | -0.094 | 0.023 0.024
Days to maturity 0.373 | -0.166 | -0.008 | 0.128 | -0.024 | 0.154 | -0.114 | 0.006 | 0.068
Plant height 0.239 | -0.333 | 0.141 | 0.065 | 0.135 | 0.063 | 0.086 | 0.179 | -0.134
No. of primary branch 0.142 | -0.065 | -0.005 | 0.313 | -0.159 | -0.443 | -0.192 | 0.010 | -0.127
No. of secondary branch 0.117 0.323 | -0.040 | 0.113 | -0.135 | -0.442 | -0.139 | -0.145 | -0.074
No. of seeds per plant 0.244 | 0.172 | -0.135 | -0.186 | -0.169 | -0.002 | 0.230 0.098 | -0.251
No. of seeds per pod 0.029 | -0.019 | -0.366 | 0.161 | 0.147 | 0.300 | 0.088 | -0.211 | -0.457
100 seed weight 0.039 | -0.045 | 0.440 | 0.164 | 0.156 | -0.112 | 0.127 | 0.003 | -0.137
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Biomass 0.282 | 0.252 | 0.104 | -0.164 | -0.191 | 0.143 | 0.206 | -0.005 | 0.133

Harvest index 0.213 | -0.286 | -0.169 | 0.105 | 0.043 | -0.207 | -0.178 | 0.165 | -0.294

Chlorophyll index 0.338 | -0.103 | -0.241 | -0.099 | 0.021 | 0.117 | -0.160 | -0.047 | 0.131

Canopy temperature depression at vegetative stage | -0.047 | 0.046 | -0.015 | 0.413 | 0.029 | -0.186 | 0.043 | -0.066 | -0.089
Canopy temperature depression at pod filling stage | 0.145 | 0.054 | -0.154 | -0.086 | 0.154 | -0.415 | 0.385 | 0.395 | 0.121
Leaf area index at 55 days 0.122 | 0.306 | 0.001 | -0.254 | 0.210 | -0.016 | -0.428 | 0.129 | -0.070

Leaf area index at 108 days 0.060 | 0.380 | 0.072 | 0.044 | 0.099 | 0.175 | -0.222 | 0.312 | -0.387

Specific leaf weight at 60 days 0.082 | -0.063 | 0.405 | -0.033 | 0.348 | -0.004 | -0.240 | 0.025 | 0.147

Specific leaf weight at 110 days 0.038 | -0.423 | 0.099 | -0.275 | 0.003 | -0.146 | 0.127 | -0.010 | -0.078

Relative water content at 45 days 0.088 | 0.177 | 0.154 | -0.067 | 0.462 | -0.079 | 0.190 | -0.067 | -0.105
Relative water content at 105 days 0.120 | 0.104 | -0.164 | 0.185 | 0.402 | 0.029 | -0.008 | -0.385 | 0.158

Protein -0.150 | -0.151 | 0.000 | -0.262 | -0.252 | -0.056 | -0.373 | 0.009 | -0.166

Starch 0.293 | 0.079 | 0.077 | 0.009 | -0.155 | -0.110 | -0.206 | -0.245 | 0.336

Fibre -0.105 | -0.091 | -0.231 | -0.359 | 0.343 | -0.179 | -0.173 | 0.108 | 0.061

Trypsine Inhibitor -0.053 | 0.001 | -0.455 | 0.180 | 0.123 | 0.004 | -0.029 | 0.281 | 0.346

Phytic acid content 0.100 | -0.049 | -0.124 | -0.340 | 0.068 | -0.228 | 0.104 | -0.524 | -0.197

Grain yield per plant 0.357 | 0.134 | 0.031 | -0.132 | -0.155 | 0.041 | 0.153 | 0.097 | -0.005

Eigenvalue 5363 | 2904 | 2.655 | 2474 | 2263 | 1.665 | 1505 | 1.118 | 1.080

variance percent 21.451 | 11.615 | 10.618 | 9.894 | 9.053 | 6.661 | 6.018 | 4.470 | 4.321

Cumulative variance percent 21.451 | 33.065 | 43.684 | 53.578 | 62.631 | 69.292 | 75.310 | 79.780 | 84.102

Table 2: Total variance explained by different principal components in chickpea genotypes

Principal components | Eigenvalue | Variance percent explained (%) | Cumulative variance percent explained (%6)
1 5.36 21.45 21.45
2 2.90 11.61 33.06
3 2.65 10.61 43.68
4 2.47 9.89 53.57
5 2.26 9.05 62.63
6 1.66 6.66 69.29
7 1.50 6.01 75.31
8 111 4.47 79.78
9 1.08 4.32 84.10
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Fig 1: Distribution of 25 traits of chickpea based on principal component PC1 and PC2
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Fig 2: Distribution of 25 chickpea genotypes based on principal component PCland PC2

In figure:1. Twenty five traits of chickpea are distributed on
the bases of their relative performance with respect to
principal factor one and two. All the traits showed
significance relation to the variance, post of the traits showed
positive loading and few are showed negative loadings,
depending on the distance from center of origin represent the
variance of a particular trait. Trait enabled high positive
loading for days to maturity, days to 50% flowering, and grain
yield per plant and high negative loading for canopy
temperature at vegetative stage, trypsin inhibitor, and crude
fiber.

In figure 2. Twenty five strains of chickpea are distributed on
the bases of their relative performance with respect to
principal factor one and two. Genotypes C-18104, C-18103,
C-18123, C-18105, C-18126, C-18122, C-18125, C-18102, C-
18127,C-18106, C-18101 and SADABAHAR cluster towards
positive side of PC1, so they were better in terms of grain
yield. The genotypes ICC-1608, ICC-15926, IPC-05-74, IPC-
05-59, IPC-0921, BKG-26212, RSG-945, 1CC-15896, ICC-
1877, GPF-02, BKG-21191, BKG- 21176, C-18121, were
clusters towards negative side of PC2, so they were less
effective on grain yield. Earlier scientist reported that a high
value of PC scores can be used for selection and for further
utilization in future breeding programme. These genotypes
which are common in more than 1PC’s are indicated that
selection of genotypes from these PC’s is useful in further
crop improvement prgramme. These findings are also
confirmation with Akande et al.,(2007) @, Ojo et al., and
Amrita et al., (2014).

Conclusion
Principal component analysis revealed that traits viz days to
maturity, days to 50% flowering, grain vyield /plant,

chlorophyll index Contributed greatly to the total variation in
yield which is in the first three main components. These
characteristics contributed 43.684% of the total diversity.
Thus, PC1 PC2 and PC3 can be allowed for simultaneous
selection of vyielding characteristics in chickpeas. These
characters can be given due consideration for further
improvement and development of chickpea.
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