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ABSTRACT

Background: The breeder’s ability to identify and exploit genetic diversity at the genotypic level is essential for the success of any
breeding effort. It requires evaluating various treatments for a variety of traits in order to choose parents with the greatest genetic
diversity. The purpose of this research is to characterize the genetic variation among 48 groundnut accessions with 6 checks.
Methods: Experiment was conducted to study groundnut genotypes for 15 varied traits such as phenological, yield attributing and
biochemical ones. Data analysis for principal component analysis (PCA) is done using R software.

Result: Principal component analysis (PCA) was carried out to investigate the principal components of variance usingtraits of
study. Total variance among characters are classified into 15 principal components. Out of which first five components have eigen
value >1 contributing to 65.9% total variance. PC 1 alone accounted for highest variance of 16.3%, followed by PC 2 with 12.6%.
PC1 explained a large amount of variation in important traits as number of mature kernels per plant, total number of kernels per
plant, pod yield per plant and kernel yield per plant. PC 2 have positive influence on days to 50% flowering, days to maturity, number
of branches per plant, biological yield per plant, number of mature kernels per plant, total number of kernels per plant, sound mature

kernel percentage, oil content and harvest index.
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INTRODUCTION

Groundnut is an annual plant well known as an oilseed
crop, belonging to genus Arachis and species hypogaea. It
comes under the family Leguminosae, the Aeschynomenea
tribe and the Stylosanthinae subtribe. It is self-pollinated
and a tropical legume (Dialloet al., 2008). It an allotetraploid
with chromosome number 2n= 4X= 40. Its genome is
represented as AABB (Mallikarjunaet al., 2014). Groundnut
is grown in tropical and temperate regions of world. It is
marked for its nutrition value, with good fatty acid composition
so it is well known for its oil quality (Ahuja, 1993).

As per 2019-2020 census, land under groundnut
cultivation was 31.57 mha (million hectares) with production
of 53.64 mt (million tonnes) worldwide. Among all the
countries, India was in position 1 in area. India’s land under
cultivation was 15.30% in acreage then China with 14.57%
and Nigeria having 12.89% of land (Prajapati et al., 2022).
According to USDA (United States Department of
Agriculture), In 2022, China ranked highest in groundnut
production followed by India, Nigeria, United States, Sudan,
Senegal, Burma, Guinea, Argentina and Tanzania. China
contributes 37% of total world production that is, 18,300
million tonnes (MT) whereas India with 13% - 6300 million
tons (MT) of share in it. In India, Gujarat stands in 1% position
with 33% of production then with Rajasthan (21%), Tamil
Nadu (14%) andhra Pradesh (7%) and Madhya Pradesh
(6%) - No change as edited before (Peanut Explorer, 2022).
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Production of groundnut in India during 2022 is 10.14
million metric tons and is expected to be as 10.6 million
metric tons in 2023 year (Statista, 2023).

It is challenging for every breeder to produce superior
hybrids having high yield and good oil content in groundnut
crop. The presence of genetic variability is a fundamental
requirement for the enhancement of crops, as it offers a
broader range of options for selection. The efficacy of
selection is contingent upon the scope and range of genetic
diversity that exists within the material (Gowda et al., 2012).
Therefore, the current study aimed to evaluate specific
groundnut cultivars in order to analyse the diversity of
significant characteristics through PCA. Principal
component analysis (PCA) is a multivariate technique that
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involves the transformation of a set of potentially correlated
variables into a reduced set of variables known as principal
components. It relies upon eigen vectors and eigen values
to signify data (Datta et al., 2017).

MATERIALS AND METHODS

The experiment was performed under Agricultural Research
farm, Department of Genetics and Plant Breeding, Lovely
Professional University, Phagwara (Punjab). Investigation
site is located at latitude 31.241890°N, longitude of
75.6971100°E and at an altitude of range 232 metres above
MSL (Mean Sea Level). The experimental material
comprised of 48 test genotypes from National Research
Centre for Groundnut, Junagadh and with 6 checks in
Augmented design. Each block has 12 treatments and 6
checks (Table 1). Checks are repeated each time in each
block. These genotypes are sown in 10-meter length row
plots with a spacing of 45 (row) X 10 (plant) cm during
2022-2023. All package of practices were followed as per
standard recommendations under irrigated conditions.

Table 1: List of genotypes.

Research on diversity is done with 54 accessions on
15 traits. These include days to 50% flowering (DFF), days
to maturity (DTM), plant height (PH), number of branches
per plant (NBP), biological yield per plant (BYP), number of
mature kernels per plant (NMK), total number of kernels
per plant (TKP), sound mature kernel percentage (SMK),
shelling percentage (SP), test weight (TW), harvest index
(H1), oil content (OC), protein content (PC), kernel yield per
plant (KYP) and pod yield per plant (PYP). Principal
Component Analysis (PCA) aims to detailed study of
contribution of genotypes and traits to total variance
(Ingebriston and Lyon, 1985). Data analysis is done using
R software version 4.2.2 and metan R package with
“ggplot2”, “gridExtra”, ggbiplot, “corrplot” and factoextra data
packages. (Luci and Olivoto, 2020); (Mendiburu, 2021).

RESULTS AND DISCUSSION
Analysis of variance (ANOVA)

Table 2 shows the results of an ANOVA for the 15 attributes
that were taken into consideration in the research to identify

S. No Genotype name Accession number S. No Genotype name Accession number
|. Test genotypes:

01. T1 NRCG-1156 25. T25 NRCG-12333
02. T2 NRCG-14887 26. T26 NRCG-10708
03. T3 NRCG-11119 27. T27 NRCG-14392
04. T4 NRCG-10402 28. T28 NRCG-4409
05. T5 NRCG-9285 29. T29 NRCG-16092
06. T6 NRCG-10545 30. T30 NRCG-14028
07. T7 NRCG-1325 31. T31 NRCG-13920
08. T8 NRCG-14038 32. T32 NRCG-15010
09. T9 NRCG -14070 33. T33 NRCG-10392
10. T10 NRCG-229 34. T34 NRCG-15082
11. T11 NRCG-5568 35. T35 NRCG-10732
12. T12 NRCG -10501 36. T36 NRCG-15071
13. T13 NRCG-13955 37. T37 NRCG-14670
14. T14 NRCG-15068 38. T38 NRCG-14435
15. T15 NRCG-17049 39. T39 NRCG-11020
16. T16 NRCG-16891 40. T40 NRCG-10907
17. T17 NRCG-10390 41. T4l NRCG-14344
18. T18 NRCG-7109 42. T42 NRCG-4140
19. T19 NRCG-236 43. T43 NRCG-11668
20. T20 NRCG-203 44, T44 NRCG-10887
21. T21 NRCG-12202 45, T45 NRCG-12460
22. T22 NRCG -13964 46. T46 NRCG-12459
23. T23 NRCG-16905 47. T47 NRCG-10978
24, T24 NRCG -208 48. T48 NRCG-1028
Il. Checks:

01. C1 Tag-24 04. C4 Kadiri-218
02. Cc2 Kadiri Case 05. C5 G-2

03. C3 Javari 06. C6 KadiriLepaksh

NRCG - National Research Centre for Groundnut.
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Chaudhari et al. (2021) reported contribution of 6PCs
with cumulative percentage of variance 82.54% with kernel
yield that have significant positive correlation in PC1. Similar
outcomes were utilized by Al Mamun et al. (2022) to
categorize all of the data into PCs. It was discovered that
PC1 variant has a negative correlation (-0.18) with days to
50% flowering. While PC2 has a total variance of 15.13
percent and significant positive effect on NBP and
BYP. Alanyoet al. (2022) conducted experiments that
classified highest variance in 1t 3 PCs with 21.8, 14, 11.6%
total variation and 8.95, 3.28, 1.12 eigenvalue.

Table 3: Eigen analysis of correlation matrix.

Dama (2022) has similar investigations of PCA with
29.77% variance in PC1 and a 5.04 eigenvalue with
significantly related various characteristics for kernel yield,
dry pod yield and harvest index. The overall variance
percentage for PC2 was 14.71% and the eigenvalue was
2.50. Nigatu (2022) identified PC1 as having 4.37 eigenvalue
and 31.24% overall variation. He provided an explanation
for the positive effects of PC1 on kernel yield (0.45), pod
yield (0.44) and plant height (-0.34) using a negative
covariance matrix.

Abtew et al. (2023) explored that the first four PCs
were responsible for a total variance of 76.7%. PC1
explained 49.04% of the variation in plant height, days to
maturity and pod weight, which is substantial and greatest.

PCs Eigenvalue Proportion Cumulative variance ; o :
of variance (%) pe rcent After. that trend went declined. Days to SQAJ bloomlng and
shelling percentage are related to PC2, with a total variance
PC1 3.9437 263 26.3 of 12.39%. Esan et al. (2023) validated the results with
PC2 1.8927 126 38.9 decreasing order of variation from PC1 to PC8 in which PC1
PC3 1.5818 10.5 49.5 has highest variance. Total variance attributing traits of PC1
PC4 1.3989 9.3 58.8 is mature pod number per plant, harvest index and yield per
PC5 1.0839 7.2 66 plant. PC2 shown total variance with plant height and
PC6 0.9943 6.6 72.6 biomass per plant.
PC7 0.9047 6 78.7 Scree plot
PC8 0.8333 5.6 84.2 . . .
PCY 0.6467 43 88.5 Thg scree plot.ls a graphical representation of the qverall
PC10 0.5655 3.8 923 varla.nbce. coptrltr)]utlon.of. each .PC. 'I;jhe .Iar%est) varlanche
PCI1 0.4556 3 953 contri gtlon is s. own |n.|ncreasmg order in the bar g.rap .
According to this, PC1 is more closely related to variance
PC12 0.4251 2.8 98.2 ) : g . .
and from PC2 to PC10, this relationship begins to decline.
PC13 0.2694 1.8 100 o . .
pC14 0.0028 0 100 Principal Component Analysis (PCA) findings from PC1 to
' 17 0 100 PC5 are discussed above since they contain a lot of
PC15 0.00 variance whereas remaining PCs showed minimal
PC- Principal component. variation.
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Dim -Dimension; DFF-Days to 50% flowering; DT M-Days to maturity; PH -Plant height; NBP-
Number of branches per plant; BYP-Biological yield per plant; NMK- Number of mature kernels
per plant; TKP- Total no. of kernels per plant; SMK -Sound mature kernel percentage; SP -
Shelling percentage; TW -Test weight; HI-Harvest index; OC-Qil content; PC-Protein content;
KYP- Kernel yield per plant; PYP-Pod Yield per plant.

Fig 1: Contribution of traits to 1 and 2 dimensions.
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Contribution of variables to Dim-1 Contribution of variables to Dim-2

b

15-
10-
10- g
__________________ 5=
) Illlu-.__ 5 IIIIII

ORI FREEAR LR D L @ VSR E R ELAE S & R
FELL P L P g QERLLPRELICENS 0

Contributions (%)
Contributions (%)

DFF-Days to 50% flowering; DTM-Days to maturity; PH -Plant height; NBP-Number of branches per plant; BYP-
Biological yield per plant; NMK -Number of mature kernels per plant; TKP -Total no. of kernels per plant; SMK -Sound
mature kernel percentage; SP-Shelling percentage; TW-Test weight; HI-Harvest index; OC -Oil content; PC- Protein
content; KYP-Kernel yield per plant; PYP-Pod yield per plant.

Fig 2: a)Bar graph of contribution of individual traits in variance to Dim 1.
b) Bar graph of contribution of individual traits in variance to Dim 2.
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Fig 3: Bar graph contribution to total percentage of variation of 54 genotypes.
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DFF- Days to 50% flowering; DTM -Days to maturity; PH - Plant height; NBP - Number of branches per plant;

BYP-Biological yield per plant; NMK-Number of mature kernels per plant; TKP- Total no. of kernels per plant;

SMK — Sound mature kernel percentage; SP -Shelling percentage; TW- Test weight; HI-harvest index; OC-Qil
content; PC -Protein content; KYP -Kernel yield per plant; PYP- Pod yield per plant.

Fig 4: Biplot analysis of PC1 and PC2 in contribution of variance to traits and genotypes of study.

The picture (Fig 1) depicts the contribution of traits to
PCs. Dim (Dimensions) are Principal Components ranging
from 1 to 15. Darker the colour of each PC in trait, more is
the variation. Colour is clearly visible in Dim.1 in NMK, TKP,
KYP, PYP and DTM. Later, the intensity started to decrease
and it completely faded in Dim 14 and 15.

Fig 2 A shows that NMK contributed greater variation to
Dim.1 than other contributors. The horizontal line in a bar
graph displays the average variance of all features. The
overall variance for TKP, KYP, PYP and DTM stands above
average after NMK. In proximity to the average variance
line, SP is situated. The average variance level is not
satisfied by any other attributes, including SMK, BYP, OC,
DFF, TW, NBP and PC. PH and HI are not significant to
take into consideration variance. In the instance of Dim. 2
(Fig 2b), TW is followed by KYP, HI, SP, BYP, OC, PYP and
NMK which all have larger variation than average across
all features. In contrast, TKP, DTM, PC, NBP, SMK, DFF
and PH height have variance below average. The selection
of genotypes for those qualities in Dim.1 and Dim.2 is not
very significant, according to both graphs for traits that are
below the average line. Significant results can be seen if
traits show much variance from each other in other words
that are above average line.

To find out how genotypes react to overall variability,
studies are conducted (Fig 3). When all genotypes were
compared, it was found that genotype 22 had the highest
level of variation in Dims. 1 and 2. Following it are genotypes
43, 2,49 and 5. Close to average variation has been reported
in 54 47" and 21°% genotype. The 51%, 39" and 26"
genotypes are the least varied.

Biplot analysis

Biplot’'s PCA in (Fig 4) is split into four quadrants by
considering Dim 1 in X-axis and 2 in Y-axis that accounted
for maximum variance. As biplot spots variance between
traits and genotypes, colour is used as an intensity of
variance. Green colour denotes high variance whereas blue
and red colour indicates moderate and low variance
respectively. Quadrant 1 (Q-1) is the one that is directly
above the centroid and has a positive effect on both Dim. 1
and Dim. 2. Genotypes viz, 41, 42, 8, 44, 42, 20, 37, 53, 46,
36, 33, 8, 40, 54, 45, 46, 36, 33, 38, 40, 40, 54 and 45
(Table 1) are grouped in Q-1 with traits DTM and DFF. 41
genotype is observed as highest contributing accession and
DTM have strong and high variance as they lie away from
the graph line.

Accessions such as 22, 27, 6, 21, 1, 24, 34, 30, 23 and
29 (Table 1) falls under quadrant 2 (Q-2) that lies left above
to the centre which has a positive effect on Dim.2 and
negative effect on Dim.1. that contribute variance in traits
like NMK, TKP, SMK, BYP, OC, NBP and HI. Genotype 22
and traits NMK and TKP are said to highly diverse attributes
and best for selection.

The third quadrant (Q-3) lies to the left of the centre
and has negative influence on both Dim.1 and Dim.2.
Genotypes like 5, 3, 17, 15, 4, 7, 5, 15, 14, 12, 26, 16, 28, 9,
11, 2 and 13 (Table 1) are highly associated with KYP
followed by PYP and SP. Contribution of variance is high
with variables KYP and genotype 2.

Right below the centroid, in quadrant 4 (Q-4), are the
positive effect on Dim.1 and negative effect on Dim.2,
respectively. Variables such as TW, PC and PH are
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correlated with genotypes 39, 50, 32, 52, 31, 19, 48, 25, 49,
47 and 43. Contribution of variance is high with 43 genotype
and TW in Q-4.

Biplot (Fig 4) shown that variation in traits like NMK,
TKP and KYP were highly significant while PC, PH and NBP
traits all had minimal variance contribution. Genotypes viz.,
22 in Q-2 accounted for greater variability then by 43 from
Q-4, 41 in Q-1and 2 in Q-3. Biplot concluded that there is a
strong correlation between NMK and TKP. The genotype
NRCG - 13955 (13) is well suited for PYP and NRCG -15082
(34) for NMK and TKP (Table 1).

Al Mamun et al. (2022) discussed the same in biplot by
characterizing variation in 7 genotypes with trait such as
number of stems in the negative region of biplot. According
to Akkareddy et al. (2023) biplot study, there is a high rate of
association between kernel weight and hundred kernel weight,
as well as plant height contributing to total proportionate
variance. Mekonen(2022) have similar findings by
construction of biplot using 40 groundnut accessions in which
hundred seed or test weight took positive side of graph. Biplot
Kohar et al. (2023) studied noteworthy findings on plant height
with the greatest varying 3 genotypes. High significant
variation was found in the pod yield, shelling % and protein
content according to I°ler et al. (2023) biplot analysis.

CONCLUSION

Using PCA, researchers learn how much variation each
genotype and study characteristic contribute. Every breeder
should use highly variable genotypes for their breeding
programs. From proportional variance data, PCA has the
potential to choose such a variety of parental accessions.
However, biplot links genotypes to traits to ensure that there
is a connection between them in variability. Biplot analysis
detected the variation in traits like kernel yield per plant,
number of mature kernels per plant and total number of
kernels per plant. These are crucial and in contributing to
total yield. PCA look into this and provide information
regarding selection of variable traits that increase
productivity of crop.
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