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Diversity analysis of long- and round-fruited brinjal genotypes using multivariate
analysis
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Asit Kumar Mandal? and Arup Chattopadhyay'”

Abstract

For sustainable production and climate change adaptation, farmers need better brinjal varieties. This study aimed to identify suitable
long and round brinjal genotypes for utilization in future breeding programmes. About 69 brinjal genotypes, including long- and round-
fruited types collected from different sources, were evaluated following a randomized complete block design. Characters such as plant
height, plant spread (N-S), petiole length, leaf blade length and width, days to 50% flowering, fruit weight, length, number of fruits/
plant, and marketable fruit yield/plant emerged as the most reliable characters irrespective of fruit shape in brinjal for selection. Fruit
weight and number of fruits/plants, irrespective of fruit shape, emerged as the most important selection indices. Six clusters formed
in this study do not correspond to geographic locations, suggesting that genotypes inside a cluster were genetically distinct from
genotypes collected in the same location. Multivariate analysis and average values of economic characters suggest that 8 genotypes’
Bidhan Supreme, 2020/BRL VAR-10, 2021/BRL VAR-5, 2022/BRL VAR-12, 2022/BRL VAR-13, 2022/BRL VAR-8, 2022/BRL VAR-6 and 2022/
BRLVAR-1’in long-fruited brinjal, and 4 genotypes, 2021/BRR VAR-2, 2021/BRR VAR-8, 2021/BRR VAR-12 and 2021/BRR VAR-11 in round-
fruited brinjal could be potential donors for future brinjal breeding. Breeders might be able to introduce potential alleles into commercial
genotypes to obtain prospective recombinants that possess desired economic characteristics.
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Introduction

Brinjal (Solanum melongena L.) is one of the most widely
produced vegetable crops in India, with the exception of
higher altitudes (Hazra et al., 2011). The previous name,
aubergine, implies that the initial arrivals were little egg-
shaped fruits and that different sizes and shapes gradually
developed as a result of strong selection pressure and other
breeding techniques. In our country, a variety of landraces/
cultivars with different fruit shapes and colors—from oval
to long club-shaped—and from white, yellow, and green
to varying degrees of purple pigmentation to nearly black
were available. Fruits contain a variety of antioxidants and
phytochemicals, including delphinidin in the peel (Wu et
al., 2009) and chlorogenic acid in the flesh (Whitaker and
Stommel, 2003), which have been shown to have health
benefits (Akanitapichat et al., 2010). Additionally, it has
some medical benefits for treating diabetes, asthma,
cholera, bronchitis, diarrhea, high blood cholesterol,
and liver problems (Tomar and Kalda, 1998). Brinjal is
frequently referred to as the “King of Vegetables” because
of its adaptability and ability to be employed in a variety of
culinary applications (Choudhary and Gaur, 2009).
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Although the crop is grown all across the nation, West
Bengal, Orissa, Gujarat, Bihar, and Madhya Pradesh are the
main states that produce brinjal (Akanksha et al., 2023). West
Bengal covers the largest area (162.99 lakh ha) under brinjal
cultivation with a productivity of 18.58 t/ha (NHB, 2021-22).
Due to its reliance on cultivars of local preference, West
Bengal is still trailing behind in achieving the highest levels
of output. Evaluation of the most recent breeding lines is
crucial because genetic diversity holds the possibility of
continued crop improvement. Yield is a complicated variable
that is strongly influenced by a variety of polygenically
inherited traits. The division of variability into heritable and
non-heritable components and the development of suitable
genotypes through phenotypic and genotypic correlations
substantially facilitate the formulation of selection strategies.
Understanding the relationship between yield and the traits
that contribute to it is fundamental, and guidelines for plant
selection should be sought out first. Partitioning of total
correlation into direct and indirect effects by path coefficient
analysis helps in making the selection more effective. Precise
information on the nature and degree of genetic divergence
would help the plant breeder in choosing promising parents
for a purposeful hybridization program. The Mahalanobis
(1936) D? statistic, used in multivariate analysis, is an effective
tool for measuring genotype divergence. Therefore, this
investigation precisely aimed to study the nature of genetic
variability existing among eggplant genotypes irrespective
of fruit shape along with the economic traits and to analyze
genetic divergence of materials to identify diverse parents
for hybridization.

Materials and Methods

Plant Materials and Field Growing

A field experiment was carried out during autumn-winter
season of 2022- 23 at the research plot of the All India
Coordinated Research Project on Vegetable Crops, Bidhan
Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal.
About 67 advanced breeding lines comprising both
long- and round-fruited types were collected from the
Project Coordinator cell, ICAR-Indian Institute of Vegetable
Research, Varanasi, along with two released varieties
Bidhan Supreme and Bidhan Super collected from AICRP
on Vegetable Science, BCKV center constituted the plant
materials for this study. Genotypes (34 long and 35 round
types) were grown in Randomized Complete Block Design
with three replications. The seeds, treated with Thiram (3 g/
kg of seed), were sown in the 4" week of June 2022, spaced
5 cm apart at a shallow depth. Finally, when the seedlings
reached thirty days old, they were transplanted to the main
field at a spacing of 75 cm in both ways in a plot measuring
3.75m X 3.75 m during the last week of July 2022. A fertilizer
dose of 150 kg N, 75 kg PO, and 75 kg K,0/ha, along with 10
t FYM/ha was given. Management practices as scheduled for
cultivation were followed as per Chattopadhyay et al. (2007).

Observations recorded

Data were collected from 15 plants chosen at random from
each plot within each replication. The observations such
as plant height (cm), number of branches per plant, plant
spread (cm), petiole length (cm), leaf blade length and width
(cm), days to 50% flowering, fruit pedicel length (cm), fruit
length (cm), fruit diameter (cm), number of fruits per plant,
fruit weight (g) and marketable fruit yield per plant (kg)
were recorded.

Statistical analysis

The mean value of the characters from each genotype
in each replication was used for statistical analysis. The
traits studied were analyzed using the Analysis of Variance
(ANOVA) method, following the approach described by
Panse and Sukhatme (1967). The genotypic (GCV) and
phenotypic (PCV) coefficients of variations were calculated
as per Burton (1952). Heritability in a broad sense (h?
was estimated by the formula suggested by Hanson et
al. (1956). The estimated genetic advance was calculated
as per Johnson et al. (1955). Phenotypic and genotypic
correlation coefficients for all possible combinations were
worked out utilizing the pooled data as per Al-Jibouri et al.
(1958). Data on phenotypic correlation coefficients were
utilized to estimate the direct and indirect effects of different
characters on marketable yield/plant, as per Dewey and Lu
(1959). D? statistic (Mahalanobis, 1936) was used for assessing
the genetic divergence of 69 genotypes for 14 quantitative
traits. The grouping of the populations was done by using
Tocher's method as described by Rao (1952). Hierarchical
cluster analysis was performed to observe the degree of
association according to characteristics expressed in a
dendrogram (Ward, 1963). Principal component analysis
(PCA) was used to identify the factor dimension of the
data and to summarize varietal information in a reduced
number of factors for the selection of the best-performing
genotype(s). Statistical analyses were done using statistics
analytical software SPSS Professional Version 13.0 and SAS
9.3 Professional Version.

Results and Discussion

Genetic variability and heritability of quantitative
traits

The analysis of variance for 14 quantitative characters for
69 genotypes of brinjal is presented in Table 1. The results
from the analysis of variance revealed highly significant
differences among genotypes for most characters under
study, which clearly endorsed the justification of studying
the genetic variability of different characters employing
these genotypes. Very high variance (mean sum of squares
for genotype) recorded in the top three characters were fruit
yield/plant, fruit weight and plant height, which indicated a
very wide range of diversity for these characters concerned.
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Marketable
fruit yield/
plant (g)
1.1E+07
724411.00**
31084.30
101.79
284.68
10.34

Fruit
weight

(9)
5340.19
9158.83**
39.66
3.64
10.17
3.90

Number
of
fruits/
plant
264.15
15.54**
0.595
0.45
1.25
7.13

Fruit
diameter
(cm)
12.395
11.143**
0.086
0.17
0.47
4.72

length
(cm)
44.766
58.349**
0.451
0.39
1.09
5.60

14.373
5.661**
0.081
0.17
0.46
4.98

Days

to 50%
flowering
903.33
102.56**
2.617
0.93

2.61

2.94

Leaf
blade
width
(cm)
110.69
8.276**
0.968
0.56
1.58
8.49

1

Leaf blade
length (cm)
181.528
13.983**
0.568

0.5

1.44

5.13

Petiole
length
(cm)
33.847
3.092**
0.186
0.249
0.69
8.6

Number of
branches/
plant
179.53
2.617
2.296
0.8748

NS

12.01

Plant
spread
N-S

(cm)
1690.32
225.41%**
1.42
3.99

3.21

6.11

Plant
spread
E-W
(cm)
1928.07
247.73*%*
7.894
1.62
4,53
3.62

Mean squares

Plant
height
(cm)
2343.20
357.37**
15.71
2.24
6.40
5.75

df.
2
68
136

Source
Replication
Genotype
Error

S.Em (1)
C.D.at 5%
CV. (%)

Table 1: Analysis of variance for 14 characters of 69 brinjal genotypes.

** Significant at 0.01 level of probability.

Estimates for the coefficient of phenotypic and genotypic
variation (PCV and GCV, respectively), heritability in a broad
sense (H), and genetic advance (GA) as a percent of the mean
for the characters varied (Table 2). The GCV varied from
10.48% (days to 50% flowering) to 34.14% (fruit weight),
while PCV ranged from 10.88% (days to 50% flowering)
to 34.36% (fruit weight). High magnitude of GCV, as well
as PCV values (>20.00 %), were recorded for number of
branches/plant, petiole length, fruit pedicel length, fruit
length, fruit diameter, number of fruits per plant, fruit weight
and marketable fruit yield per plant. Moderate GCV and
PCV values were recorded in the rest of the traits. The high
magnitude of GCV and PCV values for the traits under study
find support from the findings of previous workers (Dutta
et al., 2019) utilizing different genetic materials. Traits with
a high proportion of GCV to PCV are reliable for selection in
the improvement of eggplant. Traits whose expressions are
environmentally dependent may not be reliable descriptors
for morphological characterization (Pandey et al., 2019).
The proportion of genetic contribution to the overall
phenotypic expression of most of the traits was high. Their
use as discriminatory variables for brinjal classification seems
relatively reliable.

The genetic coefficient of variation is the measure to
estimate the variability of the plant characters. However,
with the help of genetic co-efficient of variation alone,
it is not possible to estimate the amount of heritable
variation. The GCV + selection differential estimates
the maximum effectiveness of selection and heritability
indicates how closely the goal can be achieved. High broad
sense heritability (60% and above) was recorded for most
characters under study except the number of branches per
plant (Table 2), which corroborated the findings of Patel et
al. (2004) for fruit length, fruit weight and yield/plant; Singh
and Kumar (2005) for fruit weight and fruit yield/plant;
Muniappan et al. (2010) for fruit length, and average fruit
weight. Moderate heritability for the number of branches
per plant was also recorded by Bhattacharjee et al. (2021).
High estimates of heritability have useful from plant
breeders’ point of view as this would enable the breeder
to base his/her selection on the phenotypic performance.

Improvement in the mean genotypic value of the
selected families over the base population is called genetic
advance (GA). It depends upon the genetic variability,
heritability, and intensity of selection. In the present study,
keeping the selection differential constant at 2.06 for 5%
selection intensity, GA was expressed as a percentage of
the mean. High to moderate GA as a percent of the mean (>
20 %) was recorded for most traits under study except the
number of branches per plant (Table 2). Our results were in
conformity with the findings of Verma et al. (2021) for fruit
yield and fruit weight and Mili et al. (2014) for fruit weight,
fruits per plant and yield. Johnson et al. (1955) suggested
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Table 2: Mean, range and estimates of genetic variability of 14 characters of 69 brinjal genotypes
o Genetic advance
Character Mean Range Z)/i)v ?%C)V I(-I%f)”mb'my (bs) as % of mean
5%

Plant height (cm) 68.82 45.66-91.66 16.54 15.50 87.90 29.94

Plant spread E-W (cm) 77.49 56.33-94.33 12.09 11.53 91.00 22.67

Plant spread N-S (cm) 76.85 57.33-92.66 11.58 11.12 92.30 22.01

Number of branches/plant 6.06 2.66-8.33 25.58 25.40 4.50 234

Petiole length (cm) 498 3.03-7.76 21.57 19.76 83.90 37.27

Leaf blade length (cm) 17.42 11.63-21.76 13.08 12.03 84.60 22.80

Leaf blade width (cm) 11.59 7.11-14.93 15.91 13.46 71.50 23.46

Days to 50% Flowering 55.08 41.33-66.67 10.88 10.48 92.70 20.78

Fruit pedicel length (cm) 5.74 3.17-9.17 24.25 23.73 95.80 47.86

Fruit length (cm) 12.01 5.10-23.50 37.01 36.59 97.70 74.51

Fruit diameter (cm) 6.23 3.43-10.23 31.17 30.81 97.70 62.75

Number of fruit/plant 10.82 6.33-15.67 21.82 20.62 89.30 40.16

Fruit weight () 161.48 60.67-315.00 34.36 34.14 98.70 69.88

Marketable fruit yield/plant (g) 1704.41 407.33-2835.00 30.04 28.20 88.10 54.55

GCV = Genotypic coefficient of variation; PCV = Phenotypic coefficient of variation ; bs = broad sense.

that heritability estimates, along with genetic gain, are
usually more helpful than heritability alone for selecting
the best individuals. Therefore, all traits except the number
of branches per plant can be regarded as most important
for selection and this was supported by the findings of
Chattopadhyay et al. (2011), and Banerjee et al. (2018). From
the study of genetic variability and heritability, plant height,
plant spread (N-S), petiole length, leaf blade length and
width, days to 50% flowering, fruit weight, length, number of
fruits per plant, and marketable fruit yield per plant emerged
as most reliable characters irrespective of fruit shapes in
brinjal for selection because of their probable conditioning
by the additive gene action (Panse, 1957).

Study on correlation and path analysis

The genotypic and phenotypic correlations between
marketable fruit yield/plant and other component traits are
presented in Table 3. Significance has been tested with a view
to their linearity in association. In general, the genotypic
correlations were higher than the phenotypic ones, which
indicated that the phenotypic expression of the correlation
is reduced under the influence of the environment, although
there is a strong inherent association between the various
characters. Marketable fruit yield per plant was significantly
and positively correlated at the phenotypic level with plant
spread (N-S) (r = 0.328%), plant spread (E-W) (r = 0.319%), fruit
diameter (r = 0.394%), fruit weight (r = 0.711**), and number
of fruits per plant (r = 0.279%) (Table 3). These results were
in conformity with the findings of Shinde et al. (2012), Dutta

Table 3: Phenotypic and genotypic correlations and direct effects of
13 characters at phenotypic level on marketable fruit yield/plant

Direct effect on

Character rp rg marketable fruit
yield/plant

Plant height (cm) 0.284 0.312%** -0.044
Plant spread E-W (cm)  0.319** 0.330** 0.118
Plant spread N-S (cm) ~ 0.328** 0.349** -0.056
E;’:tber ofbranches/ o6, 0288*  0.020
Petiole length (cm) 0.056 0.083 0.045

Leaf blade length (cm)  0.094 0.073 -0.033
Leaf blade width (cm) ~ 0.129 0.169 0.046
Days to 50% Flowering -0.032 -0.034 -0.036
(Fcr::; pedicellength 4005 0,081 0.023

Fruit length (cm) 0.034 0.040 -0.074
Fruit diameter (cm) 0.394** 0.426** -0.033
Number of fruit/plant ~ 0.279* 0.230 0.708

Fruit weight (g) 0.711** 0.741%** 1.025

rp = Phenotypic correlation coefficient; rg = Genotypic correlation
coefficient

*** Significant at 0.05 and 0.01 level of probability, respectively.
Residual effect = 0.019
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et al. (2018), and Bhattacharjee et al. (2021). However, a
negative correlation between marketable fruit yield per
plant and days to 50% flowering was recorded. From the
above discussion, it became evident that marketable fruit
yield per plant can be increased through an increase in
important component traits like plant spread, fruit diameter,
fruit weight and number of fruits per plant irrespective of
fruit shapes in brinjal.

The direct and indirect effect of different characters
on marketable fruit yield per plant at the phenotypic level
is presented in Table 3. Two characteristics, namely, fruit
weight and number of fruits per plant, exerted the maximum
direct effects on marketable yield per plant (Table 3). The
residual effect of the path analysis was low, suggesting the
inclusion of maximum fruit yield influencing characters in
the present study. From the study of character association
ship, combining correlation and path co-efficient analysis,
the characters, namely, number of fruits per plant and
fruit weight, were the most important selection indices
irrespective of fruit shapes in brinjal as they exerted high
positive direct effects on marketable fruit yield per plant.
The significance of these characters influencing fruit yield in
brinjal was also supported by many workers (Chattopadhyay
et al,, 2011; Banerjee et al., 2018).

Divergence study

Based on the degree of divergence, all genotypes were
grouped into 6 clusters (Table 4). The numbers of genotypes
in clusters were in the order: Cluster | (20) > Cluster Il and
Cluster IV (12 each) > Cluster Ill and Cluster V (9 each) >
Cluster IV (7). Several earlier studies reported different sets of
genotypes were grouped under 6-10 clusters (Lalramhlimi
etal., 2019; Bhattacharjee et al., 2022), with which this work
agreed. The pattern of distribution of genotypes from diverse
geographical regions into different clusters was random.
This might be due to the free and frequent exchange of

Table 4: Cluster classification of 69 brinjal genotypes

genetic material among the breeders of different regions.
The absence of a relationship between genetic diversity
and geographical distance indicates exchange of genetic
stock, genetic drift, spontaneous mutation, and natural
and artificial selections are responsible for genetic diversity.
Selection of genotypes for hybridization should be based
on genetic divergence rather than geographic diversity.
Environmental influence on the composition of cluster
occurs in brinjal (Shende et al., 2016; Dutta et al., 2018;
Lalramhlimi et al., 2019; Sulaiman et al., 2020; Yadav et al.,
2024).

The intra- and inter-cluster distance represents the
index of genetic diversity among clusters. The intra-cluster
distance among 69 brinjal genotypes revealed that Cluster V
exhibited the maximum intra-cluster value (450), indicating
that genotypes included in this cluster are diverse (Table
5). At the inter-cluster level, the maximum value was
observed between Cluster Il and VI (648), indicating a
distant relationship among the genotypes included in these
clusters. Hence, intermating between brinjal genotypes
irrespective of fruit shapes included in Clusters I, V and VI
will be expected to give transgressive segregates in the early
segregating generation (Kalloo et al., 1980).

The cluster means of 69 genotypes (Table 6) showed
that Cluster VI had the maximum marketable fruit yield per
plant, followed by Cluster II. Cluster VI had the maximum
fruit diameter and fruit weight. The highest number of
fruits per plant was produced by Cluster I, followed by
Cluster I. Genotypes belonging to Clusters VI and Il could
serve as useful sources of genes for improving productivity
irrespective of fruit shapes in brinjal. For yield improvement
in brinjal, inter-crossing among genotypes with outstanding
mean performance was advocated by previous workers
(Bhattacharjee et al., 2022; Khan et al., 2023). However, there
should be an optimal level of diversity, beyond which relative
heterosis does not increase due to unfavorable interaction of

Cluster Genotype

Cluster | [20]*

2020/BRL VAR-2, 2020/BRL VAR-3, 2021/BRL VAR-5, 2021/BRL VAR-7, 2021/BRL VAR-8, 2021/BRL VAR-10, 2022/BRL VAR-2,

2022/BRL VAR-3, 2022/BRL VAR-4, 2022/BRL VAR-5, 2020/BRR VAR-4, 2021/BRR VAR-8, 2021/BRR VAR-10, 2022/BRR VAR-1,
2022/BRR VAR-2, 2022/BRR VAR-4, 2022/BRR VAR-6, 2022/BRR VAR-8, 2022/BRR VAR-9, 2022/BRR VAR-10

Cluster 11[12]

2020/BRL VAR-5, 2020/BRL VAR-6, 2020/BRL VAR-7, 2020/BRL VAR-9, 2021/BRL VAR-2, 2021/BRL VAR-3, 2021/BRL VAR-4,

2021/BRL VAR-9, 2020/BRR VAR-8, 2021/BRR VAR-2, 2021/BRR VAR-5, 2022/BRR VAR-5

Cluster 111 [9]
2021/BRRVAR-11, 2022/BRR VAR-7

Cluster IV [7]
VAR-13

ClusterV [9]
2022/BRL VAR-12, 2022/BRR VAR-14

Cluster VI [12]

2020/BRLVAR-8,2020/BRLVAR-11,2021/BRLVAR-1,2022/BRL VAR-13, 2022/BRL VAR-14, 2020/BRR VAR-5,2021/BRRVAR-3,

2020/BRL VAR-10, 2020/BRR VAR-3, 2021/BRR VAR-12, 2021/BRR VAR-13, 2021/BRR VAR-15, 2022/BRR VAR-11, 2022/BRR

2020/BRL VAR-12, 2022/BRL VAR-1, 2022/BRL VAR-6, 2022/BRL VAR-7, 2022/BRL VAR-8, 2022/BRL VAR-9, 2022/BRL VAR-11,

2022/BRL VAR-10, Bidhan Supreme, 2020/BRR VAR-1, 2020/BRR VAR-2, 2020/BRR VAR-6, 2020/BRR VAR-9, 2021/BRR VAR-1,

2021/BRR VAR-9, 2021/BRR VAR-14, 2022/BRR VAR-3, 2022/BRR VAR-12, Bidhan Super

*Figures in parentheses indicate number of genotypes
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Table 5: Intra-and inter-cluster distances of 69 brinjal genotypes
Clusters Cluster | Cluster Il Cluster Ill Cluster IV ClusterV Cluster VI
Cluster | 433.00* 482.00 544.00 489.00 563.00 477.00
Cluster Il 414.00 526.00 538.00 613.00 559.00
Cluster Il 396.00 498.00 525.00 648.00
Cluster IV 378.00 555.00 469.00
ClusterV 450.00 636.00
Cluster VI 419.00
*Bold values indicate intra-cluster distance between genotypes.
Table 6: Cluster means of 69 brinjal genotypes.
Character Cluster | Cluster Il Clusterlll  Cluster IV ClusterV Cluster VI Zf.:;erzz ;?Cg;befézn
Plant height (cm) 76.38 69.96 59.99 66.1 53 75.13 1.45%
Plant spread E-W (cm) 82.43 825 69.69 70.95 66.48 82.19 1.75%
Plant spread N-S (cm) 81.69 81.42 68.28 71.19 66.26 81.89 0.17%
Number of branches/plant 5.98 5.81 53 5.19 6.11 6.22 0%
Petiole length (cm) 5.07 4.56 4.67 5.22 5.33 5.08 0.68%
Leaf blade length (cm) 17.91 14.62 17.14 17.47 19.25 18.21 1.15%
Leaf blade width (cm) 12.26 9.38 10.59 12.15 124 12.51 0.04%
Days to 50% Flowering 54.8 54.69 56.26 60.95 49.74 55.61 5.07%
Fruit pedicel length (cm) 5.88 52 53 5.91 7.02 534 12.49%
Fruit length (cm) 11.92 12.36 9.95 9.18 17.28 11.03 16.67%
Fruit diameter (cm) 6.02 5.21 4.52 7.97 5.13 8.68 14.32%
Number of fruit/plant 11.38 12.39 10.11 9.1 11.37 9.44 0.64%
Fruit weight () 155 146.81 92.48 198.52 136.63 235.72 44.46%
Marketable fruit yield/plant (g)  1742.25 1824.31 925.22 1716.33 1562.7 2205.14 1.11%

co-adopted gene complexes (Dhillon et al., 2003). Therefore,
the choice of diverse parents, along with good combining
ability, is a prerequisite for an efficient hybridization
program. The top four characters that contributed most
toward genetic divergence were fruit weight followed by
fruit length, fruit diameter and fruit pedicel length (Table
8). These characters may be used in selecting genetically
diverse parents for hybridization to exploit either maximum
heterosis or to execute efficient selection in the segregating
generation.

Principal component analysis

PCA was performed to obtain a simplified view of the
relationship between the characters’ fruit weight and
fruit pedicel length. These traits explained a 60.62%
contribution towards divergence, and variable loadings
for components PC, (fruit weight) and PC, (fruit pedicel
length) were determined (Table 7). These components were
chosen because their eigenvalues exceeded 1.0. The first
component (PC,, fruit weight) explained 31.17% of the total

accounted for variance in which an increase in fruit weight
resulted in an increase in fruit pedicel length (Table 8). The
second component (PC,, fruit pedicel length) explained an
additional 29.45% of the variance in which a decrease in
fruit pedicel length resulted in an increase in fruit weight.

The PCA was determined to establish connections
between various Indian brinjal genotypes and locate arange
of diverse parents for a hybridization program (Shende et al.,
2017; Bhattacharjee et al., 2022). There are no clear guidelines
to determine the importance of a trait coefficient for each
principal component. Johnson and Wichern (1988) regard
a coefficient greater than half of the coefficient, divided by
the square root of the standard deviation of the eigenvalue
of the respective principal component, as significant. The
dendrogram produced following Ward (1963) using squared
Euclidean distance indicated there was high diversity among
brinjal genotypes along with strong relationships among
genotypes (Figure 1).

The scatter diagram was formed based on the fruit
shape of brinjal genotypes separately. Genotypes in close
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Cluster Dendrogram

Height
=

R

Figure 1: Dendrogram of 69 brinjal genotypes following Ward'’s method

Table 7: Results of principal component analysis (PCA) for characters
contributing to divergence in brinjal

Principal Eigenvalue
components %

% Cumulative
variance

% Variance

Eigenvalues and variance accounted for (%) by PCA based on
correlation matrix

31.17

PC, 1.8701 31.17

PC, 1.7672 29.45

60.62

Table 8: Contribution of diverse traits in the principal components
of brinjal

Variables PC PC

1 2

Factor loadings due to PCs with eigenvalues greater than 1

Fruit weight (g) 0.442387 0.519871

Fruit pedicel length (cm) 0.406341 -0.258166

proximity were perceived as being similarin PCA; genotypes
further apart were more diverse (Figure 2, 3). The genotypes
Bidhan Supreme, 2020/BRL VAR-10, 2021/BRL VAR-5, 2022/
BRL VAR-12, 2022/BRL VAR-13, 2022/BRL VAR-8, 2022/BRL
VAR-6 and 2022/BRL VAR-1 were substantially different
from others. Based on multivariate analysis and per se
performance for fruit yield per plant and other horticultural
traits, the genotypes Bidhan Supreme, 2020/BRL VAR-10,
2021/BRL VAR-5, 2022/BRL VAR-12, 2022/BRL VAR-13, 2022/
BRL VAR-8, 2022/BRL VAR-6 and 2022/BRL VAR-1 were
identified as potential donors for utilization in long brinjal
breeding (Figure 2). Round-type genotypes close together
were seen as similarin PCA, whereas genotypes further apart
were interpreted as more varied (Figure 3). The genotypes
2021/BRRVAR-2,2021/BRR VAR-8,2021/BRR VAR-12 and 2021/
BRR VAR-11 were substantially different from others. Based

Component Scores

Component 3 (14.15%)
T
Component 1

Component 2 (29.45%)

Figure 2: Scatter diagram of regression factor scores for the 1, 2

and 3™ components as determined by PCA in long brinjal genotypes.

Outliers on the X-axis, that is, 34 = Bidhan Supreme, 9 = 2020/BRL

VAR-10, 15 = 2021/BRL VAR-5, 31 = 2022/BRL VAR-12, 32 = 2022/BRL

VAR-13, 27 = 2022/BRL VAR-8, 25 = 2022/BRL VAR-6, 20 = 2022/BRL
VAR-1, indicate genotype diversity

Component Scores

Companent 3 (14.99%)
Component |

T T T T T T T
-3 -2 -1 0 1 2 k-

Component 2 (24.65%)
Figure 3: Scatter diagram of regression factor scores for the 1+, 2" and
34 components as determined by PCA in round brinjal genotypes.
Outliers on the X-axis, that is, 10=2021/BRRVAR-2, 13 =2021/BRR VAR-
8, 17 = 2021/BRR VAR-12, 16 = 2021/BRR VAR-11, indicate genotype
diversity
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on multivariate analysis and per se performance for fruit yield
per plant and other horticultural traits, the genotypes 2021/
BRR VAR-2,2021/BRR VAR-8, 2021/BRR VAR-12 and 2021/BRR
VAR-11, were identified as potential donors for utilization in
round brinjal breeding.

Conclusion

Wide variations in quantitative traits were recorded in brinjal
genotypes irrespective of fruit shape. Two characters, fruit
weight and number of fruits per plant, were identified
as important selection indices for yield improvement in
brinjal irrespective of fruit shape. The results of the present
study are thus useful as they give information regarding
the traits of fruit weight, fruit length, fruit diameter and
fruit pedicel length that influence genetic diversity, which
could be well utilized for a selection of breeding methods
for the improvement of brinjal. Geographic diversity and
genetic divergence were unrelated in brinjal with respect
to fruit shape and other economic traits. Eight potential
donor parents, Bidhan Supreme, 2020/BRL VAR-10, 2021/
BRL VAR-5, 2022/BRL VAR-12, 2022/BRL VAR-13, 2022/BRL
VAR-8, 2022/BRL VAR-6 and 2022/BRL VAR-1 in long-fruited
brinjal and four potential genitors, 2021/BRR VAR-2, 2021/
BRR VAR-8, 2021/BRR VAR-12 and2021/BRR VAR-11 in round-
fruited brinjal could be identified for future utilization in
brinjal breeding.

Acknowledgments

We acknowledge the Project Coordinator, AICRP on
Vegetable Crops, ICAR-1IVR, Varanasi, for providing genetic
materials for the present study.

References

Akanitapichat, P, Phraibung, K., Nuchklang, K. & Prompitakkul,
S. (2010). Antioxidant and hepatoprotective activities of
five eggplant varieties. Food and Chemical Toxicology, 48,
3017-3021.

Akanksha, Tiwari, J.K., Bhuvneswari S., Karkute, S.G., Tiwari, S.K. &
Singh, M. (2023). Brinjal: Breeding and genomics. Vegetable
Science, 50,166-176.

Al-Jibouri, H., Miller, P.A., & Robinson, H.F. (1958). Genotypic and
environmental variances and covariances in an upland
Cotton cross of interspecific origin 1. Agronomy Journal,
50(10), 633-636.

Banerjee, S., Singh Bisht, Y., & Verma, A. (2018). Genetic diversity of
brinjal (Solanum melongena L.) in the foot hills of Himalaya.
Current Microbiology and Applied Sciences, 7(4), 3240-3248.

Bhattacharjee, T., Maurya, P.K., Banerjee, S., Mandal, A.K., Jamir, I,
Chatterjee, S. & Chattopadhyay, A. (2021). Breeding potential
of cultivated eggplant genotypes for bacterial wilt disease
tolerance using multivariate analysis. International Journal
of Vegetable Science, 28(3), 259-279.

Bhattacharjee, T., Maurya, P. K., Banerjee, S., Mandal, A.K., Jamir, I,
Chatterjee, S., & Chattopadhyay, A. (2022). Breeding potential
of cultivated eggplant genotypes for bacterial wilt disease
tolerance using multivariate analysis. International Journal
of Vegetable Science, 28(3), 259-279.

Burton, G. W. (1952). Quantitative inheritance in grasses,
Proceedings of the 6th International Grassland Congress,
1(2), 277-283.

Chattopadhyay, A., Dutta S., Bhattacharya, I, Karmakar, K. & Hazra,
P.(2007). Technology for Vegetable Crop Production. All India
Coordinated Research Project on Vegetable Crops. Nadia,
West Bengal, Directorate of Research, Bidhan Chandra Krishi
Viswavidyalaya, P. 226.

Chattopadhyay, A., Dutta, S., & Hazra, P. (2011). Characterization
of genetic resources and identification of selection indices
of brinjal (L.) grown in eastern India. Journal of Fruit and
Ornamental Plant Research, 74(1), 39-49.

Dewey, D.R. & Lu, H.K. (1959). A correlation and path co-efficient
analysis of component of crested wheat grass production.
Agronomy Journal, 51, 515-518.

Dhillon, I. S., Marcotte, E. M., & Roshan, U. (2003). Diametrical
clustering for identifying anti-correlated gene clusters.
Bioinformatics, 19(13), 1612-1619.

Dutta, T., Bhattacharjee, T., Banerjee, S., Maurya, PK., Dutta,
S. & Chattopadhyay, A. (2018). Studies on genetic
variability and identification of selection indices in brinjal
(Solanum melongena L.). Journal of Pharmacognosy and
Phytochemistry, 7(5), 1259-1264.

Hanson, C.H.,Robinson, H.F., & Comstock, R. E. (1956). Biometrical
studies of yield in segregating populations of Korean
lespedeza 1. Agronomy Journal, 48(6), 268-272.

Hazra, P., Chattopadhyay, A., & Karmakar, K. (2011). Modern
technology in vegetable production. New India Publishing
Agency.

Johnson, H.W., Robinson, H.F. & Comstock, R.E. (1955). Estimate of
genetic and environmental variability in soybean. Agronomy
Journal, 47, 314-318.

Johnson, R.A. & Wichern, D.W. (1988). Applied Multivariate
Statistical Analysis. Prentice-Hall, New Jersey.

Kalloo, K., Singh, V. P, Dudi, B. S., & Partap, P. S. (1980). Analysis
of variation and genetic divergence in garden peas (Pisum
sativum L.). Journal of Reseasch Haryana Agricultual
University, 10, 540-546.

Khan, S., Hussain, K., Khan, T., Shah, L. R., Ali, G., Dar, Z. A., Gulzar,
A., Malik, A.A. & Khan, . (2023). Genetic variability, correlation
and path analysis for yield components in brinjal (Solanum
melongena L.). The Pharma innovation, 12(4), 773-781.

Lalramhlimi, B., Dutta, T., Jamir, I., Maurya, P. K., Bhattacharjee, T.,
Banerjee, S., & Chattopadhyay, A. (2019). Choosing of brinjal
parents for future breeding aiming at bacterial wilt disease
tolerance. International Journal of Current Microbiology and
Applied Sciences, 8(6), 2370-2390.

Mahalanobis, P.C. (1936). On the generalized distance in statistics.
Proceedings of the National Academy of Sciences (India),
12, 49-55.

NHB, 2021-22. Crop wise area and production of horticulture
crops for three years. Area, production and statistics (third
estimates 2021-2022). National Horticulture Board, Ministry
of Agriculture and Farmers Welfare, Govt. of India.

Pandey, S., Mishra, S., Kumar, N., Yadav, G.C. & Pandey, V.P. (2019).
Studies on genetic divergence for yield and its component
traits in brinjal or eggplant (Solanum melongenaL.). Journal
of Pharmacognosy and Phytochemistry, 8(1), 1167-1169.

Panse, V.G. (1957). Genetics of quantitative characters in relation
to plant breeding. Indian Journal of Genetics and Plant



38

Rahaman ef al.: Diversity analysis in brinjal

Breeding, 17, 318-328.

Patel, K.K., Sarnaik, D.A., Asati, B.S. & Trikey, T. (2004). Studies
on variability, heritability and genetic advance in brinjal
(Solanum melongena L.). Agricultural Science Digest, 24(4),
256-259.

Rao, C. R. (1952). Advanced statistical methods in biometric
research. John Willey Sons, NY.

Shende, V.D., Chattopadhyay, A., Yadav, Y., Seth, T. & Mukherjee, S.
(2016). Breeding round fruited brinjal for export trade from
eastern part of India. Agricultural Research, 5(3), 219-229.

Shende, V.D., Seth, T. Mukherjee, S. & Chattopadhyay, A. (2017).
Selection of parental lines among round fruited brinjal for
hybridization aiming at export promotion. Journal of Applied
and Natural Science, 9(1), 451-455.

Shinde, K. G., Birajdar, U. M., Bhalekar, M. N., & Patil, B. T. (2012).
Genetic divergence in brinjal (Solanum melongena L.).
Vegetable Science, 39(1), 103-104.

Singh, O., & Kumar, J. (2005). Variability, heritability and genetic
advance in brinjal. Indian Journal of Horticulture, 62(3),
265-267.

Sulaiman, M.N.N., Rafii, M.Y., Duangjit, J., Ramlee, S.I., Phumichai, C.,

germplasm evaluated under open field and glasshouse
cropping conditions. Agronomy, 10(3), 436.

Tomar, B.S. & Kalda, J.S. (1998). Production system. Is eggplant
nutritious? TVIS Newsletter, 1(1), 26.

Ward, J.H., Jr. (1963). Hierarchical grouping to optimize an objective
function. Journal of the American Statistical Association, 58,
236-244.

Whitaker, B.D. & Stommel, J.R. (2003). Distribution of
hydroxycinnamic acid conjugates in fruit of eggplant
(Solanum melongenal.) cultivars. Journal of Agricultural and
Food Chemistry, 51(11), 3448-3454.

Wright, S. (1921). Systems of mating. I. The biometric relations
between parent and offspring. Genetics, 6(2), 111.

Wu, X., Beecher, G.B., Holden, J.M., Haytowitz, D.B., Gebhardt,
S.E. & Prior, R.L. (2006). Concentrations of anthocyanins in
common foods in the United States and estimation of normal
consumption. Journal of Agricultural and Food Chemistry,
54(11), 4069-4075.

Yadav, P.K., Dubey, R.K., Warade, S.D., Shakywar, R.C. (2024).
Assessment of genetic purity of F1 hybrids and their
parents through SDS-PASE in brinjal (Solanum melongena

Oladosu, Y., & Musa, 1. (2020). Genetic variability of eggplant L.). Vegetable Science 51 (01), 115-119

R

feehTe e 3T STefarg URaia STdher o for, forami ol Sgae 7T el &t STTaRadhe & | 36 ST o1 35%d WA & Ut wrishH & Sud
3 forg IugeR o 3fX Tiiet ST Siiiersy dt ugar et o7 | fafes Sl & Uehd fohy 77 & 37R TMiel et aTet Mehi Gfed gt ST Sti-iergy
o ATy Ul st [SSTe o a1g faha 11T o7 | TS Rt SHerg, 1 ot Shefla (TH-TH), Soa il o1alTs, Uit & el oht oalms 37R iers, 50% Pl
31 & T3, et 1 at, SaTS, el /de ot Gt SR fauur v thet IUs1/dS S e80T 99 o flq ST & thel o STTR & STasig god fayg-a
LT & T H IR | el MR & F1ao[g Hel 1 aof 3T i/ T &l GeeaT Hadd Hgeaqul 9o gadhich & €9 H 3N | Fgfomed! fawemor oik
anféiens faRivarstt % offed Hedl & UaT Ter ¢ foh o el aret 87 # 8 Sfiersy S @iha, 2020/BRL VAR-10, 2021/BRL VAR-5, 2022/
BRL VAR-12, 2022/BRL VAR-13, 2022/BRL VAR-8, 2022/BRL VAR-6 3fi¥ 2022/BRL VAR-1’ 3fX 7iiet tet aTet §77 & 4 Sfi-ilergy,
2021/BRR VAR-2, 2021/BRR VAR-8, 2021/BRR VAR-12 3 2021/BRR VAR-11 ufaw & §7 & Usi= & faq gofaq grar & ded ¢ |
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