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ABSTRACT

 The study evaluated fourteen okra genotypes under field conditions at the Assam Agricultural University
Experimental Farm in 2022 to analyze variability, heritability, genetic advance, and correlations among
traits. Multivariate analyses, including D2 and principal component analysis, were also performed to assess
genetic diversity. Significant variation was found among genotypes, indicating genetic diversity. Genotypes
Kashi Lalima, IC-27831, JOC-3, and IC-0620645 performed best in yield-related traits. High heritability and
genetic advance were observed for traits like number of flowers and number of fruits per plant, plant
height and yield per plant suggesting the role of additive gene action in the inheritance of these characters.
Correlation studies revealed that number of flowers and number of fruits per plant has strong positive
correlation with yield, making them ideal traits for selection. Genotypic path coefficient analysis indicated
that the number of fruits per plant exerted the highest positive direct effect on yield. The genotypes were
grouped into five clusters using Mahalanobis D2 analysis, with clusters V and II having the greatest inter-
cluster distance, which also had the highest means for key traits. Principal component analysis revealed
that 83.61% of the variability was explained by three components.
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Introduction

Okra, often known as the “Queen of Vegetables”
[Abelmoschus esculentus (L.) Moench] is an annual
and often-cross-pollinated crop that is grown from
seeds over a period of three to four months and it
belongs to the family Malvaceae. Okra is primarily
grown for its edible pods, but various other parts

such as leaves, flower petals, stems, and roots are
also utilized for food, bio-fuel, and medicinal pur-
pose in various regions around the globe (Rani and
Kumar, 2022). The okra serves as a significant source
of nutrients, such as vitamins and minerals, and is
also an outstanding source of iodine, which is ben-
eficial for treating goitre. With an annual production
of 6094.9 thousand MT and a yield of 12.0 MT/ha,
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India is the largest producer of okra in the world.
The country also occupies an area of 509 thousand
hectares in okra cultivation (National Horticultural
Board, 2018).

Okra is practically available in all markets of In-
dia during the summer rainy season in its fresh state
and throughout the dry season in a dehydrated
form due to its high commercial value. For accep-
tance by Indian vegetable farmers, plant breeders
must develop superior okra varieties, which seem to
be their most important research priority. For the
Indian okra vegetable sector, varieties with larger
yields, earlier maturation, longer harvest times, and
greater resistance to diseases and pests would be
desirable (Samim et al., 2018).

However before initiating any crop improvement
program, it is essential to evaluate the existing vari-
ability within the original parental material. In crop
breeding, genetic variability is crucial because it
helps to identify potential parents for hybridization
programs and select the most suitable genotypes for
improving yield and other desirable traits. Since the
fruit yield of okra is a quantitative trait governed by
multiple genes, selecting several traits is preferable
to focusing simply on yield. Therefore it is essential
for a breeder to have a thorough understanding of
the magnitude and exent of relationship between
yield and its contributing characters. This knowl-
edge enables breeders to evaluate the strength of
correlated traits when selecting for the simultaneous
improvement of multiple characteristics (Singh et al.,
2016). Besides, insights into the genetic relationships
among crop plant resources are beneficial for breed-

ing and germplasm conservation (Oppong et al.,
2011). Therefore, in order to determine which traits
in okra significantly contribute to yield, this study
aims to examine the genetic variability, heritability,
and interrelationships among the yield attributes
using correlation and path coefficient analysis. Ad-
ditionally, the study also seeks to evaluate genetic
diversity to assess the genetic relationships and vari-
ability among elite lines.

Materials and Methods

Planting materials and morphological observations

The 14 genotypes of okra grown at the Department
of Horticulture’s experimental farm at Assam Agri-
cultural University were used for this study. The
genotypes were developed at NBPGR, Akola station
(EC-305727, EC-305653, and IC-27831); IIVR,
Varanasi (Kashi Lalima); and AAU, Jorhat (IC-
0620645, IC-0620644, JOS-21, JOS-30, and JOS-9).
Some commonly used local collections from the
state (JOC-1, JOC-2, JOC-3, and JOC-4) were also
included in the experiment. Arka Anamika, devel-
oped at IIHR, Bengaluru was used as the check
genotype.

Experimental site and layout

The recommended NPK dosage for Assam was
50:50:50 kg/ha. The fertilizer was applied in rows
one day before planting after combining it with or-
ganic manure (FYM @ 25t/ha). Using Randomized
Block Design (RBD), three replications of the experi-
ment were setup. Plants were spaced 30 cm apart,
and rows were spaced 45 cm apart. Each plot mea-
sured 3 m by 1.35 m. The seeds were planted on
June 16, 2022. To document observations, five
sample plants were selected from each entry.

Statistical analysis

The R platform (R Core Team, 2021) was used to
analyze the data. This involved calculating the
analysis of variance, genetic variability parameters,
correlation coefficient and path coefficient analysis.
Burton & De Vane’s (1953) formula evaluated the
proportion of heritability (broad sense) as well as the
genotypic and phenotypic coefficients of variation
(GCV and PCV). The genetic advance was calcu-
lated using Lush’s (1949) formula. For the correla-
tion coefficient, the formula of Al-Jibouri et al. (1958)
was used. For path coefficient analysis, the method

Abbreviations

AAU: Assam Agricultural University
CD: Critical difference
CV: Coefficient of variation
D.F. : Degrees of freedom
PH: Plant height
NN: Number of nodes
IL: Internode length
DFL: Days to 50% flowering
DFF: Days to 50% fruiting
DFH: Days to 1st harvest
DLH: Days to last harvest
NFLP: Number of flowers per plant
NFP: Number of fruits per plant
FL: Fruit length
FD: Fruit diameter
YP: Yield per plant
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given by Wright’s (1921) and the formula by Dewey
& Lu (1959) was used to determine the direct effect
of one independent variable on another and to di-
vide the total simple correlation into direct and indi-
rect effects. D2 (Mahalanobis, 1936) statistics were
also examined in R Core software 2021. Principal
component analysis (PCA) provided an explanation
of the variance and covariance structure of a matrix
made up of p variables. The covariance matrix (S)
between the genotypes helped compute the stan-
dardized data, eigen values and related eigenvec-
tors. PCA was performed using the KAU GRAPES
software built by Kerala Agricultural University,
Kerala, India.

Results and Discussion

Morphological variation among the genotypes

The analysis of variance for the twelve quantitative
traits is presented in Table 1. The genotypic vari-
ances were found to be significantly high across all
traits, confirming the existence of genetic diversity
across all the genotypes examined in this study. The
coefficient of variation varied between 1.29% and
6.16%, indicating a range from low to high environ-
mental variation for the traits.

Mean performance of the genotypes

The mean performance of the genotypes for the dif-
ferent quantitative traits, which are displayed in
Table 2, varied considerably. The genotype Kashi
Lalima exhibited the highest mean values for plant
height, fruit diameter, number of fruits and yield
per plant. However, it demonstrated minimum
number of days to 50% flowering, 50% fruiting, and
days to the last harvest. The genotype IC-0620645
was at par with the-best performing genotype for
the characters minimum days to 50% flowering, 50%
fruiting and days to 1st harvest. Comparable find-
ings were reported by Singh et al., (2015) in the vari-
ety Kashi Lalima for plant height and fruit diameter.
The earliest maturing genotype was IC-27831 and
the genotype Kashi Lalima, JOC-3 and IC-0620645
were at par with this genotype. The genotype JOC-
3 was noted to have the highest number of nodes
and the genotype IC- 27831 exhibited the highest
number of flowers per plant and fruit length. Thus,
based upon the mean performance of traits contrib-
uting to yield, the genotypes Kashi Lalima, IC-
27831, JOC-3 and IC-0620645 were found to be the
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best-performing
genotypes. How-
ever, no genotype
was found to have
the highest mean
values across all
the traits exam-
ined.

Genetic
variability
parameters

The PCV, GCV,
broad sense herita-
bility, and GA as
% of mean for all
the traits were cal-
culated from the
analysis of vari-
ance and are rep-
resented in Table
3.

The estimates of
PCV for each char-
acter were higher
than the corre-
sponding GCVs,
indicating that
there is little envi-
ronmental influ-
ence on the expres-
sion of these char-
acters. This
aligned with the
findings of Singh
et al., (2017) and
Das et al., (2012) in
okra. High GCV
and PCV were
found in the char-
acter fruit length.
The number of
fruits and flowers
per plant, yield per
plant, plant height,
number of nodes,
fruit diameter, and
internode length
were among traits
with moderate
GCV and PCV.
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This revealed that breeding procedures can increase
the variability in these traits, allowing for more effi-
cient selection. The above findings were in confor-
mity with Thulasiram et al., (2017) and Adeoluwa
and Kehinde (2011) with moderate magnitude of
GCV and PCV for the characters viz., plant height,
yield and number of fruits per plant. High heritabil-
ity percentage was shown by all the characters indi-
cating usefulness of phenotypic selection for these
traits. These results stood parallel with Duggi et
al.,(2013) and Shivaramegowda et al., (2016).

The heritability estimates show how many quan-
titative traits are inherited, but they do not indicate
the amount of genetic gain achieved by choosing the
best individual from the best population. Therefore,
heritability together with genetic advance is more
beneficial than heritability alone (Kumar et al., 2019).
We observed high heritability and high genetic ad-
vance for traits such as internode length, plant
height, fruit length, fruit diameter, number of flow-
ers and fruits per plant and yield per plant. This
suggests that additive gene action likely plays a sig-
nificant role in the inheritance of these characters,
leading to a greater response to selection. These
findings agree with Reddy et al., (2012) and Duggi et
al., (2013).

Character association analysis Correlation
Analysis

Figure 1 displays the correlation coefficients at the
genotypic and phenotypic levels for the traits stud-
ied. The correlation analysis found strong positive
genotypic and phenotypic correlations between im-
portant traits. These include number of nodes and
plant height (0.74), days to 50% flowering and days
to 50% fruiting (0.97), days to 50% flowering and
days to the first harvest (0.85), days to 50% fruiting
and days to the first harvest (0.92), and the number
of flowers per plant and the number of fruits per
plant (0.93). This aligns with findings by Reddy et al.
(2013) and Yadav et al. (2017). At both the genotypic
and phenotypic levels, yield per plant showed a sig-
nificant positive correlation with the number of
flowers and number of fruits per plant. Jadhav et al.
(2022) and Prasath et al. (2017) also found a signifi-
cant positive relationship between number of fruits
per plant and the yield per plant. Again at both ge-
notypic and phenotypic levels, yield per plant had
moderate negative correlations with days to 50%
flowering, days to 50% fruiting, and days to first
harvest. Shuirkar et al. (2018) observed similar nega-

tive correlations for yield per plant with days to the
first harvest and days to 50% flowering. This sug-
gests that selecting for early maturing genotypes
could improve overall yield. The strength of the ge-
notypic and phenotypic correlation coefficients be-
tween different characters is displayed in a
correlogram in Fig 1.

Direct and indirect effect of various characters on
yield per plant

The direct and indirect effects of various quantita-
tive traits studied are displayed in table 4. Accord-
ing to path coefficient analysis, the highest positive
direct effect on fruit yield per plant was found to be
number of fruits per plant (0.66). This was followed
by the days to first harvest (0.38) and the number of
flowers per plant (0.25). Thus, selecting these traits
directly may help improve fruit yield in okra. De-
spite having a positive direct effect on yield per
plant, the days to first harvest had a negative corre-
lation with yield per plant due to the indirect nega-
tive effect of other traits. This finding is consistent
with Patel et al. (2019). The number of fruits and
number of flowers per plant had a positive direct
effect on yield per plant. Both traits displayed a sig-
nificant positive correlation with yield per plant,
indicating that their association is favorable. Das et
al. (2012) found similar results in okra. The days to
50% flowering showed a strong negative direct ef-

Fig. 1. Diagram representing genotypic (above diagonal)
and phenotypic (below diagonal) correlation coef-
ficients between different characters

*Significant at P=0.05; **Significant at P= 0.01
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fect on yield per plant, followed by days to
last harvest and fruit diameter. The residual
value was 0.069, suggesting that 93.1% of the
variability is due to the traits considered in
this study.

Summary of Mahalanobis genetic
variation D2 statistics

The genetic diversity of 14 okra genotypes
was analyzed based on 12 quantitative traits
using Mahalanobis’s D² statistics. Genetic
distances were calculated from mean values.
Tocher’s approach (Rao, 1952) grouped the
genotypes into five clusters. There were five
genotypes in Cluster I, the most of any clus-
ter. Four genotypes were found in Cluster II.
Clusters III and IV each had two genotypes,
while Cluster V included a single genotype.
The table 5(a) shows the cluster composi-
tions.

Intra and inter-cluster distance

Table 5 (b) represents intra- and inter-cluster
distances. Intra-cluster distances ranged from
0.00 (in solitary clusters V) to 354.40 (Cluster
IV). Clusters V and II had the maximum in-
ter-cluster distance (2611.64), while Clusters
I and IV had the minimum (644.98), indicat-
ing that they are more closely genetically re-
lated. Greater genetic diversity between
groups was reflected in the fact that inter-
cluster distances were typically greater than
intra-cluster distances. Similar observation
was found by Pattan et al. (2023) and Fandan
et al. (2024).

Mean performances of the clusters

The mean performance of clusters for the
studied traits along with their percentage of
contribution towards divergence are summa-
rized in Table 5(c). The genotypes associated
with cluster II were performing very well by
exhibiting earliest days to 50% flowering,
days to 50% fruiting, days to first 1st harvest,
highest number of nodes, number of flowers
per plant, number of fruits per plant, fruit
length, fruit diameter and highest yield per
plant. Cluster V and Cluster III were charac-
terized by highest plant height and inter
node length respectively. Based on the mean
table, it was clear that cluster II showed greatT
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potential for yield and its associated characters.
Similar observations were made by Pattan et al.,
(2023) and Nanthakumar et al., (2021). The largest
contribution to diversity came from yield per plant
(42.49%), succeeded by fruit diameter (14.10%) and
plant height (11.80%). Figure 2 illustrates the per-
centage contribution of various characters to the
overall divergence.

Principal component analysis (PCA)

In this study, principal component analysis (PCA)
was performed on 14 okra genotypes where Geno-

types with similar trait responses were grouped to-
gether in a two- dimensional space. 83.61% of the
overall variation was explained by the first three
principal components, each of which had an eigen-
value greater than 1 (Table 6). Principal Component
1 (PC1)  took into account the largest portion of vari-
ability, explaining 47.91%. It was primarily influ-
enced by traits such as the number of flowers per
plant (0.29), number of fruits per plant (0.29), yield
per plant (0.29), and plant height (0.27). Principal
Component 2 (PC2) explained 21.08% of the varia-
tion, with fruit diameter (0.38) and fruit length (0.35)

Table 3. Estimates of genetic variability parameters for different characters in okra

Character Range Mean PCV GCV h2b.s. GA (%
(%) (%) (%) of mean)

Plant height 46.56-78.09 66.38 17.63 17.41 97.49 35.41
No of nodes 8.81-11.55 11.83 11.82 10.08 72.77 17.72
Internode length 4.94-7.98 5.82 13.36 12.46 87.02 23.95
Days to 50% flowering 45.87-53.81 49.20 6.27 5.97 90.60 11.70
Days to 50% fruiting 49.50-56.72 53.17 5.27 5.05 91.57 9.95
Days to 1st harvest 49.14-57.11 53.12 5.45 5.18 90.30 10.13
Days to last harvest 67.52-75.40 71.38 3.48 3.23 86.08 6.16
No of flowers per plant 15.31-24.23 19.80 16.19 15.48 91.47 30.50
No of fruits per plant 11.52-19.77 15.75 16.62 15.59 87.99 30.14
Fruit length 8.52-17.11 12.97 20.87 20.52 96.66 41.55
Fruit Diameter 1.40-1.93 1.71 10.30 10.07 95.83 20.32
Yield per plant 150.18-276.31 221.56 16.56 16.45 98.59 33.64

Table 4. Direct and indirect effect of various characters on yield per plant

PH NN IL DFL DFF DFH DLH NFLP NFP FL FD RgYP

PH -0.05 0.02 0.01 0.28 -0.04 -0.22 0.00 0.03 0.19 -0.08 0.00 0.15
NN -0.04 0.02 0.01 0.28 -0.03 -0.22 -0.11 0.08 0.30 -0.06 0.00 0.21
IL 0.01 0.00 -0.06 -0.15 0.02 0.16 -0.15 0.06 0.14 0.07 0.00 0.09
DFL 0.03 -0.01 -0.02 -0.48 0.05 0.34 -0.02 -0.14 -0.39 0.09 0.00 -0.56
DFF 0.03 -0.02 -0.02 -0.47 0.05 0.36 -0.06 -0.14 -0.41 0.10 0.00 -0.58
DFH 0.03 -0.01 -0.03 -0.42 0.05 0.38 -0.17 -0.16 -0.41 0.10 0.00 -0.64
DLH 0.00 0.01 -0.03 -0.02 0.01 0.18 -0.38 -0.06 -0.05 0.06 0.00 -0.28
NFLP -0.01 0.01 -0.01 0.26 -0.03 -0.23 0.10 0.25 0.62 -0.03 0.00 0.93
NFP -0.01 0.01 -0.01 0.29 -0.03 -0.23 0.03 0.24 0.66 0.00 0.00 0.92
FL -0.02 0.01 0.03 0.24 -0.03 -0.22 0.14 0.04 0.01 -0.18 0.00 0.02
FD -0.02 0.00 0.03 0.25 -0.03 -0.23 0.22 0.04 0.03 -0.12 0.00 0.18

*Significant at P=0.05; **Significant at P= 0.01

Table 5(a). Cluster composition of Okra genotypes

Sl.No. Clusters No. of genotypes Genotypes

1 Cluster I 5 G7(EC-305653), G11(JOC-4), G5(JOS-9), G8(JOC- 2), G3(JOS-30)
2 Cluster II 4 G9(IC-0620645), G13(Kashi Lalima), G6(IC- 27831), G10(JOC-3)
3 Cluster III 2 G1(EC-305727), G4 (JOC-1)
4 Cluster IV 2 G2(JOS-21), G12(IC- 0620644)
5 Cluster V 1 G14(Arka Anamika)
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as the most significant contributors. Comparable
observations were also noted by Nanthakumar et al.,
(2021) and Kumar et al., (2023). Principal Compo-
nent 3 (PC3), which explained 14.62% of the vari-
ance, was led by days to last harvest (0.57) and num-
ber of nodes (0.53). Sharma and Prasad (2010) re-
ported similar findings in 20 okra genotypes using
principal component analysis.

The evaluation of the 14 okra genotypes based on
these quantitative traits revealed significant diver-
sity, underscoring the potential for identifying
promising genotypes for hybridization and broad-
ening the genetic base. The majority of the variation
was explained by the first three elements (83.61%),
which was consistent with the distinct clustering
patterns observed in the cluster analysis, where each
cluster was clearly separated. The variable loadings
and their correlation with the principal components

are detailed in Table 6. The biplot (Figure 3) pro-
vides a visual representation of the relationships
between traits and genotypes. The blue arrows rep-
resent the different plant characters studied, with
the length and direction of each arrow indicating the
strength and direction of their influence on the prin-
cipal components. The genotypes are depicted as
points, illustrating how they cluster based on their
similarity in these traits.

Conclusion

The study highlighted significant genetic variation
among the evaluated okra genotypes. Genotypes
like Kashi Lalima, IC-27831, and JOC-3 excelled in
most yield-related characters. High heritability and
genetic advance for key traits like plant height indi-
cated their suitability for selection in breeding pro-
grams. Additionally, the strong positive correlation
observed between yield and number of flowers and
fruits per plant further highlighted the importance
of targeting these traits to enhance yield. Clustering
revealed considerable genetic diversity, suggesting
potential for creating high-performing hybrids with
distant clusters. Overall, these findings support the
potential for exploiting diverse genotypes in future
breeding programs to enhance crop productivity
and introduce desirable traits from genetically di-
verse sources.
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