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ABSTRACT

Okra is India’s most widely grown tropical and subtropical vegetable crop.
Despite widespread cultivation, crop yield and productivity remain subpar.
Yellow vein mosaic virus (YVYMV) disease is a serious threat to Indian okra
production, causing yield losses ranging from 17.09 to 96.49 per cent. In this
context, the present study was aimed to assess the variability and character
association of 74 elite germplasm accessions for thirteen quantitative and
quality traits. High phenotypic and genotypic coefficient of variation (PCV and
GCV) were observed among all evaluated traits except fruit diameter, which
showed a moderate PCV and GCV. All traits had high heritability and high
genetic advance, implying that the heritability was most likely due to additive
gene effects. Direct selection of these traits would be advantageous for okra
improvement, especially in developing a YYMV resistant genotype. Fruit yield
per plant exhibited a significant and positive genotypic as well as phenotypic
correlation with fruit weight, fruit length, peroxidase activity, polyphenol
activity, fruit diameter, total phenolic content and plant height, whereas node
at which the first flower appeared and YVMV were negatively correlated to
fruit yield per plant. Correlation studies indicated YVMV resistance towards
high total phenolic content, polyphenol oxidase, and peroxidase. The high
positive direct effects on fruit yield per plant were observed for fruit weight
followed by number of fruit per plant and total phenolic content. This study
revealed that simultaneous selection of these traits can help in increasing

yield and YVMV resistance.
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INTRODUCTION

Okra (Abelmoschus esculentus L. Moench) is a
well-known and economically valuable tropical and
subtropical vegetable crop. It is a member of the
Malvaceae family and has a chromosome number
of 2n=130. It is rich in vitamins and minerals,
calcium, potassium, fibre, and iron making it a
nutrient-dense food (IBPGR, 1990). It is India’s most
frequently cultivated and popular vegetable crop
ranking first in the world production with 60.03 lakh
tonnes with aproductivity of 12.0 tonnes ha™ (Anon.
2017). The okra cultivation in India is influenced by
various biotic and abiotic factors. The most serious
disease caused by biotic factors is the Yellow vein
mosaic virus disease, which is transmitted by

*Corresponding author’s e-mail: gurve.vaibhao@gmail.com

whitefly (Bemisia tabaci Genn) (Khade et al.,2020).
It lowered fruit production by 17.09 % to 96.49 %
(Jamir et al., 2020). This disease is caused by a
variety of monopartite and bipartite begomoviruses
and their satellite DNA poses a significant threat to
okra cultivation (Venkataravanappa et al., 2016).

Plant genetic resources are vital in ensuring
global food security in the future. To acquire elite
germplasm, phenotypic selection of desirable traits
with a high GCV and PCV, high heritability, and a high
genetic advance is essential in order to use them
in successive breeding programmes (Yadav et al.,
2019). A positive or negative association between
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two traits is important for plant breeders to generate
new varieties with superior yielding characteristics
(Priyanka et al.,2018). According to Dewey and Lu
(1959), the path coefficient analysis was employed
to determine the cause and effect relationship by
partitioning the correlation coefficient into direct
and indirect effects of traits on the dependent
variable. Understanding the relationship between
yield and other traits is critical to improving any
crop. Therefore, the current study was carried out to
assess the variability and investigate the relationship
between the yield contributing traits and YVMV
resistance in the available okra accessions, which
will benefit the selection of valuable genotypes for
future breeding programmes.

MATERIAL AND METHODS

The current research was carried out at the
Department of Vegetable Science, Horticultural
College and Research Institute, Tamil Nadu
Agricultural University (TNAU), Coimbatore, India. 74
elite okra accessions were collected from various
geographical regions, National Institutes, and State
Agricultural Universities of India. The experiment was
divided into three replications using a randomised
block design (RBD) with a spacing of 60 x 45cm.
All production techniques were implemented in
accordance with the TNAU crop production manual.
Plant height (cm), node at which the first flower
appears, number of primary branches per plant,
fruit length (cm), fruit diameter (cm), fruit weight
(), number of ridges on fruit, number of fruits per
plant, fruit yield per plant (g) were all measured
on ten randomly selected plants. Sadasivam
and Manickam’s (1991) technique was used to
determine quality traits such as total phenolic
content, peroxidase activity, and polyphenol oxidase.
Using an infector row technique, the field experiment
was carried out during the summer season, during
the peak pressure of the vector Bemisia tabaci. The
healthy-to-vulnerable plant ratio was 3:1. To test for
YVMV susceptibility, Arka Anamika and Parbhani
Kranti were used. No chemicals were sprayed on the
crops during the growing season. Natural pressure
was allowed to run at full throttle, allowing diseases
to spread at breakneck speed. From the date of
sowing to crop harvesting, fortnightly observations
on YYMV symptoms were made on average. The
following disease severity scale for YYMV as adopted
by Das et al. (2013) was used in study.

Disease

Severity Scale Symptoms
0 No disease
1 up to 15% of leaf area affected
3 30%-45% of leaf area affected
5 45%-60% of leaf area affected
7 greater than 60% of leaf area affected
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The following scale were used for evaluation
of resistance and the susceptible reaction of the
genotypes to YYMV disease by Percent Disease
Index (PDI).

A Resistant (R) PDI < 10%,

B Moderately resistant (MR) PDI 11 - 15%

C Moderately susceptible (MS) PDI 16 - 45%
D Highly susceptible (HS) PDI > 45 %

The incidence of the YYMV disease was calculated
by the following formula:

Sum of numerical rating of

disease severity scale
PDI = - x 100
Highest grade of the scale x

Number of plants examined

The mean data was subjected to statistical
analysis using the software INDOSTAT. The analysis
of variance and summary statistics were computed
in accordance with Panse and Sukathme (1967).
Phenotypic, genotypic coefficients of variation
(PCV and GCV), heritability (h?) (broad sense) were
calculated as per Burton and Devane, (1953) and
Allard (1960). Phenotypic and genotypic correlations
were calculated as per Falconer (1981). Heritability
and genetic advancement were classified as low,
medium, and high, according to Johnson et al.
(1955). The path coefficient analysis proposed by
Wright (1921) and refined by Dewey and Lu (1959)
was used to compute various traits’ direct and
indirect contributions to yield. The direct and indirect
effects were measured using the Lenka and Mishra
(1973) scale.

GCV and Heritability Genetic
Scale

PCV (h?) Advance
Low 0-10% 0-30% 0-10%
Moderate 10 - 20 % 30-60% 10 -20%
High >20% > 60% >20%

Scale Direct and Indirect effects

Very high > 1.000
High 0.30 - 0.99
Moderate 0.20 - 0.29
Low 0.10 - 0.19
Negligible 0.00 - 0.09

RESULTS AND DISCUSSION

Analysis of variance was performed on the data
collected from all 74 genotypes and a significant
difference was observed in all studied characters
among genotypes, revealing that there is adequate
variability in the experimental material to allow for
selection and the possibility of enhancing yield



and yield-related attributes for crop improvement
(Table 1).

Table 1. Mean performance of okra genotypes
for yield and yield attributing traits and

YVMV resistance
Traits Mean Range Ccv
Minimum Maximum

PH 111.30 39.45 191.71 7.76
NFF 419 2.88 7.87 6.32
NPB 3.51 1.36 19.89 12.21
FL 14.53 2.96 25.43 3.83
FD 2.00 1.28 3.58 4.28
FW 17.51 0.69 28.33 6.98
NR 5.70 5.00 9.00 9.48
NFP 32.56 9.05 104.78 6.47
FY 468.83 5.75 868.62 5.67
TPC 0.76 0.39 2.70 2.83
POD 1.97 0.70 4.43 1.52
PPO 1.44 3.25 0.81 5.25
YVMV  30.23 0 84.28 5.50

Phenotypic and genotypic coefficient of
variation

Among the all traits studied, high PCV and GCV
were observed for a number of primary branches
per plant, total phenolic content, YYMV, number
of fruits per plant, polyphenol oxidase, peroxidase
activity, fruit yield per plant, fruit weight (g), plant
height (cm), node at which the first flower appears,
fruit length (cm) and number of ridges on fruit (Table
2). However, moderate PCV and GCV were recorded
in fruit diameter (cm). The result revealed that the
difference between the PCV and GCV was minor for
all traits studied, indicating that the environment
would have little influence on the expression of
characters and they could be improved by applying
simple selection pressure to these characters during
the early generation. A high PCV in combination with
a high GCV showed that there was more variation for
specific traits in the population. Thus, by employing
a simple selection approach, this available variation
could be used in the early generation. Similar results
were reported by Sravanthi et al. (2021), Hamisu et
al. (2021) and Nuksungla et al. (2020).

Heritability and genetic advance

Almost every trait investigated in this study had
a high degree of heritability, ranging from 89.28
percent (number of ridges on fruit) to 99.93 percent
(total phenolic content) (Table 2). Considering
that the environment had the least effect on all
of the traits, showed that selecting for such traits
could be advantageous. In conjunction with the
heritability estimate, the genetic advance would

allow a breeder to reach more conclusions than
would be possible with just the heritability estimate
alone. In the current study, the predicted genetic
advance as a percentage of the mean was found to
be high for all variables studied, ranging from 33.79
percent (fruit diameter) to 163.90 percent (number
of primary branches per plant) (Table 2). All of the
traits studied had high heritability as well as high
genetic advance, suggesting that the heritability
was most likely due to additive gene effects. It is
possible that selection would be effective for all
of the traits studied. As a result, direct selection
based on these characteristics will be effective
for okra improvement, particularly for developing
a genotype with YYMV resistance. Similar findings
were reported by Sravanthi et al. (2021),Melaku et
al. (2020), Walling et al. (2020), Rana et al. (2020)
and Patra et al. (2018).

Table 2. Variance estimates of yield and its
contributing traits and YVMV resistance
in okra genotypes

Traits PCV_ GCV_ h? GA GAM
PH 2728 2672 9596 60.01 53.92
NFF 2471 2430 96.73 206 = 49.24
NPB 80.49 80.02 9885 5.76 163.90

FL 23.64 2349 98.69 6.99 48.07
FD 16.94 16.67 96.81 0.68 33.79
FW 33.07 3270 97.77 11.66 66.61
NR 20.47 20.01 89.28 215 37.64
NFP 4535 4512 9898 30.11 92.47
FY 35.19 34.96 98.70 33547 71.56

TPC 7534 7531 99.93 118 155.08
POD 39.05 39.04 99.92 159 80.39
PPO 43.04 42.88 99.26 1.26 88.00
YVMV 7145 7134 99.70 44.36 146.74

PH - Plant height (cm), NFF - Node at which the first flower
appears, NPB - Number of primary branches per plant, FL-
Fruit length (cm), FD -Fruit diameter (cm), FW - fruit weight
(8), NR - Number of ridges on fruit, NFP - Number of fruit
per plant, FY - Fruit yield per plant (g), TPC - Total phenolic
content, POD - Peroxidase activity, PPO - Polyphenol

oxidase and YVMYV - Yellow vein mosaic virus
Phenotypic and Genotypic correlation

In general, yield and yield components are
polygenic in nature and are subject to different
amounts of non-heritable variation. In okra, fruit yield
per plantis the result of the interaction of a number
of associated characters. As a result, selection
should be made based on component characters
after determining their correlation with fruit yield
per plant. The present investigation observed that
the phenotypic correlation coefficient is greater
than the genotypic correlation coefficient for the
characters studied, which indicates a significant
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inherentamong the variables (Samiksha et al.,2021)
(Table 3). A strong positive relationship between
character and yield may be attributed to linkage
and pleiotropy (Sparque, 1966). In the present
study, fruit yield per plant exhibited a significant and
positive genotypic as well as phenotypic correlation
with fruit weight, fruit length, peroxidase activity,
polyphenol activity, fruit diameter, total phenolic
content, and plant height. On the other hand, the
node at which first flower appeared and YVYMV were
negatively correlated to fruit yield per plant. However,
YVMV exhibited a significant and positive genotypic

and phenotypic correlation with the plant height
while, total phenolic content, polyphenol oxidase,
peroxidase, and the number of fruit per plant were
negatively correlated with YVYMYV, indicating that
high total phenolic content, polyphenol oxidase
and peroxidase result into YVMV resistance. These
findings indicated that selecting these component
traits will be effective in increasing okra fruit yield
and YVMV resistance. Similar findings were given by
Wallin et al. (2020), Raval et al. (2019), Yadav et al.
(2019), Patra et al. (2018) and Singh et al. (2017).

Table 3. Genotypic and Phenotypic correlation for yield and its contributing traits and YVMV resistance

in okra genotypes

PH NFF NPB FL FD FW NR NFP TPC POD PPO YVMV  FY
PH rg 1
rp 1
NFF rg  -0.08 1
rp  -0.083 1
NPB rg 0.016 0.571** 1
rp  0.018 0.535** 1
FL rg  0.043 -0.476** -0.552** 1
rp 0.044 -0.450%* -0.542** 1
FD rg -0.179* 0.09 0.322** 0.154 1
rp -0.175* 0.073 0.305** 0.15 1
FW rg  -0.013 -0.382** -0.445%* (0.728** 0.371** 1
rp -0.015 -0.359%* -0.437** 0.712** 0.346** 1
NR rg -0.436** 0.277** 0.079  0.018 0.373** 0.293** 1
rp -0396** 0.230** 0.082 0.19 0.309** 0.261** 1
NFP rg 0.234** 0.411** 0.755** -0.395** 0.087 -0.423** -0.318** 1
rp  0.222*%* 0.395** 0.744** -0.384** 0.084 -0.406** -0.282** 1
TPC rg  -0.13 0.093 0.075 -0.037 0.075 -0.107 -0.243** 0.233** 1
p  -0.123 0.09 0.074  -0.036 0.073 -0.104 -0.218+** 0.230** 1
POD rg -0116 -0.044 -0.024 0.091 0.056 0.007 -0.276** 0.186* 0.959** 1
rp  -0.111 -0.042 -0.023 0.09 0.054 0.005 -0.247+** 0.184* 0.958** 1
PPO rg -0.138 -0.017 0.022 0.052 0123 -0.029 -0.221** 0.199* 0.954** 0.956** 1
p -0.13 -0.015 0.021  0.051 0.119 -0.024 -0.219** 0.199* 0.946** 0.949** 1
YVMV rg 0.254** -0.182* -0.196* 0.129 -0.089 0.186* 0.057 -0.218** -0.649** -0.590** -0.634** 1
rp  0.244** -0.178* -0.192* 0.126 -0.09  0.184* 0.055 -0.214** -0.647** -0.588** -0.628** 1
FY rg 0.227** -0.193* -0.139 0.508** 0.306** 0.636** -0.135 0.168* 0.281** 0.349** 0.324** -0.087 1
rp  0.214** -0.184* -0.137 0.498** 0.298** 0.611** -0.116 0.173* 0.277** 0.344** 0.317** -0.085 1

* Significant at 5% level, **Significant at 1% level
PH - Plant height (cm), NFF - Node at which the first flower appears, NPB - Number of primary branches per plant, FL - Fruit length (cm),
FD -Fruit diameter (cm), FW - fruit weight (g), NR - Number of ridges on fruit, NFP - Number of fruit per plant, FY - Fruit yield per plant (g),
TPC - Total phenolic content, POD - Peroxidase activity, PPO - Polyphenol oxidase and YVMV - Yellow vein mosaic virus

Direct and Indirect effects

Path coefficient analysis (Table 4 and Figure 2)

is a useful technique for partitioning the correlation
coefficient into direct and indirect effects, which
helps in explaining the relative importance of each
trait as well as its reliability in selection. In the
present study, the highest positive direct effects
on fruit yield per plant were observed for fruit
weight (0.7918) followed by a number of fruit per
plant (0.6017) and total phenolic content (0.3996)
while, plant height (0.1104) observed low direct
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effect. However, fruit diameter (0.0774), fruit length
(0.04360), polyphenol oxidase (0.0423) and node
at which the first flower appeared (0.0273) were
observed negligible positive direct effects on fruit
yield per plant. The number of primary branches per
plant (-0.2937) and peroxidase activity (-0.2402)
were observed to have moderate negative direct
effects while low in number of ridges on fruit (-0.1).
The YVMV (-0.0326) exhibited negligible negative
direct effects on fruit yield per plant (Figure 1).
As a result of this study, it was observed that



direct selection based on these traits can help in
enhancing yield, selection of early-type, and YYMV
resistance. These findings were supported by Yadav
et al. (2019) and Patra et al. (2018).

0.7918
0.6017

06
03996
0.4
0.2 0.1104
- 00273 0.0436 2:077% 0.0423
0 — L —
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0.2 -0.

—
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-0.2402
04 -0.2037

mPH WNFF WNPB WFL WFD WFW ENR ENFP mTTC MPOD MPPO mYVMV

Figure 1. Correlation coefficient of each trait
showing positive and negative direct
effects on fruit yield per plant for thirteen
quantitative and quality traits of okra

PH - Plant height (cm), NFF - Node at which
the first flower appears, NPB - Number of primary
branches per plant, FL - Fruit length (cm), FD -Fruit
diameter (cm), FW - fruit weight (g), NR - Number of
ridges on fruit, NFP - Number of fruit per plant, FY -
Fruityield per plant (g), TPC - Total phenolic content,
POD - Peroxidase activity, PPO - Polyphenol oxidase
and YVMV - Yellow vein mosaic virus

Genotypical Path Diagram for

Figure 2. Genotypical path diagram showing
direct and indirect effects on fruit yield
per plant

PH - Plant height (cm), NFF - Node at which
the first flower appears, NPB - Number of primary
branches per plant, FL - Fruit length (cm), FD -Fruit
diameter (cm), FW - fruit weight (g), NR - Number of
ridges on fruit, NFP - Number of fruit per plant, FY -
Fruityield per plant (g), TPC - Total phenolic content,
POD - Peroxidase activity, PPO - Polyphenol oxidase
and YVMV - Yellow vein mosaic virus

Table 4. Direct and indirect effects for thirteen quantitative and quality traits of okra genotypes

PH NFF NPB FL FD FW NR NFP TPC POD PPO YVMV
PH 0.1104 -0.0022 -0.0047 0.0019 -0.0138 -0.0103 0.0436 0.1405 -0.0519 0.0279 -0.0059 -0.0083
NFF -0.0089 0.0273 -0.1677 -0.0207 0.007 -0.3027 -0.0277 0.2476 0.037 0.0106 -0.0007 0.0059
NPB 0.0018 0.0156 -0.2937 -0.0241 0.0249 -0.3524 -0.0079 0.454 0.0299 0.0058 0.0009 0.0064
FL 0.0047 -0.013 0.1622 0.0436 0.0119 0.5765 -0.0018 -0.2377 -0.0148 -0.0218 0.0022 -0.0042
FD -0.0197 0.0025 -0.0946 0.0067 0.0774 0.2937 -0.0373 0.0526 0.0301 -0.0133 0.0052 0.0029
FW -0.0014 -0.0104 0.1307 0.0317 0.0287 0.7918 -0.0293 -0.2544 -0.0426 -0.0016 -0.0012 -0.0061
NR -0.0482 0.0076 -0.0233 0.0008 0.0289 0.2322 0.1 -0.1912 -0.0971 0.0664 -0.0094 -0.0019
NFP 0.0258 0.0112 -0.2216 -0.0172 0.0068 -0.3347 0.0318 0.6017 0.0931 -0.0446 0.0084 0.0071
TPC -0.0143 0.0025 -0.022 -0.0016 0.0058 -0.0844 0.0243 0.1402 0.3996 -0.2304 0.0404 0.0211
POD -0.0128 -0.0012 0.0071 0.004 0.0043 0.0053 0.0276 0.1118 0.3833 -0.2402 0.0404 0.0192
PPO  -0.0153 -0.0005 -0.0064 0.0023 0.0095 -0.0227 0.0221 0.12 0.3812 -0.2296 0.0423 0.0206
YYMV 0.028 -0.005 0.0577 0.0056 -0.0069 0.1474 -0.0057 -0.1309 -0.2594 0.1417 -0.0268 -0.0326

Residual effect = 0.48, Direct effect: Bold diagonal values, Indirect effect: Non diagonal values, PH - Plant height (cm), NFF - Node at which
the first flower appears, NPB - Number of primary branches per plant, FL - Fruit length (cm), FD -Fruit diameter (cm), FW - fruit weight (g),
NR - Number of ridges on fruit, NFP - Number of fruit per plant, FY - Fruit yield per plant (g), TPC - Total phenolic content, POD - Peroxidase
activity, PPO - Polyphenol oxidase and YVMV - Yellow vein mosaic virus

CONCLUSION

The current study found that all analysed traits
had a high PCV and GCV, except for fruit diameter,
which had a moderate PCV and GCV. All traits
demonstrated a high heritability in combination
with high genetic advances, indicating that the

heritability was most likely due to additive gene
effects and that direct selection based on these
traits would be effective for okra improvement,
particularly for developing a genotype resistant to
YVMV. The association study revealed a strong and
significant genotypic and phenotypic correlation
between fruit yield per plant with fruit weight, fruit

107 [10-12| 5



length, peroxidase activity, polyphenol activity, fruit
diameter, total phenolic content, and plant height.
On the other hand, the node at which the first flower
appeared and YVMV were negatively correlated
with fruit yield per plant. The path analysis study
found that the highest positive direct effects on
fruit yield per plant were observed for fruit weight
(0.7918) followed by number of fruit per plant
(0.6017) and total phenolic content (0.3996) while,
a number of primary branches per plant (-0.2937)
and peroxidase activity (-0.2402) was observed to
have moderate negative direct effects on fruit yield
per plant. This study revealed that simultaneous
selection of these traits can help in increasing yield
and YVMV resistance.
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