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ABSTRACT

Germplasm (44) from 6 wild Abelmoschus species and 4 cultivars from cultivated species [Abelmoschus esculentus
(L.) Moench] were evaluated during kharif 2015 and 2016 to assess the genetic variability and character association
in yield attributes and YVMYV disease. Significant differences among accessions for mean performance with respect
to 13 quantitative traits revealed presence of sufficient variation in the experimental material used. Mean Percent
Disease Incidence (PDI) YVMYV, revealed lowest PDI in 4. moschatus (IC-141055) (7.73%) followed by 1C90476-
1(8.61%) and IC47092 (11.0%). These wild accessions indicated their scope in future breeding programs for resistance
to BYVMV. Estimates of genotypic coefficients of variability (GCV) and phenotypic coefficients of variability (PCV)
ranged from 6.15-59.14 and 13.98- 62.13 respectively. Heritability in broad sense (h?), genetic advance (GA) and
genetic advance as percentage of mean (GAM) ranged from 19-98%, 0.40-84.20, 5.58- 98% respectively. Further
classification revealed high GCV (>20.00%), high heritability (>60.00%) and high GAM (>20.00%) for most of the
yield components and PDI of BY VMYV, except for first flowering node and stem diameter. Character association study
publicized significant positive association and high positive direct effect of fruit weight (0.85), number of fruits per
plant (0.532), stem diameter (0.088), plant height (0.069) and fruit diameter (0.046) on fruit yield per plant. Therefore,
direct selection based on these combinations of traits help in harnessing their positive direct effects on yield per plant

in okra improvement programmes.

Key words: Abelmoschus, Correlation coefficient, Genetic advance, Genetic variability, Heritability,
Path coefficient

Okra [Abelmoschus esculentus (L.) Moench] is one of
the delicious, tender fruit vegetable having food, non-food
and medicinal uses. High level of dietary fibre, flavanoids,
rich source of minerals, like Ca, Fe, Mg, Cu and Mn
has made okra an important component of Indian diet
(Kumar et al. 2016). India is the largest producer of okra
with 6.0 million tonnes production (72.9% of total world
production) from 0.501 million hectare area (Anonymous,
2017). Although India is the largest producer of okra but
its productivity potential is low due to an array of biotic
stresses adversely affecting the yield and quality of the
product. The important biotic bottlenecks include Bhendi
Yellow Vein Mosaic Virus (BYVMV) and insect pests, like
whitefly (Bemisia tabaci Gen.) and leathopper [Amarasca
biguttula biguttula (Shir.)]. Considering its nutritional, food
and socio-economic importance, its genetic improvement
has drawn utmost attention.

Knowledge of genetic parameters, like genotypic
coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), broad sense heritability (h”), genetic
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advance (GA) and character association are prerequisite
for okra improvement programme (Nwangburuka et al.
2012). Correlation and path-coefficient analysis provide
information about the association between two traits and the
partitioning of the relationship into direct and indirect effects
showing the relative importance of each of the causal factors.
Several researchers have emphasized on wild relatives of
okra as an important source of useful genes for breeding
programmes and resistance to BY VMYV, Jassids (leaf hopper)
and other biotic and abiotic stresses (Arumugam et al. 1975,
Dhankar et al. 2005).Therefore, considering the importance
of wild germplasm and their genetic analysis for future use,
the present study was undertaken to analyze the genetic
variability and association among yield and biotic stresses
in okra germplasm comprised of accessions from 6 different
wild species of okra.

MATERIALS AND METHODS

The present investigation was carried out at the Research
Farm of Division of Vegetable Science of the institute located
at 28°35'N, 70°18'E, altitude 226m above sea level (asl)
during the kharif season of 2015 and 2016. Experimental
material consisted of 44 accessions of 6 okra wild species
belonging to Abelmoschus caillei (3), A. manihot var.
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tetraphyllus (17), A. moschatus (16), A. tuberculatus (3),
A. ficulneus (2) and A. angulosus (3) along with 4 check
cultivars of cultivated species 4. esculentus viz. cv. Pusa
Sawani, cv. Pusa A-4, cv. DOV-66 (Pusa Bhindi 5) and
cv. DOV-92. The experiment was laid out in Completely
Randomized Block Design (RCBD) with 2 replications. All
the scientific agronomic package of practices were followed
to raise a healthy crop, except spraying of insecticides
to control the whitefly, the vector for begomovirus (es)
causing BYVMV.

Five plants of each accession in each replication were
randomly selected for recording the observations on 13
yield and its component characters. The accessions were
screened under natural epiphytotic condition for BYVMV
following the infector row method (Nene et al. 1972). The
response of the virus was assessed based on per cent disease
incidence [PDI = (Number of diseased plants/Total number
of plants) x 100] in a given accession at 15 days interval
and later averaged to get mean PDI. The mean replicated
data on various other biometric traits and mean PDI were
subjected to analysis of variance as per the standard statistical
procedure (Panse and Sukhatme 1985). Phenotypic and
genotypic components of variance were estimated by using
the formula given by Cochran and Cox (1957). Expected
genetic gain or advance under selection and correlation
coefficient were computed by using the formula of Johnson
et al. (1955). Path coefficient analysis was carried out as
per Dewey and Lu (1959).

RESULTS AND DISCUSSION

Mean performance

Mean and ranges are the simple measures of variability
which are presented in Table 1. Mean performance of
44 wild accessions and 4 cultivated genotypes differed
significantly from each other for all the traits under study,
except for node at first flower appearance. Mean performance
ranged between 5.8 (IC-393008) to 9.5 (I1C-90343) for first
flowering node, 43.6 (DOV-66) to 86.3 (IC-470737) for days
to first flowering, 2.26 (4. caillei) to 11.13 (IC-212557) for
internodal length (cm), 12.64 (IC-90343) to 31.54 (EC-
316077) for number of nodes on main stem, 51.56 (IC-
90396) to 160.73 (1C-469584) for plant height (cm), 0.39
(IC-203834) to 2.27 (IC-90499) for stem diameter (cm),
2.7 (DOV- 92) to 13.4 (IC-47092) for number of branches
per plant, 1.57 (IC-90511) to 14.09 (Pusa Sawani) for fruit
length (cm), 1.03 (IC-111500) to 2.95 (4. moschatus) for
fruit diameter (cm), 10.15 (IC-470752) to 28.5 (EC-316077)
for number of fruits per plant, 2.32 (IC-470752) to 14.45
(A. caillei) for fruit weight (g), 7.73 (4. moschatus) to
71.34 (Pusa Sawani) for PDI of BYVMV (%) and 46.26
(IC-141045) to 245.13 (245.13) for fruit yield per plant (g).
Based on mean PDI of BYVMYV, lowest PDI was recorded
in A. moschatus (7.73%) followed by 1C90476-1 (8.61%)
and IC47092 (11.0%). These wild accessions indicated
their scope in future breeding programmes for resistance to
BYVMV.significant differences among accessions for mean
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performance and broader ranges of mean values revealed
presence of sufficient variation in the experimental material
used. These findings were in consonance with the findings
of earlier workers (Dhankar and Dhankar 2002, Singh et
al. 2006) in okra.

Genetic variability

Estimates of GCV and PCV (Table 2) ranged from
6.15% (first flowering node) to 59.14% (fruit length) and
13.98% (first flowering node) to 62.13% (fruit length)
respectively. GCV estimates were highest for fruit length
(59.14%) followed by fruit weight (50.20%), PDI of
BYVMYV incidence (46.83%) and lowest was observed in
first flowering node (6.15%). Similarly, PCV was highest
for fruit length (62.13%) followed by fruit weight (52.59%),
PDI of BYVMYV incidence (47.27%) and lowest for first
flowering node (13.98%). In general. PCV were slightly
higher than the corresponding GCV. However, the difference
between PCV and GCV being very low for majority of
the characters, namely days to first flowering, number of
nodes on main stem, plant height, fruit length, fruit weight,
PDI of BYVMYV, number of jassids, whiteflies and yield
/plant suggesting more prevalence of genetic governance
of these characters, and thus selection on phenotypic basis
would hold good. Slightly higher PCV to GCV were also
obtained by Sharma and Prasad (2015) and Senapati ef al.
(2011). Further, the PCV and GCV values were classified
as low (<10 %), moderate (10- 20%) and high (>20%) as
suggested by Sivasubramanian and Menon (1973). In the
present investigation, GCV and PCV were high for all the
characters, viz. days to first flowering, internal nodal length,
no. nodes on main stem, plant height (cm), stem diameter
(cm), no. of branches per plant, fruit length (cm), no. of
fruits per plant, fruit weight (g), per cent BY VMYV incidence,
number of jassids/leaf/plant, number of whiteflies/leaf/
plant and fruit yield per plant (g), except moderate PCV
(13.98%) and low GCV (6.15%) for first flowering node
and moderate GCV (18.19%) for fruit diameter. Present
GCV and PCV estimates corroborated with the studies of
Reddy et al. (2012) and Nwangburuka et al. (2012). In the
present investigation, differences between PCV and GCV
estimates for important biotic stresses, namely % BYVMV
incidence was low. It indicates more of genetic control than
environment in governing the trait and scope and importance
of germplasm used in the study for selection of BYVMV
resistant accessions for future use in breeding programmes.

Heritability and genetic advance

Estimates of heritability in broad sense (h?), genetic
advance (GA) and genetic advance as percentage of mean
(GAM) are presented in Table 2. Heritability, GA and
GAM values ranged from 19-98%, 0.40-84.20, 5.58- 98%
respectively. The heritability values were classified as low
(<30%), moderate (30- 60%) and high (>60%) while that
of GAM as low (<10%), moderate (10-20%) and high
(>20%) as suggested by Johnson et al. (1955). Estimates
of heritability were high for days to first flowering (92%),
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Table 2 Genotypic (Upper right) and phenotypic (Lower left) correlation coefficients of 13 quantitative traits in wild okra genotypes

Fruit weight  PDI of  Fruit yield/
BYVMV

No. of
fruits/plant

Fruit
diameter

Days to Inter No. nodes Plant height Stem No. of  Fruit length
nodal diameter ~ branches/
length

First
flowering

Character

plant

(2)

(cm)

(cm)

on main

first
flowering

(%)

(cm)

plant

(cm)

stem

node

13
-0.419%*
0.256*
0.030

12
-0.011
-0.039
-0.061

-0.349%*

11

-0.410%*

10
-0.428%%*
0.612%*

-0.352%*
0.651**

-0.501%*
0.118

-0.060
0.150

0.279%*

0.046
-0.174
-0.226*
0.533%*

-0.999%**
0.816%*

-0.672%*
0.564**

-0.981%*
0.809%*

-0.865%*

1.000
-0.367%*
-0.303%*
-0.316%*
-0.424%*

0.039

1.000
0.687
0.449%%*

0.499%* 0.624%** -0.229*
0.259*
0.457**

-0.022
0.308**

0.603** 0.679**

1.000
0.424**

0.427%*

0.958%*

0.040
0.452%*

0.295%*

0.676**

1.000
0.556**

0.606**

-0.111
-0.269%*
-0.287%*

0.683**

0.504**

-0.125
0.252%*

0.110

1.000

0.153
0.088**

1.000

0.164

-0.085
0.458**

0.531**

0.729**

0.322%%*

0.317%*
-0.646**

0.473%*

-0.197
-0.287%*

0.190

-0.666**
1.000

0.268**

-0.051

0.225*

-0.041
0.288**

-0.079

0.143

0.118
0.486**

0.834**

-0.462%%*
0.852%%*

0.255*

0.304**

1.000

-0.593**

0.270%**

-0.012
-0.191

0.011

0.051

0.983**

0.140
1.000

0.11

-0.300%*

0.346%*

-0.046
-0.418%*

0.128
0.277**

0.209*

0.15
0.274**

-0.152

0.221*
-0.553%%*
-0.253*

-0.411%*

-0.14
0.232*
0.211*

0.325%*

0.002
0.924**

0.498%*

1.000
0.227*
-0.348%*
0.425%*

0.529%*

0.455%%* 0.404**

-0.247*
-0.102

-0.017
-0.139

10

11

0.878%*

-0.043
1.000

-0.343%*

1.000
-0.040
0.837**

0.081

0.882%*

0.418**

0.223*
-0.311%**

-0.174
-0.049
0.039

0.048

-0.355%%*

-0.024
0.244%*

0.046
0.799%*

0.1944
0.219*

-0.104
0.561**

-0.089
0.241*

* and ** indicate significance of values at P

12
13

YADAV ET AL.

0.398**

0.05 and P

0.01, respectively.
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internodal length (76%), number of nodes on main stem
(82%), plant height (87%), number of branches per plant
(87%), fruit length (91%), number of fruits per plant (75%),
fruit weight (91%), PDI of BYVMV incidence (98%),
number of jassid or nymphs/leaf/plant (94%), number
of whiteflies/leaf/plant (90%) and green fruit yield/plant
(96%). Heritability estimates were moderate for stem
diameter (45%) and fruit diameter (55%) while low only
for first flowering node (19%). The estimates of GAM were
also high for days to first flowering (45.41%), internodal
length (60.49%), number of nodes on main stem (41.02%),
plant height (55.96%), stem diameter (30.01%), number of
branches per plant (79.99%), fruit length (115.96%), fruit
diameter (27.79%), number of fruits per plant (36.78%),
fruit weight (98.70%), PDI of BY VMV incidence (95.56%),
number of jassid or nymphs/leaf/plant (64.95%), number
of whiteflies/leaf/plant (90%) and green fruit yield/plant
(91.94%). Low GAM (<10.00%) recorded only for first
flowering node (19%).

During the selection for the improvement of any
character knowledge of broad sense heritability and GAM
are necessary because broad sense heritability is based on
total genetic variance, which includes both fixable (additive)
and non-fixable (dominance and epistatic) variances. When
heritability is mainly due to non- additive genetic effects
(dominance and epistasis), genetic advance will be low,
while in cases where heritability is chiefly due to additive
gene effects, a high genetic advance may be expected. In
the present investigation, except for first flowering node,
high GAM coupled with high heritability has been observed
for all the characters including PDI of BYVMV incidence
is the indication of prevalence of additive genetic effects
(fixable) involved in their expression and such additive gene
effects are predicted to show good response to phenotype
based selection in crop improvement programme. Hence,
it is advisable for straight phenotype based selection to
improve these characters. High heritability along with high
GAM estimates were also obtained by Das et al. (2012),
Prakash et al. (2017), Singh et al. (2006) and Reddy ef al.
(2012) in okra. Low heritability coupled with low GAM
observed first flowering node is the sign of prevalence of
non-additive gene action and influence of environment. As
a result showing limited scope for improvement of this trait
through selection.

Correlation coefficient

Yield and yield components, in general, are polygenic
in nature and are subjected to different amount of non-
heritable variation. Fruit yield/plant in okra is the result of
interaction of number of inter-related characters. Therefore,
selection should be based on the component characters
after assessing their correlation with fruit yield/plant. In
the present investigation genotypic correlation coefficients
(rg) were higher in magnitude than phenotypic correlation
coefficients (rp) in most of the cases (Table 3). Fruit yield
per plant showed highest significant positive correlation
at both phenotypic and genotypic levels with fruit weight
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(rg= 0.878, rp= 0.837) followed by fruit length (rg= 0.852,

rp= 0.799), plant height (rg= 0.606, rp= 0.561), number of 2 g - & *ﬁ oL *%’ oxoE ok
fruits per plant (rg= 0.498, rp= 0.425), number of nodes on 5 = |~ g R R= § 848 3 CERIS A 5
main stem (rg= 0.427, rg= 0.398), fruit diameter (rg= 0.346, i ' ceeTee e en
rg=0.244), basal stem diameter (rg=0.332, rp=0.219) and
days to first flowering (rp=0.256, rg=0.241) . Significant s E Sle2geggesTaa=-g
positive association of above traits with yield per plant a ; S =sg2cscse:s P Sz S 2
showed their role in improving fruit yield in okra (Singh * ' '
et al. 2017. Reddy et al. 2013. Das et al. 2012. Prasath et =
al. 2017). The number of branches per plant (rg=-0.462, -%D,_\ oIz
rp=-0.410), per cent BYVMYV incidence (rg=-0.355, rp= i &= pe 2 gsd29g 2 xz-d% pd
-0.343) found to be negative significant correlation at both E ' ' ' '
phenotypic and genotypic level and first flowering node .
(rg=-0.41.9). or}ly at genotypic 1eYel for fruit yi.eld per 52 &g gcsgggeg =958
plant. This indicates that due attention should be given for 2’ 2 |= 3 coreod e R
selection of combination of flowering at lower node and % = ' '
lower incidence of BYVMV in improving fruit yield of 5
okra.Similar results were obtained by Singh et al. (2017) g - %,.\ Cena=-22gec gy
and Prasath et al. (2017). c;;" FEB~222885383:¢E¢
o
@]
Path coefficient analysis 2 s
Path coefficient analysis (Table 4) is an efficient E ::,D»-\ — 5 =22JddadB3239
. .. . . o |2 E w S8 ccoFsscS 3
technique to partition the correlation coefficient of each of  » |2 S S35 33 S S
the trait with yield into direct and indirect effects which § E
helps in explaining relative importance of each of the trait 3 .
and their reliability in selection making. Fruit weight (0.85) SlB L a8 - Sae=2S4y=
exhibited highest positive direct effect on fruit yield per plant 5 g g2T S S i 23s22:322
followed by number of fruits per plant (0.532), internodal % 8 o C '
length (0.148), stem diameter (0.088), plant height (0.069) o
and fruit diameter (0.046). These traits also possessed their é = %E TLE8rSegat T gx
significant positive correlation with fruit yield per plant S |2 E5|° S 33222222322 S
(except internodal length) indicating that direct selection 3 = b ' '
based on these traits help in yield improvement. These SLE) =
findings corroborated with Sharma and Prasad (2015), § 2~ Teg5ex2wnsal
Senapati et al. (2011) and Singh et al. (2017). Number £ ;5 2 22222 P 2222 P
of nodes on main stem (-0.574) followed by % BYVMV T | & ' ' '
incidence (-0.268), first flowering node (-0.061), fruit length =
(-0.062), number of branches per plant (-0.039) and days g —°§ = o MY TELINRSSS
to first flowering (-0.031) exhibited negative direct effects O | = E N < PEERC O I el L e a
on fruit yield per plant. Among these negatively effecting o, |2 g ot
traits, first flowering node and PDI of BYVMYV incidence 2
. - . . . S
al.so possessed ‘negatl\'/e s1gq1ﬁcant corr‘elatlon with fruit £ 5F g 2S%23583 2% 4 T2
yield per plant indicating their true relation. ESE"SsZzZ 2z pd = pd 22 S S
Growth attributes, like number of nodes on main stem, - ' ' ' Y
fruit length and days to first flowering showed negative
direct effect on fruit yield per plant although positively - ~ =N 00, D D = e
correlated with fruit yield per plant. In such a situation, EE § IR E § i § g § § § i § S
obtained positive significant correlation with fruit yield 8 = ST T T TS TS
per plant may be due to the positive indirect effects. As
a result negative direct effect showing number of fruits = I I T RS g
per plant showed significant positive correlation due to E §§ il £&82E & R
positive indirect effects via number of fruits per plant = reeeeTeeee e L
(0.510), fruit weight (0.221), PDI of BYVMV (0.093), %
internodal length (0.089), plant height and stem diameter - =
(0.047). Similarly, positive indirect effects are responsible 2 5
for positive significant correlation of fruit length and days g E
to first flowering with fruit yield per plant. Under these @) I R R =
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circumstances, to make use of these positive indirect effects
a restricted simultaneous selection model is to be followed
i.e. restrictions are to be imposed to nullify the undesirable
indirect effects and simultaneous prioritized selection on
positive indirect effects. These findings corroborated with
Das et al. (2012) and Choudhary and Sharma (1999). In
the present study, residual effect was low (0.36) suggesting
inclusion of maximum fruit yield influencing characters of
okra in the present analysis.

Based on the results obtained it was found that,
significant differences among accessions for mean
performance revealed presence of sufficient variation
in the experimental material. Mean PDI of BYVMYV,
revealed lowest PDI in 4. moschatus (IC-141055) (7.73%)
followed by 1C-90476-1 (8.61%) and IC-47092 (11.0%).
These wild accessions indicated their scope in future
breeding programmes for resistance to BYVMV. High
genetic variability and heritability estimates obtained for
most of the earliness, growth, yield and PDI of BYVMV
indicated the prevalence of additive genetic effects (fixable)
governing their expression. Character association study
revealed significant positive association and high positive
direct effect fruit weight (0.85), number of fruits per plant
(0.532), stem diameter (0.088), plant height (0.069) and
fruit diameter (0.046) on fruit yield per plant. Therefore,
direct selection based on these combinations of traits help
in harnessing their positive direct effects on yield per plant
in okra improvement programmes.
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