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Genetic variability and association of yield with its component traits in Okra
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ABSTRACT
Forty four accessions from 6 different wild Abelmoschus species and 4 check cultivars from cultivated species 

were evaluated during Kharif 2015 to assess the genetic variability and character association. 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 (h2), 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%), heritability (>60.00%) and GAM (>20.00%) for most of the yield components and PDI of BYVMV, except 
for first flowering node and stem diameter. Path co-efficient analysis revealed 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 will help in harnessing 
their positive direct effects on yield per plant in okra improvement programmes.
Key words: Abelmoschus species, heritability, genetic advance, correlation, path coefficient.

Okra [Abelmoschus esculentus (L.) Moench] is 
one of the delicious fruit vegetables having food, 
non-food and medicinal uses. High level of dietary 
fibre, flavonoids, rich source of minerals, like Ca, 
Fe, Mg, Cu and Mn has made okra an important 
component of Indian diet (Kumar et al., 8). India 
is the largest producer of okra with 6.35 million 
tonnes production (72.9% of total world production) 
from 0.53-million-hectare area (Anonymous, 1). 
Although India is the largest producer of okra, 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 jassids [Amarasca biguttula biguttula (Shir.)]. 
Considering its nutritional, food and socioeconomic 
importance, genetic improvement of okra has drawn 
utmost attention.

Knowledge of genetic parameters, like genotypic 
coefficient of variation (GCV), phenotypic coefficient 
of variation (PCV), broad sense heritability (h2), 
genetic advance (GA) and character association 
are pre-requisite for okra improvement programme 
(Nwangburuka et al., 10). Several researchers have 
emphasized on wild relatives of okra as an important 
source of useful genes for breeding programmes 
and resistance to BYVMV, Jassids and other biotic 
and abiotic stresses (Dhankar et al., 5). 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 consisted of 44 accessions of 
6 okra wild species belonging to Abelmoschus 
caillei (3), A. manihot (17), A. moschatus (16), A. 
tuberculatus (3), A. ficulneus (2) and A. angulosus (3) 
alongwith 4 check cultivars of cultivated specie viz., 
Pusa Sawani, Pusa A-4, DOV-66 and DOV-92. The 
experiment was laid out in Completely Randomized 
Block Design (RCBD) with 2 replications. 

The accessions were screened under natural 
epiphytotic condition for BYVMV following the infector 
row method (Nene et al., 9). The response of the 
virus was assessed based on per cent disease 
incidence [PDI = (Number of diseased plants/Total 
number of plants) × 100] in each 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. 
Phenotypic and genotypic components of variance 
were estimated by using the formula given by 
Cochran and Cox (3). Expected genetic gain or 
advance under selection and correlation coefficient 
were computed by using the formula of Johnson et 
al. (7). Path coefficient analysis was carried out as 
per Dewey and Lu (6).

Experimental results revealed broader ranges of 
mean values indicating presence of enough variation 
in the experimental material used (Table 1). Estimates 
of GCV and PCV 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%) *Corresponding author' E mail: rkyadavneh@gmail.com 
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followed by fruit weight (50.20%), and PDI of BYVMV 
incidence (46.83%). Similarly, PCV was highest for 
fruit length (62.13%) followed by fruit weight (52.59%) 
and PDI of BYVMV incidence (47.27%). The trait 
first flowering node, however recorded the lowest 
GCV (6.15%) and PCV (13.98%). In general, PCV 
were slightly higher than the corresponding GCV. 
However, the difference between PCV and GCV 
being negligible for majority of the characters, namely 
days to first flowering, number of nodes on main 
stem, plant height, fruit length, fruit weight, PDI of 
BYVMV and yield /plant suggesting thereby genetic 
governance of these characters. The selection 
on phenotypic basis would, therefore, hold good. 
Further, the PCV and GCV values were classified 
as low (<10 %), moderate (10- 20%) and high 
(>20%) as suggested by Sivasubramanian and 
Menon (13). GCV and PCV were high for all the 
characters, except moderate PCV (13.98%) and low 
GCV (6.15%) for first flowering node and moderate 
GCV (18.19%) for fruit diameter. GCV and PCV 
estimates corroborated with the studies of Reddy 
et al. (11) and Nwangburuka et al. (10). The low 
differences between PCV and GCV estimates for 
BYVMV incidence indicated genetic predominance 
than environment in governing the trait emphasizing 
scope and importance of germplasm used here in 
selection of BYVMV resistant accessions for future 
use in breeding programmes.

Estimates of heritability in broad sense (h2), 
genetic advance (GA) and genetic advance as 
percentage of mean (GAM) are presented in Table 1. 

Heritability, GA and GAM values ranged from 19-
98%, 0.40-84.20% and 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. (7). Estimates 
of heritability were high for days to first flowering 
(92%), 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%) 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 BYVMV incidence (95.56%) 
and green fruit yield/plant (91.94%). Low GAM 
(<10.00 %) was recorded only for first flowering 
node (19%). 

During the selection for the improvement of 
any character, knowledge of both 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 

Table 1. Estimates of genetic parameters for yield and its component traits in wild okra germplasm.

Sl. 
No.

Character Mean GV PV GCV 
(%)

PCV 
(%)

h² 
(Broad 
Sense)

Genetic 
Advancement 

5%

Genetic 
Advance as % 
of Mean (5%)

1 First flowering node 5.8-9.5 0.19 1.02 6.15 13.98 0.19 0.4 5.58
2 Days to first flowering 43.6-86.3 190.69 207.72 23.01 24.01 0.92 27.26 45.41
3 Internal nodal length 2.26-11.13 4.54 5.94 33.6 38.44 0.76 3.84 60.49
4 No. of nodes on main stem 12.64-31.54 23.44 28.46 21.94 24.18 0.82 9.05 41.02
5 Plant height (cm) 51.56-160.73 756.14 872.12 29.17 31.33 0.87 52.75 55.96
6 Stem diameter (cm) 0.39-2.27 0.09 0.21 21.64 32.15 0.45 0.43 30.01
7 No. of branches per plant 2.7-13.4 10.20 11.71 41.61 44.58 0.87 6.14 79.99
8 Fruit length (cm) 1.57-14.09 11.99 13.24 59.14 62.13 0.91 6.79 115.96
9 Fruit diameter (cm) 1.03-2.95 0.12 0.21 18.19 24.52 0.55 0.53 27.79
10 No. of fruits per plant 10.15-28.50 15.94 21.39 20.68 23.96 0.75 7.1 36.78
11 Fruit weight (g) 2.32-14.45 10.60 11.64 50.2 52.59 0.91 6.4 98.7
12 PDI of BYVMV 7.73-71.34 218.12 222.25 46.83 47.27 0.98 30.14 95.56
13 Fruit yield/ plant 46.26-245.13 2808.07 2923.87 45.54 46.47 0.96 106.98 91.94
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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 observed for all the characters including 
PDI of BYVMV indicated 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 are also obtained by Das et al. (4) and 
Reddy et al. (11) in okra. Low heritability coupled 
with low GAM observed for first flowering node is the 
sign of prevalence of non-additive gene action and 
influence of environment showing, thereby, limited 
scope for improvement of first flowering node through 
selection.

Path coefficient analysis (Table 2) is an efficient 
technique to partition the correlation coefficient of 
each of the trait with yield into direct and indirect 
effects which helps in explaining relative importance 
of each of the trait and their reliability in selection. 
Fruit weight (0.85) exhibited highest positive direct 
effect on fruit yield/ plant followed by number of 
fruits/ plant (0.532), internodal length (0.148), stem 
diameter (0.088), plant height (0.069) and fruit 
diameter (0.046). These traits also possessed 
their significant positive correlation with fruit yield 
per plant (except internodal length) indicating that 
direct selection based on these traits help in yield 
improvement. These findings are in line with those 
of Sharma and Prasad (12). Number of nodes on 
main stem (-0.574) followed by % BYVMV incidence 
(-0.268), first flowering node (-0.061), fruit length 
(-0.062), number of branches/ plant (-0.039) and 
days to first flowering (-0.031) exhibited negative 
direct effects on fruit yield per plant. Among these 
negatively effecting traits, first flowering node and 
PDI of BYVMV also possessed negative significant 
correlation with fruit yield/ plant indicating their true 
relation. 

Growth attributes, like number of nodes on main 
stem, fruit length and days to first flowering showed 
negative direct effect on fruit yield/ plant, although 
positively correlated with fruit yield/ plant. In such a 
situation, the positive significant correlation obtained 
with fruit yield/ plant may be due to the positive 
indirect effects. As a result, negative direct effect 
showing number of fruits/ plant showed significant 
positive correlation due to positive indirect effects 
via number of fruits/ plant (0.510), fruit weight 
(0.221), PDI of BYVMV (0.093), internodal length Ta
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(0.089), plant height and stem diameter (0.047). 
Similarly, positive indirect effects are responsible 
for positive significant correlation of fruit length and 
days to first flowering with fruit yield/ plant. Under 
these 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. (4) and Choudhary and Sharma (2). The 
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 from the present 
study, high genetic variability and heritability 
estimates obtained for earliness, growth, yield and 
PDI of BYVMV indicated prevalence of additive 
genetic effects (fixable) governing their expression. 
Character association study revealed 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.

REFERENCES 
1. Anonymous 2015. Horticultural Statistics at a 

Glance. National Horticulture Board, Gurugram, 
Haryana. http:// www.nhb.gov.in. 

2. Choudhary, D.N. and Sharma, R.K. 1999. 
Correlation and path analysis in okra 
[Abelmoschus esculentus (L.) Moench]. Haryana 
J. Hort. Sci. 28: 221-22.

3. Cochran, W.G. and Cox, G.M. 1957. Experimental 
Designs, John Wiley and Sons, Inc., New York, 
611 p.

4. Das, S., Chattopadhyay, A., Chattopadhyay, 
S.B., Dutta, S. and Hazra, P. 2012. Genetic 
parameters and path analysis of yield and its 
components in okra at different sowing dates in 
the Gangetic plains of eastern India. African J. 
Biotech. 11: 16132-41.

5. Dhankar, S.K., Dhankar, B.S. and Yadava, R.K. 
2005. Inheritance of resistance to yellow vein 

mosaic virus in an interspecific cross of okra. 
Indian J. Agric. Sci. 75: 287-90.

6. Dewey, D.R. and Lu, K.H. 1959. A correlation 
and path coefficient analysis of components of 
crested wheat grass seed production. Agron. J. 
51: 515-18.

7. Johnson, H.W., Robinson, H.F. and Comstock, 
R.S. 1955. Estimates of genetic and 
environmental variability in soybeans. Agron. J. 
47: 314-18.

8. Kumar, R., Yadav, R.K., Bhardwaj, R., Baranwal, 
V.K. and Chaudhary, H. 2016. Studies on 
genetic variability of nutritional traits among 
BYVMV tolerant okra germplasm. Indian J. Hort. 
73: 202-07.

9. Nene, Y.L., Srivastava, S.K. and Naresh, J.S. 
1972. Evaluation of blackgram (Phaseolus 
mungo Roxb.) and green gram (Phaseolus 
aureus Roxb.) varieties and germplasms for 
resistance to yellow-mosaic virus of greengram. 
Indian J. Agric. Sci. 42: 251-54.

10. Nwangburuka, C.C. and Denton, O.A. 2012. 
Heritability, character association and genetic 
advance in six agronomic and yield related 
characters in leaf Corchorus olitorius. Intl. J. 
Agric. Res. 7: 365-75.

11. Reddy, M.T., Babu, K.H., Ganesh, M., Reddy, 
K.C., Begum, H., Reddy, P.B. and Narshimulu, 
G. 2012. Genetic variability analysis for the 
selection of elite genotypes based on pod 
yield and quality from the germplasm of okra 
(Abelmoschus esculentus L. Moench). J. Agric. 
Technol. 8: 639-55.

12. Sharma, A.K. and Prasad, K. 2015. Genetic 
divergence, correlation and path coefficient 
analysis in okra. Indian J. Agric. Res. 49: 77-
82.

13. Sivasubramanian, S. and Menon, M. 1973. 
Heterosis and inbreeding depression in rice. 
Madras Agric. J. 60: 1139.

Received : September, 2017; Revised : November, 2018; 
Accepted : November, 2018


