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Abstract

The present study on generation means analysis was carried
out to uncover genetics of yield traits in okra. To determine
the nature and magnitude of gene action six generations
(P1, P2, F1, F2, BC1 and BC2) of cross Pusa Sawani x Pusa
Bhindi- 5 was assessed.  The results revealed that both
additive and dominance gene effects were significant in
genetic control of yield traits. However, the magnitude of
dominance gene effects was significant and higher for seed
germination per cent, days to first flower, node to first flower,
number of fruiting nodes, plant height and fruit yield per
plant. Therefore, heterosis breeding would be effective to
improve these traits. Additive genetic effect was significant
for days to 50 per cent flower, inter-nodal length, number of
primary branches, fruit length, fruit diameter and fruit weight.
Result of scaling tests confirmed the role of non-allelic
interaction in genetic control of all the yield traits analysed.
The opposite sign of dominance (h) and dominance x
dominance interaction (l) for many yield traits suggested
role of duplicate type of epistasis, while few characters
exhibited complementary type of epistasis. For improving
traits with higher fixable (additive and additive x additive)
component of genetic variation, pedigree method of breeding
would be useful.  For traits showing significant values of
both additive and non-additive gene effects, improvement
can be done by either recurrent selection or bi-parental
mating system in segregating generations followed by
selection.
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Introduction

Okra [Abelmoschus esculentus (L.) Moench] also known
as lady’s finger is one of the important vegetable crops
of the tropical, subtropical and warmer temperate region
of the world. Okra is the commercial vegetable crop of
Malvaceae family, grown for its tender pods. It is rich
in of protein, calcium, potassium and rich source of
iodine that found only in fewer food crops which helps
to control goitre (Yawalkar 1965). Okra is quite popular
vegetable in Indian subcontinent due to easy cultivation,
dependable yield and adaptability to varying moisture and
climatic conditions (Chauhan 1972).  India is the leading
producer of okra in the world with cultivated area of
0.514 million hectare and total producing of 6.126 million
tonnes with a productivity of 11.9 metric tonnes/ha (NHB
2018). It has immense commercial value as one of the
foreign exchange earner crops and accounts for 70 per
cent of the export of fresh vegetables from India
(Dhankhar and Mishra 2004). Okra is a classified as an
often-cross pollinated species as natural cross-pollination
ranges from 4 to 19 percentage (Choudhury and
Choomsai 1970), causing considerable genetic diversity.
Crop improvement in okra is mostly done through
breeding methods that relay on effective selection and
hybridization.  It has several righteous features such as,
shorter life span, photo-insensitivity and adaptability to
wide range of soil and climatic conditions, which help
the breeders to have quick genetic analysis through crop
cultivation multiple times in a year. Presence of
considerable variability, ease in emasculation, very high
per cent of fruit set and higher number of seeds per
cross makes commercial exploitation of hybrid vigour
feasible in okra. Thus, it is important to conduct genetic
studies to quantify the genetic effects controlling
important traits for efficient exploitation of heterosis in
okra.

Okra breeding is primarily focused on improvement of
yield and resistance to yellow vein mosaic virus (YVMV)
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and enation leaf curl virus (ELCV) diseases. Yield in
okra depends on various contributing traits that are
quantitatively inherited and are dependent on nature and
magnitude of heritable variations. Partitioning of
heritable variations into components and quantifying
them will be useful to determine genetics of these
quantitative traits.  To enhance yield potential through
efficient utilization of available genetically diverse
germplasm, it is essential to understand the nature and
magnitude of genetic variation present in population
elucidated by genetic analysis. This helps breeders to
select appropriate breeding methods to increase yield
through improvement of yield contributing traits.
Genetic models developed earlier for the estimation of
different genetic effects are basically additive dominance
models or simply additive models. Majority of the
workers reported the use of line x tester analysis or
diallel approach to study the genetics of growth and
yield traits in okra (Arora et al. 1993).  However, these
methods are based on absence of epistasis. But, it is
currently well-known that such inter-allelic interaction
is effectively modulate quantitate trait expression (Gamil
and Saheal 1986, Kearsey and Pooni 2004). Thus,
epistasis should also be estimated and considered while
choosing the breeding methodology in crop improvement
programme. Hence in the current study, six-parameter
model of generation mean analysis approach (Hayman
and Mather 1955, Hayman 1958) involving scaling test
(Mather 1949) as well as joint scaling tests by Cavalli
(1952) was followed which is more efficient approach
for estimation of all three genetic effects such as additive,
non-additive and epistasis involved in control of
quantitative traits (Hayman 1958, Jinks and Jones 1958).

Materials and Methods

Plant materials: A popular varieties Pusa Sawani and
Pusa Bhindi-5, contrasting in multiple traits were
selected. F1 generation was developed by hand
emasculation and pollination using Pusa Bhindi-5 as male
and Pusa Sawani as female counterpart. F2 populations
were developed by controlled self-pollination (bagging)
of the F1 plants, in the same season back cross
populations were developed by hand emasculation and
pollination. F1 plants were backcrossed with Pusa
Bhindi-5 and Pusa Sawani to produce B1 and B2
generations respectively. The final experiment was laid
out with six generations i.e., P1, P2, F1, F2, B1, and B2 in
randomized complete block design (RBD) with 3
replications. Seeds were sown in row on ridge of about
3m long and were 45 cm apart between rows. Each
row consisted of 10 plants spaced at 30 cm. The
numbers of plants per replication among different
generations in each cross were: 50 plants for P1, P2 and

F1; 200 for F2; and 50 for B1 and B2. Standard cultural
practices followed on time to raise the crop
(Chattopadhyay et al. 2007). Data were collected for
percent seed germination, days to first flower, days to
50 percent flower, node to first flower, number of
fruiting nodes, inter nodal length, plant height, fruit
length, fruit diameter, fruit weight, number of fruits per
plant and yield per plant from all six generations.

Statistical Analysis: Quantitative genetic analysis was
done through generation mean analysis (Hayman and
Mather 1955:  Hayman 1958) to study the gene action
of the important yield traits in okra. The means and
variances of means for the three characters studied were
computed for each generation as described by Panse
and Sukhatme (1978). The gene effects were estimated
using the scaling test (Mather 1949) and joint scaling
tests (Cavalli 1952; Mather and Jinks 1982).  The
significance of each estimate was judged from a t-test
against its standard error of estimate. The corresponding
standard errors were calculated by taking the square
root of the respective scaling test and tested by t-test.
The calculated values of ‘t ’were compared with the
tabular values of ‘t’ at 5 % and 1% levels of significance,
respectively. Quantitative assessment was performed
using OPSTAT software of CCSHAU, Hisar.

Results and Discussion

In current study, results of scaling test viz A, B, C and
D suggested the presence of appreciable amount of
epistasis/non-allelic interactions in genetic control of
various yield traits of okra. One or more scaling tests
and chi square tests of joint scaling test was significant
for all the traits under study. This proved inadequacy of
additive-dominance model in explaining the genetic
control of traits under study. Since three parameter
model did not satisfactorily explain the gene action, six
parameter model was adopted to explain epistatic
interactions. Presence of epistasis in genetic control of
yield and its component traits has been previously
reported by Panda and Singh (2003), Akthar et al.
(2010), Mistry (2013) which validated our present
results. Estimates of scaling tests for yield trait of cross
Pusa Sawani X Pusa Bhindi-5 are given in Table 1.

Out of four scaling tests (A, B, C and D), scale A was
highly significant for number of fruiting nodes, yield
per plant and number of fruits per plant and found
significant for average fruit length and fruit weight.
Values of scale B were highly significant for seed
germination percentage, plant height, number of primary
branches, fruit length, fruit weight and yield per plant
while B scale was found significant for days to 50
percentage flower and inter nodal length. Scaling test C



166 Vinay et al.: Genetic effects controlling yield traits in okra

Table 1: Scaling tests for yield traits
Traits  A B C D 
Germination percentage  -0.55 ± 2.87 26.67** ± 2.65 66.45** ± 9.26 -20.17 ± 4.68 
Days to first Flower -6.33* ± 1.83 0.67 ± 0.82 -0.33 ± 2.79 -2.67 ± 1.63 
Days to 50 percent flowers  -3.67* ± 1.33 2.00* ± 0.82 -1.67 ± 4.9  0.12 ± 2.49 
Node to first flower -1.77* ± 0.54 3.76 ± 0.48 -1.89 ± 0.83 -1.89 ± 0.43 
Number of fruiting nodes -4.9** ± 0.61 -0.10 ± 0.778 -4.67* ± 0.93 -0.17 ± 0.52 
Inter-nodal length 0.13 ± 0.57 1.94* ± 0.517 4.01** ± 0.89 -0.96* ± 0.48 
Plant height  -7.73 ± 4.63  36.90** ± 6.20 25.73* ± 9.89 1.72 ± 4.80 
Number of primary branches -0.6 ± 0.49 2.00** ± 0.49 -0.73 ± 0.71  1.07* ± 0.37 
Fruit length  1.10* ± 0.45 -2.42** ± 0.20 -3.62* ± 1.64 1.15 ± 0.85 
Fruit diameter  4.6 ± 3.31 3.23 ± 3.31 7.66* ± 6.62 0.08 ± 0.17 
Fruit weight -1.09 ± 0.56 4.40** ± 1.03 5.15* ± 1.89 -0.92 ± 0.91 
Number of fruits per plant  -6.07** ± 0.59 -0.33 ± 0.61 -4.26** ± 1.07 -1.06 ± 0.56 
Yield per plant -81.26**± 6.97 36.09** ± 7.11 39.18 ± 20.33 -42.17**±10.25 

 

Table 2: Estimates of gene effects for various yield traits in okra [Mather and Jinks (1982) six-parameter model]

Traits M [d] [h] [i] [j] [l] Epistasis χ2 
Seed Germination 
per cent 

65.33** ± 2.21 10.0** ± 1.56 48.11** ± 9.46 40.33** ± 9.35 27.22 **± 3.58 -14.22 ± 11.16 Duplicate 143.46** 

Days to first 
Flower 

38.67** ± 0.67 1.33 ± 0.94 5.50** ± 3.29 5.33 ± 3.27 7.00* ± 1.94 -11* ± 4.69 Duplicate 8.98** 

Days to 50% 
flowers 

42.67** ± 1.2 0.67**± 0.67 -1.83 ± 5.01 0 .20 ± 4.99 5.67* ± 1.49 -1.67 ± 5.58 Complementary 7.01** 

Node to first 
flower 

6.422** ± 0.16 1.70** ± 0.28 -4.789** ± 0.90 -3.89** ± 0.67 5.53** ± 0.67 5.89** ± 1.39 Duplicate 97.51** 

Number of 
fruiting nodes 

11.33** ± 0.17 1.50* ± 0.40 5.27** ± 1.10 0.33** ± 1.04 4.8 ** ± 0.94 -5.33* ± 1.86 Duplicate 74.28** 

Inter-nodal length 8.38** ± 0.18 -0.013 ± 0.32 4.10** ± 1.00 1.93** ± 0.96 1.82** ± 0.70 0.15 ± 1.56 Complementary 29.00** 
Plant height 127.53** ± 1.93 10.53** ± 2.85 35.42** ± 10.09 -3.44 ± 9.61 44.64** ± 7.02 32.61* ± 15.10 Complementary 44.00** 
Number of 
primary branches 

4.26** ± 0.129 0.93* ± 0.273 -1.10 ± 0.79 -2.13** ± 0.75 2.6** ± 0.66 3.53* ± 1.30 Duplicate 23.92** 

Fruit length 11.39** ± 0.409 -1.28** ± 0.24 -1.05 ± 1.71 -2.307 ± 1.71 -3.52** ± 0.45 0.99 ± 1.90 Duplicate 155.78** 
fruit diameter 5.25** ± 0.071 -0.51* ± 0.09 2.9 ± 3.325 -0.165 ± 0.33 -1.37** ± 0.22 7.99 ± 6.63 Complementary 42.95** 
Fruit weight 11.12** ± 0.403 2.35** ± 0.44 2.93 ± 1.90 1.84 ± 1.83 5.49** ± 0.991 1.47 ± 2.58 Complementary 40.36** 
Number of fruits 
per plant 

10.43** ± 0.22 1.80** ± 0.33 4.87** ± 1.16 2.13 ± 1.12 5.73** ± 0.79 -8.53** ± 1.71 Duplicate 107.90** 

yield per plant 110.44** ± 4.75 41.69** ± 3.84 133.5** ± 20.82 84.35**± 20.50 117.3** ± 9.33 -129.5**± 
25.49 

Duplicate 186.61** 

 

was highly significant for seed germination percentage,
inter nodal length, number of fruits per plant and was
found to be significant for number of fruiting nodes,
plant height, fruit length, fruit diameter and fruit weight.
The scale D was highly significant for yield per plant
and significant for inter-nodal length and number of
primary branches. Our results were consistent with the
reports of Panda and Singh (2003), Akthar et al (2010),
Mistry (2013), Wakode et al. (2016), Srikanth et al.
(2018) and Deshmukh et al. (2021). One or more of
gene effects (m, d, h, i, j and l) measured in six parameter
model were either significant or highly significant with
positive values for all the yield traits studied (Table 2).
Mean effect of parameter (m) that affects the
contribution due to the overall mean plus the locus
effects and interaction of the fixed loci were highly
significant for all yield traits studied. Signs that indicates
direction of values on the dominance (h) and dominance
x dominance (l) gene effects specifies the type of non-

allelic interaction involved in trait control.  If both values
are in same direction (sign) signifies complementary
epistasis whereas opposite signs on value of h and l
signifies duplicate epistasis.

Seed germination percentage: Significance of scale
B and C suggested the contribution of all three types of
non-allelic gene interaction in genetic control of seed
germination percentage.  Both the main gene effects
additive (d) and dominance (h) were found highly
significant and dominance effect (h) was much higher
in magnitude. Among the non-allelic interactions additive
x additive (i) and dominance x dominance (j) effects
were highly significant.  Higher magnitude dominance
gene effect (h) and additive x additive (i) gene interaction
advocated the use of recurrent selection to enhance seed
germination percentage.

Days to 1st flower:  Scale A was found to be significant
confirming the role of all three forms of epistasis. Days
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to first flower is an important indicator earliness. Among
major effects, dominant gene effect (h) was found to
be highly significant. For this trait, similar findings were
reported by Arora et al. (2007); Singh et al. (2012) and
Alolli et al. (2017). Among the non-allelic interactions,
additive x dominance (j) and dominance x dominance
interactions (l) were significant with later showed higher
magnitude. Significant additive x dominance (j) effect
was also reported by Alloli et al. (2017). Gene effect
results indicated duplicate gene action in control of this
trait, which was supported by earlier findings of Arora
et al. (2007) and Alloli et al. (2017). Predominance of
dominance gene effect (h) and dominance x dominance
interactions suggests that heterosis breeding will be
useful in improvement of this trait.

Days to 50% flowers: Days to 50 percentage flowers
is important as it is directly measuring earliness. Early
varieties are preferred as they fetch high market prices
in early days of the season and these varieties fit well in
multiple cropping systems. Scaling test, A and B were
significant advocating the role of all the three type of
non- allelic gene interaction. Hence the additive-
dominance model was inadequate.  Among the major
genetic effects, Additive gene effect (d) was significant
and positive. Among non-allelic interactions only additive
x dominance (j) was found to be significant.  These
results support the fact that simple selection would be
effective in developing early flowering types. High and
significant additive dominance was previously reported
by Akthar et al. (2010), Khanorkar and Kathiria (2010),
Akotkar and De (2014), Wakode et al. (2015), and
Deshmukh et al. (2021) in this trait control. Our results
suggested role of complementary gene action in this
trait.

Node to first flower: Presence of all the three types of
epistasis was evident by significance of scale A. All
genetic components measured were found to be
significant. Among major effects magnitude of
dominance effect (h) was much higher; similarly among
epistatic interactions dominance x dominance (l) gene
action was predominant with higher value. The type of
gene action was Duplicate, similar findings were reported
by Akthar et al. (2010) and Deshmukh et al. (2021).
Predominance of dominant gene effect was reported
previously by Wakode et al. (2016) who also reported
all three significant non-allelic interactions. Dominance
x dominance interaction was reported to be significant
in the studies conducted by Akthar et al. (2010) and
Deshmukh et al. (2021). Highly significant values of
dominance genetic effect advocates use of heterosis
breeding in developing varieties that bear flowers in early
nodes.

Number of fruiting nodes: Scaling test results suggest
the presence of epistatic interaction and inadequacy of
additive-dominance model in explaining genetics of this
trait. Scale A and C were significant. Number of fruiting
nodes is a direct indicator of yield as it decides number
of fruits per plant so, lines with higher fruiting nodes
per plant is desirable. Dominance gene effect (h) was
highly significant and positive with much higher
magnitude the additive effect. Only dominance x
dominance (l) epistatic interaction was significant among
the non-allelic interaction. These results clearly suggest
use of heterosis breeding to improve this trait. The type
of gene action was duplicate denoted by opposite signs
on the dominance (h) and dominance x dominance
genetic effects.

Inter-nodal length: Scaling test B, C and D were
significant which denotes presence of all three non-
allelic interactions. Among major effects only additive
genetic effect (d) was significant. Role of additive effect
in genetic control of inter-nodal length was reported
earlier by Arora et al. (2007) and Dehsmukh et al. (2021)
in the inter-varietal crosses of okra.  Among epistasis,
additive x additive (i) and additive x dominance (j)
interactions were significant, additive x additive (i)
interaction was slightly higher in magnitude. Similar
findings were reported by Arora et al. (2007). The type
of epistasis is complementary which is in accordance
with the findings of Deshmukh et al. (2021). Changes
in the inter-nodal length will alter the plant architecture.
Higher inter-nodal length is not always preferred since
in many conditions, dwarf varieties are grown.
Predominance of additive effect and additive x additive
gene interaction indicates that this trait can be improved
by simple selection.

Plant height: Role of epistasis was confirmed by
significance of scaling test (B and C) which was
supported by Lal et al. (1975) and Patel et al. (2010).
Of the two major effects dominance genetic (h) effect
was significant and high in magnitude than additive gene
effects.  Das et al. (2013) and Soher et al. (2013) also
observed non-additive gene action for this trait.  Similar
epistatic interactions were also reported by Srikanth et
al. (2018) and Arora et al. (2007). Among epistatic
interactions additive x dominance (j) and dominance x
dominance (l) interactions were significant. These results
indicated that selection in the early segregating
generation might not effective; hence, heterosis breeding
or combination breeding is appropriate method. The plant
height is governed by complementary epistasis as per
our results.  Complementary epistasis for plant height
was also reported by Deshmukh et al. (2021) in all six
crosses they studied. Similar findings were reported by
Srikanth et al. (2018).
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Number of primary branches: Scaling test B and D
were significant suggesting the role of epistasis in
control of this trait. Among major genetic parameters,
additive genetic effect was significant and of the three
epistatic interactions dominance x dominance interaction
was significant. These results advocated the use of either
selection or recurrent breeding method in the
improvement of this trait. Significant additive gene action
was reported by and Wakode et al. (2016). Significance
of Additive genetic effect (d) and dominance x
dominance (l) interaction was earlier reported by Patel
et al. 2013 and Srikanth et al. (2018). The type of gene
action is duplicate type.

Fruit length: Three scaling tests namely A, B, and C
were significant indicating importance of all three non-
allelic interactions in control of this trait. Among six
genetic parameters, additive gene effect (d) and additive
x dominance (j) interactions were predominant and were
significant. The gene action involved in fruit length
control was duplicate indicated by opposite signs in
dominance gene effect (h) and dominance x dominance
(l) interaction. Role of additive gene effect has been
reported by Aher et al. (2003), Soher et al. (2013) and
Wakode et al. (2016) So, simple selection or pedigree
method involving hybridization and selection can be
applied for the improvement if this trait. Role of
duplicate epistasis for fruit length was reported by Arora
et al. (2010); Akotkar and De (2014) in okra.

Fruit diameter (cm): Among major gene effects
Additive gene effect (d) was found to be significant. C
scale was significant suggesting presence of epistasis.
Significance of C scale was reported by Arora et al.
(2010).  Additive x dominance (j) non allelic interaction
was found to be highly significant. Absence of non-
additive interaction rules out the chance of using the
heterosis breeding for improving fruit diameter.
Predominance of additive gene effect suggests selection
or breeding methods that follow early generation
selection can be employed for the improvement of this
trait. Complementary of epistasis was observed in
controlling Fruit diameter since both genetic parameters
dominance and dominance x dominance has same sign
viz negative values.

Fruit weight (g): Significance of B scaling test suggests
the presence of all three types of non-allelic interactions.
Of the major effects, additive gene effect (d) was
significant and positive. Additive x dominant epistasis
was positively significant. These results are in
accordance with the report of Arora et al. 2010.
Predominance of additive fraction of genetics suggests
effectiveness of breeding method that relay on simple
selection in improvement of this trait. The gene action

controlling fruit weight was complementary. Similar gene
action for fruit weight was reported by Akotkar and De
(2014) and Wakode et al. (2015).

Number of fruits per plant: Scaling test, A and C were
significant indicating role of epistasis in genetic control
of this trait. Both additive (d) and dominant genetic
effects (h) were significant.  Among non-allelic
interactions additive x dominance (j) and dominance x
dominance interactions were significant. But
predominance of dominant genetic effect and dominance
x dominance interaction was more since the magnitude
was high. Kulkarni et al. (1978), Kumar et al. (2005);
Das et al. (2013); Seth et al. (2016) and Wakode et al.
(2016) also suggested role of dominance gene effect.
Srikanth et al. 2018 also reported high magnitude of
dominance gene effect and dominance x dominance type
of interaction in this trait.  Heterosis breeding will be
the most ideal methods to exploit of dominance fraction
of genetic variance for increasing number of fruits per
plant.  The type of gene action controlling the trait was
duplicate which was supported by findings of Kumar
and Anandan (2006), Akthar et al. (2010), Patel et al.
(2013) and Wakode et al. (2015).

Fruit yield per plant: Three (A, B and D) out of four
scaling tests were found significant, which indicates
the presence of all three types of non- allelic interaction
in control of fruit yield per plant.  All genetic parameters
measured were found to be significant. Dominant effect
(h) and dominant x dominant (l) gene actions were in
much higher magnitude. Additive genetic effect was
significant in the study of Khanorkar and Kathiria (2010)
whereas evidence for dominant gene action were
reported by Lal et al. (1975), Abdul et al. (2009) and
Patel et al. (2010). The importance of dominant gene
effect and dominance x dominance gene action was
reported by Das et al. (2013) Seth et al. (2016) and
Wakode et al. (2016) in the expression of fruit yield/
plant. In the current study all the three types of epistatic
gene interactions were significant, significance of one
or more interactions were confirmed with the previous
work of Lal et al. (1975), Singh and Sharma (1990)
and Wakode et al. (2016). Significance of both additive
and dominance effects indicates that, the trait can be
improved by recurrent selection. Since the magnitude
of dominance genetic effect and dominance x
dominance gene actions were high, heterosis breeding
will also be effective in yield improvement.

Type of gene action is one of major factors that must
be measured in the analysis of quantitative genetic
variation along with number of genes involved and
genotype environment interaction (Sprague 1963).
Generation mean analysis is the most comprehensive
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method for estimation of genetic effects (additive, non-
additive and epistasis). Measure of gene effects and
determination of gene action is instrumental in
understanding the genetic architecture of crop plants to
bring desirable changes through formulation of
appropriate breeding strategies. From the results of our
genetic analysis, it is realised that single breeding
approach cannot be followed to improve all the
characters under study. So, appropriate method should
be followed as per the genetics of the traits.  For the
traits showing higher non additive effects with
significant non- allelic interactions such as germination
percentage, node to first flower, number of fruiting nodes
and intermodal length, recurrent selection should be
followed.  Recurrent selection involves inter-mating
among desirable segregates followed by selection and
this method is proved to be effective for improving traits
with non-additive gene effect and can take care of non-
allelic interactions.  Besides this, di-allele selective mating
or multiple crosses or bi-parental mating in early
segregating generations could be promising for genetic
improvement of these traits.  For the traits such as node
to first flower, number of fruiting nodes and yield per
plant we observed significant values for all three gene
effects (additive, non-additive and epistasis). Hence, to
improve these traits few cycles of recurrent selection
followed by pedigree method will be efficient. These
breeding methods are effective in creation of variability
in advanced generations through mating of selected
desirable plants in early segregating generations thus
enhances the effectiveness of selection by maintaining
considerable heterozygosity in the population.

Predominance of non–fixable (dominance and
dominance × dominance) gene effects for days to first
flower, node to first flower, number of fruiting nodes,
plant height and number of fruits per plant, indicated
that there is much scope for heterosis breeding. Whereas
high magnitude and significant values of Fixable gene
effects (additive effect and additive x additive
interaction) for traits such as intermodal length, fruit
length, fruit diameter and fruit weight suggests that
simple selection methods such mass, pure line selection
or hybridization and selection methods like pedigree or
bulk method can be followed for genetic improvement
of these traits.

 In the present study, duplicate type of epistasis was
found for seed germination percentage, days to first
flower, node to first flower, number of fruiting nodes,
number of primary branches, fruit length, number of
fruits per plant and yield per plant. Prevalence of
duplicate type of non-allelic interaction would hinder
the pace of progress through conventional selection

procedure hence, the selection intensity should be mild
in the earlier and intense in the later generations and
selection should be delayed for several generations
(single seed descent) until a high level of gene fixation
is attained. In these circumstances, recurrent selection
in biparental progenies would helpful which allow
recombination and concentration of genes having
cumulative effects in population and helps to break
undesirable linkages (Ganesh and Sakila 1999). Kulkarni
et al. (1978), Panda and Singh (1998) and Tripathi
(2001) have also reported role duplicate type of epistasis
in okra. On the other hand, complementary type of non-
allelic interaction has been observed for days to 50
percentage flowering, inter-nodal length, plant height,
fruit diameter and fruit weight. Role of complementary
epistasis in genetic control of various traits in okra was
earlier reported by Srikanth et al. 2018 and Deshmukh
et al. 2021. For the improvement of these traits heterosis
breeding will be most appropriate.
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izFke iq"iu ds fnuksa] izFke iq"iu dh xkaB] Qyu xkaB dh la[;k]
ikS/k Å¡pkbZ o Qy mit izfr ikS/k ij izHkko ns[kk x;kA blfy;s
bu xq.kksa ds mUu;u gsrq vkst iztuu lcls izHkkoh gksxkA ;ksT;
vuqokaf'kd izHkko 50 izfr'kr iq"iu ds fnu] var% ik'oZ xkaB dh
yEckbZ] izFkkfed 'kk[kkvksa dh la[;k] Qy dh yEckbZ] Qy O;kl
rFkk Qy Hkkj ds fy;s lkFkZd ik;k x;kA ijh{k.k ifjek.k ls Li"V
gqvk fd xSj&;qXed ikjLifjd fØ;k lHkh mit xq.kksa ds fy;s
vuqokaf'kd fu;a=.k dks /kkfjr djrk gSA izHkkfodrk dk foijhr
y{k.k ¼,p½ rFkk izHkkoh x izHkkoh ikjLifjd fØ;k ¼,y½ dbZ mit
xq.kksa gsrq MqIyhdsV bihLVkfll ds egRo dks crkrk gS tcfd dqN
xq.kksa gsrq dEiyhesUVjh bihLVkfVll dks iznf'kZr djrk gSA mPp
rki lgu djus ;ksX; ¼;ksT; o v;ksT; x v;ksT;½ ?kVdksa esa
mUu;u gsr q vu qok a f'kd fofo/krk ,oa oa'kkoyh iztuu
fof/k T;knk mi;ksxh gksxkA ;ksT; rFkk xSj&;qfXed thu izHkkoksa ds
izfr lkFkZd ewY; iznf'kZr djus okys xq.kksa esa mUu;u ;k rks vkorhZ
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p;u ;k f}fir ̀lekxe i)fr ls ihf<+;ksa esa p;u djus ls fd;k
tk ldrk gSA
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