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Abstract

Okra a widely cultivated vegetable crop in tropical and subtropical regions of the world, that is valued for its significant nutritional and
therapeutic properties. The current investigation was conducted with 21 F; hybrids developed through a half-diallel mating design by
using seven diverse parental lines namely, Punjab-8, Hissar Unnat, Hoshiarpur Local, Anima, Green Gold, Ajeet 121 and AKO 107 which
were evaluated during the rainy season, 2022 and spring-summer, 2023 in randomized block design with three replications. Significantly
highest general combining ability (GCA) effect for fruit production per plant was displayed by parent Hissar Unnat in both seasons of
investigation followed by Punjab 8. These two parents have a good scope in the yield improvement program. In terms of disease
resistance substantial GCA impacts in the intended direction for tolerance to bhindi yellow vein mosaic virus (BYVMV) and okra enation
leaf curl virus (OELCV) were shown by the parents AKO-107 and Ajeet 121, respectively in both seasons of investigation. Both Ajeet 121 and
AKO 107 were established to be ideal general combiners for disease resistance. Maximum substantial specific combining ability (SCA)
impacts in the positive direction for fruit production per plant along with tolerance to OELCV and BYVMV were observed in crosses Punjab
8 x Ajeet 121 and Hissar Unnat x AKO 107 during the investigation. These promising crosses, involving at least one ideal general combiner
parent, offer significant potential for developing superior segregating lines. The predictability ratio confirmed the overwhelming influence
of non-additive gene action for regulating all the evaluated traits.

Keywords: combining ability; gene action; general combining ability (GCA); specific combining ability (SCA)
ability (9). Selection efficiency depends on the genetic

mechanisms in the parent, which influence their combining
ability (10).

Introduction

Bhindi [Abelmoschus esculentus (L.) Moench] commonly known
as okra, is one of the world's popular vegetable crops, famous for
its luscious and delicate fruits (1). This vegetable crop is grown
during the rainy and summer seasons (2). It is a polyploid, having

Several researchers have commonly use diallel mating
to test the combining ability and action of genes for early

chromosomal number 2n=72 or 144 (3). Internationally, okra is
cultivated on 1.12 million hectares, with an output of 8.71 million
tonnes (mt) and a productivity of 7.8 tonnes per hectare (4). Okra
was initially named Hibiscus esculentus but is now regarded as
Abelmoschus esculentus, owing to the existence of attributes of
the corolla, calyx and staminal column which are united at the
base and fall as one piece immediately after anthesis (5).

Okra pods and leaves, as well as vegetative portions, are
utilized in a variety of industries, including papermaking (6). The
sticky substance obtained from roots, pods and stems was
employed to filter sugarcane juice (7). Improvement program
success is heavily dependent on identifying and selecting
favourable gene combinations in lines with high combining
ability, as well as isolating important germplasm (8). One of the
key genetic factors in producing superior cultivars is combining

maturity, yield and yield attributes in bhindi (11). For genetic
enhancement of yield and its associated attributes, it is vital to
choose the appropriate breeding strategies based on the
general combining ability (GCA) of parents and the specific
combining ability (SCA) of crosses (12). The combining ability
assessment, featuring both GCA and SCA impacts, assists in
determining ideal parents and superior hybrids. The GCA and
SCA predictions for various quantitative characteristics were
assessed using the half-diallel analysis, a biometric approach
(13). The GCA analyses additive gene effects, whereas the SCA
uncovers dominance (intra-allelic) and epistasis interactions
(inter-allelic) (14).

The ratio of GCA and SCA predicts whether genes
function additively or dominantly for each characteristic (15).
Understanding gene activity can assist in determining whether
to use recombination and heterosis breeding or selection (16).
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The present study aims to identify elite parents and promising
crosses for use in okra improvement programs.

Materials and Methods

The current study used 21 Fis produced through half-diallel
mating with seven parents namely, Punjab-8, Hissar Unnat,
Hoshiarpur Local, Anima, Green Gold, Ajeet 121 and AKO 107.
The seven parents were sown during the rainy season in 2022
and spring-summer in 2023 in a randomized block design with
3 replications at the teaching field, extended campus of BCKV,
Burdwan. Data were obtained for 18 yield-contributing
characteristics. Observations were obtained from 10 randomly
marked plants in each replication.

Following the techniques described by earlier and the
randomized block design (RBD) was subjected to analysis of
variation (ANOVA) (17). Combining ability investigations were
carried out by employing the approach (18). Griffing’s method 2
and model 1 were regarded as the most ideal for the current
investigation. The predictability ratio illustrates the relative
significance of additive and non-additive genetic impacts on
traits by displaying additive genetic variation as a percentage of
overall genetic variance (19). Predictability ratio near unity (>
0.8) shows the prevalence of additivity, a ratio between 0.5
to 0.8 indicates both additivity and non-additive gene impacts
and a ratio of less than 0.5 suggests a non-additive gene effect
for the specified characteristic (19). The half-diallel mating
approach for the current investigation is shown in Table 1.

Table 1. 7 x 7 Half-diallel mating design: 21 Hybrids + 7 Parents

Male parents

P1 P, Ps P4 Ps Ps P7

Py PixP: PixP; PixPs PixPs PixPs PixPs PixPr7
P, P2X P2 PoxP3s PaxPs PxPs PoxPs PaxPr
Ps PsxPs P3xPs PsxPs P3xPg PsxPy
P, Pax Ps Psx Ps Pax Pe Psx P7
Female Ps PsXPs PsxPs PsxP;
parents  Pg PsxPs Psx P
P7 P1 X P7

(P1= Punjab-8, P2= Hissar Unnat, P3= Hoshiarpur Local, P4= Anima,
P5=Green Gold, P6=Ajeet 121, P7= AKO 107 and Bold= selfed)

Results and Discussion

In the current investigation seeds of 21 Fis with 7 parents were
sown in the field following randomized complete block design
with 3 replications during the last week of June 2022 (kharif
season) and last week of February 2023 (spring-summer
season) to record different quantitative traits to assess the
action of gene and combining ability.

Gene action of various traits

ANOVA (mean squares) of 18 studied traits of hybrids and parents
were displayed in supplementary Tables S1-S6. The variance
analysis for the parents was subdivided into three sections:
parents, hybrids and parents vs. hybrids.

The parents were quite significant for all the characteristics
in the rainy season, 2022, except the per fruit count of ridges and
length of fruit. The parents were also significant for all the traits in
spring summer, 2023, except for ridges count per fruit, fruit length
and primary branches. These very dissimilar parental lines
demonstrated their potential for producing divergent hybrids.

2

Substantial differences among hybrids for all the studied attributes
except the ridges count per fruit, days to 1% harvest in the rainy
season, 2022 and ridges count per fruit, days to 1% blooming, days
to 1 harvest, number of primary branches in spring-summer, 2023
showed that different cross combinations performed differently
for most traits.

Parents vs. hybrids variance was also substantial for all
the traits under investigation except the ridges count and
diameter of fruit in the rainy season, 2022 and node to 1%
flowering, diameter of fruit, ridges count per fruit and weight of
fruit in spring-summer, 2023 revealed that average heterosis
was also highly substantial for such attributes. Thus, the
presence of substantial genetic variation emphasizes the
prospect of improving economic features in okra by
hybridization proceeded by selection and heterosis breeding.
Highly significant parents, hybrids and parents vs. hybrids
variances for most traits in okra under study were also noticed
in various studies (20-22).

The ANOVA for combining ability centered on Griffing’s
model 1 and method 2 that constituents of GCA and SCA mean
squares were highly substantial for yield of fruit per plant as
well as other attributes in the F; generation except for ridges
count per fruit where GCAand SCA mean squares were non-
significant during both the seasons (Tables 2-5). In spring-
summer of 2023, traits like days to 1% blooming and days to 1%
harvest showed non-significant GCA mean squares. This
suggested that the inheritance of yield of fruit per plant, okra
enation leaf curl virus (OELCV) and bhindi yellow vein mosaic
virus (BYVMV) disease severity features were influenced by both
additive and non-additive action of gene.

Several researchers also noticed quite substantial GCA
and SCA variances for yield of fruit per plant and many other
quantitative traits (23-25). Non-additive gene activity
predominated, according to the predictability ratio in controlling
all the studied traits (Tables 2-5). The relevance of non-additive
gene activity in these characteristics suggests a reliance on
heterozygous loci, emphasizing the function of cross-pollination
in sculpting these features over evolution. Heterosis breeding
would be an appropriate method to enhance these attributes.

Many researchers have demonstrated the genetics of
various metric parameters in bhindi. The torrential response of
non-additive gene activity for length of internode, height of the
plant, days to 50% blooming, node at 1** blooming, per plant
fruits count, fruit weight, yield of fruit per plant, percent disease
index (PDI) of YVMV and 1000 seed weight were documented
(26-29). Disagreements in earlier findings, if any, in estimating
gene activity regulating distinct traits may result from changes
in the genetic architecture of the parental lines, variation in the
mating designs, environment and experiment accuracy.

Combining ability impacts

The diallel technique assists in identifying the most promising
combining parents and crosses for the different quantitative
characteristics under identification, along with assessing
combining ability variances for the parameters to be improved.
In addition, we sought to assess the parents' relative potential
in terms of GCA impacts (g;) and SCA impacts of hybrids (s;), as
well as per se (mean) performance, to evaluate their utility in an
effective breeding program.
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The GCA impacts of the parents used in present study
for 18 attributes were shown in the tables 6-11. The GCA
impacts of the parents differed for most attributes studied.
No single parent consistently showed good combining
abilities for all characteristics. Hissar Unnat exhibited the
most significant positive GCA effects for 10 traits in the rainy
season (2022), 7 traits in the spring-summer season (2023)
and 14 traits in the pooled analysis (Tables 10-11). Next to
Hissar Unnat, the parent, Punjab 8 displayed substantial GCA
impacts in the intended direction for 7 traits in the rainy
season, 2022 (Tables 6-7), 6 traits in the spring-summer
season, 2023 and 9 traits in a pooled analysis (Tables 10-11).

The significantly highest GCA impact for per plant fruit
yield was displayed by parent Hissar Unnat in both seasons of
investigation followed by parent Punjab 8. These parents
hold strong potential for use in yield improvement programs.
Substantial GCA impacts in the intended direction for
tolerance to BYVMV were shown by the parent AKO-107 in
both seasons of investigation. Similarly, parent Ajeet 121
displayed significant GCA effects in the desired direction for
tolerance to OELCV in both seasons of investigation. Both
Ajeet 121 and AKO 107 were identified as ideal general
combiners for disease resistance. For yield improvement,
parents Hissar Unnat and Punjab 8 were treated as the best
general combiners.

Punjab 8 had the best average performance in terms
of fruit production per plant, fruit count per plant and lower
levels of OELCV and BYVMV disease severity, followed by
Hissar Unnat. Parents Ajeet 121 and AKO 107 showed no
incidence of diseases (BYVMV and OELCV) in both seasons of
investigation. Substantial and positive GCA impacts for yield
of fruit per plant, fruit weight, fruit count per plant, fruit
length, nodes on main stem and height of plant were also
recorded (16, 25, 29-31). While negatively substantial GCA
impacts for internodal length, days to 1% blooming, days to
50% blooming and PDI of BYVMV were also noticed (30-32).

SCA effects include dominance and epistatic
components of genetic variants that cannot be fixed,
however, crosses with high SCA impacts including good
general combiner parents can be used in future improvement
initiatives. The SCA impacts for 21 cross combinations of 18
traits were presented in Tables 12-17. Substantial SCA
impacts in the intended direction were displayed by 10
crosses for per plant fruit yield (in both seasons), for primary
branches 13 crosses (in the rainy season, 2022) and 9 crosses
(in spring-summer, 2023), substantial SCA impacts in the
intended direction were displayed by 12 crosses (in both the
seasons) for PDI of OELCV at 90 DAS. Substantial SCA impacts
in the intended direction were displayed by 12 crosses (in the
rainy season, 2022) and 11 crosses (in spring-summer, 2023)
for PDI of BYVMV at 90 DAS. Substantial SCA impacts for the
number of fruits were shown by 8 crosses (in rainy season,
2022) and 10 crosses (in spring-summer, 2023). Substantial
SCA impacts for the nodes count per main stem were
displayed by 7 crosses (in both seasons) and for plant height
by 5 crosses (in both seasons), substantial SCA impacts for
days to 1% blooming were shown by 5 crosses (in rainy
season, 2022), 3 crosses (in spring-summer, 2023). Significant
SCA impacts for days to 1 harvest were shown by 1 cross (in
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Table 6. Estimates of GCA (gj) effects in 7 parents over 21 Fy’s of bhindi during the rainy season 2022

. Days to first Days to 50% Node to first .
Internodal length Plant height flowering flowering flowering Days to first harvest  Fruit length

main stem

Number of primary Number of nodes/
branches

Parents

1.937** -0.502 ** -0.769 -0.7 -0.728 -0.513 ** -0.762 -0.147

0.447 **

Punjab-8

1.192 ** 0.352** 4.350 ** -1.534 ** -1.322** -0.034 -1.462* 0.329

0.058

Hissar Unnat

-1.853 ** -1.028 ** -5.720 ** -0.486 -0.471 0.198 ** -0.407 -1.201**

-0.220 **

Hoshiarpur Local

1.236** -0.659 ** -4.059 ** -0.622 -0.708 -0.179 ** -0.83 0.177

-0.017

Anima

-0.175 0.318** -3.319* 0.288 0.119 0.098 0.024 0.355*

-0.053

Green Gold

-0.986 ** 0.678* 4.720 ** 1.319** 1.261** 0.01 1.692* 0.31

0.038

Ajeet 121

-1.353 ** 0.842** 4.797 ** 1.734** 1.849 ** 0.420 ** 1.745* 0.177

-0.253 **

AKO 107

0.405

1.689

0.146

1.131

0.989

3.554

0.207

0.821

0.076

SE (g)

Significant at 0.05 and 0.01 level of probability, respectively

)

* Kk
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the rainy season, 2022) and by 2 crosses (in spring-summer,
2023). For fruit length significant SCA effects were displayed
by 5 crosses (in rainy season, 2022) and by 3 crosses (in spring
summer, 2023) were noticed.

In pooled data significant SCA impacts were noticed
by 8 crosses for yield of fruit per plant, 12 crosses for PDI of
OELCV at 90 DAS and PDI of BYVMV at 90 DAS each, 10 crosses
for fruit count per plant and seed number per fruit each, 8
crosses for node number and fruit weight each, 9 crosses for
primary branches count and 7 crosses for height of plant,
days to 1% blooming, days to 50 % blooming and node to 1%
blooming. The crosses Punjab 8 x Ajeet 121 and Hissar Unnat
x AKO 107 showed the most substantial SCA impacts in the
desired direction for both fruit yield per plant and tolerance
to OELCV and BYVMV. Both crosses used one of the parents as
an excellent general combiner for fruit yield per plant and
other desired traits, suggesting that these crosses should be
used further in segregated generations to identify favourable
lines.

Based on the above findings, many cross combinations
exhibited varied SCA impacts, with only a few crosses displaying
consistently positive or negative SCA impacts for certain traits.
Based on SCA impacts and mean performance, 2 cross
combinations, Punjab 8 x Ajeet 121 and Hissar Unnat x AKO 107
could be identified as ideal specific combiners for future
utilization in the okra improvement program. Substantial SCA
impacts in favourable directions for various traits of okra
involving various combinations of SCA effects of the hybrids were
noticed by several earlier workers (22, 28, 31, 33).

Conclusion

In the current study, the predictability ratio shows the
predominance of non-additive gene action in controlling all the
studied traits. Heterosis breeding would be an appropriate
method to improve the yield attributes. Based on GCA effects
parents Hissar Unnat and Punjab 8 were identified as the best
general combiners for yield improvement. Parents, Ajeet 121
and AKO 107 were considered as best general combiners for
disease resistance. Based on SCA effects two crosses namely,
Punjab 8 x Ajeet 121 and Hissar Unnat x AKO 107 were
identified as most promising candidates for commercialization,
pending critical evaluation.
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