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ABSTRACT

This study evaluates heterosis, heterobeltiosis, and standard heterosis for yield and key agronomic
traits in okra (Abelmoschus esculentus L. Moench) using hybrids from a line x tester mating design
to identify superior hybrid combinations for breeding programs. Twenty-one F1 hybrids were
developed from seven diverse okra lines and three testers. The hybrids and their parental lines were
evaluated in a randomized complete block design (RCBD) with three replications at the
experimental farm of Al Zaeim Al Azhari University, Sudan. Data on pod length, number of pods
per plant, pod fresh weight, pod dry weight, dry-to-fresh weight ratio, hundred-seed weight, and
yield per plant were collected and analyzed for heterotic effects using standard statistical
procedures, including ANOVA and t-tests. Significant variation (p < 0.05) was observed among
hybrids and parents for several yield-related traits, confirming the presence of genetic diversity.
HSD2543 x Sinnar exhibited the highest heterosis for pod length (+18.77%), while HSD2550 x
Sinnar recorded the highest number of pods per plant (+33.33%). HSD1840 x Sinnar showed
maximum heterosis for pod dry weight (+57.50%), and HSD1835 x Sinnar demonstrated superior
yield per plant (+27.36%). Standard heterosis results reinforced the superiority of these hybrids,
particularly those involving the tester Sinnar, suggesting its potential as a dominant genetic
contributor in hybrid development. The study highlights the potential of heterosis in enhancing
okra yield and yield-related traits. Hybrids involving Sinnar as a parent consistently exhibited
superior performance, making them promising candidates for further evaluation and
commercialization.
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1. INTRODUCTION

Okra (Abelmoschus esculentus (L.) Moench), commonly known as lady's finger or gumbo, is a
nutrient-rich vegetable crop widely cultivated in tropical, subtropical, and warm temperate regions,
playing a vital role in food security and nutrition. Originating in Africa, with Ethiopia, Sudan, and
West Africa as centres of genetic diversity, okra belongs to the Malvaceae family and thrives in
diverse climatic conditions, from humid tropics to arid regions. It is a staple in African
agroecological zones, particularly in Nigeria, the largest global producer, and in Sudan, Ghana,
Egypt, and Coéte d'Ivoire (FAO, 2023). In Sudan, okra is cultivated under rain-fed and irrigated
systems, with landraces adapted to local conditions, underscoring its potential for genetic
improvement and climate resilience (Abdalla et al., 2023). Okra is highly valued for its nutrient-
rich pods, which are a source of vitamins, minerals, and dietary fibre, contributing significantly to
food security and nutrition. In Sudan, it is often dried and ground into powder for use in traditional
dishes, while its protein- and oil-rich seeds have potential applications in oil extraction and animal
feed production (Abdalla et al., 2023).

Heterosis is more commonly observed in naturally cross-pollinated species due to greater genetic
diversity. This phenomenon supports the survival of heterozygotes and preserves recessive alleles
under natural conditions, contributing to species adaptation and resilience. Despite its agricultural
and nutritional significance, okra production faces challenges in achieving optimal yield and
resilience. A critical gap exists in understanding heterosis in okra as an often-pollinated crop. It
also offers a promising avenue for genetic improvement. Several reports showed that heterosis
enhances yield and other desirable traits in okra (Kishor et al., 2013; Reddy et al., 2013; Shwetha
et al., 2021a). However, the extent and direction of heterosis vary across crosses and traits, with
both positive and negative effects reported (Kumar & Reddy, 2016). The performance of F1
hybrids relative to their parental lines for specific yield components, particularly under diverse
agro-ecological conditions is essential for developing high-yielding, climate-resilient okra
varieties. This study aims to estimate heterosis, heterobeltiosis, and standard heterosis for yield
and yield-related components in 21 F1 hybrids developed through a line % tester mating design
involving seven genetically diverse okra lines and three testers (Sinnar, Hejerat, and Clemson
Spineless). The research seeks to identify superior hybrid combinations, assess the genetic
diversity of parental lines, and provide insights into the potential of heterosis in okra breeding. By
addressing these objectives, the study contributes to the development of high-yielding, climate-
resilient okra varieties suitable for commercial cultivation and breeding programs.

2. MATERIALS AND METHODS

The study utilized ten genetically divergent parental lines namely; HSD 1835, HSD1834,
HSD1839, HSD 2543, HSD 2482, HSD 1840 and HSD 2550 as lines; Sinnar, Hejerat and Clemson
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spineless as testers, to develop 21 F1 hybrids through a line X tester mating design. The parental
lines were selected based on their contrasting agronomic traits, such as yield potential, pod
characteristics, and adaptability to different agroecological conditions. The crosses were made at
the experimental farm of Al Zaeim Al Azhari University, Khartoum North, Sudan. The resulting
F1 hybrids, along with their parental lines were evaluated in the subsequent growing season. The
trial was laid out in a Randomized Complete Block Design (RCBD) with three replications. Each
replication consisted of 31 treatments (21) F1 hybrids, seven parental lines, and three testers. Each
plot measured 3 x 3 meters, with three ridges spaced at 60 cm between rows and 30 cm between
plants.

Key yield parameters in okra were measured using randomly sampled mature pods at the harvest
stage from five random plants in each plot. Ten pods were selected for measurements of pod length,
pod fresh weight, and pod dry weight. Pod length was measured using a ruler from the base to the
tip, while pod fresh weight was recorded immediately after harvest using a digital balance. For
pod dry weight, the sampled pods were dried in an oven at 70°C for 48 hours until a constant
weight was achieved, after which they were weighed. The dry-to-fresh weight ratio was calculated
as a percentage using the dry and fresh weights of the same pods. The number of pods per plant
was determined by counting all mature pods harvested from each plant at the end of the growing
season. The number of seeds per pod was measured using ten mature pods, randomly selected,
opened, and the seeds counted. Hundred-seed weight was determined by weighing 100 randomly
selected seeds using a digital balance. Yield per plant was calculated as the average of the total
fresh weight of all pods harvested from five plants. All measurements were performed in triplicate
to ensure accuracy and consistency with the experimental design.

The data were analyzed using Analysis of Variance (ANOVA) as described by Gomez & Gomez
(1984) using the online software package OPSTAT developed by Sheoran et al., (1998). The
analysis was conducted to test the null hypothesis that there are no significant differences between
the various F1 populations and their parental lines. A post-hoc test was used to compare means,
setting the significance level at p<0.05p<0.05. The characters showing significant differences were
subjected to analysis using heterosis formulas (1), (2) and (3).

2.1 Relative heterosis was computed in terms of per cent increase (+) or decrease (—) of the F;
hybrids against its mid-parent using the following formula by Powers (1944) and Stern (1948)

F1-MP

Relative heterosis (MPH)% =

Where:

F;=Mean of the F cross;
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MP = Mid-parent.

2.2 Commercial heterosis addresses the economic utility of hybrids, describing their performance
relative to a standard commercial check variety. It was emphasized in practical breeding programs
aimed at maximizing agricultural productivity (Lamkey & Edwards, 1999). Commercial heterosis
is calculated as per the following formula;

Standard heterosis (SH)% = =%

Where:
SV = Standard variety value

2.3 Heterobeltiosis was coined by Bitzer et al., (1972) and Fonseca and Patterson (1968). It is
estimated in terms of the per cent increase or decrease of the F; hybrid over its better parent using
the following formula;

F1—-BP
Heterobeltiosis (BPH)% = TR x 100 ...........(3)

Where:
BP = Better parent value

The significance of relative and standard heterosis was tested with a t-test as suggested by Cochran
and Cox (1950) and Wynne et al., (1970), following the formula (4) .

J3/8EMS

tij =

(4

Where:
F1;; = The Mean of the ij F; cross
M.Pj = The mid parent for the ij' cross
SV = The commercial variety value
EMS = Error mean square

The ‘t;j” value for heterobeltiosis was calculated following the formula suggested by Rasul et al.,
(2002) formula (5).
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Where:
BP;; = Better parent value for the ij™ cross;
3. RESULTS AND DISCUSSION

The methodology adopted in this research involves a line x tester mating design with seven lines
and three testers, resulting in 21 F1 hybrids. This design is consistent with other studies in okra
heterosis breeding, such as Singh et al., (2010); Sharma & Singh (2012); Singh, et al., (2016);
Kumar and Reddy (2016), Chaitanya, et al., (2021), who also used a line x tester approach to
evaluate heterosis. The use of genetically divergent parental lines is a common strategy to
maximize heterosis, as seen in Shwetha et al., (2021a), where diverse parental lines were used to
create hybrids with superior traits. However, Kishor et al., (2013) recommended incorporating
molecular markers to assess genetic diversity among parental lines to complement phenotypic data
in heterosis studies.

Table 1: Mean squares for yield and yield components with parents and hybrids

Dry to
Number Pod Pod .
Pod u Fresh Number Hundred- Yield
Source of of Pods Dry Fresh .
. length . . weight of Seeds seed per
Variation per weight weight . .
(cm) ratio per Pod weight (g) | Plant (g)
plant 9 C); o
(%)
Replication 0.293NS 1.839NS | 0.014N8 0.265N8 2.501N8 704.333* 0.323N8 24.795N8
Treatments 1.063™ 2.212* 0.012*" 0.352N8 5.701" 150.400NS 1.007* 55.563""
Parents 0.290NS 2.444 0.005 NS 0.585" 2.549NS 191.293N8 1.668™ 56.015"
P .
arents vs 0.814% | 2.0488 | 0.004N5 | 0.054N | 0.875N | 127.986™ | 3.028" | 11.081N
Hybrids
Hybrids 1.424™ 2.116™ 0.016 NS | 0.262N8 7.361" 133.119N8 0.609™ 57.584™
Error 0.473 0.883 0.005 0.269 2.957 94.767 0.254 10.302

Note: Superscript asterisks on the means indicate statistical significance: * for p < 0.05, ** for p <
0.01, and NS for not significant.

The analysis of variance (ANOVA), (table 1), revealed significant differences among treatments
for several yield components, indicating substantial genetic variability among the parental lines
and hybrids. Highly significant differences (p < 0.01) were observed for pod length (cm), number
of pods per plant, pod dry weight (g), hundred-seed weight (g), and yield per plant (g). Traits like
dry-to-fresh weight ratio (%) exhibited significant differences at (p < 0.05). The lack of significant
differences in pod fresh weight (g) and number of seeds per pod suggests that no variation exists
between treatments.
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Table 2: Mean performance of okra hybrids and parents for yield and yield components

Pod Number of | Pod Dry [lzr'istl‘: Hundred Yield ver
Genotype length Pods per weight . seed P
(cm) plant (2) weight weight (g) Plant (g)
ratio (%)
HSD1835 x Sinnar 5.33 abe 567 0.60% 12973 6.00% 27.002
HSD1835 x Hjerat 430" 4,33 bedel 0.47¢4" 9.70%d¢ 5.00°% 18,178k
HSD1835 x Clemson spineless | 4.83 e 5.00 abed 0.572b¢ 10.53bede 4 .87th 20, 5Qdetehi
HSD1834 x Sinnar 567" 5.33 ¢ 0,47 9.30% 4.87% 25 3ebed
HSD1834 x Hjerat 4 47 bedefe 4.00 cdef 047cdef 9.374 4 87th 15.601
HSD1834 x Clemson spineless | 427 5.33%c 0,474t 9,53 5.50bcdefe | 2 gabedef
HSD1839 x Sinnar 4.70Pedel 5.33%¢ 0.57%¢ 11,8020 5.03¢E 25.90%¢
HSD1839 x Hjerat 5.53® 4.00 cdef 0.40¢f 8.00¢ 4001 12 40!
HSD1839 x Clemson spineless | 4 87®cde 4.3 bodef 0.43%f 8.67° 4,77 18.23enik
HSD2543 x Sinnar 587 5.338be 0.533bed 10.67bcde | 5. 27bcdelh 26.47®
HSD2543 x Hjerat 4 37 cdefe 4.00 odef 0.37" 8.97¢ 47080 13.334
HSD2543 x Clemson spineless 363% 5.00 abed 0.47cdef 9 83cde 4,70 17.20"K
HSD2482 x Sinnar 4.47 bedele 5.67% 0.43%f 9.30¢% 5.37bcdele 26270
HSD2482 x Hjerat 4.9() bede 4.00 def 0.47cdef 9.30% 4.50h0 20, 83cdefehi
HSD2482 x Clemson spineless 3.57¢ 433 bedel 0.43%f 9. 47 5.7 7abede 20.53delehi
HSD1840 x Sinnar 3.87°% 5.33 e 0.63* 13.607 5.10dfen 25.QQ?bede
HSD1840 x Hjerat 3.57¢ 3007 0.47%dt 10.47bcde 4.83 14.87M
HSD1840 x Clemson spineless | 4.40 <& 433 bedel 0.50bede 9. 77 4.47mi 19.90¢khii
HSD2550 x Sinnar 5.10 P 6.00° 0.63° 13.80° 5.27bcdeteh D 374t
HSD2550 x Hjerat 5.57%® 3.00f 0.470def 9.47de 4,73 20.73¢defehi
HSD2550 x Clemson spineless | 4.17 %% 4.33 bedel 0.530d 10.07% 5.1 3cdefeh 19.80¢E
HSD1835 4,33 cdefz 3.67 9t 0.53abed 12.3(abe 6.00% 16.07
HSD1834 5.07 abed 4.00 odef 0.50bcde 10.00%4 4 73ehi 20.03¢fh
HSD1839 4.9() abede 4,67 2bede 0.47cdet 9.50%e 4.87% 20. 67!
HSD2543 4 5(bedefe 4 33 bedef ().538bed 9.77%de 4.93fh 21.6(bedetzh
HSD2482 4 47bcdele 5.33 e 0.47¢4r 9.40% 5.50bedele 23 g7abedel
HSD1840 5.07 abed 3.33¢ 0.40¢f 10.10¢de 3.9 12.13!
HSD2550 5.10 abed 3.00¢F 0.50bcde 9. 87 6.332 14.90K!
Sinnar 5.27abcd 6.00% 0.47%dt 10.70bcde 5.87abed 26.33%®
Hjerat 4 87 abede 4.33 bodef 0.47cdef 9.23de 5.6 7abodef 19.63%
Clemson spineless 4.8 bede 4. 67 Wbede 0.47¢dr 9.23% 5.93%¢ 22 9(ybedel
Fi(s) mean 4.64 4.65 0.49 10.17 4.99 20.53
Parents mean 4.84 4.33 0.48 10.04 5.37 19.79
CvV 14.62 20.661 14.882 16.941 9.868 15.816
SE(m) 0.397 0.543 0.042 0.993 0.291 1.853
LSD 5% 1.123 1.534 0.115 2.808 0.823 5.241
LSD 1% 1.494 2.041 0.154 3.735 1.095 6.971
*Note: Treatments with different letters are significantly different for p < 0.05
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Table 3: Crosses showing significant and favorable heterosis for yield and yield components

Standard Heterosis (%)

) Relative Heterosis (%) Heterobeltiosis (%) .
Trait ] j ) (Heterosis over
(Mid parental heterosis) (Better parent heterosis) ] )

commercial variety)

HSD2543 x Sinnar (+18.77%) None of the crosses showed positive and HSD1834 x Sinnar (+18.06%*)

Pod length favorable in direction heterosis HSD1839 x Hjerat (+15.28*)
(cm) HSD2543 x Sinnar (+20.83%*%*)

HSD2550 x Hjerat (+15.97%)

Number of HSD1834 x Clemson spineless (+23.08%) | HSD2550 x Sinnar (+28.57*) HSD1835 x Sinnar (+21.43%)

Pods per plant

HSD2550 x Sinnar (+33.33*%*)

HSD2482 x Sinnar (+21.43%)
HSD2550 x Sinnar (+28.57%)

Pod Dry
weight (g)

HSD1835 x Sinnar (+20.00%)
HSD1839 x Sinnar (+21.28%)
HSD1840 x Sinnar (+44.83*%*)
HSD2550 x Sinnar (+29.90%%*)

HSD1835 x Sinnar (+27.66**)

HSD1835 x Clemson spineless (+
21.28%)

HSD1839 x Sinnar (+21.28%)

HSD1840 x Sinnar (+57.50%*%*)
HSD1840 x Clemson spineless (+25.00%)
HSD2550 x Sinnar (+34.04%%*)

HSD1835 x Sinnar (+27.66**)
HSD1839 x Sinnar (+21.28%*)

HSD1840 x Sinnar (+34.04**)
HSD2550 x Sinnar (+34.04*%*)

Dry to Fresh
weight ratio
(%)

HSD1840 x Sinnar (+25.37%%)
HSD2550 x Sinnar (+32.44%%)

HSD1835 x Sinnar (+19.51%)
HSD2550 x Sinnar (+20.52%)

HSD1835 x Sinnar (+35.81%%)
HSD1839 x Sinnar (+23.75%)

HSD1840 x Sinnar (+39.63*%*)
HSD2550 x Sinnar (+45.70%%*)

Hundred seed

None of the crosses showed positive and
favorable in direction heterosis

None of the crosses showed positive and
favorable in direction heterosis

None of the crosses showed
positive and favorable in

WEIth (g) direction heterosis
HSD1835 x Sinnar (+27.36*%*) None of the crosses showed positive and HSD1835 x Sinnar (+17.90%)
Yield per HSD1840 x Sinnar (+29.98*%*) favorable in direction heterosis HSD2543 x Sinnar(+15.57%*)
Plant (g) HSD1840 x Clemson spineless (+13.61%) HSD2482 x Sinnar (+14.70%)

HSD2550 x Hjerat (+20.08%)

Note: Superscript asterisks * and ** on the means indicate statistical significance for p < 0.05 and 0.01

respectively.

3.1 Pod Length (cm)

The highest mean performance (Table 2) for pod length (5.87 cm) was observed in the hybrid
HSD2543 x Sinnar, while the shortest pods (3.57 cm) were recorded in HSD2482 x Clemson
Spineless. Estimates of heterosis, as presented in Table 3, revealed that HSD2543 x Sinnar
exhibited the highest positive relative heterosis (+18.77%). Furthermore, estimates of standard
heterosis identified HSD2543 x Sinnar (+20.83%) as the best-performing hybrid relative to the
commercial check. These results are consistent with recent studies reporting significant heterosis
for pod length in okra hybrids. For example, Panchabhaye et al., (2024) documented notable
heterosis in specific okra crosses, highlighting the potential for selecting hybrids with improved
pod length. Additionally, studies by Thirupathi et al., (2012), Ibrahim et al., (2013), and Bello et
al., (2015) suggest that additive gene action plays a key role in controlling this trait, favouring
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specific optimal allelic combinations. However, as shown in Table 3, none of the crosses
outperformed their best parent in terms of heterosis over the better parent.

3.2 Number of Pods per Plant

The highest mean performance (Table 2) for number of pods per plant was observed in HSD2550
x Sinnar (6.00 pods), while the lowest was in HSD1840 x Hjerat and HSD2550 x Hjerat (3.00
pods). Estimates for heterosis in Table 3, showed that cross HSD2550 x Sinnar recorded the highest
Mid-parent and heterobeltiosis heterosis, recording (+33.33%) and (+28.57%) respectively.
Standard heterosis further supported this hybrid combination as a strong performer at (28.57%),
confirming its suitability for commercial production. This trait is crucial as it directly impacts yield
potential. These results are consistent with the findings of Ranga et al., (2024) Yohanna, (2023);
Shwetha et al., (2021b) and Kerure et al., (2019), who reported significant positive heterosis for
the number of pods per plant in okra hybrids.

3.3 Pod Dry Weight

The mean performance data (Table 2) for pod dry weight exhibited significant variation among
hybrids and parents. The highest pod dry weight was recorded in HSD2550 x Sinnar and HSD1840
x Sinnar (0.63 g) each. Cross HSD2543 x Hjerat (0.37 g) had the lowest mean performance.
Estimates for heterosis in Table 3, showed that the combination of HSD1840 x Sinnar recorded
the highest mid-parent and heterobeltiosis heterosis recording (+44.83%) and (+57.50%)
respectively. Standard heterosis confirmed HSD1840 x Sinnar (+34.04%) as a superior hybrid for
this trait. Similar observations were made by Panchabhaye et al., (2024); Ranga et al., (2024); who
found significant heterosis for pod dry weight in certain okra crosses. This trait is particularly
important in okra breeding in Sudan, especially for Sudanese cuisine, where dry okra (waika) 1s a
staple ingredient in many traditional dishes like mulaah and kisra-based stews. Selecting for high
dry weight ensures that farmers get more usable dried okra per unit of fresh produce. Varieties with
naturally low moisture content dry faster and retain better texture and flavour. Higher dry weight
usually correlates with better storability, reducing post-harvest losses (Hussein et al., 2018; El-
Shaieny et al., 2022).

3.4 Dry-to-Fresh Weight Ratio

Despite the absence of significant differences in fresh weight (g), dry weight (g) exhibited
considerable variation among hybrids. Given the relevance of these traits in the context of
Sudanese cuisine, the dry-to-fresh weight ratio (%) was further utilized to validate the findings
derived from dry weight measurements. The dry-to-fresh weight ratio (%) in Table 2, varied
significantly across genotypes (Table 1). Mean performance (Table 2), identifies HSD2550 x
Sinnar as the highest performing combination at (13.80%). The hybrid from a combination of
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HSD1839 x Hjerat (8.00%) had the lowest performance. Heterosis estimates in Table 3, identified
Mid-parent heterosis and heterobeltiosis as the highest in HSD2550 x Sinnar recording (+32.44%)
and (+20.52%) respectively. Standard heterosis supported HSD2550 x Sinnar (+45.70%) as the
best performer.

3.5 Hundred-Seed Weight

The mean performance data (Table 2) indicates significant variation in hundred-seed weight was
observed. The highest value was recorded in parental line HSD2550 (6.33 g), while the HSD1840
parental line (3.90 g) had the lowest. Among hybrids, HSD1835 x Sinnar recorded the highest
value of (6.00g). Estimates for heterosis in Table 3, for Mid-parent, heterobeltiosis and Standard
heterosis showed notably negative responses in most hybrid combinations. The results revealed
that some parental lines, particularly HSD2550 and HSD1835 likely harbour additive gene effects
of favourable allele combinations but failed to produce a heterotic effect due to lack of
complementary dominant alleles in testers. Estimates of genetic effects in previous research
confirmed the preponderance of additive gene effects for 100 seed weight by Adeniji, et al. (2007);
Oyetunde and Ariyo (2014).

3.6 Yield per Plant (g)

The mean performance data (Table 2) indicated that the highest yield per plant was recorded in the
hybrid HSD1835 x Sinnar (27.00 g), followed by HSD2543 x Sinnar (26.47 g) and HSD2482 x
Sinnar (26.27 g). Conversely, the lowest yield was observed in HSD1839 x Hjerat (12.40 g),
HSD2543 x Hjerat (13.33 g) and HSD1840 x Hjerat (14.87 g). These findings suggest that the
cross combinations involving Sinnar as a parent generally resulted in higher yields, which could
be attributed to favourable genetic interactions or complementary. It is also worth noting that most
of the low-yield crosses involved the tester Hjerat as a parent.

Heterosis estimates (Table 3) showed that several hybrids exhibited positive mid-parental heterosis
for yield per plant, with HSD1835 x Sinnar (27.36%), HSD1840 x Sinnar (29.98%), and HSD2550
x Hjerat (20.08%) displaying significant heterotic effects at (p < 0.01 or 0.05). These results
confirm the potential of these crosses in enhancing yield performance through hybrid vigour. On
the other hand, negative heterosis was recorded in HSD1839 x Hjerat (-38.46%) and HSD2543 x
Hjerat (-35.33%), indicating poor hybrid combinations. Standard heterosis further validated these
results, with HSD1835 x Sinnar (17.90%), HSD2543 x Sinnar (15.57%), and HSD2482 x Sinnar
(14.70%) exhibiting positive heterotic effects relative to the commercial check. This highlights
their potential for further evaluation and possible release as superior hybrid cultivars. They are
mostly involved in sinner as parents. None of the crosses significantly outperform their parents
(heterobeltiosis). Some hybrids, such as HSD1839 x Hjerat (-40.00%), exhibited severe depression
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in yield, emphasizing the importance of parent selection in hybrid breeding. HSD1835 x Sinnar
hybrid should be prioritized for developing high-yielding hybrids.

4. CONCLUSION

This study confirms the potential of heterosis in enhancing okra yield and yield-related traits.
Hybrids such as HSD1835 x Sinnar, HSD2543 x Sinnar, HSD2550 x Sinnar, and HSD1839 x
Hjerat demonstrated significant heterotic effects and should be considered for further evaluation
under different agro-climatic conditions to ensure their stability and commercial viability. The
epistatic interactions could be responsible for the exceptional performance of these hybrids.
Overall, the findings suggest that hybrid combinations involving Sinnar as a parent generally
performed well, reinforcing its role as a strong genetic contributor possessing a unique set of
dominance alleles that complement or mask deleterious recessive alleles in the other parent,
leading to heterosis in the F1 hybrids. While previous studies have used various testers in okra
breeding, few have identified a tester that consistently produces superior hybrids across multiple
traits. This study provides novel insights into the role of Sinner as testers in enhancing heterosis.
Sinnar's ability to enhance multiple traits suggests that it has a broader genetic base compared to
the other testers. This makes Sinnar a more versatile parent for hybrid development. The results
also emphasize the importance of heterotic effects in selecting superior hybrid combinations for
yield enhancement in breeding programs.

REFERENCES

[1].  Abdalla, A. 1., Mahdi, M. M., Khiery, N. T. & Jabir, B. M. O., (2023). Variation and
correlation of seed physico-chemical properties of Sudanese okra lines (Abelmoschus
esculentus (L.) Moench.). International Journal of Agriculture and Environmental
Research, 9(1), 75-82.

[2].  Adeniji, O. T., Kehinde, O. B., Ajala, M. O., & Adebisi, M. A. (2007). Genetic studies on
seed yield of West African okra [Abelmoschus caillei (A. Chev.) Stevels]. Journal of
Tropical Agriculture, 45(1), 36-41.

[3]. Bello, O. B., Aminu, D., Gambo, A., Azeez, A. H., Lawal, M., Alj, 1., & Abdulhamid, U.
A. (2015). Genetic diversity, heritability and genetic advance in okra [Abelmoschus
esculentus (L.) Moench]. Bangladesh Journal of Plant Breeding and Genetics, 28(2), 25-
38.

[4]. Bitzer, M. J., & Fu, S. (1972). Heterosis and Combining Ability in Southern Soft Red
Winter Wheats 1. Crop Science, 12(1), 35-37.

[5].  Chaitanya, P. S. S., Sadu Yashwanth, Mayur S. Dharvankar , G. Rajitha(2021).Combining
ability through Line x Tester analysis in Okra (Abelmoschus esculentus (L.)
Moench).International Journal of Creative Research Thought. 9 (' 5) 887-894.

www.ijaer.in Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 333




[6].

[7].

8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 02 "March-April 2025"

Cochran, W. G., & Cox, G. M. (1950). Experimental designs. John Wiley and Sons, New
York.

El-Shaieny, A. H. A., Abd-Elkarim, N. A., Taha, E. M., & Gebril, S. (2022). Bio-stimulants
extend Shelf Life and Maintain the Quality of Okra Pods. Agriculture, 12(10), 1699.
Fonseca, S., & Patterson, F. L. (1968). Hybrid vigour in a seven-parent diallel cross in
common winter wheat (Triticum aestivum L.). Crop Science, 8(1), 85-88.
https://doi.org/10.2135/ cropscil968.0011183X000800010025x

Food and Agriculture Organization of the United Nations. (2023). World food and
agriculture-statistical yearbook 2023. Food and Agriculture Organization of the United
Nations.

Gomez, K. A., & Gomez, A. A. (1984). Statistical procedures for agricultural research (2™
ed.). New York: John Wiley & sons.

Hussein, Z., Ibrahim, A., & Hamid, A. (2018). Effects of Drying Methods on the Chemical
Properties of Okra (4belmoschus esculentus L. Moench) Slices. Current Journal of Applied
Science and Technology, 26(6), 1-10.

Ibrahim, E. A. A., Abed, M. Y., & Moghazy, A. M. (2013). Genetic behaviour of families
selected from some local okra (Abelmoschus esculentus L. Moench) populations in Egypt.
Plant Breeding and Biotechnology, 1(4), 396-405.

Kerure, P., & Pitchaimuthu, M. (2019). Evaluation for heterosis in okra (Abelmoschus
esculentus L. Moench). Electronic Journal of Plant Breeding, 10(1), 256-263.
https://www.ejplantbreeding.org/index.php/EJPB/article/view/2999

Kishor, D. S., Arya, K., Duggi, S., Magadum, S., Raghavendra, N. R., Venkateshwaralu,
C., & Reddy, P. (2013). Studies on Heterosis for Yield and Yield Contributing Traits in
Okra (Abelmoschus esculentus (L.) Moench). Molecular Plant Breeding.
https://doi.org/10.5376/ mpb.2013.04.0035

Kumar, S., & Reddy, M. T. (2016). Heterotic Potential of Single Cross Hybrids in Okra
(Abelmoschus esculentus L. Moench). Journal of Global Agriculture and Ecology, 4(1):
45-66.

Lamkey, K. R., & Edwards, J. W. (1999). Quantitative genetics of heterosis. Genetics and
exploitation of heterosis in crops, 31-48.

Oyetunde, O. A., & Ariyo, O. J. (2014). Genetics of seed yield and related traits in
biparental crosses of okra, Abelmoschus esculentus (L.) Moench. Nigerian Journal of
Genetics, 28(2), 8-14.

Panchabhaye, K. P., Panchabhaye, P. P., & Lal, G. M. (2024). Estimation of heterosis on
yield and contributing traits of okra [Abelmoschus esculentus (L.) Moench] using line X

tester mating design. International Journal of Advanced Biochemistry Research, 8(9), 403—
408.

www.ijaer.in Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 334



https://doi.org/10.2135/%20cropsci1968.0011183X000800010025x
https://doi.org/10.5376/%20mpb.2013.04.0035

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 02 "March-April 2025"

Powers, L. (1944). An expansion of Jones' theory for the explanation of heterosis. The
American Naturalist, 78(771), 275-280. https://doi.org/10.1086/281192

Ranga, A. D., Vikram, A., Kumar, R., Dogra, R. K., Sharma, R., & Sharma, H. R. (2024).
Exploitation of heterosis and combining ability potential for improvement in okra
(Abelmoschus esculentus L.). Scientific Reports, 14(1),24539. https://doi.org/10.1038/
s41598-024-75764-9

Rasul I, Khan AS, Ali ZU (2002). Estimation of Heterosis for Yield and some Yield
Components in Bread Wheat. International Journal of Agriculture and Biology, 4(2), 214-
216.

Reddy, M. T., Haribabu, K., Ganesh, M., & Begum, H. (2013). Exploitation of heterosis in
okra (Abelmoschus Esculentus (L.) Moench). International Journal of Agricultural and
Food Research, 2(4). https://doi.org/10.24102/ijafr.v2i4.179

Sharma, J. P., & Singh, A. K. (2012). Line x Tester analysis for combining ability in okra
(Abelmoschusesculentus (L.) Moench). Vegetable Science, 39(2), 132-135.

Sheoran, O. P.; Tonk, D. S.; Kaushik, L. S.; Hasija, R. C. and Pannu, R. S. (1998). Statistical
software package for agricultural research workers. Recent advances in information theory,
statistics and computer application by Hooda, D. S. and Hasija, R. C. Department of
Mathematics Statistics. CCS HAU. Hisar: 139-143. https://14.139.232.166/opstat.
Shwetha A, Mulge R and Khot, R. K. (2021a). Heterosis studies in okra [Abelmoschus
esculentus (L.) Moench] for growth and earliness parameters through half-diallel analysis.
The Pharma Innovation Journal; 10(6): 1250-1254.

Shwetha, A., Mulge, R., & Khot, R. K. (2021b). Combining ability studies in okra
[Abelmoschus esculentus (L.) Moench] for growth and earliness parameters. Journal of
Pharmacognosy and Phytochemistry, 10(2), 1313-1316.

Singh, A., Singh, M.R., & Pandey, S.K. (2010). Line x tester analysis for combining ability
in okra [Abelmoschus Esculentus (L.) Moench]. Agricultural Science Digest, 32, 91-97.
Singh, B., Goswami, A., & Sharma, A. K. (2016). Estimation of heterosis in okra
(Abelmoschus esculentus) for fruit yield and its components using linex tester mating
design. Indian Journal of Agricultural Sciences, 86(12), 1613-20.

Stern, C. (1948). Negative heterosis and decreased effectiveness of alleles in heterozygotes.
Genetics, 33(3), 215-219.

Thirupathi Reddy, M., Hari Babu, K., Ganesh, M., Chandrasekhar Reddy, K., Begum, H.,
Purushothama Reddy, B., & 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). Journal of Agricultural Technology, 8(2), 639-655.
Wynne, J. C., Emery, D. A., & Rice, P. W. (1970). Combining ability estimates in Arachis
hypogaea L. 11. Field performance of F1 hybrids 1. Crop Science, 10(6), 713-715.

www.ijaer.in Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 335



https://doi.org/10.1038/
https://doi.org/10.24102/ijafr.v2i4.179
https://14.139.232.166/opstat

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 02 "March-April 2025"

[32]. Yohanna, M. (2023). Heterosis and combining ability estimates for okra (4belmoschus
esculentus L. Moench) varieties for yield attributing characters in the Sudan savanna of
Nigeria. Agrosearch, 22(1), 13-28. https://doi.org/10.4314/ agrosh.v22i1.2.

www.ijaer.in Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 336



https://doi.org/10.4314/%20agrosh.v22i1.2

