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Heterosis analysis for yield
and quality in eggplant (Solanum melongena L.)

Abstract. The experiment was conducted with 55 eggplant hybrids derived from 11 x 11 half diallel
crosses along with standard variety at the field 10 and field 15 of University of Putra Malaysia
(Serdang, Selangor, Malaysia) at one season during November 2020 to January 2021. The aim of
this research was to develop high yield and quality eggplant hybrids. This research was followed by
randomised complete block design with three replications at two locations. 15 morphological and
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biochemical traits were estimated for heterosis. Among these, BM9 x BB26 was chosen as the best
hybrid for yield per plant considering standard heterosis, heterobeltosis and relative heterosis.
Besides, BB1xBT15 hybrid was also the best for total soluble solid over check variety and BT6 x BT15
was the best for total phenol content considering all three types of heterosis i.e. relative heterosis,
heterobeltosis and standard heterosis. Conversely, the highest value for heterobeltosis and relative
heterosis was found in the hybrid BM5 = BT15 and the hybrid BM9 x BB23 was the best over standard
heterosis for DPPH of antioxidant activity. Hence, these two hybrids could be considered to get
higher antioxidant activity in eggplants. The breeders, agronomists, and horticulturists can use

these results to select the best hybrids for further practical research

Keywords: hybrids; half diallel; per se performance; best parent heterosis; antioxidant activity

INTRODUCTION

Eggplant is the most significant crop of sola-
naceae family, which is popular because of its
high nutrition and palatability of fruits. It is
widely spread as one of the most important
vegetables cultivated in both tropical and sub-
tropical regions throughout the world. The pref-
erences of eggplant vary from area to area for
colour, shape, and size. Thus, it is crucial to cre-
ate hybrids, having high quality along with high
yields. Heterosis has become widely used in the
breeding method to increase production of sola-
naceaous vegetable like eggplant. The effect of
heterosis in vegetable crops is clearly shown by
the significant increases of yield observed over
the last 50 years, following the introduction of
hybrids into crop production. Both hybrids and
enhanced agronomic techniques has result-
ed to a consistent, linear enhancement in the
performance of vegetable crops. Hybrid vigour
exploitation has become an effective tool to
improve of eggplant. With the increasing popu-
larity of F, hybrid, this trend has allowed for its
commercial utilisation in the eggplant industry.
Moreover, the researchers found that the level of
heterosis is directly proportionate to the genetic
diversity existed within parents, which provides
together a variety of favourable alleles coming
from multiple genes.

Alot of studies have been published by sup-
porting the potentiality of heterosis in various
traits. of E. Hassan (2021) indicated in the work
that the hybrid (P3 x P6) had the highest value of
relative heterosis and heterobeltosisi.e. 230.02%
and 218.85% respectively for the character to-
tal yield. Furthermore, S. Anvesh et al. (2025)
pointed out in the work that the highest level of
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heterosis over better parent (HB) was found in
Punjab Sadabahar x Pant Rituraj (ie. 72.26%)
followed by the hybrid Pusa Purple Long x Pant
Rituraj and NDB-2 x Pant Rituraj for the charac-
teryield. Besides, D. Rameshkumar & L. Vetham-
onai (2020) found that the hybrid Seetipulam
Local x Sevathampatti Local was the superior
cross combination for most of the studied char-
acters like earliness and yield per plant con-
sidering better parent and standard heterosis.
S. Mishra et al. (2023) revealed that the crosses
BBSR-08-2 x selection from BBSR-145-1, BBSR-
08-2 x BBSR-10-26 and the cross BBSR-08-
2 x BBSR-10-25 showed significant positive het-
erosis for the trait fruit yield attributing traits,
fruit yield and also for vegetative traits over
relative heterosis, heterobeltosis and standard
heterosis. The researchers, H. Thota & I. Delvadi-
ya (2025) exhibited the highest significant and
positive standard heterosis from the cross com-
bination JBR-3 x JBR-5 for the character total
yield per planti.e. 154.49%. A. Kumari et al. (2025)
recorded in the findings that the cross, PPL x
Arka harshita, PPL x Pusa Anupam and PPL x
PPC exhibited fruitful heterosis and appreciable
heterobeltosis for the character yield and earli-
ness. Z. Khasdhar et al. (2024) emphasised in the
research that the highest value of standard het-
erosis for the character fruit yield per plant was
recorded from the cross AB-08-14 x GBL-3 over
standard check. The researchers Rajashree et
al. (2023) found in the research that the highest
positive heterosis from the cross combination
KRCCH-11 x GL, KRCCH-12 x GL and KRCCH-10
x GL for the character earliness and yield pa-
rameters whereas KRCCH-11x BL and KRCCH-11
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x GL showed superior for quality trait. The main
objectives of any hybridisation program are to
create genetically modified and potential lucra-
tive genotypes through accumulation of stable
gene effects. Thus, it is critical to identify firstly
more or less homozygous lines and flexible pa-
rental lines selection. Keeping this in mind, both
heterosis and combining ability study are very
much important for each plant breeding pro-
gram due to providing necessary information
for varietal improvement and commercial utili-
sation of heterosis (Quamruzzaman et al., 2020).

This research was done to select the best
hybrid from 55 hybrid combination that was de-
veloped by the researcher from 11x11 half diallel
method of breeding with standard check varie-
ties and to select the best hybrids (high yield and
high quality) which can be used to mitigate nu-
tritional security.

MATERIALS AND METHODS
Experiment site. The experiment was conducted
with two locations (at field 10 and field 15) in one
season at Universiti Putra Malaysia simultane-
ously from November2020 toJanuary2021. Plant
materials. Eleven eggplant genotypes were used
as parents in 11 x 11 half diallel method (exclud-
ing reciprocal) to develop 55 F, hybrids in this re-
search. These 11 genotypes were BB1, BB12, BB23,
BB26, BB31, BT6, BT13, BT15, BT17, BM5 and BMO.
Layout and design of experiment. This study
was carried out in a RCB design (randomised
complete block design) with three times repli-
cation. There were 5 plants in each replication.
Spacing was maintained 60 cm between plants
and 80 cm between rows. A well drainage system
was kept in the field. Data collection. Data of 12
quantitative trait were taken from five plants in
each genotype per replication. Quantitative trait
likely days to first flower opening, days to 50%
flower opening, plant height, stem diameter,
no. of primary branches/plant, fruit diameter,
fruitlength, fruit girth, ratio of length to width of
fruit, individual fruit weight, yield of fruit/plant,
no. of fruits /plant, TSS (Total soluble solid), TPC
(Total phenol content) and DPPH (Antioxidant
activity) etc.

Statistical analysis. Heterosis estimation:
expression of heterosis as % of increase of F,
over mid parent, better parent and commercial

7)

check were determined for each trait by using
the following formulae (Mohsin et al., 2022):

relative heterosis (MP) = % x100. (1)

. Fl1-
Heterobeltosis (HB)=—

BP
%100, (2)
Standard heterosis= % x100, 3)

where F,, MP, BP, and CV are the average of F,, two
parent (MP), better parent (BP) and check variety
(CV) respectively.

Significant difference of F, were calculated
with MP, BP, and CV by using “t” test. The follow-
ing formula was used:

F1-MP

[t]=—5, *100, (4)
where SED = ZE:/IS

[t] == %100, (5)
where SED= \/F:/IS .

[t] =100, (6)

2EMS
r

where SED=

Here, SED means standard error of differ-
ence; EMS=error mean square; r=replication.

\/W
Besides, SED = Sample Size.

The study was conducted in accordance
with the ethical standards of the Convention on
Biological Diversity (1992) and the Convention
on International Trade in Endangered Species of

Wild Fauna and Flora (1976).

RESULTS AND DISCUSSION
Heterosis were calculated for each crosses of 55
hybrids for yield, yield related characters and
some biochemical characters over mid parent,
better parent and standard variety. Here, het-
erosis results have been shown in Tables 1-4.
All types of heterosis (mid, better, and stand-
ard) were discussed individual trait-wise in the
following way. Fruit length. The fruit length is
an important character to develop high yield-
ing variety. Out of 55 hybrids, 33 hybrids, 15 hy-
brids and 6 hybrids showed significant positive
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relative heterosis, heterobeltosis and standard
heterosis respectively. The rest of the hybrids
showed significant negative heterosis. The hy-
brid BM5 x BT13 had the highest value of relative
heterosis thatis 57.60% and the least value of rel-
ative heterosis was -38.33% recorded from the
hybrid BM5xBT15 (Table 1). On the other hand, the
highest and the lowest value of heterobeltosis
was 31.94% (BM9 x BB1) and -64.01% (BM5 x BT15)
respectively. Besides, the hybrid's standard
heterobeltosis value was ranged from -71.09%
(BB12x BT15) to 21.73% (BB31x BT13). Considering
all three types of heterosis, hybrids BM9 x BT13,
BB26 x BM5, BB31 x BT13 and BM5 x BT13 were
found as the best hybrids due to the positive
heterosis over the mid parent, better parent
and check variety across the environment.

Fruit diameter. For this character, relative
heterosis varied from -43.39 to 28.98% for the
hybrids BB12 x BT17 and BB1 x BB31, respective-
ly. Out of 55 hybrids - 18 hybrids, 7 hybrids and
31 hybrids showed significant positive relative
heterosis, heterobeltosis and standard hetero-
sis respectively. The heterobeltosis value for
this trait varied from -5877 to 20.795% for the
hybrids BB12 x BT17 and BM9 x BB1, respectively.
Besides, standard heterosis for this trait varied
from -35.05 (BT13 x BT15) to 60.28% (BT17 x BB1).
Considering all types of heterosis, the crosses
BM9xBB26, BM9 xBB1, BB1xBB26 and BB1xBB31
performed positive over all types of heterosis
among all the studied hybrids. Fruit girth. In this
trait, all the hybrids showed highly significantly
values for relative heterosis and standard het-
erosis but in case of heterobeltosis all hybrids
performed significantly except two hybrids
(BB12 x BM5 and BB12 x BT13) showed non-sig-
nificant values. The highest value for relative
heterosis was found by BB31x BT6 with the val-
ue of 37.29% and the least value was recorded by
BM9 x BB23 with the value of -44.21%. The value
of HB was ranged from -60.65 to 15.18% from the
hybrids BM9 xBB23 and BM9 x BB26 respectively.
The SH value ranged from -33.14 (BM9 x BB23) to
79.91% (BM9 x BB1) for fruit girth.

Fruit length to width ratio. Most of the hy-
brids showed highly significant values, except
three crosses in case of relative heterosis (RH).
These three crosses showed non-significant
values. The value of RH for this trait varied from
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-40.29 (BB1x BB31) to 143.01% (BM9 x BT13). The
HB value for ranged from -61.07 (BM5 x BT15) to
54.87% (BM9 x BB31), and the standard heterosis
value varied from -71.05 (BT17 x BT6) to 56.75%
(BM9 x BB31). The hybrids namely; BM9 x BB23,
BM9 x BB31, BM9 x BT13, BB26 x BM5, BB31x BMS5,
BB31xBT13 and BM5 x BT13 had a positive signif-
icant value for all three types of heterosis. Indi-
vidual fruit weight. Most of the hybrids showed
positively significant values for relative hetero-
sis (RH) except four. These four hybrids were
non-significant for RH. The RH value ranged
from -60.15 (BM5x BT15) to 153.30% (BT13 BT 6).
The HB varied from -79.08 (BM5 x BT15) to 99.73%
(BT13 x BT6). The SH was -84.93 (BB12 x BT15)
to 105.04% (BM9 x BB1) (Table 2). The cross-
es BM9 x BB1, BM9 x BB26, BT17 x BB26, and
BB26 x BM5 had the significant positive value for
all types of heterosis namely; RH, HB and SH.
Yield per plant. The highest RH value was
performed with the hybrid BM9xBB26 (466.53%),
and the minimum value was recorded from
the hybrid BT6 x BT15 (-74.83%). The value of
HB ranged from 315.07 (BM9 x BB26) to -81.15%
(BT6xBT15). The heterosis over check variety was
performed from 13079 (BM9 x BB26) to 82.63%
(BT6 x BT15) (Tables 1-4). The hybrids BB12 x BB1,
BB12 x BT6, BT17 x BB1, BM9 x BB26, BM9 x BM5,
BB23xBB31, BB23xBM5, BB26 x BM5, BB31xBMS5,
BB31xBT13,BB31xBT6 and BB31xBT15 performed
positively significant for all types of heterosis
(Table 5). Number of primary branches per plant
(PB). The extent of RH for the trait PB ranged
from 5766 (BB12 x BT15) to -52.75% (BB1x BT6).
Besides, the value of HB and SH 41.51 to -61.35%
and 91.34 to -5141% respectively. Fourteen hy-
brids were found to be good over MP, BP, and CV
for this character (Tables 1-4). Days to first flow-
er opening (DF). The values of SH, HB and RH
ranged from -2791 to 53.49%, -37.87 to 71.45%
and -54.32 to 7145% respectively. The cross
BB1x BT6 showed the highest value for all het-
erosis. The least value of HB and RH was found
from the crosses BM5 x BT15 and BB23 x BB31,
respectively. On the other side, the lowest value
for SH was performed from the cross BM5xBT15.
Days to 50% flower opening (DFF). The maxi-
mum value of SH, HB and RH for this character
found from the cross BB1 x BT6 with the val-
ue of 53.59%, 42.18% and 63.96% respectively.



Heterosis analysis for yield...

Similarly, the minimum value of SH, HB and RH
was found from the cross BM5 x BT 15 with the
value of -29.53%, -38.83% and -38.60% respec-
tively (Table 3). Besides, no hybrid performed
non-significant relation with all three types of
heterosis.

Number of fruits per plant (NF). All the hy-
brids showed positively significant value for
all SH, HB and RH except BB23 x BT6, which
showed non-significant value for SH. The
RH value varied from 31514 (BM9 x BB26) to
-90.80% (BT6 x BT15). The HB value varied from
206.71 (BB31x BM5) to -94.79% (BT17 x BT15). On
the other hand, the extent of SH from 354.46
(BT13 x BT15) to -79.55% (BB1x BB26) (Tables 1-4).
Plant height (PH). The magnitude of RH, HB and
SH valued from 61.56 to -24.92% (BB23 x BT15
to BB1x BB26), 54.24 to -33.15% (BB23 x BT15 to
BB1x BB26) and 4145 to 18.34% (BM9 x BB26 to
BB1xBT13) respectively (Table 3). Besides, all the
hybrids showed positively significant value ex-
cept two hybrids for standard heterosis, which
showed non-significant value. Stem diameter
(SD). The maximum value (27.05%) of RH was re-
corded from the several hybrids like BT17 x BB1,
BB12 x BB1, BM9 x BB23, BB31 x BT13, BB23 x BT6
and BB1x BB31 (Table 3). Other side, the lowest

value(-25.40%)ofRHwasrecordedfromthecross-
es BB12xBM9, BT17 x BM9, BM9 x BB1, BB1x BB26,
BB23xBT13, BB31x BM5 and BT13 x BT15. Besides,
the HB for this trait ranged from -8.56 to -19.55%,
in which none of the crosses showed positive
heterobeltosis. Here, the standard heterosis
(SH) lied in between 3248 to 19.59%, where-
as, none crosses showed negative value of SH.

Total soluble solid (TSS) (Table 4). The val-
ue of RH, HB and SH range varied from 16.09
(BM9 x BB26) to -1501% (BT17 x BT15), 824
(BB12 x BM9) to -29.91% (BM9 x BT15) and 17.69
(BB1x BT15) to -7.86% (BB26 x BT13) respectively.
Total phenol content (TPC). The RH for this char-
acter ranged from 71.98 to -76.52% whereas, the
HBrangedfrom71.29t0-81.30%.Butawiderange
of variation was recorded for SH from 192.43 to
-71.32%. The highest and the lowest value was
found from the hybrid BT6xBT15 and BB31xBT13
respectively for RH, HB and SH. DPPH (antioxi-
dant activity). This character was shown relative
heterosis (RH) ranged from 53.45 to -37.02% from
the cross BM5xBT15 and BB26 x BT13 respective-
ly. The value of HB for DPPH ranged from 33.34
(BM5xBT15) to -39.01% (BB26x BT13) (Table 3). Be-
sides, depend on standard heterosis, the top hy-
brid for all the studied traits is shown in Table 5.

Table 1. Percentage of heterosis (mid-parent, better-parent and standard heterosis)
for fruit morphology traits in eggplant hybrids

FL FD FG FLWR

Crosses SH (%) HB (%) | RH (%) | SH(%) HB (%) | RH(%) | SH (%) HB (%) | RH(%) | SH(%) | HB(%) | RH (%)
BB12xBT17 | -49.37** | -14.00** | -7.59** | 28.97** | -58.77** | -43.39** | -14.37** | -53.83** | -35.75** | -32.02** | 5.61** | 39.93**
BB12xBM9 | -43.98** | -9.79*%* | -0.67** | 4.44** |-36.34** | -21.96** | -17.71** | -36.51** | -21.89** | -29.96** | 8.81** | 14.57**
BB12xBB1 |-47.20*%* | -13.80** | -5.67** | 12.38** | -27.75** | -2.22 NS | 14.93** | -32.37** | -8.44** | -52.87** | -26.78** | -14.08**
BB12xBB23 | -42.86** | -12.91** | -1.74** |-15.65** | -3.82** | -0.09** | 5.10** | -4.55** | 9.93** |-33.06** | -12.29** | -4.71**
BB12xBB26 | -34.10** | 14.34** | 21.67** | 10.05** | -25.38** | -5.73** | 13.43** | -18.78** | 2.76** | -36.98** | -2.10** | 18.83**
BB12 xBB31 | -20.95*%* | -25.80** | 0.52** | -7.01** | -15.55*%* | -4.73** | -10.50** | -18.80** | -6.44** | -11.40** | -12.47** | 7.01**
BB12xBMS | -22.04** | -28.38** | -2.27** | -16.12** | -6.85** | -3.48** | -8.55** | -0.35NS | 5.80** | -3.48** | -23.83** | 1.02**
BB12xBT13 |-18.26** | -2.86%* | 21.24** | -25.23** | -9.46** | -1.82* |-19.19** | -0.38NS | 7.69** | 12.58** | -6.68** | 21.70**
BB12xBT6 |-63.32*%* | -27.72** | -14.51** | -24.53** | -26.18** | -20.69** | -23.09** | -5.18** | 0.45%* | -40.28** | -7.23** | 4.24**
BB12xBT15 |-71.09%* | -43.02** | -16.18** | -28.74** | -16.76** | -5.30** | -21.71** | -3.48** | 8.61** |-57.66** | -34.22** | -9.45**
BT17xBM9 | -38.55** | -1.05** | 1.60** | 52.57** | -33.80** | -23.15** | 27.01** | -31.51** | -19.38** | -48.72** | -11.42** | 13.10**
BT17xBB1 |-27.28** | 18.74** | 21.08** | 60.28** | -12.60** | -3.43** | 62.26** | -12.50** | -8.66** |-53.54** | 2.46** | 18.91**
BT17xBB23 | -27.91** | 9.87** | 15.83** | 32.24** | -36.32** | -14.72** | 31.13** | -29.29** | -11.25** | -34.58** | -14.28** | 19.69**
BT17xBB26 |-37.37** | 6.39** | 7.52** | 57.94%* | -12.53** | -1.92%* | 58.32** | -14.63** | -2.58** | -60.29** | -4.77** | 6.61**
BT17xBB31 | -14.47** | -19.71** | 3.46%* | 40.89** | -34.67** | -17.88** | 23.72** | -33.28** | -16.30** | -25.07** | -25.97** | 11.83**
BT17xBM5 | -14.09** | -21.08** | 2.45** | 32.01** | -51.80** | -35.34** | -9.50** | -51.20** | -34.71** | 2.83** |-18.85** | 28.93**
BT17xBT13 | -22.02** | -7.33** | 9.05%* | 22.90** | -42.81** | -17.59** | 0.74** | -45.68** | -20.81** | -23.14** | -36.30** | 0.18NS
BT17xBT6 |-58.66** | -29.78** | -12.03** | 23.36** | -19.74** | 15.21** | 47.14** | -20.65** | 14.28** | -71.05** | -42.57** | -30.58**
BT17xBT15 | -61.19** | -34.07** | 0.72** | 19.16** | -31.68** | 1.54** | 28.27** | -30.83** | 3.25** |-68.39** | -4.19** | 2.07**
BM9xBB1 |-18.06** | 31.94** | 32.86%* | 35.75** | 20.79** | 27.85%* | 79.91** | 587** | 20.16** | -52.50** | -17.95** | -7.61**
BM9xBB23 | -37.91** | -5.37** | -2.77** | 7.71** | -50.79** | -41.50** | -33.14** | -60.65** | -44.21** | 0.98** | 32.32** | 50.70**
BM9xBB26 |-24.51** | 21.56** | 26.10** | 33.41** | 8.77** | 13.34** | 60.87** | 15.18** | 19.52** | -48.99** | -11.89** | 2.44**

)

Plant and Soil Science 17(1)
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Table 1, Continued
FL FD FG FLWR

Crosses  "Su(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)
BM9xBB31 3.59%* -2.76%* | 22.90** | 16.36%* | -45.07** | -39.56** | -14.18** | -33.78** | -28.43** | 56.75** | 54.87** | 97.03**
BMOxBM5 | -5.30%% | -13.09%* | 10.68*% | 7.48%* | -32.48"* | -19.57%* | -7.21%* | 28.41** | -16.18%* | 9.89** | -13.29%* | 19.04**
BMOxBT13 | 4.01%* | 23.61%% | 42.25%% | -164** | -37.90%* | -10.16* | -15.58** | -34.86** | -14.99%* | 31.34** | 8.86** |143.01**
BMOXBT6 |-36.12% | 2.87** | 3143*F | -1.17%* | -44.89%* | 28.61%* | -24.74*% | -41.93** | -25.36** | -10.90** | 53.90** | 64.86**
BMOxBTL5 | -66.32%* | -45.77%% | -16.11%* | -5.37** | -45.68** | -26.50** | -19.69** | -38.04** | -16.62*% | -47.30%* | -8.97** | 21.09%*
BBLxBB23 | -46.49%* | -18.45"* | -15.64%* | 15.65** | -10.03** | 11.78** | 31.38** | 22.68** | -6.16** | -59.51** | -46.95** | -33.33**
BBLxBB26 |-37.61%% | 1.87°* | 4.97** | 41.36** | 2.82%* | 4.52%% | 55.58%% | -8.44** | 0.53** | 57.49%% | -6.25%* | 2.33%*
BB1xBB31 |-28.79** | -33.15** | -15.08** | 24.30** | 11.57** | 28.98** | 59.87** | -5,92** 14.19** | -56.24** | -56.77** | -40.29**
BBLxBMS5 | -29.36% | -35.10%* | -16.94%% | 15.19%* | -8.02%* | 14.74** | 36.38** | -19.74*% | 4.26%* | -45.18"% | -56.74%* | -36.27**
BB1xBT13 | -42.75%* | -31.96%* | -21.24** | 6.07** | -39.38%* | -17.88** | 0.18** | -41.04** | -16.10** | -31.17** | -42.95%* | -17.07**
BBLxBT6 | -43.17%* | -7.20%* | 17.97%* | 6.78** |-12.63** | 17.58"* | 21.58** | 28.45%* | 0.53** |-5536%* | -11.45** | -6.57**
BB1xBT15 |-65.51** | -43.69%* | -13.18** | 2.57** | -31.76** | -4.40** 6.24** | -37.48** | -8.79*%* | -64.81** | -22.40** | -5,53**
BB23xBB26 | -26.26%* | 12.38%% | 19.66** | 13.32%% | -17.65** | 1.03** | 5.41** |-24.53%* | -15.50%% | -35.05%* | -14.90** | 10.25%*
BB23xBB31 | -18.32%% | 23.33%% | -5.08** | -3.74%* | -3.34%* | 5.34** | -0.54%* | -9.76** | -0.68"* | -17.95* | -18.93%* | -7.46"*
BB23xBMS | -6.56** | -14.16"* | 7.11%* |-12.85%* | -7.07%* | -6.57%* | -8.16"* | -16.59%* | -8.99** | 18.93%* | -6.15** | 17.27%*
BB23xBT13 | -13.41%% | 2.91%* | 15.64%* | 21.96** | 9.16%* | 22.55%% | -1.73** | -10.75** | 9.78** | -9.11%* | -24.66*% | -7.61**
BB23xBT6 | -42.84%* | -12.89%* | 13.49%* | -21.06"* | -13.33%* | -3.56** | -10.51%* | -18.73** | -1.71** | -17.27** | 8.40** | 30.56**
BB23xBT15 | -70.41%* | -54.00%* | -29.38** | -25.47** | -26.27%* | -13.32%% | -17.37%* | -24.95** | -4.57*% | -54.22%* | -40.01** | -13.01**
BB26xBB31 | -10.84%* | -16.30%* | 8.66** | 21.96** | -10.87** | 1.53** | 22.02** | -12.64%* | -2.29%* | 28.10%* | -28.97** | 0.61NS
BB26xBMS | 9.38%% | 0.49** | 31.40%* | 12.85** | -36.74" | -22.12%* | 6.72*% | -23.59%* | -7.74** | 32.59%* | 4.63** | 57.45%*
BB26xBT13 | -37.01%* | 25.15%% | -11.15%* | 3.74%* | -50.20%* | -33.30** | 4.00* | -24.90"* | 0.60** | -9.75** | -25.20%* | 11.18**
BB26xBT6 | -50.94"* | -14.88%* | 5.79%* | 4.44%% |-39.10%* | -18.98%% | -2.52** | -30.20** | -7.87*% | -41.84** | 15.39** | 26.58**
BB26xBT15 | -65.31%* | -30.80* | -8.50** | 0.23** | -30.55%* | -3.73** | 2.27%% | 26.78** | 0.00%* |-64.64** | -14.80** | -0.19NS
BB3LxBMS | 7.00%* | -0.87%* | 022% | -4.21%* | -20.18%* | -12.50%* | -16.17** | -23.94%* | -16.99** | 27.77%* | 0.83** | 12.11%*
BB31xBT13 | 21.73%* | 14.27** | 27.72** | -13.32*%* | -19.62** | -2.65** | -13.54** | -21,56** | -3.49** | 42.38%* | 18.01** | 28.35**
BB3LxBT6 | -26.81%* | -31.29%* | 3.39%% |-12.62** | 3.26%" | 24.06"* | 25.10%* | 13.50** | 37.29%* | -30.57** | -31.40** | -8.29%*
BB31xBT15 | -58.60%* | -61.22%* | -33.78%* | -16.82** | -0.94** | 13.67** | -6.67** | -15.33%* | 7.78%* | -56.07** | -56.60** | 32.61**
BM5xBT13 | 14.64%* | 5.32%% | 57.60%* | -22.20"* | -8.25%% | 2.35%* | -18.57*% | -11.27%* | 1.30** | 44.67** | 14.16** | 16.97**
BM5xBT6 | -15.76%* | -22.61%* | 17.03** | -21.73%* | -16.78%* | -7.71%* | -28.30*% | -21.87%* | -12.47*% | 17.95%* | -6.92%* | 33.33%*
BM5xBT15 | -60.83%* | -64.01%* | -38.33%* | -25.93%* | 9.47*% | 6.10%* | -22.14** | -15.16%* | 0.61** | -50.67** | -61.08"* | -36.71**
BT13xBT6 |-36.97*% | 25.09%* | 5.70** |-30.84%* | -1.95%* | -0.96** | -19.92%* | 11.18%* | 13.56** | -5.94** | 22.04** | 10.11**
BT13xBT15 | -62.18** | -55.05** | -26.09** | -35.05** | -4.71** 0.78* -22.34%* | 7.83%* 17.70** | -41.09** | -51.17** | -21.35%*
BT6xBT15 | -63.67*% | 3.52%% | 36.30** |-34.35%* | 10.84%% | 12.16%* | -21.45** | 9.06** | 16.34** | -50.57*% | -1.94** | 24.57**

Note: DFF - days to 50% flower opening, NF - number of fruits per plant, PH - plant height, SD - stem diameter,
RH - relative heterosis, HB - heterobeltosis, SH - standard heterosis
Source: research by the authors

Table 2. Percentage of heterosis for yield components in eggplant hybrids

c FW PB YPP DF

T0SS€S  "SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)
BB12xBT17 | -64.99** | -72.46** | -54,85** | 38.52%* | -21.15%* |-11.81%*| -27.70** | -34.49** 1.14* -2.33%* | -10.64** | -6.04**
BB12xBM9 | -63.80** | -62.69** | -42.05** | 8.48** -21.68** |-17.90** | -11.65** | 171.02** | 202.21** | -2.79%* | -16.40** | -9,52**
BB12xBB1 | -49.19** | -60.19** | -34.67** | -17.22** | -40.24** |-24.24**| 43.16** |268.33** | 300.62** | -19.07** | -23.01** | -20.55**
BB12xBB23 | -43.26** | -19.05** | 15.78** | 25.71** -9.25%* 18.12** | -31.19%* | 82.00** | 95.46** | -3.26** | -11.11** | -6.71**
BB12xBB26 | 46.73** | -31.85%* | 0.42NS | -34.28%* | -52.55%* | 40.54** | -59.88** | -27.84%* | -9.02** | 0.00NS | -14.68** | -7.31%*
BB12xBB31 | 37.28* | 5A.61%* | 24.49%* | 8.57*% | 21.62%* | -1.78** | -25.16** | -14.42%* | 24.68%* | -0.93** | 0.47** | 1.92%*
BB12xBM5 | -46.45%* | -54.19%* | 26.05%* | 5.66** | -23.72%* |-11.42%* | -26.29%* | 11.05** | 48.94** | 2.33** | 15.06** | -6.58**
BB12xBT13 | -53.04** | 20.63** | 40.48** | 8.48%* | 21.68** |-20.38%*| -70.75** | -70.79%* | -55.92%* | -9.30** | -8.02** | -6.02%*
BBI2xBT6 | -78.72%* | -23.81%* | -15.55%* | 91.43%* | 38.20** | 44.88** | 10.12** | 140.13** | 180.70%* | -7.91%* | 24.53** | 6.76%*
BB12xBT15 | -84.93* | -46.05%* | -10.84** | 79.95%* | 29.91** | 57.66%* | 20.62** | -13.86** | 27.25%* | -12.09%* | -21.25** | -16.36**
BT17xBM9 | -27.73%* | -43.16** | -35.51%* | 65.64** | -5.71%** | 9.95%* | -46.50%* | -51.61%* | -21.60%* | 14.42** | 4.68** | 143**
BT17xBBL | 20.90%* | -5.26%* | -5.09%* | 25.71%* | -28.44%* | -1.61** | 66.27** | 50.66** | 122.84%* | 0.93** |-13.20** | -5.87%*
BT17xBB23 | 6.60** | -16.16"% | 8.10%* | 17.14** | -33.32%* | -6.24*% | -13.85** | -21.94%* | 16.29%* | 21.40%* | 11.31*% | 11.31%*
BT17xBB26 | 30.65** | 2.76%% | 27.27%* | -20.05%* | -54.49%% |-38.05% | -43.13%% | -48.47** | -31.47%* | -0.93** | -12.52** | -12.52**
BT17xBB31 | 24.90%* | -9.61%* | 5.85%* | 14.20%* | 34.98*% |-11.49%%| 6.72%* | 3.31%* | 7.90** | 6.51%* | -7.29** | 3.85**
BT17xBMS | -29.91%% | -44.87°* | -42.56** | 0.00NS | -43.07** | 27.43%%| -22.60** | -29.87%* | -12.41** | 21.86** | 6.06** | 6.06**
BT17xBT13 | -35.19%* | -49.03** | 21.95%% | -8.57%* | -47.05%* |-40.92%* | -15.40*% | -23.34%* | -19.62%* | -5.58%* | -7.31%% | 7.31%*
BT17xBT6 | -6.38%% | 26.37°% | 25.15** | 5.66%* | -39.85** |-29.86%% | -16.17** | -24.04** | 7.32* | 1.40** | 10.67** | 10.67**
BT17xBT15 | -54.43** | -64.16** | -31.48** | 7.11** -39.02** |-19.25**| -59.97** | .63.73** | -60.46** | 0.00NS -9.47%** -9.47**
BM9xBB1 |105.04**| 60.67** | 82.57** 0.00NS -20.45%* | -2.75%* | -31.16** | 77.12*%* |112.67** | 11.16** 0.41** 0.41**
BM9xBB23 | -56.95%* | -55.62** | -48.47** | 31.36** 4,50** 31.36%* | -81.25%* | -50.41%* | -41.11** | 2.79** -8.67** -8.67**
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Heterosis analysis for yield...

Table 2, Continued
FW PB YPP DF

SH(%) | HB(%) | RH(%) | SH (%) HB (%) RH (%) | SH(%) | HB(%) | RH(%) | SH (%) HB (%) | RH (%)
BM9xBB26 | 42.83** | 47.24** | 63.07** | 25.71** | 0.00NS | 20.74** |130.79** |315.07** | 466.53** | 3.26** | -11.55** | -11.55**
BM9xBB31 | -1.33** | -28.60** | -16.09** | 2.83** | -18.20** | -1.23** | -66.00** | -61.12** | -40.00** | 6.98** | 0.88** 0.88**
BM9xBMS5 | -12.16** | -24.86** | -17.87** | 28.53** | 2.25** | 11.36** | 0.02NS | 50.68** |116.85** | -8.84** | -22.99** | -22.99**
BM9xBT13 | -15.71*%* | -13.11** | 24.02** | 0.00NS | -25.53** |-22.97**| -23.69** | -23.78** | 21.13** | -20.93 | -24.94** | -24.94**
BM9xBT6 | -56.98** | -55.66** | -27.99** | 54.24** | 22.70** | 22.70** | -77.13** | -50.12** | -36.23** | 10.23** | 15.90** | 15.90**
BM9xBT15 | -78.76** | -78.11** | -58.72** | 26.39** | 0.55** | 17.34** | -59.30** | -55.84** | -31.04** | -6.98** | -18.36** | -18.36**
BB1xBB23 |-26.46** | -42.38** | -25.61** | -34.28** | -17.79** | -6.00** | -73.27** | -31.22** | -30.26** | 20.47** | 12.62** | 12.62**
BB1xBB26 | 16.17** | -8.97** | 12.90** | -37.19%* | -24.12** |-22.68** | -72.30** | -50.18** | -41.36%* | -4.65** | -14.22** | -14.22**
BB1xBB31 | 33.99%* | -3.04** | 0.82NS |-51.41** | -41.30** |-40.19**| -40.73** | -32.23** | -6.16** | 18.14** | 17.59** | 17.59**
BB1xBT13 | -39.82** | -52.84** | -27.73** | -10.03** | -32.99** |-15.87** | -57.90** | -57.96** | -39.43** | 4.19** | 4.43** | 4.43**
BB1xBT6 |-25.37** | -41.52** | -0.54NS | -51.41** | -61.35%* |-52.75%* | -57.31** | -6.90** | 0.78NS | 53.49** | 71.45%* | 71.45**
BB1xBT15 | -69.52** | -76.12** | -54.33** | -8.57** 1.67** 7.78%* | -11.19%* | -3.62** | 35.57** | -27.44** | -33.04** | -33.04**
BB23xBB26 | -31.44** | -12.29** | -7.51** | -20.05*%* | -3.42** | 1.97** | -75.66** | -56.22** | -47.88** | 22.33** | 8.23** | 8.23**
BB23xBB31 | -19.95*%* | -42.07** | -23.13** | -11.48** | 6.94** | 12.90** | 18.10** | 35.05** | 88.57** | -6.51** | -8.64** | -54.32**
BB23xBMS5 | -11.88** | -24.62** | -5.74** | 25.71** | 25.71** | 44.25%* | 46.05** | 120.03** | 180.37** | -15.35** | -26.16** | -26.16**
BB23xBT13 | -17.91** | 17.12** | 50.61** | 40.02** | 4.28** | 34.49** | -30.82** | -30.91** | 0.3INS | 19.07** | 17.18** | 17.18**
BB23xBT6 | -58.64** | -40.98** | -10.61** | 28.53** | 2.25** | 28.53** | -53.49%* | 1.43** | 11.19** | -8.37** | 0.25NS | 0.25NS
BB23xBT15 | -83.78** | -76.86** | -57.30** | 17.14** | 30.25** | 42.84** | -55.65** | -51.87** | -31.75%* | -9.30** | -17.72** | -17.72**
BB26xBB31 | 12.76%* | -18.40** | 4.23** | 17.14** | 41.51** | 41.51** | -41.57** | -33.19** | -18.31** | 3.26** | -3.04** | -3.04**
BB26xBM5 | 20.88** | 3.40** | 23.93** | -34.28** | -34.28** |-27.98%* | 73.75%* |161.77** | 184.89** | 5.12** | -11.54** | -11.54**
BB26xBT13 | -35.34** | -17.29** | 10.44** | -37.19** | -53.22** |-42.10** | -78.76** | -78.79** | -72.72** | 23.26** | 16.50** | 16.50**
BB26xBT6 | -58.64** | -47.09** | -17.80** | 17.14** | -6.82** | 12.79** | -18.93** | 45.80** | 59.81** | -5.12** | -0.73** | -0.73**
BB26xBT15 | -73.22** | -65.74** | -36.27NS | 17.14** | 30.25** | 35.62** | -61.54** | -58.27** | -47.94** | -2.33** | -14.63** | -14.63**
BB31xBM5 | -22.84** | -44.16%* | -39.51** | 17.14** | 17.14** | 28.36** | 48.74** | 70.09** | 93.39** | -8.84** | -15.70** | -15.70**
BB31xBT13 | -15.17** | -38.61** | -4.20** | -11.48** | -34.08** |-18.40**| 2.99** | 2.86** | 9.81** | 3.26** | 8.57** 8.57**
BB31xBT6 | -7.53** |-33.08** | 15.12** | 5.66** | -15.95** | 1.48** | 3.54** | 18.40** | 55.34** | -8.84** | 7.42** 7.42%*
BB31xBT15 | -66.59** | -75.82** | -53.62** | -17.22** | -7.96** | -4.17** | 6.12** | 15.16** | 18.17** | -16.74** | -19.72** | -19.72**
BM5xBT13 | -21.68** | -33.00** | 0.52NS | 51.41** | 12.76** | 29.45** | -3.55*%* | -3.67** | 15.85** | -10.70** | -16.88** | -16.88**
BM5xBT6 | -50.88** | -57.98** | -29.50** | 17.14** | -6.82** | 3.80** | -55.57** | -33.06** | -20.82** | 31.16** | 34.94** | 34.94**
BM5xBT15 | -75.54** | -79.08** | -60.16** | 0.00NS | 0.00NS | 5.42** |-19.02** | -12.13** | 2.16** |-27.91** | -37.87** | -37.87**
BT13xBT6 | -22.25** | 99.73** |153.30** | -11.48** | -34.08** |-31.82** | -19.84** | -19.94** | 9.82** | -2.33** | 16.05** | 16.05**
BT13xBT15 | -79.55** | -47.46** | -8.68** | 59.90** | 19.08** | 27.98** | -4.77** | -4.89** | -0.94** | -14.42** | -16.92** | -16.92**
BT6xBT15 | -80.16** | -11.67** | 40.08** | -20.05** | -36.40** |-25.78** | -82.63** | -81.15** | -74.83** | -17.67** | -11.28** | -11.28**

Crosses

Note: FW - individual fruit weight, PB - number of primary branches per plant, YPP - yield per plant,
DF - days to first flower opening, RH - relative heterosis, HB - heterobeltosis, SH - standard heterosis
Source: collected from authors' research

Table 3. Percentage of heterosis for flowering and fruiting traits in eggplant hybrids
DFF NF PH sD

SH(%) | HB(%) | RH(%) | RH(%) | HB(%) | SH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)

BB12xBT17 | -5.91%* | -10.80** | -8.70** | 35.17** | 38.28** | 38.28** | -12.46%* | -17.13** | -12.21%* | -25.67** | -33.65** | -20.44**
BB12xBM9 | -8.02** | -19.56** | -12.45%* | 122.67** | 127.79%* | 273.53** | -1.66** | -7.15** | -1.51** | -32.48** | -36.28** | -25.40**
BB12xBB1 | -15.19** | -21.48** | -16.77** | 130.71%* | 145.22** | 294.67** | 17.04** | 10.18** | 21.92** | 5.72** | 16.17** | 27.05**
BB12xBB23 | -6.33** | -13.62** | -8.26** | 10.74** | 13.28** | 52.11** | -1.44** | 500%* | 18.43** | -8.27** | -0.81** | 3.86**

BB12xBB26 | -2.95** | -16.97** | -8.73** | -37.53** | -36.09** | -17.88** | 7.95%* | -14.17** | -1.67** | -18.49** | -13.77** | -4.56**
BB12xBB31 | -2.95%* | 1.32%* | 1.32** | 9.65** | 12.17** | 48.11** | 9.73** | -9.52%* | 2.04** | -9.61** | -25.47** | -8.27**
BB12xBM5 | -3.80** | -16.48** | -8.80** | 31.22** | 34.24** | 69.75** | 24.46** | 23.99%* | 28.20** | -7.42** | 10.61** | -20.44**
BB12xBT13 | -10.55%* | -7.42** | -7.02** | -51.12** | -79.56** | -70.96** | 0.8/NS | -3.08** | 1.96** | 17.40%* | 23.72** | -20.44**
BB12 xBT6 -8.02%* -3.96** -3.96%* | 280.57** | 68.42%* | 134.97** | 1.14** -3.35%* 1.94%* -4.62%* 9.49%* | -20.44**
BB12xBT15 | -8.44** | -19.93** | -12.85%* |351.02** | -68.42** | -40.87** | 12.09** | 19.51** | 40.23** | 19.59** | 57.78** | -20.44**
BT17xBM9 | 10.97** | -2.95%* | 0.96** | -25.56** | -11.44** | 41.09** | 10.31** | 4.15** | 4.29%* | -4.74** | -14.98** | -25.40**
BT17xBBl | -0.84%* | -8.20%* | -7.11** | 15.34** | 37.23** | 114.45%* | 22.79%* | 16.24** | 20.48** | 19.46** | 6.62** | 27.05**
BT17xBB23 | 12.66** | 3.89** | 5.33** |-11.38** | 543** | 3458** | 11.60** | 5.66** | 25.19%* | 13.14** | 0.9/NS | 3.86**

BT17xBB26 | -6.75** | -20.22** | -16.13** | -63.63** | -56.73** | -47.54** | 14.25** | -9.15** | -1.25** | 8.88** | -2.82** | -4.56**
BT17xBB31 | 2.53** | -2.81** | 2.10** |-29.58** | -16.22** | 4.66** | 7.62** | -11.25** | 5.14** | 105 |-15.86** | -8.27**
BT17xBMS | 14.35%* | -0.73** | 3.63** | 17.01** | 39.21** | 66.33** | 6.92** | 1.22** | 3.79** | 7.18** | -4.65** | -20.44**
BT17xBT13 | -5.91%* | -10.80%* | -6.89%* | 36.91** | -42.73** | -15.25* | 928** | 3.46%* | 4.22** | 4.01%* | -7.47** | -20.44**
BT17 xBT6 -0.84** -6.00** 7.31%*% | -24.44%* | -66.56%* | -51.25%* | 14.44** 8.35%* 8.85%* 7.91%* -4.00%* | -20.44**
BT17xBT15 | 0.84** | -11.81** | -8.25%* | -25.56** | -94.79** | -90.15** | 9.04** | 3.23** | 27.00** | -0.49%* | -19.48** | -20.44**
BMOxBBl | 8.86** | -4.80* | -2.00%* | -68.20** | 34.05** | 41.36** | 27.05** | 19.95** | 24.48** | -3.77** | -9.18** | -25.40**
BM9xBB23 | 3.38%* | -0.60** | -7.20%* | -67.08** | -30.90** | -4.73** | -6.49%* | -11.72** | 4.72** |-16.55** | -21.24** | 27.05**
BM9xBB26 2.53%*% | -12.28** | -11.31%* | 57.91%* | 189.20** | 315.14** | 41.45** | 12.47** | 22.10** 8.39%* 2.29NS 3.86**

BM9xBB31 | 1.27** |-11.45%* | 3.42** | -67.08** | -34.82%* | -8.52** | -8.38** | -24.45** | -19.35%* | -3.89%* | 20.76** | -4.56**

Crosses
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Table 3, Continued
DFF NF PH sD

SH(%) | HB(%) | RH(%) | RH(%) | HB(%) | SH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)
BM9xBMS | -5.06** | -17.58%* | -17.28%* | 4.53** | 83.87** |167.63** | 12.03** | 5.77** | 8.61** | 9.25%* | 3.10** | -8.27**
BMOx BT13 | -19.83** | -29.89** | -24.00** | -22.73** | -67.68** | -40.69** | 1.56** | -4.11%* | -3.27** | 4.26** | -1.6INS | -20.44**
BMOxBT6 | 5.49%* | -7.76%* | 8.93** | -62.51%* | -83.41** | -69.70%* | 2.32** | -3.40%* | -2.81** | -13.38** | -18.25** | -20.44**
BMOxBT15 | -1.69%* | -14.03** | -14.02** | 22.70** | -91.41** | -83.07** | 4.59%* | -1.25%* | 21.62** | -8.27** | -13.43** | -20.44%*
BBLxBB23 | 16.46** | 7.40%* | 7.60** | -67.08** | -30.90** | -7.47** | -17.20%* | -15.67** | -3.08** | -13.87** | -15.31** | -20.44**
BBLxBB26 | -0.84** | -15.15%* | -11.82%* | -79.55%* | -62.55** | -47.64** | -15.92%* | -33.15%* | -24.92** | -22.75** | -18.27** | -25.40**
BBLxBB31 | 18.57** | 9.76** | 16.60** | -69.33** | -39.27** | -17.13%* | 1.56** | -16.25** | -7.45** | -2.19 |-19.36** | 27.05**
BB1xBM5 |-18.57** | -29.30** | -27.03** | -21.06** | 38.85** | 95,94** | 11.37** | 10.95%* | 12.17** | -12.77** | -4.14** 3.86**
BB1xBT13 13.08** 4.68%* 10.52*%* | -28.43** | -70.06** | -45.48%* | -18.34** | -21.52*%* | -19.25** | -16.55%* | -12.05** | -4.56**
BB1xBT6 | 53.59%* | 42.18"* | 63.96** | -60.22** | -82.40%* | -68.11** | -16.91** | -20.59** | -18.07** | -15.09** | -6.68** | -8.27**
BB1xBT15 |-20.25%* | -30.26** | -28.27** | 117.01** | -84.80** | -70.10** | 13.40** | 15.49** | 38.06** | -14.48** | -6.02** | -20.44**
BB23xBB26 | 20.68** 3.24%* 7.12%% | -71.57** | -47.94%* | -44.40** | 0.62NS | -20.00** | 1.41** 5.60** 3.83%* | -20.44**
BB23xBB31 | -4.64** | -12.06"* | -6.42** | 31.22** |159.78** | 167.36** | 10.37** | -8.98** | 13.83** | -0.97 |-18.35** | -20.44**
BB23xBM5 | -7.17** | -10.41%* | -16.98** | 49.97** | 163.79** | 187.58** | 7.86** | 7.46** | 24.67** | -1.95** | -3.50** | -20.44**
BB23xBT13 | 13.92** | 5.07** | 11.11** | -10.26** | -62.46** | -37.40** | 2.51** | -1.50** | 16.00** | -0.36NS | -2.03** | -25.40**
BB23xBT6 | 10.55** | 1.95** | 17.75** | 0.00NS | -55.75** | -26.91** | -5.12** | -9.33** | 7.03** | -14.11%* | -15.55%* | 27.05**
BB23xBT15 | -0.28%* | -20.67** | -18.56** | 140.83** | -83.14** | -67.36** | 12.08** | 54.24** | 61.56** | -14.48** | -15.90** | 3.86**
BB26xBB31 | 16.88** | 22.57** | 10.14** | -55.69** | -12.28** | -15.69** | 33.58** | 6.21** | 8.15** | 3.04** |-15.04** | -8.27**
BB26xBM5 | 9.70** | -4.76** | -5.45%* | 42.02** | 149.82** | 155.33** | 22.45** | -2.64** | 8.29** | -5.35** | 0.13NS | -20.44**
BB26xBT13 | 32.49%* | 37.12** | 24.11** | -72.73** | -88.50%* | -81.43** | -7.06** | -26.10** | -19.13** | -25.06** | -20.72** | -20.44**
BB26xBT6 | -5.01** | 18.62** | -4.09** | 81.77** | -19.56** | 20.57** | 40.41** | 11.64** | 21.88** | -6.57** | -1.15** | -20.44**
BB26xBT15 | -3.38%* | -15.50** | -16.42** | 32.92%* | -90.69%* | -82.07** | 29.70** | 3.13** | 35.21** | -6.45** | -1.03** | -20.44**
BB31xBMS5 | 5.06%* | -8.79** | -0.20NS | 74.37** | 206.71** | 225.45** | 16.82** | -3.67** | 5.41** | 1.82 |-16.04** | -25.40%*
BB31xBT13 | 6.75** | 10.48%* | 11.21** | -2.90** | -50.38%* | -32.93** | 1.51** |-16.29%* | -9.90** | 4.01** | -14.24** | 27.05**
BB31xBT6 | -0.42%* | 4.42%* | 4.42%* | 13.05%* | -49.97** | -18.22** | 7.89%* | -11.03** | -4.48%* | -0.73** | -18.15** | 3.86**
BB31xBT15 | -15.19%* | -25.83** | -19.11** | 189.16** | -79.75** | -60.89%* | 26.67** | 4.45** | 3522%* | -6.33** | -22.77** | -4.56**
BM5xBT13 | -2.95%* | -15.75%* | -837%* | 25.53*%* | -47.49%* | -15.10** | 2.70** -1.32%* 0.46NS 5.11%* 10.77%* | -20.44%*
BM5xBT6 | 25.74** | 9.16%* | 29.28%* | 508** |-53.50%* | -25.64** | -7.72%* | -11.82%* | -9.98%* | 12.41** | 29.05** | -20.44**
BM5x BT15 | -29.54** | -38.83** | -38.60** | 197.10%* | -79.19%* | -59.98** | 17.00** | 16.57** | 40.58** | 5.60** | 26.16** | -20.44**
BT13xBT6 -3.80** -0.45** 9.35%* 64.76** | -31.08** | -29.14%* | 16.34** | 11.18%* | 11.48** 5.72%* 11.41%* | -20.44%*
BT13xBT15 | -9.28** | -20.66** | -14.00** | 354.46** | -68.18** | -45.48%* | 14.63** | 10.15** | 34.74** | -4.50** 0.64NS | -25.40**
BT6 xBT15 -8.44%* | -19,93** -23.89%* | -94.67** | -90.80** | -3.84** -8.10%* | 12.67** | -20.07** | -8.24** | 14.06**

Crosses

Note: DFF — days to 50% flower opening, NF - number of fruits per plant, PH - plant height, SD - stem
diameter, RH - relative heterosis, HB - heterobeltosis, SH - standard heterosis
Source: collected from authors' research

Table 4. Percentage of heterosis for vegetative growth traits in eggplant hybrids

a TSS TPC DPPH (antioxidant activity)

rosses SH (%) HB (%) RH (%) SH (%) HB (%) RH (%) SH (%) HB (%) RH (%)
BB12xBT17 0.98** -3.86%* 2.30** -1.79%* -20.70** -13.06** 23.81%** 8.13** 11.85**
BB12xBM9 0.00NS 8.24** 8.68** 24.59%* -10.09** -5.05%* 17.98** 3.04** 7.90**
BB12 xBB1 -3.44%* -2.96%* 0.64NS -19.98** -35.39%* -23.87*%* -6.09%* -17.98** -8.87%*
BB12xBB23 -4.18** 1.04%** 2.36*%* 56.91** 26.69** 28.59%* 5.20** -8.12%* -5.43%*
BB12xBB26 -4.91%* 2.93** 6.03** 48.48** 15.94** 17.88** 14.67** -3.35%* -1.64%*
BB12xBB31 -5.16** -1.53%* 0.52** 6.35%* -14.14%** -0.95** 19.93** 3.86** 4.30**
BB12 xBM5 -3.44%* 4.52%* 6.07** -3.13%* -21.79** -13.82%* 5.37** -7.98%* 1.60**
BB12xBT13 -1.65** -2.84%* 1.60** -12.08** -42.67%* -36.56%* 2.07** -10.85** -9.52%*
BB12 xBT6 7.37*%* 5.30** 10.49** 59.60** -5.75** 8.87*%* 0.12NS -18.68** -15.73**
BB12xBT15 11.06** -21.39%* -4,94%* 49.70** -12.32%* 1.64** 16.00%* 1.31%* 26.74%*
BT17 xBM9 -0.74%* -5.50%** 0.94%* -20.42%* -42.57*%* -5.05%* 8.86%* 1.86** 3.16**
BT17xBB1 1.11%* -3.74%* -1.14%* -11.20** -13.02** -23.87** -2.08%* -8.37** -1.34%*
BT17xBB23 -4,18%* -8.77** -4,12%* 44 83** 20.53** 28.59%* -1.25%* -7.60%* -8.08**
BT17xBB26 1.97%* -2.92%* 6.21%* 63.16%* 27.41%* 17.88** 2.83*%* -13.33** -8.80**
BT17xBB31 -5.41%* -9,94%* -6.04%* -9.47** -11.32%* -13.06** -10.82%* -22.77*%* -19.79**
BT17 xBM5 -4,91%* -9.47** -2.33%* 16.68** 14.30** -5.05%* 14.59** 7.23%* 14.70**
BT17xBT13 4,18%* -0.82%* 1.01%* -21.37*%* -48.72%* -23.87*%* -5.78%* -15.23** -13.57**
BT17 xBT6 -2.70%* -7.37%* -5.99%* 9.36** -35.42%* 28.59%* 0.55** -18.33** -12.56**
BT17 xBT15 4.67*%* -25.91%* -15.01** 50.91** -11.59** 17.88** -2.71%* -8.96%* 10.90**
BM9xBB1 -4.91%* -4.44%* -0.51%* 21.64%* -12.23%* -13.82%* 3.35%* -0.80** 5.58**
BM9xBB23 3.32%* 3.83** 10.80** 41.27** 1.94%** -36.56** 28.28%** 18.80** 20.94%**
BM9xBB26 3.69** 4.20** 16.09** 10.60** -20.19** 8.87** 4,78*%* -11.69** -5.96%*
BM9xBB31 -5.16** -4.69%* 0.92** -6.51%* -32.54%** 1.64** -9.00** -21.19** -17.13**
BM9 x BM5 -3.93*%* -3.46%* 5.96** 6.08** -23.45%* -11.42%* 1.02** -3.03%* 2.51**
BM9xBT13 5.16** 3.88** 9.04** 65.08** 7.65%* -5.05** 20.26** 8.20** 11.69**
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Table 4, Continued
Crosses TSS TPC DPPH (antioxidant activity)
SH (%) HB (%) RH (%) SH (%) HB (%) RH (%) SH (%) HB (%) RH (%)
BM9 xBT6 0.00NS -1,93** 3.30** -38.05** -63.41%* -23.87** 5.43%* -14.37** -7.23**
BM9 xBT15 -0.98** -29.91%* -14.98** 95.19** 14.33%* 28.59** 13.08** 8.55%* 30.91**
BB1xBB23 -4.42%* -3.95%* -1.64** -37.70** -48.15** -13.06** 1.46%* -6.05** 1.66%*
BB1xBB26 -1.72%* -1.23** 5.40** 13.21%* -11.60** -5.05** -5.99** -20.76** -10.56**
BB1xBB31 -1.72*%* -1.23** 0.38** 9.73** 20.74** -23.87** -2.42%* -15.50** -5.76**
BB1xBMS5 -1.23** -0.74** 4.42** -8.25%* -9.12%* 28.59** -1.40** 6.11*%* 6.86**
BB1xBT13 -3.69** -4.85%* -4.04** -16.59** -45.61** 17.88** 7.48%* -3.30** 6.02%*
BB1xBT6 -2.95%* -4.82%* -3.66** -28.41** -57.72** -0.95%* -11.06** -27.76%* -17.16**
BB1xBT15 17.69** -16.70** -2.24** 58.55%* -7.13** -13.82** 9.99** 20.06** 37.33%*
BB23 xBB26 -3.19** 2.07** 6.49%* -2.43** -23.81** -0.01NS -4.03** -19.11** -15.30**
BB23xBB31 -6.39%* -1.30** -2.06** 12.60** -6.29** 0.01NS -4.15%* -17.00** -14.22**
BB23xBM5 -2.21%* 1.53** 5.99** 76.54** 46.92** 59.69** -6.15%* -13.09** -6.57**
BB23xBT13 -1.23** -2.47** 0.75** 6.69** -30.42** -21.99** -12.01%* -20.83** -19.69**
BB23 xBT6 3.69** 1.69** 5.37** 81.41** 7.13%* 0.00NS 2.09%* -17.08** -11.65%*
BB23xBT15 17.44%* -16.87** -0.52** 87.66** 9.92%* 0.00NS 25.27** 16.00** 41.90**
BB26 xBB31 -7.00** -3.44** 1.47** -26.84** -42.87** -13.06** -1.94** -17.35*%* -16.24**
BB26 x BM5 1.97** 5.87** 15.44%** -40.74** -53.73** -5.05** -15.16%* -28.49** -19.79**
BB26 xBT13 -7.86** -9.02** -2.09** -22.58** -49,52** -23.87** -27.64%* -39.01** -37.02**
BB26 x BT6 7.37** 5.30%* 13.65** 25.37** -25.96** 28.59** 5.98** -13.93** -12.34**
BB26 x BT15 5.65** -25.22%* -7.43** 0.26NS -41.27** 17.88** -7.52%* -22.05** -1.21%*
BB31xBM5 -5.90** -2.30%* 1.19%* -41.35%* -41.91%* -38.85%* 8.41** -6.12%* 4.04**
BB31xBT13 -4.42%* -5.58** -3.23** -71.32%* -81.30** -76.52** -26.37** -36.23** -35.01**
BB31xBT6 3.19%* 1.20%* 4.09** 2.09** -39.71** -21.54** -8.54** -25.71*%* -23.33**
BB31xBT15 7.13%* -24.17** -9.82** 124.67** 31.60** 71.77** 23.88** 7.27** 34.62**
BM5xBT13 -1.23** -2.43** 3.47** -4,69** -37.85** -29.84** 5.98** -4,65** 3.87**
BM5 xBT6 0.25** -1.69** 4.62** 39.19** -17.80** 37.86** 26.01** 2.35%* 16.66**
BMS5 xBT15 10.93** -21.48** -3.94** 45.27** -14.91** 43.89** 23.90** 33.34** 53.45**
BT13xBT6 4.67** 2.65%* 3.05%* 104.61** 20.83** -13.06** 6.54** -13.47** -9.04**
BT13xBT15 4.91%* -25.74%* -13.53** 88.37** 10.33** -5.05%* -4.91** -14.44** 5.83**
BT6xBT15 11.06** -21.36** -8.69** 192.43** 71.29%* 71.98** 7.31%* -12.84** 11.96**

Note: TSS - total soluble solid, TPC - total phenol content, RH - relative heterosis, HB - heterobeltosis, SH - standard

heterosis
Source: collected from authors' research

Table 5. Best hybrids for different traits based on standard heterosis

Crosses Traits
BM9xBB26 Plant height, and yield per plant
BB12xBT6 Number of primary branches per plant
BM5xBT15 Days to first flower opening and days to 50% flower opening
BB12xBT15 Stem diameter
BT13xBT15 Number of fruits per plant
BB31xBT13 Fruit length
BM9xBB1 Individual fruit weight and fruit girth
BT17xBB1 Fruit diameter
BB1xBT15 Total soluble solid
BT6xBT15 Total phenol content
BM9xBB23 DPPH (antioxidant activity)

Source: compiled by the authors from their research

The information of heterosis is a prerequi-
site to develop hybrids is well known. A hybrid
is good when it has abundant of heterosis for
exploitation of commercially. Here, fruit length
is a significant character which is directly cor-
related with yield. That's why positive heterosis
is considerable for this trait, though fruit size
varied on consumer’s choice. The greatest value

)

of RH, HB and SH was found from the hybrids
BM5 x BT13, BM9 x BT13 and BB31x BT13 with the
value of 57.60%, 42.25% and 21.73% respective-
ly which were considered the best hybrids over
the environment. The researcher T. Sharma et
al. (2016) reported more or less similar re-
sults that supported the above results. The top
values of fruit diameter were found from the
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hybrids BT17 x BB1, BM9 x BB1 and BB1x BB31 for
SH, HB and RH respectively. Besides, regarding
fruit girth, the hybrids BB31x BT6, BM9 x BB26
and BM9 x BB1 performed the highest positive
heterosis value for RH, HB and SH respective-
ly. The findings of C. Mistry et al. (2018) support
this researcher result for HB and RH. On the
other hand, the character fruit length to width
ratio BM9 x BT13 hybrid performed the best for
RH and BM9 x BB31 hybrid recorded the best for
HB and SH. The character individual fruit weight
is directly connected to the trait yield per plant.
Thus, the trait individual fruit weight is also cru-
cial trait, as yield per plant is the target. The hy-
brid BT13 x BT6 registered the best for RH, and
BM9 x BB1 hybrid found the best for SH and HB.
Hence, it can be counted these hybrids for indi-
vidual fruit weight. Besides, the final objective
of the breeding program is to increase yield for
each plant. As the character yield is a complex
trait, so the trait yield for each plant is the final
result of its components. Besides, heterosis plays
amajor partinit. Considering all types of hetero-
sis, the hybrid BM9 xBB26 found the best. Breed-
ing between various parents has been attempt-
ed, and non-additive gene action brightens a
high heterosis value for fruit output per plant.

Findings of this result that is high heterosis
are almost same findings with the researcher
J. de Sousa § W. Maluf (1998). Hybrids name-
ly BB12 x BT15, BB26 x BB31, and BB12 x BT6 were
found as good for RH, HB and SH respectively
considering the character number of primary
branches per plant. This character performed
low heterosis compared to others such as yield
per plant, number of fruits per plant and indi-
vidual fruit weight. This finding is similar to the
previous researchers N. Dharwad et al. (2012)
and]. Prohens et al. (2013). Earliness is one of the
most crucial factors in the breeding program, in
which days to first flower opening and days to
50% flower opening are two important charac-
ters that assess earliness. In this case, negative
heterosis is desirable over mid parent, better
parent and standard variety. Here, the majori-
ty of the hybrids displayed negative heterosis,
meaning earliness. Among all the studied hy-
brid, the BM5xBT15 cross was the earliest hybrid,
as it had the lowest value of heterosis for both
DF and DFF. Early flowering of eggplant occurs
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due to negative effect of heterosis has been re-
ported by previous reporters S. Kumar & T. Aru-
mugam (2013) and T. Sharma et al. (2016).

The trait number of fruits per plant is one of
the important characters to enhance yield per
plant in eggplant. 28 hybrids showed positive
standard heterosis for this character. In case
of number of fruits per plant, BT13 x BT15 per-
formed the best, considering standard hetero-
sis. Besides, the hybrid BB12x BB1 and BB31xBM5
showed the highest value of RH and HB. Similar
findings were also reported by S. Dash (2017).
The BM9 x BB26 hybrid performed the highest
heterosis value for plant height over check vari-
ety meaning it would be preferable to generate
taller plants over check variety and to devel-
op shorter plant than the check variety, cross
BB1x BT13 perform the better. M. Shahjahan et
al. (2016) found both positive and negative het-
erosis values for RH and HB. Regarding stem
diameter, the hybrid BB12 x BT15 performed the
best positive value of SH following the hybrid
BT17xBB1. Besides, no hybrid performed positive
HB value. Considering the trait TSS, the hybrids
BB1x BT15, BB12 x BM9 and BM9 x BB26 showed
the greatest value of SH, HB and RH respectively
and these three hybrids can consider promising
hybrids for the trait TSS. This result is support-
ed by the earlier researcher A. Patel et al. (2017).
Moreover, the negative heterosis signified low
phenol content in hybrids (Lokesh et al.,, 2025).
Thus, BT6 x BT15 hybrid could be advised as the
best for the trait TPC regarding all types of het-
erosis. Conversely, the highest value for HB and
RH is found in the hybrid BM5 x BT15 and the hy-
brid BM9 x BB23 was best over SH for DPPH (anti-
oxidant activity). Hence, these two hybrids could
be considered to get higher antioxidant activity
in eggplants.

CONCLUSIONS
The developed 55 hybrids for achieving high
yield and high quality showed highly significant
heterosis. Among these, the hybrid BM9 x BB26,
considered the best hybrid, showed significant
positive heterosis (130.79%) over check variety
foryield per plant. Besides, the hybrid BT13xBT15
(354.46%) and BM9 x BB1 (105.04%) performed
the best significant positive standard heterosis
for the character number of fruits per plant and
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individual fruit weight respectively. Addition-
ally, the combination BT17 x BB1, BM9 x BB1, and
BM9 x BB31 showed highly significant standard
heterosis for the character fruit diameter, fruit
girth, and fruit length to width ratio with the
value of 60.28%, 79.915 and 56.75% respective-
ly. On the other side, considering quality of the
combination the hybrid BB1xBT15 and BT6 x BT15
exhibited the best significant positive heterosis
over check for the character of total soluble sol-
id (1769%) and total phenol content (192.43%)
respectively. Besides, the cross combinations of
BM9 x BB23 showed the best performance for
the character DPPH over the check variety. These
findings record a strong foundation for more re-
search and the development of new hybrids with
enhanced quality characters. Further research
could be focused on analysing other quality
traits in these hybrids to more comprehensively
assess quality and further confirmation of yield
and other yield related traits. After analysis of

stability for yield and other yield related perfor-
mances, it can be commercially exploited. More-
over, multi-location and multi-season trials are
recommended to validate the consistency of
heterotic performance under diverse agro-cli-
matic conditions.
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AHani3 retepo3ucy BPOXXaMHOCTI Ta AKOCTi 6aK/ia)kaHiB
(Solanum melongena L.)

AHoTauia. [ocuix 6ymo mpoBefeHo 3 55 ri6puzmaMu 6akiakaHa, OTPUMAHUMM B PE3Y/IBTATi
11x11 HamiBAiasenbHUX CXpellyBaHb, Pa30M 3i CTaHZApPTHUM COPTOM Ha JociigHux noiax 10 i 15
VuiBepcurety [TyTpa Manaitsia (Cepganr, mraT Celanrop, Maaisif) IpoTAroM OLHOTO CE30HY — 3
srcroraga 2020 poKy 1o ciueHb 2021 poKy. MeToo AOCTiIKEHHS 6yJI0 CTBOPEHHS BUCOKOBPOKAMHIX
i BUCOROsKicHUX Ti6puziB 6arnaxkaHa. JOCTiIKeHHS TTPOBOIUIIN 38 CXeMOI0 paHZOMi30BaHOTO
TTIOBHOT'O 6JIOKOBOTO AM3aMHY 3 TpbOMa ITOBTOPEHHAMU Y IBOX JIOKALIiAX. JIJIS OL[IHKY reTepo3uUCy
BU3Ha4Yamu 15 Mopdonoriynmx i 6ioximMiuHux o3HaK. Cepel AOCTiIKyBaHux ri6puais BM9 x BB26
6yB BU3HAUEHU K HAaWKpal[Hii 32 BpOXKANHICTIO 3 OMHI€l pOCIMHY 3 ypaxyBaHHIM CTaHIAPTHOTO
reTepo3UCy, reTepobeIETO3UCY Ta BiIHOCHOTO reTepo3ucy. KpiM Toro, ri6puz BB1x BT15 BUSBUBCS
HaMKpaIyM 3a BMiCTOM 3arajIbHUX PO3UMHHUX CyXUX PEYOBUH ITOPiBHSIHO 31 CTAHAAPTHUM COPTOM,
aribpuz BT6 x BT15 — HaMKpalyM 3a BMiCTOM 3aTaJIbHUX pEeHOIBHUX CIIOJYK 3 YpaxyBaHHIM yCixX
TPBOX THUIIIB T€TEPO3UCY: BiLTHOCHOTO, FeTepo6eIbTO3UCY Ta CTAHAAPTHOTO reTepo3ucy. HatoMicTb
HaMBUILi 3HAYEHHS TeTepobeNbTO3UCYy Ta BiZHOCHOTO TETEPO3UCY 338 aAHTHUOKCUAAHTHOIO
aktuBHicTio (DPPH) 6ynu BusBieHi y ribpuay BMS5 x BT15, Tomi Ar riépum BM9 x BB23
TOKa3aB HaMWKpalll pesylIbTaTy 3a CTAHZAPTHUM TeTepo3rcoM. OTKe, Li ABa Tibpuayu MOKHA
PEKOMEHZIyBaTH MJI OTPUMaHHA 6aKIaKaHIB 3 IMiABUIIEHOI0 aHTUOKCUIAHTHOIO aKTUBHICTIO.
OTpuMaHi pe3yabTaTi MOKYTb 6YTH BUKOPUCTAHI celeKlioHepaMu, arpoHOMaMu Ta daxiBLgaMu
3 OBOUIBHUIITBA [JI BiZ60py HaMKpalIMX TiGpUAIB Y MOZABIINX MPaKTUYHUX HOCIIIKEHHIX

KniouyoBi cnoBa: ribpuiy; HamiBaianeabHi CXpelyBaHHI; BIaCHA TPOAYKTUBHICTh; TeTEPO3MUC 3a
KpaIlyM 6aTbKiBCbKUM KOMIIOHEHTOM; AaHTUOKCUIAHTHA aKTUBHICTb
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