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Heterosis in Indian brinjal for horticultural traits 

ABSTRACT 

Eleven F1 hybrids of brinjal were developed through random crossing of diverse brinjal genotypes in the 
late kharif season of 2022-23. These 11 F1 hybrids along with the parental lines and check Pusa Hybrid-6 
were evaluated in Randomized Block Design in the in the late kharif season of 2023-24 and were 
transplanted in three replications, with spacing of 75 cm x 60 cm. Direction and magnitude of heterosis 
was studied for various yield attributing characters. Based on heterosis from yield point of view, Pant 
Samrat × Swarna Mani (53.40 %), Sabour Krishnakali × Pant Samrat (33.65%) and Sabour Krishnakali × 
Swarna Mani (30.58 %) were top performers for total yield when compared to standard check. The 
estimates of heterobeltiosis and standard heterosis effects were low in the negative direction but 
moderate in the positive direction for most of the yield and its contributing components. 
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1. INTRODUCTION  
Brinjal (Solanum melongena L.), with a chromosome number of 2n=24, belongs to the 

Solanaceae family and is widely cultivated throughout India and is regarded as one of the most 
economical crops (Pramanik et al., 2012). According to Vavilov (1928), the Indo-Burma region is the 
primary center of origin for brinjal. Brinjal is a very versatile crop that may be grown all year round in a 
variety of agroclimatic conditions. India is the second-largest producer of brinjal after China, accounting 
for 26% of the global brinjal production. It contributes 9% to the total vegetable production in the country. 
The main brinjal-producing states in India are West Bengal, Odisha, Gujarat, Bihar, and Madhya Pradesh 
(Anonymous, 2022). Brinjal is cultivated across approximately 753 thousand hectares in India, with a 
production of 13,023 thousand MT, and in Bihar, it is particularly significant, covering an area of about 
58.20 thousand hectares, with a production of 1,204 thousand MT and a productivity of 20.82 MT/ha 
(Anonymous, 2022).  

Brinjal was one of the first vegetable crops in which hybrids were adopted by farmers, with 
hybrids now covering more than 50% of the cultivated area across different parts of the country. 
Consumer preferences for brinjal vary by region, with differences in colour, size, and shape. As a result, it 
is important to develop high-yielding brinjal varieties or hybrids that cater to regional tastes. Nagai and 
Kida (1926) were among the first to observe hybrid vigor in crosses involving various Japanese types. It is 
now common practice for breeders looking to increase yield and other economically significant traits in 
brinjal to use hybrid vigor. Heterosis breeding's main objective is to significantly increase crop plants' 
productivity and quality. In eggplant, heterosis breeding is possible because it offers the potential to 
increase productivity in the shortest possible time (Kakikazi, 1931). Production can be efficiently 
increased by Identifying and utilizing highly productive hybrids. According to Hochholdinger and Hoecker 
(2007), hybrids' potential can be evaluated by comparing their performance to that of the better parent 
(heterobeltiosis) and mid-parent (average heterosis). In contrast to relative heterosis, which compares the 
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hybrid to the average of both parents, heterobeltiosis compares the hybrid's performance to the best 
parent, making it a more realistic and useful metric (Lamkey and Edwards, 1999). 

2. MATERIALS AND METHODS 

The present experiment was conducted at the vegetable research farm of Bihar Agricultural 
University, Sabour, Bhagalpur, Bihar, India. Seven diverse inbred lines of brinjal, Sabour Krishnakali (P1), 
Muktakeshi (P2), IIHR-563 (P3), Swarna Mani (P4), BRBR-01 (P5), Sel 91-2 (P6) and Pant Samrat (P7) 
which is collected and maintained at vegetable farm section, selected on basis of previous variability and 
diversity studies. 11 F1 hybrids were developed through random crossing in the late kharif season of 
2022-23. These 11 F1 hybrids along with the seven parental lines and check Pusa Hybrid-6 were 
evaluated in Randomized Block Design in the in the late kharif season of 2023-24 and were transplanted 
in August 2023 in three replications, following a spacing of 75 cm x 60 cm.  

Observations on various yield and attributing traits, viz., Days to 50 % flowering, Plant height (cm), 
Plant spread (cm), Average fruit weight (g), Fruit length (cm), Fruit girth (cm), numbers of fruit per plant, 
Fruit yield per plant (kg) and Total yield (q/ha).The extent of heterosis was examined by analyzing 
quantitative traits. Heterosis was expressed as the percentage increase or decrease in the mean values 
of F1 hybrids compared to the better parent (heterobeltiosis), and the standard variety was calculated 
using the method proposed by (Fonseca and Patterson, 1968) and Hayes et al. (1955), respectively. 
Heterosis was estimated as follows: 

1) Heterobeltiosis or Heterosis over better parent (BP) (%) =   

2) Standard heterosis or Heterosis over the standard checks (SC) (%) =  

Where, F1 = Mean value of F1, BP = Mean value of better-parent and SV = Mean value of standard 
variety. 

The mean data was analyzed using the INDOSTAT 2.0 software to calculate the heterosis 
percentage for different parameters. Heterosis was estimated from the mean values, and its significance 
was evaluated using a t-test. 

3. RESULTS AND DISCUSSION 

The heterosis and heterobeltiosis for the plant growth, reproductive, fruit morphological and yield 
and attributing traits have been presented in Tables 1, 2 and 3. 

Earliness is one of the most important factors influencing crop duration, which is assessed in 
terms of days to 50% flowering. The range for better parent heterosis for days to 50% flowering were 
19.12% (Sel 91-2 × IIHR-563) to 3.45% (Sabour Krishnakali × Pant Samrat) all were significant positive 
and for standard heterosis it was -7.50% (Pant Samrat X Swarna Mani and Muktakeshi × IIHR-563) to 
0.57% (Sel 91-2 × IIHR-563). Among 11 hybrids 4 hybrids showed significant negative heterosis over 

 
F1 − BP

BP
 X 100

 
F1 − SC

SC
 X 100

Mobile User



UNDER PEER REVIEW

standard check. Because of the trait's earliest appearance, breeders preferred negative heterosis. The 
estimates of heterobeltiosis were low to moderate in positive direction while standard heterosis effects 
were low in negative as well as in positive direction. The results were in accordance with the findings of 
Reddy et al. (2011), Reddy and Patel (2014) and Rajashree et al., (2023). 

Plant height is an essential characteristic by which growth and vigour of the plants are assessed. 
for better parent heterosis for range were -27.80% (Swarna Mani × Muktakeshi) to 2.76% (Sel 91-2 × 
IIHR-563) and for standard heterosis it was 31.72% (Sel 91-2 × IIHR-563) to -14.25% (Swarna Mani × 
Muktakeshi). Among 11 hybrids 6 hybrids showed significant positive heterosis over standard check while 
no hybrid showed significant positive heterosis over better parents. The estimates of heterobeltiosis were 
low to moderate in negative direction and low in positive direction while standard heterosis effects were 
low in negative and low to moderate positive direction. Similar findings were reported for plant height 
Rajaneesh and Maurya (2005), Suneetha et al., (2008), Ramesh et al., (2013), Venkatanaresh et al., 
(2014), Kumari et al., (2019) and Rajashree et al., (2023). 

Table 1. Heterosis for fruit morphological and yield traits.  

*Significant at 5% level of probability, **Significant at 1% of probability. BPH (Better parent 
heterosis), SH (Standard heterosis). 

For plant spread, the range of heterosis over better parent was –6.76% (Sel 91-2 × BRBR-01 and 
Sel 91-2 × IIHR-563) to 16.90 % (Sabour Krishnakali × Pant Samrat). Among 11 hybrids, five recorded 
significant positive heterosis over better parent. Range of standard heterosis for plant spread was –

Characters Days to 50 % 
flowering

Plant height (cm) Plant spread (cm)

Crosses BPH SH BPH SH BPH SH

Sabour Krishnakali × IIHR-563 13.43 ** -1.42 -24.44 ** 8.29 2.11 8.48

Sabour Krishnakali × 
Muktakeshi

5.79 * -4.77 -26.55 ** 5.27 10.56 * 17.46 **

Sabour Krishnakali × Pant 
Samrat 3.45 -6.88 ** -19.10 ** 15.94 ** 16.90 ** 24.19 **

Sabour Krishnakali × Swarna 
Mani 4.15 -4.95 -21.07 ** 13.12 ** 13.38 ** 20.45 **

IIHR-563 × BRBR-01 15.00 ** -0.05 1.94 12.32 * -2.48 -11.72 *

Muktakeshi × IIHR-563 6.43 * -7.50 ** -18.49 ** -4.19 -3.1 -6.48

Sel 91-2 × Sabour Krishnakali 13.97 ** -3.77 -21.63 ** 12.32 * 7.43 18.95 **

Sel 91-2 × BRBR-01 18.38 ** -0.05 -16.05 ** 7.61 -6.76 3.24

Sel 91-2 × IIHR-563 19.12 ** 0.57 2.76 31.72 ** -6.76 3.24

Pant Samrat × Swarna Mani 1.36 -7.50 ** 2.71 21.98 ** 14.39 ** 18.95 **

Swarna Mani × Muktakeshi 4.08 -5.02 * -27.80 ** -14.25 ** 14.73 ** 10.72 *
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11.72% (IIHR-563 × BRBR-01) to 24.19% (Sabour Krishnakali × Pant Samrat). Out of 11 hybrids, 6 
exhibited significant positive heterosis over standard check. The estimates of heterobeltiosis were low in 
negative as well as in positive direction while standard heterosis effects were low in negative and low to 
moderate positive direction. Similar findings were reported by Kumari et al. (2019) 

For average fruit weight range of heterosis over better parent was –34.95% (Sabour Krishnakali X 
Muktakeshi) to 36.35% (Sel 91-2 × IIHR-563). Out of 11 hybrids, 3 showed significant positive heterosis 
over better parent. Variation in the range of standard heterosis was from –22.08% (Muktakeshi × 
IIHR-563) to 39.56% (Sabour Krishnakali × Swarna Mani). Among 11 crosses, 6 showed significant 
positive heterosis over check. The estimates of heterobeltiosis and standard heterosis were low to 
moderate in negative as well as in positive direction respectively. Similar findings were reported for 
average fruit weight by Prakash et al., (2008), Reddy and Patel (2014), Rani et al., (2018) and Kumari et 
al. (2019) 

Table 2. Heterosis for fruit morphological and yield traits.  

*Significant at 5% level of probability, **Significant at 1% of probability. BPH (Better parent 
heterosis), SH (Standard heterosis). 

Variation in the range for heterobeltiosis and standard heterosis for fruit length was –29.41% (Sel 
91-2 × Sabour Krishnakali) to 43.33% (Sabour Krishnakali × Muktakeshi) and –21.19% (Sel 91-2 × 
Sabour Krishnakali) to 74.05% (Sabour Krishnakali × Muktakeshi), respectively. Among 11 hybrids, 7 of 
them recorded significant positive better parent heterosis. On the other hand, 5 crosses showed 

Characters Average fruit weight 
(g)

Fruit length (cm) Fruit girth (cm)

Crosses BPH SH BPH SH BPH SH

Sabour Krishnakali × IIHR-563 -19.34 ** 16.91 ** 9.02 * 32.38 ** -12.29 ** -16.50 **

Sabour Krishnakali × 
Muktakeshi

-34.95 **      -5.71 43.33 ** 74.05 ** -3.07 -7.72

Sabour Krishnakali × Pant 
Samrat

-29.33 ** 2.42 24.71 ** 51.43 ** -17.84 ** -21.78 **

Sabour Krishnakali × Swarna 
Mani

-3.71 39.56 ** 5.69 28.33 ** -0.28 12.71 **

IIHR-563 × BRBR-01 31.32 ** 3.94 19.24 ** 4.76 9.96 * 0.17

Muktakeshi × IIHR-563 -33.25 **     -22.08 ** -1.72 -4.52 27.99 ** 0.66

Sel 91-2 × Sabour Krishnakali -8.75 **     32.25 ** -29.41 ** -14.29 ** 9.96 * 15.51 **

Sel 91-2 × BRBR-01 31.43 **      11.55 * 5.15 -7.62 -5.44 -0.66

Sel 91-2 × IIHR-563 36.35 **      15.73 ** 19.15 ** -21.19 ** -2.45 2.48

Pant Samrat × Swarna Mani -17.25 **      9.97 * 20.56 ** 3.33 -0.13 12.87 **

Swarna Mani × Muktakeshi -19.37 **      7.15 38.73 ** 34.76 ** 4.39 17.99 **
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significant positive heterosis over standard check. The estimates of heterobeltiosis were low to moderate 
in negative as well as in positive direction while standard heterosis effects were low in negative and 
moderate to high positive direction. Similar findings were reported by Bhushan and Singh (2013), Dubey 
et al., (2014), Dhaka et al., (2017) and Dharmendra et al., (2017) and Rajashree et al., (2023). 

Table 2. Heterosis for yield traits 

*Significant at 5% level of probability, **Significant at 1% of probability. BPH (Better parent 
heterosis), SH (Standard heterosis). 

For fruit girth, range of heterobeltiosis varied from −17.84% (Sabour Krishnakali × Muktakeshi) to 
–27.99% (Muktakeshi × IIHR-563). Range of standard heterosis varied from –21.78% (Sabour Krishnakali 
X Pant Samrat) to 17.99% (Swarna Mani × Muktakeshi). Among 11 hybrids, 3 were recorded significant 
positive for heterobeltiosis and standard heterosis over check. The estimates of heterobeltiosis and 
standard heterosis were low to moderate in negative as well as in positive direction respectively. 
Significant positive heterosis was also earlier reported by Prabhu et al., (2004), Makani et al., (2013), and 
Kumari et al., (2019)  

Characters numbers of fruit per 
plant

Fruit yield per plant 
(kg)

Total yield (q/ha)

Crosses BPH SH BPH SH BPH SH

Sabour Krishnakali × 
IIHR-563

-26.67 ** -6.98 -22.16 ** -6.02 -0.41 6.36

Sabour Krishnakali × 
Muktakeshi

70.15 ** 31.46 ** -10.53 ** 8.03 14.59 ** 22.38 
**

Sabour Krishnakali × Pant 
Samrat

-7.94 * 33.77 ** -2.22 18.06 ** 25.14 ** 33.65 
**

Sabour Krishnakali × Swarna 
Mani

24.38 ** -3.9 -4.57 15.22 ** 22.27 ** 30.58 
**

IIHR-563 × BRBR-01 0.61 27.62 ** 30.89 ** 13.38 * 31.01 ** 28.48 
**

Muktakeshi × IIHR-563 7.17 35.94 ** -2.64 -19.90 ** -2.73 -9.27

Sel 91-2 × Sabour Krishnakali -36.94 ** -19.28 ** -23.27 ** -7.36 -1.89 4.78

Sel 91-2 × BRBR-01 -35.74 ** -17.74 ** -13.39 ** -18.90 ** -13.37 
**

-8.07

Sel 91-2 × IIHR-563 -14.11 ** 9.94 15.36 ** 8.03 15.39 ** 22.45 
**

Pant Samrat × Swarna Mani -1.59 42.99 ** 30.48 ** 35.28 ** 55.26 ** 53.40 
**

Swarna Mani × Muktakeshi 56.57 ** 19.16 ** 27.01 ** 10.87 * 27.13 ** 25.60 
**
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The range for better parent heterosis and standard heterosis for number of fruits per plant varied 
from -36.94% (Sel 91-2 X Sabour Krishnakali) to 70.15% (Sabour Krishnakali × Muktakeshi) and 
−19.28% (Sel 91-2 × Sabour Krishnakali) to 42.99% (Pant Samrat × Swarna Mani) respectively. Top three 
crosses in terms of heterosis over better parent were Sabour Krishnakali × Muktakeshi (70.15%), Swarna 
Mani × Muktakeshi (56.57%) and Sabour Krishnakali × Swarna Mani (24.38%) and for standard heterosis 
the most superior three crosses were Pant Samrat × Swarna Mani (42.99%), Muktakeshi × IIHR-563 
(35.94%) and Sabour Krishnakali × Pant Samrat (33.77%). Out of 11 hybrids, 3 crosses showed 
significant positive heterosis over better parent while 6 crosses recorded significant and positive standard 
heterosis over check. The estimates of heterobeltiosis were low to moderate in negative and moderate to 
high positive direction while standard heterosis effects were low to moderate in negative as well as in 
positive direction respectively. Similar findings were reported by Balwani et al., (2017), Sivakumar et al., 
(2017), Kumari et al., (2019) and Rajashree et al., (2023). 

Yield in any crop is the final product of different yield components. This ultimate produce in the 
plant is expressed through mutual balancing of characters. Range of heterobeltiosis for yield per plant 
ranged from –23.27% (Sel 91-2 × Sabour Krishnakali) to 30.89% (Muktakeshi × BRBR-01). Standard 
heterosis ranged-19.90% (Muktakeshi × IIHR-563) to 35.28% (Pant Samrat × Swarna Mani). Top three 
performer in terms of heterosis over better parent were IIHR-563 × BRBR-01 (30.89%), Pant Samrat × 
Swarna Mani (30.48%) and Swarna Mani × Muktakeshi (27.01%) while for standard heterosis the top 
three performer were Pant Samrat × Swarna Mani (35.28%), Sabour Krishnakali × Pant Samrat (18.06%) 
and Sabour Krishnakali × Swarna Mani (15.22%). Among 11 hybrids, 4 and 5 crosses were recorded 
significant positive heterosis over better parent and standard check, respectively.  The estimates of 
heterobeltiosis and standard heterosis effects were low to moderate in negative as well as positive 
direction respectively. The results are congruent with the findings of Chowdhury et al., (2010) and Makani 
et al., (2013) Patel et al., (2017), Kumari et al., (2019) and Rajashree et al., (2023) for heterobeltiosis and 
standard heterosis.  

For total yield range for heterobeltiosis varied from -13.37% (Sel 91-2 × BRBR-01) to 55.26 % 
(Pant Samrat × Swarna Mani) Range of standard heterosis varied from -9.27% (Muktakeshi × IIHR-563) 
to 53.40 % (Pant Samrat × Swarna Mani). Out of 11 hybrids, 7 crosses showed significant positive 
heterosis over better parent and standard heterosis over check.  Top three crosses in terms of heterosis 
over better parent were Pant Samrat × Swarna Mani (55.26%), IIHR-563 × BRBR-01 (31.01%) and 
Swarna Mani × Muktakeshi (27.13%) while for standard heterosis the top three performer were Pant 
Samrat × Swarna Mani (53.40 %), Sabour Krishnakali × Pant Samrat (33.65%) and Sabour Krishnakali × 
Swarna Mani (30.58 %). The estimates of heterobeltiosis and standard heterosis effects were low to 
moderate in negative as well as positive direction respectively. Similar findings were reported for total 
yield by Reddy and Patel (2015), Aswani et al., (2016), Ansari et al., (2017) and Pramila et al. (2017). The 
ultimate goal of any breeding programme is target to achieve maximization of marketable yield. Since 
yield is a complex and polygenically inherent trait, number of fruits per plant and average fruit weight are 
directly contributing to yield in brinjal breeding.  
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The commercial use of heterosis is a significant application of genetic principles in plant breeding. 
The heterotic response of F1 indicates genetic variation among the parents involved. Positive relative 
heterosis and heterobeltiosis in a desired trend are preferred when selecting for yield and its components. 

CONCLUSIONS  

The results show that all growth and yield traits exhibited higher heterosis values, indicating non-
additive genetic effects. To further improve yield, research should focus on breeding programs that 
produce hybrids with high heterosis and combining ability, ultimately leading to enhanced yield. Pant 
Samrat × Swarna Mani (53.40 %), Sabour Krishnakali × Pant Samrat (33.65%) and Sabour Krishnakali × 
Swarna Mani (30.58 %) were top performer for total yield when compared to standard check. The 
estimates of heterobeltiosis and standard heterosis effects were low in the negative direction but 
moderate in the positive direction for yield and its contributing components. This means that while the 
negative heterosis values were minimal, the positive heterosis values indicated a notable improvement in 
performance when the hybrids were compared to the better parent or the standard. In other words, the F1 
hybrids demonstrated a moderate level of hybrid vigour, which suggests that the traits, such as yield and 
its components, showed potential for improvement when positive heterosis was expressed. 

These moderate positive effects of heterosis can be effectively used in breeding programs to 
enhance the traits, as they show the possibility of higher yields and improved performance in hybrids 
compared to the parents. Focusing on hybrids with positive heterosis values can lead to the development 
of varieties with better yield potential and more favorable traits, thus benefiting crop improvement efforts. 
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