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ABSTRACT

Brinjal (Solanum melongena L.), commonly referred as eggplant, represents a globally cultivated vegetable 
crop highly susceptible to numerous pests and diseases. The brinjal shoot and fruit borer (BSFB) emerges as a 
particularly detrimental pest, causing potential losses ranging from 70–92%. The absence of effective biological 
control necessitates extensive research to develop brinjal varieties resistant to BSFB as they will have the potential 
to furnish an eco-friendly, economically viable, and sustainable strategy for pest management in brinjal cultivation. 
The present study was carried out during 2022 and 2023 at Kerala Agricultural University, Vellanikkara, Thrissur, 
Kerala to identify superior lines exhibiting resistance to shoot and fruit borer from early segregating generations 
(F3 and F4) of the cross Ponni × Vengeri which was moderately resistant to BSFB. Both pedigree and single seed 
descent (SSD) methodologies were employed, revealing considerable variation in qualitative and quantitative traits, 
encompassing mean, range, and genetic parameters (GCV, PCV, H2, GA, GAM, skewness, and kurtosis) across 
successive generations. The persistence of trait variation in the subsequent generation was ensured from the absence 
of selection during the single-seed descent method. Superior lines, namely 1.2.18.8, 1.2.10.7 and 1.3.10.7 were 
identified through the pedigree method, while 1.3.11.2, 1.4.13.2 and 1.10.16.4 emerged as superior lines through 
SSD method, having resistance against BSFB.

Keywords: Brinjal, Brinjal shoot and fruit borer, Genetic parameters, Pedigree, Segregating  
generation, SSD

Eggplant (Solanum melongena L.), is a versatile crop, 
belonging to the Solanaceae family, and has its origins in 
Hindustan and China centers, eventually spreading globally. 
China leads in global production, followed by India. 
Brinjal contributes significantly to the world's agricultural 
production, yielding approximately 50 million metric 
tonnes from over 1.6 million hectares worldwide (FAO 
2021). Beyond its culinary appeal, brinjal is a nutritional 
powerhouse, offering 1.4 g of protein, 124 I.U. of vitamin A, 
200 mg of potassium, and 1.3 g of fibre/100 g (Vethamoni 
and Praneetha 2016). Besides these, fruit extracts are used 
in treating uterine disorders, skin issues, diabetes, bronchitis, 
asthma, and cholera. Its diverse applications underscore its 
cultural and economic importance across the globe.

Significant loss to brinjal crop occurs due to infestation 
by brinjal shoot and fruit borer (Leucinodes orbonalis G.). 

This insect is identified as one of the most destructive pests, 
causing potential yield losses of 70–92%, particularly during 
the summer and rainy seasons (Omprakash and Raju 2014). 
The larvae bore into shoots during the early stages of crop 
growth, disrupting the vascular system and causing wilting. 
If fruits are infested, the larvae bore into the calyx, flower 
buds, and fruits, resulting in boreholes filled with excrement 
leading to compromised fruit quality, and unsuitable for 
human consumption, diminishing market value (Sharma et 
al. 2017). Behera and Singh (2002) have reported various 
accessions from wild species showing significant levels of 
resistance against BSFB, viz. indicum, gilo, anomalum, 
incanum, integriifolium, xanthocarpum, khasianum, and 
sisymbriifolium. 

Among the various breeding approaches, the pedigree 
selection method is commonly practiced in self-pollinated 
crops in which genealogies are recorded among the progenies 
over the segregating generation. Puthiamadom et al. (2021) 
identified cross Ponni × Vengeri as moderately resistant to 
BSFB with shoot infestation of 15% and fruit infestation of 
16% with good organoleptic properties. They classified the 
cross as moderately resistant as per the scale suggested by 
Mishra et al. (1988). The current study seeks to investigate 
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and select the superior lines with resistance to shoot and 
fruit borer from early segregating generations of brinjal.

MATERIALS AND METHODS
The present study was carried out during 2022 and 2023 

at Kerala Agricultural University, Vellanikkara, Thrissur, 
Kerala. The experimental materials consisted of 200 F3 lines 
from the cross Ponni × Vengeri in the first season (September 
2022–May 2023) and 150 F4 lines in the second season (June 
2023–December 2023). Seeds were treated with 1% KNO3 
solution for 1 h to enhance germination. Treated seeds were 
rinsed with distilled water (Puthiamadom 2021) and sown in 
protrays. Seedlings, aged 40–45 days, were transplanted in 
November 2022 and August 2023 for F3 and F4 population, 
respectively, at 90 cm × 60 cm spacing in furrows. The highly 
susceptible check variety, Surya, was planted on each ridge 
to ensure fruit borer infestation. Standard cultural and plant 
protection measures from the Kerala Agricultural University 
(2016) recommendations were followed during the conduct 
of experiment. Observations were recorded for fruit colour 
and shape, the number of branches, flowers, fruits, length of 
fruit, diameter of fruit, number of infested shoots, number 
of infested fruits, and fruit yield/plant. 

Statistical analysis: The data were analyzed using MS 
Excel, GRAPES (Gopinath et al. 2021), and R-studio. Based 
on the mean of shoot and fruit infestation throughout the 
growing season, the lines were categorized as per Mishra 
et al. (1988). The selection was done based on marketable 
yield/plant, per cent fruit infestation, fruit yield/plant, and 
per cent shoot infestation. The F3 population was forwarded 
in two ways. Lines identified with resistance to BFSB were 
forwarded as pedigree lines and all lines that produced fruits 
were forwarded by single-seed descent.

RESULTS AND DISCUSSION

Screening of F3 population and pedigree selection in cross 
Ponni × Vengeri

Genetic variability studies for qualitative characters: 
Ponni, the female parent had green-coloured fruits, while 
Vengeri exhibited a mix of purple and green fruits. Among 
the surviving 150 plants, 8 displayed pure purple colour, 
97 were green, and 45 had a combination of purple and 
green. This suggests the dominance of green colour and 
the influence of polygenes on the expression of fruit 
colour. Regarding fruit shape, as both Ponni and Vengeri 
were elongated, all segregating lines produced elongated 
fruits. Study conducted by Kamani et al. (2007), with four 
crosses with common female parent H7 (purple black) × 
male parents PLR1 (purple), GBL1 (purple), Green round 
(green), and Casterious green, out of 240 F2 lines showed 
173:63 purple black: purple, 210:30 purple black: purple, 
194:46 purple black: green, and 172:68 purple black: 
casterious green respectively. Sidhu et al. (2022), observed 
108 light purple, 39 dark purple, and 53 green fruits in the 
F2 population of 200 plants from the cross GL 401 (purple, 
long) × BR 104 (green, round) indicating the dominance 

RESISTANCE BREEDING FOR BRINJAL SHOOT AND FRUIT BORER

and polygenic effect of purple fruit colour. The study also 
noted segregation in fruit shapes, as oblong, long, and round 
shapes. Sharma and Katoch (2023), observed that 119 plants 
exhibited purple fruit colour, while 9 had green fruit colour, 
in the F2 segregating lines of brinjal from the cross Res 2 
(long green fruits) × AN (long purple fruits), indicating the 
dominance of purple. All progenies displayed elongated 
shapes similar to their parents. These studies suggest that 
fruit colour in brinjal is influenced by various factors, with 
effects and segregation patterns varying based on the parents 
involved. Previous researches by Pugalendhi et al. (2010) 
and Dharavath et al. (2017) noted a negative association 
of purple colour with BFSB infestation, implying that 
segregating lines with purple fruits may exhibit resistance 
to BFSB.

Estimation of means and range: The mean, range, and 
genetic parameters of individual traits in the F3 generation of 
cross between Ponni and Vengeri are presented in Table  1. 
Among the F3 lines, the number of branches/plant ranged 
from 1–9, number of flowers/plant from 2–21, number of 
shoots/plant from 2–22, and the number of fruits/plant from 
2–17. For fruit length, the range varied from 6–35 cm, 
fruit diameter from 4–18.56 cm, average fruit weight from 
28.20–99.30 g, and fruit yield 110 g and 1130 g. For the 
number of infested shoots/plant, the mean value was 2.5, 
which was higher than both the parents, Ponni (1.5) and 
Vengeri (1.5). The value ranged from 0–7. The number of 
infested fruits/plant had a mean of 6.39, which was higher 
than Ponni (5.00) but, was lesser than Vengeri (7.25). The 
value ranged from 2–14. The mean and range obtained for 
the number of infested shoots and fruits were lower than the 
findings of Kumar and Ravikesavan (2022) and Chaitanya 
and Reddy (2017). Biometrical traits showed transgressive 
segregation and were having comparable values with earlier 
reports in brinjal. 

Genetic variability studies for quantitative traits: The 
values estimated for the genetic variability studies are 
presented in Table 1. The highest value for σ2

g, σ2
p, and 

σ2
e was obtained for fruit yield/plant in the segregating 

lines. The traits with high heritability (H2) and GAM can 
be improved through selection and they were number of 
branches, flowers, shoots, fruits and infested fruits per 
plant, average fruit weight, fruit yield/plant, and diameter 
of fruit. The length of the fruit showed high H2 but medium 
GAM. The high GA was estimated for fruit yield/plant 
indicating that selection alone may not be effective to 
improve fruit yield per plant. All the traits showed the 
value for skewness greater than 0 and positive indicating 
average complementary gene action. However, the kurtosis 
showed leptokurtic peak (>3) for number of flower/plant, 
shoot infestation, number of fruit/plant, length of fruit, 
diameter of fruit, and fruit yield/plant indicating that less 
number of genes are involved in controlling these traits. 
Platykurtic peak (<3) was shown by number of branches/
plant, number of shoots/plant, fruit infestation, and average 
fruit weight indicating these traits are controlled by more 
number of genes, none of the traits showed a mesokurtic 
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peak (0). Even though the skewness and kurtosis can be an 
indicator of number of genes involved we need to consider 
other genetic parameters as well to decide the method of 
breeding to improve the traits. In their study, Patil et al. 
(2021) noted consistent findings regarding the number 
of branches, flowers, fruits, and yield per plant, showing 
PCV>GCV alongside high H2 and GAM values. However, 
they observed PCV>GCV along with high H2 and low GAM 
specifically for fruit length and diameter, while the present 
study indicated moderate GAM.

Pedigree selection for resistance to BSFB: Fruits 
in majority of segregating lines were infested with fruit 
borer. Only three lines, viz. 1.2.18, 1.2.10, and 1.3.10 were 
identified to be showing less infestation with less number of 
infested fruits. Under severe shoot and fruit borer infestation, 
few fruits remain not infested is an indication that the 
plants are having some level of resistance. Hence, these 
three lines were forwarded as lines for pedigree breeding 
to the F4 generation.

Screening of F4 population and pedigree selection in cross 
Ponni × Vengeri

Genetic variability studies for qualitative characters: 
Among the surviving population of 130, 10 plants showed 
a distinct purple colour, 54 exhibited a green hue, and 66 
plants showcased a combination of both purple and green 
coloration. This suggests the prevalence of green colour 
dominance over purple and highlights the contribution of 
polygenes in determining fruit colour expression. The fruit 
shape remained long as the parents and F3 generation. 

Estimation of means and range: The mean, range, and 
genetic parameters of individual traits in the F4 generation of 
cross between Ponni and Vengeri are presented in Table  1. 
Among the lines, number of branches/plant ranged from 1–6, 
number of flowers/plant from 3–12, number of shoots/plant 
from 1–14, and number of fruits/plant 1–4. The range for 
fruit length, was from 4–22 cm, fruit diameter from 2–16 
cm, average fruit weight from 18.00–97.50 g, and fruit yield/
plant 18 g and 271 g. For the number of infested shoots/
plant, the mean value was 0.91, which was lower than the 
parent, Ponni (1.00) but higher than Vengeri (0.67). The 
value ranged from 0–4. The number of infested fruits/plant 
had a mean of 1.43, which was lower than both the parents 
Ponni (2.33) and Vengeri (2.00). The value ranged from 0–3. 
Biometrical traits in segregating lines showed transgressive 
segregation favouring the selection of superior lines. F3 
generation was found to have more range and variability 
for most of the characters studied. This may be because of 
non-survival of few plants in F3 generation resulting in less 
variability. The mean and range for the number of branches 
per plant, number of fruits per plant, fruit diameter, and 
fruit yield per plant were lower compared to the values 
documented by Chithra et al. (2021) in the segregating 
generation. Conversely, the mean and range for average fruit 
weight were higher than those reported by them. However, 
for the length of the fruit, the mean and range values were 
comparable to their study.

Genetic variability studies for quantitative traits: The 
values estimated for the genetic variability studies are 
presented in Table 1. The highest value for σ2

g, σ2
p, and σ2

e 
was obtained for fruit yield/plant in the segregating lines. 
The traits with high heritability (H2) and GAM that can be 
improved by selection were number of shoots/plant, number 
of fruits/plant, number of infested fruits/plant, average fruit 
weight, fruit yield/ plant, length of fruit, and diameter of 
fruit. The traits number of branches/plant, number of shoots/
plant, number of infested shoots/plant, number of fruits/
plant, number of infested fruits/plant, and fruit yield/plant 
showed the value for skewness to be greater than 0 and 
positive indicating average complementary gene interaction. 
In contrast, the traits number of flowers/plant, length of fruit, 
diameter of fruit, and average fruit weight showed negative 
skewness indicating duplicate gene interaction. However, 
the kurtosis was found to show a leptokurtic peak (>3) for 
all the quantitative traits under study indicating the traits to 
be governed by fewer number of genes, none of the traits 
showed a mesokurtic peak (0). 

Correlation studies in F3 and F4 generation: The 
phenotypic correlation of per-plant yield with quantitative 
characters are presented in Table 2. In the F3 generation, 
the data showed positive correlations between fruit yield/
plant with the number of flower/plant, shoots/plant, fruits/
plant, infested fruits/plant, length of fruit, and average fruit 
weight. However, in the F4 generation, the fruit yield/plant 
showed a positive correlation with number of branches/ 
plant and diameter of fruit as well which was absent in the 
previous generation. Between rest of the aforementioned 
traits and fruit yield/plant, similar correlations (significant 
and positive) were obtained in both generations. The positive 
correlation observed between the number of infested fruits/ 
plant and total fruit yield/plant, was because the marketable 
yield was not considered in this analysis. The study by 
Kumar and Ravikesavan (2022), in F2 generation, showed 
a similar correlation pattern (non-significant) between fruit 
yield/plant with shoot infestation, fruit infestation, and 
diameter of fruit. The highly correlated traits with fruit yield 
like number of branches per plant, number of flowers per 
plant, number of fruits per plant fruit length, fruit diameter 
and fruit weight can be considered for indirect selection in 
segregating lines.

Pedigree data of the plants selected in the F4 generation: 
The identified superior lines in the previous generation 
forwarded through the pedigree method were evaluated 
and among them, lines 1.2.18.8, 1.2.10.7, and 1.3.10.7 were 
selected further with the best performance and resistance to 
BSFB infestation. The lines forwarded through SSD were 
also evaluated and among them, 1.3.11.2, 1.10.16.4, and 
1.4.13.2 were identified to be showing superiority for BSFB 
resistance. The details of the performance are presented 
in Table 3. The pedigree selection carried out by Raju et 
al. (2023) from F4–F6 generation in brinjal resulted in the 
selection of superior lines with stable traits in terms of yield 
and yield contributing traits.

Variability was observed in the F3 as well as F4 
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Table 2  Correlation matrix for F3 and F4 generation of crops Ponni × Vengeri for biometrical traits

Generation NB NFlP NSP NISP NFrP NIFrP FL FD AFW
NB F3 0

F4 0
NFlP F3 0.11

F4 0.28**
NSP F3 0.43*** 0.43***

F4 0.61*** 0.40***
NISP F3 0.27*** 0.05 0.51***

F4 0.24** -0.16 0.15
NFrP F3 0.13 0.91*** 0.44*** 0.05

F4 0.22** 0.68*** 0.38*** -0.12
NIFrP F3 0.12 0.90*** 0.43*** 0.03 0.99***

F4 0.10 0.50*** 0.20* -0.19* 0.81***
FL F3 0.10 0.34*** 0.20* 0.07 0.33*** 0.32***

F4 0.14 0.50*** 0.14 -0.35*** 0.40*** 0.34***
FD F3 0.10 -0.08 0.05 -0.04 -0.01 -0.04 0.16*

F4 0.26** 0.52*** 0.27** -0.18* 0.50*** 0.40*** 0.73***
AFW F3 0.08 -0.07 -0.07 0.01 -0.05 -0.06 0.08 0.31***

F4 0.23** 0.45*** 0.28** -0.17 0.47*** 0.35*** 0.73*** 0.76***
FY F3 0.09 0.75*** 0.33*** 0.05 0.84*** 0.84*** 0.31*** 0.09 0.41***

F4 0.22* 0.53*** 0.35*** -0.12 0.83*** 0.66*** 0.52*** 0.55*** 0.74***

NB, Number of branches/plant; NFlP, Number of flowers/plant; NSP, Number of shoots/plant; NISP, Number of infested shoots/
plant; NFrP, Number of fruits/plant; NIFrP, Number of infested fruits per plant; FL, Length of fruit; FD, Diameter of fruit; AFW, 
Average fruit weight.

The estimated genetic and phenotypic variances were 
generally higher in F3 than F4, except for length of fruit, 
diameter of fruit, and average fruit weight, where they 
were higher in F4. The lesser difference between PCV and 
GCV in the F3 generation indicated lesser environmental 
influence. However, a greater difference between the PCV 
and GCV was observed for the number of infested shoots, 
fruits, infested fruits, and fruit yield/plant indicated greater 
environmental influence. Heritability (H2), genetic advance 
(GA), and genetic advance as a percentage over mean 
(GAM) showed varied patterns across generations and 
traits. The study highlights the maintenance of variability 
from F3 to F4 due to the absence of selection in F3, and 
the single seed descent method ensured the transfer of all 
surviving plants to F4. Fruit yield/plant was positively 
correlated with most of the quantitative traits under study. 
Positive correlation between fruit yield/plant with number 
of branches/plant, flowers/plant, shoots/plant, fruits/plant, 
length of fruit, diameter of fruit, and average fruit weight 
indicate that indirect selection of these traits can be 
considered for yield improvement in brinjal. The better-
performing lines forwarded through pedigree were 1.2.18.8, 
1.2.10.7, and 1.3.10.7. The lines identified as superior in 
terms of marketable yield and resistance to BSFB from the 
F4 generation through SSD were 1.3.11.2, 1.10.16.4, and 
1.4.13.2. These six lines can be forwarded further.

Table 3	Performance of selected lines

Lines SI (%) FI (%) FY (kg) MY (kg)
F3 selected lines forwarded from F2 through pedigree
1.2.18 16.66 50 0.29 0.14
1.2.10 0 71.42 0.50 0.14
1.3.10 22 82.1 0.98 0.17
F4 selected lines forwarded from F3 through pedigree
1.2.18.8 28.57 33.33 0.21 0.14
1.2.10.7 33.33 33.33 0.13 0.13
1.3.10.7 20 33.33 0.15 0.10
F4 selected lines forwarded from F3 through SSD
1.3.11.2 66.66 0.00 0.07 0.07
1.10.16.4 50.00 0.00 0.07 0.07
1.4.13.2 20.00 50.00 0.13 0.06

SI, Shoot infestation; FI, Fruit infestation; FY, Fruit yield; 
MY, Marketable yield.

generation for fruit colour from pure purple to green and a 
mixture of purple and green to the parents, i.e. Ponni (green) 
and Vengeri (mixture of purple and green). All the fruits 
exhibited elongated shapes as the parents. For quantitative 
characters, mean and range were higher in the F3 generation, 
particularly for the number of branches, flowers, shoots, 
infested shoots, fruits, infested fruits, and fruit yield/plant. 
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