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Abstract

This study aimed to evaluate the quantitative traits of the bottle gourd (Lagenaria siceraria (Molina) Standl.) across different genotypes and
hybrid combinations. Promising parent genotypes P4, Ps and Ps were identified based on per se performance for their quantitative traits. The
top three crosses for fruit yield per plant based on high positive heterosis over the better parent were P, x Pg followed by P4 x Ps and P, x P,
whereas the top three crosses for positive heterosis over the standard variety were P, x Ps followed by P, x Ps and Ps x P for this trait. Only two
parents Ps and P, exhibited significant and positive general combining ability (GCA) effects for fruit yield per plant. For specific combining
ability (SCA), the following hybrids excelled for individual traits, P, x P; followed by P, x P;. Fruit circumference was P4 x Py followed by P, x Ps,
average fruit weight was P, x Psfollowed by P, x Ps, number of fruits per plant were P; x Psfollowed by P4 x Ps and fruit yield per plant P, x Ps
followed by P1 x Ps. These hybrids exhibited superior performance and positive SCA effects in the pooled analysis, highlighting their promise
for future breeding initiatives. The dominance of significant G>SCA values over G?GCA values emphasised the influence of dominant gene

action in controlling these traits, indicating the effectiveness of hybrid breeding for genetic improvement.
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Introduction

Bottle gourd (Lagenaria siceraria (Molina) Standl), chromosome
number: 2n =2x =22 is an important cucurbitaceous vegetable crop
known as white-flowered gourd and Lauki. This crop exhibits a wide
range of genetic variability within the cultivated varieties found
across the country. The global cultivation area for pumpkins,
including squash and gourds, is approximately 1.55 Mha, with a total
production of 23.68 Mt (1). In India, vegetable crops alone contribute
58.83 % of total horticulture production, with a production of
197.26 Mt from 10.9 Mha of land (1). It is composed of approximately
92-96 % water, making it an excellent hydrating food with low
calories, which makes it beneficial for weight management and
digestion (2). It provides dietary fibre those aids in digestion, prevents
constipation and promotes gut health (3). Rich in essential vitamins
and minerals, bottle gourd contains vitamin C, B-complex vitamins
(By, B, B3) and small amounts of vitamin A, which boost immunity,
support metabolism and promote eye health (4). It is also an
excellent source of potassium (K), which regulates blood pressure,
along with calcium (Ca), magnesium (Mg) and iron (Fe), which are
essential for bone health and blood formation (5). Its high-water
content and alkaline nature make it effective for detoxification,

cooling the body and preventing acidity (6). It is beneficial for
diabetes management as its low glycaemic index and fibre help
regulate blood sugar levels (7). Additionally, its antioxidant and anti-
inflammatory properties protect against oxidative stress, improve
heart health and enhance liver function (8). Due to its medicinal
properties, bottle gourd is widely used in ayurveda for treating
digestive disorders, ulcers and liverrelated ailments (9). Regular
consumption supports cardiovascular health, weight control and
overall well-being, making it a valuable component of a balanced
diet.

Heterosis or hybrid vigour, is a well-known phenomenon
that enhances yield and other agronomic traits in crops through the
exploitation of genetic diversity (10). It plays a crucial role in hybrid
breeding programs by increasing vigour, earliness, fruit yield and
disease resistance. In bottle gourd, heterosis has been reported for
various quantitative traits, including fruit weight, fruit number and
vine length, making it an essential tool for crop improvement (11).

Combining ability analysis helps in understanding the gene
action governing trait inheritance and is critical for selecting suitable
parents for hybrid development (12). General combining ability
(GCA) refers to the additive genetic effects of a parent, whereas
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specific combining ability (SCA) indicates the non-additive effects,
including dominance and epistasis (13). Evaluating GCA and SCA
provides insights into the genetic control of yield-contributing traits
and assists in formulating efficient breeding strategies for bottle
gourd improvement (14).

The present study aims to assess heterosis and combining
ability for key quantitative traits in bottle gourd to identify superior
hybrids and parental lines for breeding programs. By analysing
genetic interactions, this research contributes to the enhancement of
bottle gourd productivity and the development of commercial
hybrids. Despite the growing demand for high-yielding and
nutritionally superior varieties, research on heterosis and combining
ability in bottle gourd remains relatively limited compared to other
cucurbits, such as cucumber and pumpkin (14). A deeper
understanding of heterotic patterns and genetic interactions can
significantly enhance breeding efficiency and accelerate hybrid
development in this crop. Additionally, identifying superior parental
combinations through systematic hybridization and evaluation can
contribute to sustainable agricultural practices by improving resource
use efficiency and disease resistance in bottle gourd (15).

Materials and Methods

The experiment was conducted during the zaid seasons of 2023 and
2024 at the Main Experimental Station, Department of Vegetable
Science, Acharya Narendra Deva University of Agriculture and
Technology, Kumarganij, Ayodhya, Uttar Pradesh. The site, situated
in a humid subtropical climate at 24.47°-26.56 °N latitude and 82.12°
-83.58°E longitude, has an altitude of 113 m above sea level. The soil
is sandy-loam with moderate fertility and a pH range of 6.5-8.5. Nine
genetically diverse and elite genotypes- Narendra Kamna, Narendra
Rashmi, NDBG-619, NDBG-7, Narendra Pooja, Pant Lauki-3, Kashi
Ganga, Arka Bahar and Pusa Naveen were selected for hybridisation
based on their economic traits. A half-diallel mating design was

employed, generating 36 hybrids from all possible crosses except
reciprocals. The hybrids, along with selfed parental lines, were
evaluated in a randomised complete block design (RCBD) with three
replications, following recommended agronomic practices. The
observation was recorded in days to first staminate flower anthesis,
days to first pistillate flower anthesis, node number to first staminate
flower appearance, node number to first pistillate flower
appearance, number of primary branches per plant, vine length,
internodal length, days to first fruit harvest, fruit length, fruit
circumference, average fruit weight, number of fruits per plant and
fruityield.

The pooled analysis of variance was conducted manually
using MS Excel 2013, following the methodology of (16). Data from 36
crosses and their 9 parents were analysed to assess heterosis, which
was evaluated concerning the better parent (BP) and standard
parent (SP). The formulas for heterosis estimation were based on the
methods of some previous studies (17, 18). Additionally, additive and
dominance genetic variance were calculated (19).

Results and Discussion

Per se performance and heterosis results revealed significant and
desirable variations in all the nutritional characteristics examined
and the pooled mean value ranged between all the traits, viz. days to
first staminate flower anthesis ranged from 46.75-55.42 for parents
and 47.08-56.75for hybrids (Table 1 and 2). Days to first pistillate
flower anthesis ranged from 54.75-62.50 for parents and 53.92-
63.75for hybrids. Node number to first staminate flower appearance
ranged from 5.62-10.39 for parents and 5.97-10.77for hybrids. Node
number to first pistillate flower appearance ranged from 12.45-16.89
for parents and 1247-17.27for hybrids. Number of primary
branches per plant ranged from 7.48-9.24 for parents and 5-10.75
for hybrids. Vine length ranged from 3.39-6.69 for parents and
4.59-6.76 for hybrids.

Table 1. Pooled per se performance of parents, hybrids and standard check for quantitative traits

Days to first Daysto first Node numberto Node numberto :
staminate pistillate flower first staminate first pistillate E;T?: ; s°fgrr ! Taanr{ Vine length Int::‘n:ﬂ al
flower anthesis anthesis flower appearance flower appearance perp ? g
Range (Parents) 46.75-55.42 54.75-62.50 5.62-10.39 12.45-16.89 7.48-9.24 3.39-6.69 7.48-10.83
Mean 49.49 57.45 7.47 14.01 8.70 5.88 9.60
Parents (Best) P4, Ps, P, Ps P4, Ps, Ps, Pz Ps, Ps, P7, P2 Ps, Ps, P7, P> P4, Ps, Po, P1 Ps, P1, P7,Ps P31, P3, Pe, Ps
Range (Hybrids) 47.08-56.75 53.92-63.75 5.97-10.77 12.47-17.27 5-10.75 5.59-6.76 9.02-11.43
Mean 50.69 58.94 8.42 14.93 8.10 6.14 10.28
Psx Pg P3x Ps P3x P P3x Pg Pg x Py P2x P3 P3 X Pg
Hybl"ld (BESt) Py x P, P1x Py Pyx Py Py x Py P1 % Psg P1x Py Py x P,
P2x Py P2X Py P1x P, P1x P, P1 %P3 P4x Ps PsX Pg
Mean (Check) 50.83 59.33 9.01 15,51 9.67 5.49 10.38
SEMz+ 0.54 0.60 0.28 0.48 0.27 0.19 0.33
CD (5%) 1.07 1.19 0.56 0.96 0.54 0.38 0.66

Table 2. Pooled per se performance of parents, hybrids and standard check for quantitative traits

fI: z%srf:rc;itt Fruit length  Fruit circumference Average fruit weight N"mbe’p‘i’af::"'ts per  Fruit V(':g/ plant
Range (Parents) 63.42-71.17 28.73-41.23 5.72-7.23 0.96-1.08 3.42-4.71 3.59-4.81
Mean 66.10 36.59 6.33 1.02 4.27 4.36
Parents (Best) P4, Ps, Ps, P7 P2, Ps, Ps, Py Po, Ps, P2, P3 Pz, Ps, P4, Ps P2, Ps, Ps, P3 Ps, P7, Ps, P2
Range (Hybrids) 62.58-72.42 30.23-42.60 5.18-10.25 0.89-1.35 3.27-5.32 3.08-6.65
Mean 67.65 37.65 7.19 1.05 4.32 4.37
P3x Pg Pe x Po P4 x Pg P2x Ps Psx Pg P2 x Ps,
Hybrid (Best) P1x P, Ps % Pg P4 x Py P2 X Pg P2%x Py P1x P,
Pyx Py Psx Pg Pox Pg P3x Py P4X Pg Pe x Pg,
Mean (Check) 68 32.37 7.48 0.97 4.39 4.26
S EM+ 0.02 1.14 0.22 0.03 0.13 0.15
CD (5%) 4.02 2.27 0.44 0.06 0.27 0.30
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Internodal length ranged from 7.48-10.83 for parents and
9.02-11.43for hybrids. Days to first fruit harvest ranged from 63.42-
71.17 for parents and 62.58-72.42for hybrids. Fruit length ranged
from 28.73-41.23 for parents and 30.23-42.60for hybrids. Fruit
circumference ranged from 5.782-7.23 for parents and 5.18-10.25
for hybrids. Average fruit weight ranged from 0.96-1.08 for parents
and 0.89-1.35for hybrids. Number of fruits per plant ranged from
3.42-4.71 for parents and 3.27-5.32for hybrids. Fruit yield per plant
ranged from 3.59-4.81 kg for parents and 3.08-6.65 kg for hybrids.

The highest-performing parents, as determined by pooled
per se performance, were identified as follows: P, and Ps for days to
first staminate flower anthesis, P4 and Ps for days to first pistillate
flower anthesis, P» and Ps for node number to first staminate flower
appearance, P; and Ps for node number to first pistillate flower
appearance. Ps and Ps for number of primary branches per plant, Ps
and P; for vine length, P, and Psfor interodal length, P4 and Psfor
days to first fruit harvest, P, and Psfor fruit length, P, and Psfor fruit
circumference, P; and Psfor average fruit weight, P. and Psfor
number of fruits per plant and Pant Lauki-3 and Kashi Ganga for fruit
yield per plant.

Similarly, the top four hybrids were identified as Ps x Ps and
P, x P, for days to first staminate flower anthesis, P; x Ps and P, x P,
for days to first pistillate flower anthesis, P; x Ps and P, x P, for node
number to first staminate flower appearance, P; x Ps and P> x P4 for
node number to first pistillate flower appearance, Ps x Ps and Py x Pg
for number of primary branches per plant, P, x P; and P, x P; for vine
length, P> x Py and P, x Ps for Internodal length, Ps x Ps and Py x P, for
days tofirst fruit harvest, Ps x P and Ps x Ps for fruit length, P4 x Ps and
P4 x Py for fruit circumference, P, x Ps and P, x Ps for average fruit
weight, Ps x Pg and P, x Py for number of fruits per plantand P> x Ps
and Py x Psfor fruit yield per plant.

The selection of parents based solely on mean performance
may not always be effective in identifying superior genotypes.
Therefore, heterosis, combining ability and gene action were
evaluated for all the studied traits to identify the most promising
parents and hybrid combinations (20).

In the present study, the pooled mean data indicated
varying degrees of heterosis for days to first staminate flower
anthesis across different hybrid combinations when compared to
the better parent and check Sarita (Table 3 and 4). The range of
heterobeltiosis varied from -12.63 % (P, x Ps) to 14.83 % (P x Ps) over
better parent while, for standard heterosis it varied from -7.38 %
(Ps x Pg) to 11.64 % (P1 x Ps). Among the 36 cross combinations, best
five crosses based on high negative value over better parent were P,
X Pg (-12.63 0/0) followed by P1x Pg (-11.44 C'/0), P Pg (-11.43 0/()), Ps % Pg
(-9.63 %) and P4 x Ps (-9.63 %) whereas, the best five crosses for
negative heterosis over standard variety were Ps x Ps (-7.38 %)
followed by P, x P, (-6.06 %), P,x P4 (-6.06 %), P; x Pg (-5.41 %) and
Ps x Py (-5.41 %) for this trait.

Days to pistilate flower anthesis range of heterobeltiosis
varied from -7.73 % (P> x Ps) to 10.39 % (P; x Ps) over better parent
while, for standard heterosis it varied from -9.12 % (Psx Ps) to 7.45 %
(P7x Ps). Among the 36 cross combinations, best five crosses based
on high negative value over better parent were P;x Pg (-7.73 %)
followed by Psx Pg (—7.47 0/0), P1 x P, (-6.15 0/0), Pz x Pg (-613 0/0) and Ps
x Pg (-5.87 %) whereas, the best five crosses for negative heterosis
over standard variety were P; x Ps (-9.12 %) followed by P, x P, (-7.85
%), P2 % P4 (-5.90 %), Ps % Ps (-5.89 %) and Ps x Ps (-5.33 %) for this trait.

Node number to first staminate flower appearance range of
heterobeltiosis varied from -32.98 % (Ps x Ps) to 75.79 % (P, x Ps) over
better parent while, for standard heterosis it varied from -33.74 %
(Ps x Pg) to 19.53 % (P> x Ps). Among the 36 cross combinations, best
five crosses based on high negative value over better parent were Ps
x Py (-32.98 %) followed by Py Ps (-27.73 %), Psx Ps (2743 %), Pyx P,
(-25.99 %) and P,x Ps (-25.77 %) whereas, the best five crosses for
negative heterosis over standard variety were P;x Ps (-33.74 %)
followed by P,x P4 (-29.78 %), P,x P, (-28.05 %), Psx Ps (-25.86 %) and
Psx P (-23.72 %) for this trait.

Node number to first pistillate flower appearance range of
heterobeltiosis varied from -19.98 % (Ps % Ps) to 36.38 % (P, x Ps) over
better parent while, for standard heterosis it varied from -19.60 %
(Ps x Pg) to 11.35 % (P2 x Ps). Among the 36 cross combinations, best

Table 3. Heterosis, top performing general and specific combiner for quantitative traits in bottle gourd

Days to first Days to first Node number to Node number to Nu;'?mb:: of Internodal
staminate pistillate flower first staminate first pistillate b r:n che sy er Vine length length
flower anthesis anthesis flower appearance flower appearance plant P g
Heterobeltiosis -27.78-
range (%) -12.63-14.83 -7.73-10.39 -32.98-75.79 -19.98-36.38 -45.37-19.18 13.80 -14.15-22.88
Heterobeltiosis
(No.) 13 12 17 15 19 6 12
P.x Pg P.x Pg Psx Py PsX Pqy Ps x Py P4 x Pg P3 x Pg
Hybrid (Best) P1x Psg Psx Pg P1x Pg P1X Pg P3x Py P2 % P3 P3 % Pg
P7x Pg P1x P, P3x Pg P2x Pg P2 %P3 Ps x Py P1x Pg
Standard heterosis -16.34-
range (%) -7.38-11.64 -9.12-7.45 -33.74-19.53 -19.60-11.35 -48.29-11.17 5313 -13.13-10.14
Standard heterosis 12 7 18 15 23 2% 11
(No.)
Psx Ps P3x Ps P3x Ps P3x Ps Py x P P2 x P3 P3 x Ps
Hybrid (Best) P.1x P, Pix P, P,x Py P,x Py PB ) P" P.xP; P3x Ps
Pyx Py Pox Py P1x P, P1x P, ! ¢ P4x Ps P3x Py
GCA effects parents
(No.) 3 3 3 3 3 5 4
P1, P2, P3, Ps,
Parents (Best) P Ps, Po P7,Ps, Pg P3,Pg Pg Ps, Pg, Pg P1,Ps, Ps P, Ps,Ps,P7,Ps
(sl\fé“)eﬁeds hybrids 15 17 18 16 16 19 17

Py x Ps, Py x Ps, P; Py x P4, Py x P5,

Hybrids (Best) % Po X Pe

Py P1 % P3, P1 X Ps, P1 X Pg P1 X Py, P1 X Ps, Py X Pg

P1 X P3, Py X Pg, Py Py X P3, Py X P1X Py, Py % Pg,
x P; Ps, Py x Py P.x Pg
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Table 4. Heterosis, top performing general and specific combiner for quantitative traits in bottle gourd
#3%’:;:3?; Fruit length Fruit circumference Average fruit weight Numbet;)?af::mts Per  Erit yield/plant (kg)
-9.03-5.92 26.67-25.52 -23.24-66.67 -15.48-31.38 -28.50-22.59 -25.27-72.58
7 5 8 9 7 21
P7x Py P1xP; Pax Pg P2x Ps P1x P, P1x Pg,
Pax Py P3x P Pax Py P2x Ps Psx P Pax P,
P3X Ps P4 %P7 P2 % Pg Psx P, P4 % Pg P1x Py
-7.97-4.42 -6.59-31.62 -30.78-36.98 -7.65-39.30 -25.44-21.12 -19.65-73.49
6 29 10 21 8 25
P3% Ps Ps % Py P4 % Pg P2X Ps Psx Pg P2% Ps,
P1x P, Ps x Pg P4 % Py P2 x Pg P2% Py P1x Pg,
P7x Py Pe Ps P2x P Psx Py Pax P Ps Py
1 3 5 3 3 2
PS PZ, PG, PS P4, PS, P7Y PB, P9 P4, PS, P9 PS, P9, PG P4, PS
11 17 15 12 18 23
P1 % Ps, P1 X P,

P P1 %P3, P1 X Ps, P1 X P P1 % P, P1X P, P2 x P7

X Ps

Py x P3, Py x Pg, Py x Py

Py x P3, Py x P4, P x P P1XP3, Py x P4, P1x Ps

five crosses based on high negative value over better parent were
Ps % Pg (-19.98 0/0) followed by P1 % Pg (-17.04 %), P, x Pg (-15.85 %),
P,x Py (-15.45 %) and Ps x Ps (-15.32 %) whereas, the best five crosses
for negative heterosis over standard variety were Ps x Ps (-19.60 %)
followed by P> x P (-17.30 %), Py x P, (-16.29 %), Psx Ps (-15.04 %) and
Ps x Ps (-13.78 %) for this trait.

Number of primary branches per plant the range of
heterobeltiosis varied from -45.36 % (P, x P¢) to 19.18 % (Ps x Ps) over
better parent while, for standard heterosis it varied from -48.29 %
(P2 Pg) to 11.17 % (Ps x Ps). Among the 36 cross combinations, best
five crosses based on high positive value over better parent were
Psx Py (19.18 0/0) followed by PsxP; (15.72 0/0), P, xPs (13.65 0/0), P1xPs
(12.98 %) and Py x Ps (12.57 %) whereas, the best two crosses for
positive heterosis over standard variety were Ps x Ps (11.17 %) and
P1 x Pg (6.51 %) for this trait.

Vine length (m) range of heterobeltiosis varied from -27.78 %
(Ps x P7) to 13.80 % (P4 x Ps) over better parent while, for standard
heterosis it varied from -16.34 % (P % P7) to 23.13 % (P, % Ps). Among
the 36 cross combinations, best five crosses based on high positive
value over better parent were P, x Ps (13.80 %) followed by P, x P;
(9.80%), Ps % Py (9.15 %), P2 x Py (9.10 %) and P x P4 (7.49 %) whereas,
the best five crosses for positive heterosis over standard variety were
P2 x P5 (23.13 %) followed by P; x P7 (22.22 %), P4x Ps (21.31%), P, x P;
(20.95 %) and P, x Ps (20.95 %) for this trait.

Internodal length (cm) range of heterobeltiosis varied from -
14.15 % (P, x P7) to 22.68 % (Ps x Pg) over better parent while, for
standard heterosis it varied from -13.13 % (P, x Ps) to 10.14 %
(Ps x Pg). Among the 36 cross combinations, best five crosses based
on high positive value over better parent were P; x Ps (22.68 %)
followed by Ps x Pg (20.57 %), Py x Ps (20.00 %), Ps % Ps (13.07 %) and
P, x P5 (11.27 %) whereas, the best five crosses for positive heterosis
over standard variety were P; % Ps (10.14 %) followed by P; % Ps (9.34
%), P3x P9 (9.34 %), P4 x Ps (9.34 %) and Ps x Pg (9.25 %) for this trait.

Days to first fruit harvest range of heterobeltiosis varied from
9.03 % (P;x Po) to 592 % (P, x P;) over better parent while, for
standard heterosis it varied from -7.97 % (Ps x Ps) to 4.42 % (Ps x Ps).
Among the 36 cross combinations, best five crosses based on high
negative value over better parent were P7x Ps (-9.03 %) followed by
Pax Pq (—840 OA)), Psx Ps (—799 OA)), P1x Py (—722 0/0) and Psx Ps (-695 0/0)
whereas, the best five crosses for negative heterosis over standard
variety were Psx Pg (-7.97 %), Pyx P,(6.86 %), Prx Py (650 %), Psx Py
(-5.88%) and Pyx Py (-5.51 %) for this trait.

Fruit length (cm) range of heterobeltiosis varied from -26.67
% (P1 % P2) t0 25.52 % (P x Ps) over better parent while, for standard
heterosis it varied from -6.59 % (P x P,) to 31.62 % (Ps x Ps). Among
the 36 cross combinations, best five crosses based on high positive
value over better parent were P, x P; (25.52 %) followed by Psx Ps
(23.03 %), P4 x P; (8.94 %), P, x P; (8.75 %) and Py x Ps (7.84 %)
whereas, the best five crosses for positive heterosis over standard
variety were Ps x Py (31.62 %) followed by Ps x Ps (31.20 %), Pex Ps
(29.35%), P> % P5(28.73 %) and P, x P5 (28.62 %) for this trait.

Fruit circumference the range of heterobeltiosis varied from -
23.24 % (P; x Py) to 66.67 % (P4 % Pg over better parent while, for
standard heterosis it varied from -30.78 % (P, x Ps) to 36.58 % (P4 x
Ps). Among the 36 cross combinations, best five crosses based on
high positive value over better parent were P, x Ps (66.67 %) followed
by Psx P; (5109 0/0), P, x Pg (4629 0/0), Ps x Pg (4069 0/0) and P4 x Py
(39.93 %) whereas, the best five crosses for positive heterosis over
standard variety were P4 x Ps (36.98 %) followed by P4 x Ps (35.20 %),
P,x Pg (31.63 %), Ps x Pg (27.22 %) and P4 x P; (23.17 %) for this trait.

Average fruit weight (kg) range of heterobeltiosis varied from
-15.48 % (P7 x Pg) to 31.38 % (P, x Ps) over better parent while, for
standard heterosis it varied from -7.65 % (Ps % Ps) t0 39.30 % (P, % Ps).
Among the 36 cross combinations, best five crosses based on high
positive value over better parent were P, x P; (31.38 %) followed by
P2x Ps (2704 0/0), Ps X Py (1624 0/0), P1x Pg (1509 0/0) and P; x P9(960 0/O)
whereas, the best five crosses for positive heterosis over standard
variety were P,x Ps (39.30 %) followed by P, x Ps (31.33 %), Psx P4
(25.85 %), P1 % P3 (22.03 %) and P x Ps (22.03 %) for this trait.

Number of fruits per plant the range of heterobeltiosis varied
from -28.50 % (P> x P7) to 22.59 % (P1 % P4) over better parent while,
for standard heterosis it varied from -25.44 % (Psx Ps) to 21.12 %
(Ps x Ps). Among the 36 cross combinations, best five crosses based
on high positive value over better parent were Py x P4 (22.59 %)
followed by Psx Ps (19.57 %), Pa x Pg (1549 %), Py x Ps (13.18 %) and Ps
x P7(12.84 %) whereas, the best five crosses for positive heterosis
over standard variety were Psx Pg (21.12 %) followed by P,x Ps (20.96
%), Pax Pg (20.57 %), P1 x P4 (18.68 %) and Ps x Ps (15.79 %) for this
trait.

The range of heterobeltiosis for fruit yield per plant varied
from -25.37 % (P, x P;) to 72.58 % (P: % Ps) over the better parent,
while for standard heterosis, it varied from -19.65 % (P; x Pg) to
73.49 % (P, x Ps). Among the 36 cross combinations, the top three
crosses based on high positive heterosis over the better parent were
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P1 x Ps (72.58 %), followed by P4 x Ps (62.47 %) and P; x P4 (61.39 %),
whereas the top three crosses for positive heterosis over the
standard variety were P, x Ps (73.49 %), followed by P, x Ps (48.89 %)
and Ps % Ps (46.80 %) for this trait. Similar findings have been reported
previously, where heterosis for fruit yield per vine ranged from -35.2-
23.9% over the mid-parent and from -17.6-68.5 % over the standard
check variety ‘Samrat’. Notably, the hybrid ‘Samrat x Aditi’ exhibited
68.5 % standard heterosis, highlighting the considerable potential of
heterosis for yield improvement in bottle gourd (21). Significant
heterosis has also been reported for nutritional quality traits, with
the hybrid P, x P, showing superiority for dry matter content,
ascorbic acid and total soluble solids. These findings demonstrate
the potential of heterosis to improve both yield and nutritional
quality in bottle gourd (22).

Combining ability

Combining ability analysis is an effective method for selecting
optimal parents for hybridisation, whether to enhance heterosis or
to accumulate favourable genes (23). In this study, all parents
demonstrated strong general combining ability (GCA) for various
quality traits across both individual years and in the pooled analysis.

The combining ability analysis conducted over pooled
environments revealed significant variation among genotypes for all
the studied traits. General combining ability (GCA) effects were
significant for all traits, indicating the importance of additive gene
action. Likewise, specific combining ability (SCA) effects were
significant for most traits, suggesting the involvement of non-
additive gene action in the inheritance of these characters. The
estimates of GCA and SCA effects for different traits are presented in
Table3and4.

Alow GCA value (whether positive or negative) suggests little
variation between parental and hybrid means. In contrast, high GCA
values indicate that parental means are either notably superior or
inferior compared to the overall hybrid mean. This pattermn reflects
the inheritance of genetic traits from parents to their progeny (24).

The SCA effects in negative direction were considered
desirable for maturity traits viz., days to first staminate and pistillate
flower anthesis, node number to first staminate flower appearance,
days to first fruit harvest and internodal length. Similarly, the best
hybrids for days to first staminate flower anthesis were P; x Psand Py
x Pgin over seasons (pooled), for days to first pistillate flower anthesis
were P; x P, and P; x Ps, node number to first staminate flower
appearance were P; x Pg and P; x P, node number to first pistillate
flower appearance were Py x P, followed by P; x Pg, primary branches

per plant were P, x P; followed by Ps x Ps, vine length were P, x Ps
followed by P4 x P, internodal length were Py x Ps followed by P, x Pe,
days to first fruit harvest were Py x P, (-3.73) followed by Ps x P, fruit
length were Py x Ps followed by Py x P, fruit circumference were P, x
Ps followed by P, x Ps, average fruit weight were P, x Ps(0.27)
followed by P, x Ps, number of fruits per plant were P; x P, followed
by P. x Ps and fruit yield per plant P, x Ps followed by P, x Ps. These
hybrids exhibited superior performance and positive SCA effects in
the pooled analysis, highlighting their promise for future breeding
initiatives.

Strong SCA effects, particularly when paired with high-GCA
parents, indicate the potential for developing valuable transgressive
segregants in future generations (25). Interestingly, the findings
reveal that superior hybrids can emerge even from parents with low
GCA, emphasising that high GCA combinations are not the sole
determinants of successful crosses (Table 3 and 4). Crosses
influenced by additive gene action, which is heritable and fixable,
show great promise for heterosis breeding and segregant selection
in later generations. Similar observations have been reported in
studies by (26, 27).

Genetic component of variance

In bottle gourd (L. siceraria) the genetic components of variance,
namely general combining ability variance (0%GCA), specific
combining ability variance (0*SCA), additive genetic variance (0°A),
dominance genetic variance (0°D) and the ratio of G°GCA-0*SCA, are
critical for understanding inheritance pattems and formulating
effective breeding strategies (Table 5). These studies collectively
indicate that although both additive and non-additive genetic
variances contribute to trait inheritance, non-additive effects often
play a more prominent role. Consequently, breeding approaches that
exploit heterosis, such as hybrid development, may be particularly
effective for enhancing yield and other desirable traits in bottle gourd.
Similar findings have been reported in earlier studies. A line x tester
analysis involving 12 genotypes and their 27 hybrids revealed that
0°SCA was higher than 0°GCA for all studied traits, indicating the
predominance of non-additive gene action. Furthermore, dominance
genetic variance (0°D) exceeded additive genetic variance (0°A),
supporting the importance of dominance and overdominance
effects in trait inheritance (28). Likewise, the evaluation of 12 parents
and 35 lines x tester crosses showed that the G%GCA/0*SCA ratio was
less than unity for all characters, suggesting a greater role of non-
additive genetic variance and highlighting the effectiveness of hybrid
breeding strategies for bottle gourd improvement (29, 30).

Table 5. Estimation of genetic component of variance for quantitative traits in bottle gourd

Traits 02GCA 02SCA o2A o2D 02GCA/0%SCA
Days to first staminate flower anthesis 4.93 6.18 0.43 6.03 0.07
Days to first pistillate flower anthesis 6.64 4,97 0.59 4.79 0.12
Node number to first staminate flower appearance 3.15 191 0.28 1.87 0.15
Node number to first pistillate flower appearance 3.15 1.89 0.28 1.78 0.15
Number of primary branches per plant, 1.28 2.22 0.11 2.18 0.05
Vine length 0.60 0.35 0.05 0.33 0.16
Internodal length 1.25 0.67 0.11 0.61 0.18
Days to first fruit harvest 7.06 5.16 0.46 3.14 0.15
Fruit length 15.87 12.22 1.38 11.56 0.12
Fruit circumference 3.99 1.42 0.36 1.40 0.26
Average fruit weight 0.005 0.010 0.000 0.009 0.043
Number of fruits per plant 0.076 0.358 0.006 0.349 0.017
Fruit yield/plant (kg) 0.233 0.904 0.020 0.893 0.23
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Conclusion

This study underscores the significance of heterosis and combining
ability in bottle gourd breeding, identifying promising parental
genotypes and superior hybrids for yield improvement. The research
revealed that non-additive genetic variance plays a dominant role in
trait inheritance, reinforcing the effectiveness of hybrid breeding
strategies. High heterotic responses observed in specific hybrids,
particularly Py x Ps, P4 x Py and P, x Ps for fruit yield per plant, highlight
their potential for commercial cultivation. Additionally, the study
demonstrated that strong specific combining ability (SCA)effects are
not exclusively dependent on high general combining ability (GCA)
parents, emphasising the importance of strategic hybrid selection.

The findings contribute valuable insights into the genetic
improvement of bottle gourd, offering a foundation for future
breeding programs aimed at enhancing productivity and nutritional
quality. By leveraging heterosis and specific gene interactions,
breeders can optimise hybrid development, ensuring sustainable
agricultural practices and increased yield potential. Continued
research focusing on molecular markers and advanced breeding
techniques will further refine the selection of superior genotypes,
accelerating progress in bottle gourd improvement.

Acknowledgements

The authors are also thankful to the Department of Vegetable
Science, Acharya Narendra Deva University of Agriculture and
Technology, Kumarganj, Ayodhya, for providing the necessary
facilities and support to conduct the experiment successfully. The
cooperation and assistance of the technical staff and field workers
during the execution of the experiment are also gratefully
acknowledged.

Authors' contributions

VK conducted the experiment, recorded observations, analysed
the data and prepared the initial draft of the manuscript. AK
supervised the research work, conceptualised the study and
provided critical guidance during the experimentation and
manuscript preparation. DKR contributed to the experimental
design and provided technical guidance during the research work.
LP assisted in data collection and compilation of experimental
observations. SL contributed to data interpretation and review of
the manuscript. PK provided technical inputs and assisted in the
analysis of results. V contributed to field experimentation and data
management. All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of interest
todeclare.

Ethicalissues: None

References

1. Indian Horticulture Database 2023-24. Gurgaon: National

Horticulture Board; 2023.

2. Sharma P, Gupta R, Verma R. Nutritional properties of bottle gourd.
J Crop Improv. 2020;33(3):312-28.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Patel JB, Parmar DK, Patel Al. Dietary fiber and gut health benefits
of bottle gourd. Int J Veg Sci. 2021;27(1):98-110.

Gupta R, Sharma P, Verma K. Nutritional and medicinal significance
of bottle gourd. J Funct Foods. 2022;45:123-34.

Yadav M, Sharma P. Mineral composition and health implications of
bottle gourd. Food Sci Res J. 2021;10(3):89-102.

Jain D, Meena R, Kumar S. Therapeutic uses of bottle gourd in
traditional medicine. Int J Ayurveda. 2020;11(1):45-53.

Kaur H, Singh D. Role of bottle gourd in diabetes management. Nutr
Metab Res. 2019;14(2):78-85.

Mishra A, Verma P, Kumar R. Antioxidant and hepatoprotective
effects of bottle gourd extract. Plant Based Ther. 2020;12(4):310-22.

Kumar P, Meena RK, Jat DS. Advances in bottle gourd breeding. Veg
Res J. 2023;5(1):45-58.

Sharma P, Gupta R, Verma R. Heterosis and genetic control of fruit
yield in Lagenaria siceraria. J Crop Improv. 2019;33(3):312-28.

Patel HR, Mehta DR. Determining combining ability for fruit yield
and its component traits in bottle gourd [Lagenaria siceraria (Mol.)
StandL.]. Bioforum. 2021;13(2):187-200.

Griffing B. Concept of general and specific combining ability in
relation to diallel crossing systems. Aust J Biol Sci. 1956;9(4):463-93.
https://doi.org/10.1071/BI9560463

Sprague GF, Tatum LA. General vs. specific combining ability in
single crosses of corn. Agron J. 1942;34(10):923-32. https://
doi.org/10.2134/agronj1942.00021962003400100008x

Yadav M, Kumar S, Singh P. Combining ability studies for yield and its
attributing traits in Lagenaria siceraria. Hortic J. 2022;36(2):215-25.

Kumar R, Singh S, Sharma R. Genetic variability and divergence in
Lagenaria siceraria. J Hortic Sci. 2018;13(2):109-15.

Panse VG, Sukhatme PV. Statistical methods for agricultural
workers. 4th ed. New Delhi: Indian Council of Agricultural Research;
2000. p. 235-47.

Turner JM. A study of heterosis in upland cotton. Il. Combining
ability and inbreeding effects. Agron J. 1953;43:487-90. https://
doi.org/10.2134/agronj1953.00021962004500100008x

Fonseca A, Patterson FL. Hybrid vigour in a seven-parent diallel cross
in common winter wheat (Triticum aestivum L.). Crop Sci. 1968;8:85-
8. https://doi.org/10.2135/cropscil968.0011183X000800010025x

Singh RK, Chaudhary BD. Biometrical methods in quantitative
genetic analysis. Ludhiana: Kalyani Publishers; 1997.

Allard RW. Principles of plant breeding. 2nd ed. New York: John
Wiley & Sons; 1999.

Ghuge MB, Syamal MM, Karcho S. Heterosis in bottle gourd
[Lagenaria siceraria (Mol.) Standl]. Indian J Agric Res. 2016;50
(5):466-70.

Bhatt R, Raghav M, Bisht YS, Kumar V, Chauhan A, Gaur A. Heterosis
and combining ability for nutritional quality in bottle gourd
(Lagenaria siceraria). Indian J Agric Sci. 2023;93(11):1206-11.
https://doi.org/10.56093/ijas.v93i11.141969

Sprague GF, Tatum LA. General versus specific combining ability in
single crosses of corn. Agron J. 1942;34(10):923-32. https://
doi.org/10.2134/agronj1942.00021962003400100008x

Jinks JL, Jones RM. Estimation of the components of heterosis. Genetics.
1958;43(2):223-34. https://doi.org/10.1093/genetics/43.2.223

Fasahat P, Rajabi A, Rad JM, Derera J. Principles and utilization of
combining ability in plant breeding. Biom Biostat Int J. 2016;4(1):1-
24, https://doi.org/10.15406/bbij.2016.04.00085

Patel JB, Parmar DK, Patel Al. Exploitation of heterosis in bottle
gourd (Lagenaria siceraria). Int J Veg Sci. 2021;27(1):56-67.

Masud MAT, Azam MG, Hasan MZ, Rashid AH, Begum SA, Uddin MS.
Heterosis and combining ability for yield and yield contributing

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1071/BI9560463
https://doi.org/10.2134/agronj1942.00021962003400100008x
https://doi.org/10.2134/agronj1942.00021962003400100008x
https://doi.org/10.2134/agronj1953.00021962004500100008x
https://doi.org/10.2134/agronj1953.00021962004500100008x
https://doi.org/10.2135/cropsci1968.0011183X000800010025x
https://doi.org/10.56093/ijas.v93i11.141969
https://doi.org/10.2134/agronj1942.00021962003400100008x
https://doi.org/10.2134/agronj1942.00021962003400100008x
https://doi.org/10.1093/genetics/43.2.223
https://doi.org/10.15406/bbij.2016.04.00085

28.

29.

30.

characters in bottle gourd. Glob J Agric Ecol. 2021;11(4):13-20.

Patel P, Sharma RK, Bhardwaj A, Kumar R, Sahay S, Kumar A, et al.
Combining ability studies in bottle gourd [Lagenaria siceraria
(Molina) Standl.] for yield and its attributing traits during February
season. Bioforum. 2023;15(1):367-72.

Harshitha CR, Yadav GC, Anjali, Patel AK. Components of genetic
variation for yield and its attributing traits in bottle gourd
(Lagenaria siceraria (Mol.) Standl.). J Exp Agric Int. 2024;46(4):105-9.
https://doi.org/10.9734/jeai/2024/v46i42345

Patel CJ, Patel RN, Gami RA, Gameti BA. Elucidation of combining
ability and gene action in bottle gourd [Lagenaria siceraria (Mol.)
Standl]. Int J Plant Soil Sci. 2023;35(21):375-93. https://
doi.org/10.9734/ijpss/2023/v35i213988

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.9734/jeai/2024/v46i42345
https://doi.org/10.9734/ijpss/2023/v35i213988
https://doi.org/10.9734/ijpss/2023/v35i213988
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

