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The goals of this study are to assess the field performance, character association, variability, and
genetic diversity of 50 bitter gourd (Momordica charantia L.) accessions collected from various
locations of Bangladesh. To evaluate the morphological and qualitative characteristics, as well as to
assess the genotypic and phenotypic variability and correlation, the study employed a randomized
complete block design (RCBD) with three replications. MC022 exhibited the highest yield (2.50
kg/plant), MCO80 in number of fruits per plant (35.67), and MCO079 in average fruit weight (101.69 g)
among all accessions. Numbers of flowers per plant (99.14), petiole (97.84), vine length (97.81), and
yield per plant (94.08) exhibited high heritability with genotypic and phenotypic coefficients of
variation. The maximum phenotypic variance (4676.60) and genotypic variance (4574.40) were both
recorded at vine length. The average fruit weight was significantly positively correlated with the yield
per plant at both the genotypic (r = 0.873**) and phenotypic (r = 0.861*%*) levels. Cluster | contained
the most accessions (14). No limitations were detected. It can be concluded that bitter gourd
accessions exhibit a diverse array of qualitative and morphological traits. In addition, the yield of
different bitter gourd accessions was correlated with an assortment of yield-contributing attributes.
The genotypic coefficient of variation was less than the phenotypic coefficient of variation in all of
the traits. Fruit length, average fruit weight, number of fruits per plant, and yield per plant were
found to have higher values and lower differences between phenotypic and genotypic co-efficient of
variation, indicating a high potential for selecting superior accessions.

Copyright ©2025 by authors and BAURES. This work is licensed under the Creative Commons Attribution International License (CC By 4.0).

Introduction

trosa, and the plant makes simple, alternate leaves, and

Bitter gourd (Momordica charantia L.) is a paramount
widely consumed vegetable in Bangladesh, designated
under the Cucurbitaceae family, and the plant is
believed to have originated in India, with China serving
as a subsidiary center of diversification (Abbas et al.,
2024). It draws in both tropical and subtropical climates
and gets grown solely for its highly bitter fruit.
Momordica is a large genus, with M. charantia L. being
the most extensively grown species. The species is
acknowledged for its high degree of cross-pollination
due to its monoecious nature, and its somatic
chromosome number is 2n=2x=22 (Jat et al., 2024).
Additional noted species within the genus include M.
dioca, M. cochin chinenesis, M. balsamina, and M.

each possesses separate male and female vyellow
flowers (Batool et al., 2022).

Bitter gourd is noteworthy for its high nutritional value
compared to other cucurbits, especially within terms of
iron and vitamin C content. Each 100g portion of the
edible fruit contains 83.2g of water, 2.1g of protein, 1g
of fat, 1.4g of minerals, 1.7g of fiber, 10.6g of
carbohydrate, and various vitamins and minerals,
making it an excellent nutrition item (Barua et al.,
2020). Also, it has medicinal qualities and is used for
curing afflictions such as blood diseases, rheumatism,
diabetes, and asthma. Its berry juice is known to have
hypoglycemic activity and has been shown to inhibit,
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and the proliferation of HL60 human leukemia cells,
which would assist in preventing cancer (Patel et al.,,
2020; Sultana et al. 2025).

The crop prefers sandy alluvial soil in medium-high and
medium-low lands and is raised commercially
throughout Bangladesh. Fortunately, its yield remains
modest, with a production of 65 metric tons on 29 acres
of land and an average yield of 2274.66 kg/acre in 2021-
2022 (Hoque et al., 2022). The low yield is partly
attributed to the paucity of high-yielding varieties.
Improving the growing capacity of cucurbit crops, such
as bitter gourd, is critical for addressing nutritional
deficiencies in Bangladesh. Moreover, bitter gourd
cultivation accounts for 2.61% of winter vegetables and
4.74% of summer vegetables produced in the country
(Tejaswini et al., 2024; Al Masum et al. 2025). While its
nutritional and medicinal benefits make it a valuable
crop, systematic research for boosting its yield potential
has been lacking.

Gene diversity is essential for breeding programs since
it provides the foundation for crop enhancement and
variety development, as a result, it assists in discovering
diverse genotypes for hybridization to enhance traits
like disease resistance and yield (Cui et al., 2022; Karim
et l., 2024; Ahsan et al. 2025; Ali et al. 2025). Knowledge
of genetic diversity allows breeders to select
progenitors for new breeding populations. Multivariate
analysis, especially Mahalanobis D2 statistics, is a
valuable tool for measuring genetic diversity and
divergence among biological populations. This method
has been wused to quantify variation among
commodities such as pumpkins, cucumbers, and snake
gourds.

Bitter gourd is imported into Bangladesh due to supply
gaps during off-seasons, lower production costs in
neighboring countries like India, and consumer
preference for specific varieties. Imports also help
maintain a stable supply, prevent shortages during poor
harvests or unfavorable weather conditions, and
streamline the import process through trade
agreements and regional market integration (Islam et
al., 2022).

Despite the abundance of bitter gourd landraces in
Bangladesh, no explicitly advised or released varieties
exist. A number of indigenous cultivars have been
collected under  the “Collection, Evaluation,
Conservation, and Utilization of Land Races and Wild
Relatives of Some Important Vegetables and Fruits in
Bangladesh” initiative at the Bangladesh Agricultural
University, but systematic evaluation of their potential
has not been conducted. Therefore, comprehending the
genetic architecture of bitter gourd was crucial. The
present study sought to evaluate 50 accessions of bitter

gourd for vyield and vyield-contributing characters,
estimate their interrelationships, and assess direct and
indirect effects on yield using path coefficient analysis.

Materials and Methods

Experimental site and their setup

The experiment took place in the field and laboratory as
part of the research effort "Collection, Morpho-
molecular Characterization, Bitter gourd (Momordica
charantia L.) Germplasm" at Bangladesh Agricultural
University, Mymensingh, located at 24°75' N latitude
and 90°50' E longitude, with a rise of 18 meters above
sea level. The experimental site was medium height
land assigned to the OIld Brahmaputra Flood Plain
Alluvial Tract (UNDP, 1988). The soil texture was silty
loam with a pH 6.7. The trial's location was subtropical
in nature. This research study occurred from February
to June 2023. This period is characterized by no or mild
rainfall, as well as low to normal temperatures.

In this investigation, fifty bitter gourd accessions were
assessed, with seeds received from diverse regions of
Bangladesh through the CVFB project. The collected
accessions of bitter gourd (MC) are categorized by their

locations. From Jamalpur, Bangladesh, accessions
include MC01, MC02, MCO03, MCO04, MCO5, MCO6,
MC07, MC11, MC12, MC13, MC16, and MC17.

Accessions from Mymensingh, Bangladesh, include
MC19, MC21, MC22, MC42, MC43, MC47, MC61, MC62,
MC78, MC79, MC80, MC81, MC84, MC86, M(C88, MC(C89,
MC90, MC92, MC95, and MC96. Tangail, Bangladesh,
contributed accessions MC52, MC53, MC54, MC55,
MC56, MC57, MC58, MC59, and MC60. Comilla
accessions include MC101, MC103, MC104, MC105,
MC107, and MC108. Additionally, MC63 was collected
from Pabna, and MC139 from Patuakhali, Bangladesh.

Variability, character association, and diversity were

measured among these accessions, which were
denoted as experimental treatments, in the
experiment, and each accession represented a

treatment, and three plants per accession made up a
replication in a Randomized Complete Block Design
(RCBD) with three replications. Therefore, the
experimental area extended 48 m x 20 m and is divided
into three blocks. The 50 treatments were randomly
distributed across plots within each block.

Collecting data

Data on these variables can be obtained from the
examined plants during the experiment. The
specifications of data recording are given below on an
individual plant basis:

Quantitative characters
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The vine length was measured in centimeters from the
base to the tip of the growing point using a measuring
scale at intervals of 30, 45, 60, and 75 days after sowing
(DAS), as well as at the final harvest (Rahman et al.
2024).

To determine the days to the first male flowering, each
accession was closely observed, and the number of days
from sowing to the opening of the first male flower was
recorded. Likewise, for the first female flowering,
observations were made for the emergence and
opening of the first female flower, and the number of
days was noted.

For fruit measurements, three randomly selected fruits
from each accession were measured for length at the
time of harvest using a measuring scale. The diameter
of three green fruits was measured at the broadest part
using slide calipers, and the measurements were
expressed in centimeters.

The weight of three randomly selected fruits was
measured using a digital balance at the horticultural
maturity stage for each accession, and the average
weight in grams was calculated. The total number of
fruits from selected plants of each accession was
recorded, and the mean was determined (Howlader et
al., 2024).

The fruit yield per plant was calculated using the
formula (Hasan et al., 2024; Nikson et al. 2024):

Fruit yield = Number of fruits x Average fruit weight

Qualitative characters

Additionally, various qualitative traits of fruits at
horticultural maturity were noted, including the
predominant fruit skin color, the shape of the stem end,
and the shape of the blossom end, using a measuring
scale.

Statistical analysis

The data were subjected to statistical investigation
using STATISTIX version 10 software. The F test was
used to do analyses of variance (ANOVA) on all of the
variables. In their study, a group researchers used the
LSD test to discern the statistical significance of the
disparity between the means at the 5% and 1% levels of
probability (Howlader et al. 2025).

Estimation of genotypic and phenotypic variances
Genotypic and phenotypic variance estimated according
to the formula given by Johnson er al. (1955).

GM5—EMS

Genotypic variance (o%g) = -

Where, GMS = Genotypic mean sum of square, EMS =
Error mean sum of square, r = number of replications

Hasan et al.
Phenotypic variance (o%n) = 0°g + EMS

Where, o’g = Genotypic variance, EMS = Error mean
sum of square, o%e = Error variance

Estimation of genotypic and phenotypic co-efficient of
variation

Genotypic and phenotypic co-efficient of variation were
calculated by the formula suggested by Genotypic co-
efficient of variation

clg
(%GCV) = x 100
x

Where, o%g = Genotypic variance, x = Population Mean
Similarly, the phenotypic co-efficient of variation was
calculated from the following formula.

h
x 100

Phenotypic co-efficient variation (PCV) =
x

Where, o%pn = Phenotypic variance, x = Population Mean

TP
——

Genotypic correlation (rpxy) = [ozpxaz oy

Where, ogy= Genotypic co-variance between the traits x
and vy, o%x= Genotypic variance of the trait x, o%y=
Genotypic variance of the trait y

opRy
—

Phenotypic correlation (rpxy) = Jozpraz py

Where, ogy = Phenotypic co-variance between the traits
x and y, o%x= Phenotypic variance of the trait x, 0%y =
Phenotypic variance of the trait y

Estimation of heritability
Broad sense heritability was estimated by the following
formula, suggested by Johnson, et al. (1955).

h2p% = 229
o2 ph

X 100

Where, h%, =Heritability in broad sense, 6% =Genotypic
variance, 0%ph =Phenotypic variance

Estimation of genetic advance

The expected genetic advance for different characters
under selection was estimated using the formula
suggested by Lush (2024) and Johnson, et al (2021).

clg

GA=K

X o2ph

g2ph

Where, K=Selection intensity, the value which is 2.06 at
5% selection intensity
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Results

Variability and field performance of 50 bitter gourd

Vine length

The vine length at 75 DAS varied substantially among
the accessions, with a mean value of 253.93 cm and a
range of 116.67 to 458.67 cm. The longest vine (458.67
cm) was observed in MC101 at 75 DAS, while the
shortest vine (116.67 cm) was discovered in MC58
(Table 2). The differences between genotypic (4574.40)
and phenotypic (4676.60) variances, as well as the very
small difference between genotypic (26.64%) and
phenotypic (26.93%) coefficient of variation, indicated a
small environmental effect on vine length at 75 DAS.
Additionally, the heritability (97.81), genetic advance
(137.80), and genetic advance percentage (54.27) were
determined (Table 1).

Petiole length

Petiole length varied substantially among the
accessions and ranged from 5.15 ¢cm to 8.30 cm, with a
mean value of 6.81 cm (Table 2). The lowest value of
petiole length was recorded for MC89 (5.15) which was
statistically near to MC56 (8.30), which was
highest. There was a very small difference between
genotypic (1.52) and phenotypic (1.56) variances, as
well as the differences between genotypic (18.14%) and
phenotypic (18.34%) coefficients of variations. It also
found that the heritability (97.84), genetic advance
(2.52), and genetic advance% (36.97%) (Table 1).

Flowering characteristics

Number of male flowers

The number of male flowers among bitter gourd
accessions showed significant variation, ranging from
8.33 to 105.00, with a mean of 31.33 (Table 2). MC42
had the highest number of male flowers (105.00), while
MC90 had the fewest (8.33). Phenotypic variance
(539.25) exceeded genotypic variance (397.33), with

heritability at 73.68%. The genetic advance was 35.25,
and genetic advance% was 112.52 (Table 1).

Number of female flowers

The number of female flowers among the bitter gourd
accessions varied significantly, ranging from 6.67 to
34.33 with an average of 18.40. MC81 had the highest
number of flowers (34.33), while MC512 had the lowest
(6.67). Genotypic and phenotypic variances differed
slightly, with heritability at 67.92% and genetic advance
at 10.45 (Table 1).

Days to first male flower

Days to the first male flower, as observed, varied
significantly among the accessions and ranged from
70.33 to 73.33 with a mean value of 75.64 (Table 3). It
took the shortest time (70.33 days) to flower, which
was statistically similar to MC108 (73.33 days) and
MC59 (73.33 days), while MC105 took the maximum
time for flowering (83.67 days), which was statistically
similar to MC98 (82.33). There were slightly higher
differences between genotypic (5.72) and phenotypic
(13.83) variances, as well as minor differences between
genotypic (3.16%) and phenotypic (4.92%) coefficients
of variation. It also demonstrated that the heritability
(41.35) and the difference between genetic advance
(3.17) and genetic advance% (4.19%) were very small
(Table 1).

Days to first female flower

The analysis of variance revealed substantial variability
among the 50 bitter gourd accessions, with flowering
days ranging from 68.67 to 84.00 and a mean of 75.89
(Table 3). MC61 exhibited the earliest flowering, while
MC90 was the latest. Heritability was 71.75%, with a
genetic advance of 5.94 and genetic advance% of 7.82
(Table 1).

Table 1. Estimation of genetic parameters of bitter gourd for morphological traits

Characters ((;\2/:) (Z\Z/E) ((3;\)/ F();\)/ H? GA GA(%) CV (%) MeanzSE Range
Vine length (cm) 4574.4 4676.6 26.64 26.93 97.81 137.8 54.27 3.980 253.93+9.60 116.67-458.67
No. of male flower 397.33 539.25 63.63 74.13 73.68 35.25 112.52 38.03 31.330+2.98  8.33-105.00
No. of female flower 37.860 55.74 33.44 40.58 67.92 10.45 56.78 22.98 18.400+0.94 6.67-35.00
Days first male flower 5.7200 13.83 3.160 4.920 41.35 3.170 4.19 3.760 75.640+0.41 70.33-83.67
Days to first female flower 11.570 16.13 4.480 5.290 71.75 5.94 7.82 2.810 75.890+0.51 68.67-84.00
Petiole length (cm) 1.5200 1.560 18.14 1834 97.84 252 36.97 2.700 6.8100+0.18 4.13-9.47
Length of fruit (cm) 8.0100 9.850 25.35 28.12 81.28 5.26 47.08 12.17 11.160+0.42 5.09-16.53
Breadth of fruit (cm) 1.0300 1.110 20.54 21.31 9295 2.02 40.8 5.660 4.9400+0.15 3.06-7.10
No. of fruits/plant 46.750 56.84 27.16 29.95 82.24 12.77 50.74 12.62 25.170+1.00 7.00-35.67
Average fruit weight (g) 466.64 537.8 63.76 68.45 86.77 41.45 12235 24,90 33.880+3.13 8.87-101.69
Yield/plant (kg) 0.3000 0.320 64.84 66.85 94.08 1.100 129.56 16.27 0.8500+0.08 0.16-2.50

Here, GVR: genotypic variance, PVR: phenotypic variance, PCV: phenotypic coefficient of variation, GCV: genotypic coefficient of
variation, H2= heritability, GA= genetic advance, CV: coefficient of variation
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Table 2. Variability and field performance of 50 bitter gourd accessions

Hasan et al.

Accessions No.

Vine length (cm)

Petiole length (cm)

No. of male flowers

McCo1 262.67 4.13 36
MC02 190.67 5.27 28
MCO03 256.33 6.3 21.33
MCo04 293 431 15.67
MCO05 217.67 4.27 38
MC06 255.67 5.26 23
MC07 280.33 53 28
MC11 339.67 6.15 20
MC12 293 7.18 28.67
MC13 197.33 6.23 46.67
MC16 325.67 7.25 31.33
MC17 201.33 8.2 9.67
MC19 264.67 8.19 32
MC21 349 7.3 80.33
MC22 343.33 6.28 78
MC42 292.33 8.28 105
MC43 242.33 5.23 15.33
MC47 213 7.25 24
MC52 124.67 6.25 18.67
MC53 323.67 5.25 28
MC54 279.67 6.2 26
MC55 271.67 7.24 34.33
MC56 234 8.3 25.33
MC57 302 8.28 26
MC58 116.67 6.28 9.33
MC59 270 521 24
MC60 275.33 8.21 20.33
MC61 334 6.24 16.33
MC62 190.33 7.25 17
MC63 230 7.23 31.33
MC78 266 8.15 32.67
MC79 330.33 7.26 71.33
MC80 273.67 7.31 62.67
MC81 242 6.61 73.33
MC84 184.67 8.29 22.67
MC86 211.33 7.12 24.33
MC88 206 6.09 20
MC89 166 5.15 15.33
MC90 200.33 7.21 8.33
MC92 170.67 6.28 18
MC95 388 8.28 24.33
MC96 331 7.29 13.33
MC98 184.67 8.23 20.67
MC101 458.67 7.25 20.33
MC103 283 8.16 21
MC104 231.33 6.17 12.33
MC105 183 9.47 59.33
MC107 152.67 7.26 21.67
MC108 213 6.21 21.67
MC139 250 8.15 65.33
LSDO0.05 16.34 0.3 19.26
LSDO0.01 21.6 0.39 25.46
LS * %k %k %k

Here, LS= Level of Significance and, ** = 1% Level of significance
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Table 3. Variability and field performance of 50 bitter gourd accessions

. No. of female Days to first male Days to first Length of fruit Breadth of fruit

Accessions No.

flowers flower female flower (cm) (cm)
MCO01 16 79.33 78.67 7.42 4.05
MCO02 14.33 74.33 78.67 13.04 6.12
MC03 24 70.33 74 8.08 5.14
MC04 20.33 77.33 76 8.08 5.1
MCO05 24 78 82.33 12.52 6.1
MCO06 23 74.33 78 8.76 5.09
MC07 18.33 77.67 73.67 14.36 5.73
MC11 12.67 72.33 72.33 12.69 5.02
MC12 22.33 74.33 71 11.07 4.08
MC13 27 76 78 11.08 4.05
MC16 18.33 78 78.67 9.08 5.09
MC17 34.33 73 74.33 12.38 5.12
MC19 15.33 74.67 72 7.75 6.11
MC21 24.67 74 73 16.35 6.76
MC22 25.67 72 74.33 14.37 3.06
MC42 21 78.67 70.33 10.58 4.12
MC43 19.33 79.67 80.67 9.71 4.04
MC47 22 76.33 70.67 13.68 5.03
MC52 6.67 80 77 14.68 4.12
MC53 21.67 73.67 77.33 9.75 6.1
MC54 18 78.33 75.67 9.05 4.12
MC55 18.67 75 75 8.08 4.43
MC56 20 75.67 76.67 9.08 4.07
MC57 9.67 73.67 80 11.72 3.08
MC58 11 74 74 11.41 5.13
MC59 14.67 73.33 76.33 13.14 6.09
MC60 10 73.67 72.33 13.85 6.04
MC61 21 75.33 68.67 12.53 5.02
MC62 13.33 71.67 79 11.16 4.05
MC63 17 77.67 82 11.22 4.07
MC78 13 74.33 78.33 11.08 3.73
MC79 23 73 74.67 11.69 4.08
MC80 35 74.67 75.33 5.09 5.1
MC81 34.33 74 74 8.53 3.08
MC84 15.33 74 72.67 8.2 6.07
MC86 16.67 72.33 72.67 6.54 6.07
MC88 15.33 74 79.67 5.88 5.08
MC89 13.33 75.33 80.67 6.49 4.05
MC90 13.67 82 84 8.81 4.08
MC92 12.33 76 71 8.19 5.08
MC95 13.33 73.67 70.67 13.86 4.1
MC96 23 74 71.67 16.53 6.1
MC98 11.67 82.33 75.67 14.52 7.1
MC101 19 74.67 75 11.7 6.05
MC103 18 79.33 72.67 13.75 4.04
MC104 11.67 73.33 76.33 10.4 4.41
MC105 8.33 83.67 78.33 15.39 7.05
MC107 14 78.33 80 15.73 6.09
MC108 13.33 73.33 81 15.39 5.02
MC139 31.33 77.33 79.33 13.69 4.48
LSDO0.05 6.84 4.6 3.45 2.2 0.45
LSDO0.01 9.04 6.09 4.56 2.9 0.6
LS * % * % * % * %k * %

Here, LS = Level of Significance and, ** = 1% Level of significance
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Fruits characteristics

Length of fruit

It was observed that length of fruit varied considerably,
rising from 5.88 cm to 16.53 cm with a mean value of
11.16. The minimal length of fruit (5.88 cm) was
recorded in MC88, and the maximum length of fruit
(16.53 cm) was recorded in MC96, which differed
significantly from the other accessions. There were very
differences between genotypic (8.01) and phenotypic
(9.85) variances. Furthermore, the phenotypic (28.12%)
coefficient of variation was higher than the genotypic
(25.35%) coefficient of variation (Table 3). It also
demonstrated that the heritability (81.28) genetic
advance (5.26) was very small compared to the genetic
advance% (47.08%) (Table 1).

Breadth of fruits
Fruit breadth varied significantly, ranging from 3.06 cm
in MC22 to 7.10 cm in MC98, with an average of 4.94

Hasan et al.

cm (Table 3). Genotypic and phenotypic variances were
closely matched, as were their coefficients of variation.
Heritability (92.95) and genetic advance (2.20) were
modest, with a genetic advance percentage of 40.80%
(Table 1).

Number of fruits per plant

The number of fruits per plant had a very high
significant range value of 7.00 to 35.67 with a mean
value of 25.17. The maximum number of fruits in
MC080 was 35.67, whereas the minimum number in
the MC101 variety was 7.00 (Figure 1).

There were very close differences between genotypic
(46.75) and phenotypic (56.84) variances, as well as the
differences between  genotypic (27.16%) and
phenotypic (29.95%) coefficients of variations; the
genetic advance (12.77) was higher than the genetic
advance% (50.74%) (Table 1).
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Figure 1. Effect of accessions on numbers of fruits/plant of bitter gourd accessions. Vertical bar represents LSD result 1%

significant

Average fruit weight per plant

For this character, a significant difference was observed
among the 50 accessions of bitter gourd, ranging from
8.87 g to 101.69 g, with a mean value of 33.88. It is one
of the most important vyields, contributing character.
The highest value was obtained from MC 079, which
was 101.69 g per plant. And the lowest value was
obtained from MC 084, which was 8.87 g per plant
(Figure 2).

The phenotypic (537.80) variance was higher than the
genotypic (466.64) variance. The phenotypic (68.45%)
coefficient of variation is also higher than the genotypic
(63.76%). It also found that heritability (86.77) and
genetic advance (41.45) were very smaller compared to
genetic advance% (122.35%) (Table 1).
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Yield per plant

The highest yield of fruits per plant found at MC22 was
2.50 kg/plant, and the lowest was 0.16 kg/plant at
MC101 (Figure 3). The phenotypic (0.32) variance was
very close to the genotypic (0.30) variance. The
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phenotypic (66.85%) coefficient of variation is also
higher than the genotypic (64.84%) coefficient of
variation (Table 3). It also found that the heritability
(86.77) and genetic advance (1.10) were very smaller
compared to the genetic advance% (129.56%) (Table 1).
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Figure 3. Effect of accessions on yield/plant (kg) of bitter gourd germplasm. Vertical bar represents the LSD result

1% significant

Qualitative Characters

A wide range of variability was observed in fruit color
among 50 bitter gourd accessions and Fruit skin color
varied from dark green to green and pale green color

(Table 4). A wide spectrum of variability is also found in
the shape of the stem end and the shape of the
blossom end of fruit. Stem end and blossom end were
recorded either as pointed or rounded.

Table 4. Variability in different qualitative characters in respect of fruit color, shape of stem end and shape of

blossom end of 50 bitter gourd germplasm
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Accessions No. Fruit color Shape of stem end Shape of blossom end
MCO01 Light Green Pointed Rounded
MCO02 Dark Green Pointed Rounded
MC03 Light Green Rounded Pointed
MC04 Green Rounded Pointed
MCO05 Green Rounded Rounded
MC06 Light Green Pointed Pointed
MCO07 Dark Green Rounded Pointed
MC11 Light Green Rounded Pointed
MC12 Green Pointed Rounded
MC13 Green Rounded Rounded
MC16 Light Green Pointed Pointed
MC17 Green Pointed Pointed
MC19 Dark Green Rounded Rounded
MC21 Light Green Pointed Rounded
MC22 Green Rounded Pointed
MC42 Light Green Rounded Rounded
MC43 Light Green Pointed Pointed
MC47 Dark Green Rounded Rounded
MC52 Green Pointed Rounded
MC53 Light Green Pointed Pointed
MC54 Dark Green Rounded Pointed
MC55 Light Green Rounded Rounded
MC56 Green Rounded Rounded
MC57 Light Green Pointed Pointed
MC58 Light Green Rounded Rounded
MC59 Dark Green Pointed Rounded
MC60 Green Pointed Rounded
MC61 Green Rounded Pointed
MC62 Light Green Pointed Pointed
MC63 Dark Green Rounded Rounded
MC78 Green Pointed Pointed
MC79 Dark Green Pointed Pointed
MC80 Light Green Rounded Rounded
MC81 Green Pointed Pointed
Mcs4 Green Rounded Pointed
MC86 Green Rounded Rounded
MC88 Dark Green Pointed Rounded
MC89 Green Rounded Pointed
MC90 Dark Green Rounded Pointed
MC92 Light Green Rounded Rounded
MC95 Green Pointed Pointed
MC96 Light Green Pointed Rounded
MC98 Dark Green Rounded Pointed
MC101 Green Rounded Rounded
MC103 Dark Green Rounded Pointed
MC104 Dark Green Pointed Pointed
MC105 Dark Green Rounded Rounded
MC107 Green Rounded Pointed
MC108 Green Pointed Rounded
MC139 Green Rounded Pointed

Genotypic correlation coefficient of yield and different
yield-related characters

Vine length showed a significant positive correlation
with average fruit weight (r = 0.386**) and yield per
plant (r = 0.332%*), while negatively correlating with days
to the first male flower (r = -0.281%*) and first female
flower (r = -0.365**) (Table 5). This suggests longer

vines lead to earlier flowering and higher yield. Days to
first male flowering had a positive correlation with days
to first female flowering (r = 0.340*), but negatively
correlated with average fruit weight (r = -0.081) and
yield per plant (r = -0.033), indicating delayed male
flowering reduces yield.

Table 5. Coefficients of genotypic correlation among different yield components
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Days to

. Days to first Length of  Breadth of No. of Average fruit  Yield/plant
Characters first male . . . .

flower female flower  fruit (cm)  fruit (cm) fruits/plant weight (g) (kg)
Vine length (cm) -0.281* -0.365** 0.11 -0.057 -0.097 0.386** 0.332%
Day to first male flower 0.340* 0.137 0.098 0.073 -0.081 -0.033
Days to first female flower -0.119 -0.143 -0.002 -0.142 -0.102
Length of fruit (cm) 0.257 -0.1 0.193 0.16
Breadth of fruit (cm) 0.101 -0.293* -0.211
No. of fruits/plant 0.037 0.417**
Average fruit weight (g) 0.873**

Here, ** = 1% Level of significance

Days to first female flowering had a strong positive
correlation with the node number of the first male
flower (r = 0.514**), but negatively correlated with fruit
length, average fruit weight, number of fruits per plant,
and vyield per plant (Table 5). Fruit length showed a
positive correlation with yield per plant (r = 0.160),
average fruit weight (r = 0.193), and fruit breadth, but a
negative association with the number of fruits per plant
(Table 5). The number of fruits per plant was highly
correlated with vyield per plant (r 0.417**) and
positively associated with average fruit weight. Average
fruit weight had a very strong positive correlation with
yield per plant (r = 0.873*%*), indicating that heavier
fruits significantly boost yield (Table 5).

Path analysis in genotypic level

Vine length versus yield per plant

Vine length had a direct positive effect (0.412) on plant
yield (Table 6). Vine length also shows positive effects
to the node of first male flowering (0.0033), node of
first female flowering (0.0199), length of fruit (0.0070),
breadth of fruit (0.0008), average fruit weight (0.3162),
yield per plant (0.332**), whereas a negative indirect
effect on days to first male flower, days to first female
flower, and number of fruits per plant.

Days to first male flowering versus yield per plant

Days to the first male flowering showed a positive
direct effect (0.0031) on the plant's yield (Table 6). It
also shows positive effects on days to first female
flower (0.0161), length of fruit (0.0087), number of

fruits per plant (0,0289), whereas negative indirect
effects on plant height, days to first female flowering,
node of first male flowering, node of first female
flowering, and average fruit weight plant.

Days to first female flowering versus yield per plant
Days to the first female flowering showed a positive
direct effect (0.0472) on the yield per plant (Table 6). It
also showed a negative indirect effect on yield per plant
through nodal position of first female flowering, days to
first male flowering, and fruit length (Table 6).

Length of fruit versus yield per plant

The path analysis revealed that fruit length had a
positive direct effect (0.0637) on yield per plant (Table
6). It showed a negative indirect effect on yield through
days to first female flowering, breadth of fruit, and
number of fruits per plant. Fruit length showed positive
indirect effect on yield through plant height, days to
first male flowering, average fruit weight, and yield per
plant.

Breadth of fruit versus yield per plant

The path analysis revealed that fruit length had a
negative direct effect (-0.0137) on yield per plant. Fruit
breadth also shows a negative indirect effect on plant
height, days to first female flowering, average fruit
weight, and yield per plant. It showed a positive indirect
effect on days to first male flowering, length of fruit,
and number of fruits per plant (Table 6).

Table 6. Partitioning of direct and indirect effects morphological characters of 50 genotypes of genotypic level by

path

Plént .Days to Days to first Length of Breadt_h No. of fruits/ Averz'j\ge Yield/
Characters height first male female fruit of fruit lant fruit plant

(cm) flower flower (cm) (cm) plan weight (g) (kg)
Vine length (cm) 0.0412  -0.0009 -0.0172 0.007 0.0008 -0.0384 0.3163 0.332*
Days to first male flower -0.0116  0.0031 0.0161 0.0087 -0.0013 0.0289 -0.0664 -0.033
Days to first female flower ~ -0.015 0.0011 0.0472 -0.0076 0.0019 -0.0008 -0.1164 -0.102
Length of fruit (cm) 0.0045  0.0004 -0.0056 0.0637 -0.0035 -0.0396 0.1582 0.16
Breadth of fruit (cm) -0.0023 0.0003 -0.0068 0.0164 -0.0136 0.04 -0.2401 -0.211
No. of fruits/plant -0.004 0.0002 -0.0001 -0.0064 -0.0014 0.3962 0.0303 0.417**
Average fruit weight (g) 0.0159  -0.0003 -0.0067 0.0123 0.004 0.0147 0.8195 0.873**

Here, ** = 1% Level of significance
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Number of fruits per plant versus yield per plant

The number of fruits per plant had a positive direct
effect on vyield (0.3962). Fruit numbers showed a
positive indirect effect on yield through days to first
male flowering and, and average fruit weight. It showed
a negative indirect effect on yield through plant height,
days to first female flowering, and fruit length.

Average fruit weight versus yield per plant

The average fruit weight had a positive direct effect
(0.8195) on the yield per plant (Table 6). Average fruit
weight showed a positive indirect effect on yield
through plant height, node of the first male flower, fruit
length, breadth of fruit, number of fruits per plant, and

Hasan et al.

yield per plant, whereas it showed a negative indirect
effect on yield via days to the first male flowering and
days to the first female flowering.

Clustering of accessions

For hybridization, D2 clustering helps identify diversity
among accessions, with those in the same cluster being
less divergent. Based on D2 analysis, 50 bitter gourd
accessions were grouped into six clusters (Table 7).
Cluster |, the largest, contained 14 accessions (28%),
while Cluster IV had the fewest with 3 accessions (6%).
Cluster Il included 13 accessions (26%), Cluster Ill had 4
(8%), Cluster V had 10 (20%), and Cluster VI comprised
6 accessions (12%) of the total studied genotypes.

Table 7. Name, percent and name of accession in different clusters

Cluster  No. of Percent .
. Name of accessions

name varieties (%)

| 14 28 MC01, MC04, MCO5, MC06, MC13, MC43, MC53, MC54, MC55, MC63, MC88, MC89,
MC90, MC92
MCO02, MC03, MC12, MC17, MC19, MC47, MC58, MC59, MC60, MC62, MC84, MC(C86,

1] 13 26
MC104

11l 4 MC07, MC21, MC61, MC96

\ 3 6 MC11, MC95, MC101

\% 10 20 MC16, MC22, MC42, MC56, MC57, MC78, MC79, MC80, MC81, MC103

VI 6 12 MC52, MC98, MC105, MC107, MC108, MC139

Dendrogram more. Accessions MC07, MC21, MC61, and MC96 were

The dendrogram (Figure 4) grouped the studied bitter
gourd accessions into six clusters. Cluster | had the most
accessions, including MC01, MC04, MCO05, and others.
Cluster Il included MC02, MC03, MC12, MC19, and

hod, Euclidean

in cluster Ill, while cluster IV contained MC11, MC95,
and MC101. Cluster V comprised MC16, MC22, MC42,
MC56, and others, and the final cluster VI included
MC52, MC98, MC105, MC107, MC108, and MC139.
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Figure 4. Dendrogram based on summarized data on differentiation among 50 accessions of bitter gourd according to Ward'’s

method.
Discussion

The study of bitter gourd accessions revealed significant
diversity in their morphological and qualitative traits,
emphasizing the importance of genetic variation. The
genotypic correlation coefficients were generally higher
than phenotypic ones, highlighting stronger genetic
relationships (Islam et al., 2015; Akhter et al., 2020).
Correlation analysis, which shows how traits interact
with yield, indicates that individual traits cumulatively
affect yield, though they don't always explain cause-
and-effect relationships (Zeba et al., 2022; Bashir et al.
2025; Mia et al. 2025).

In the present study, plant height had the highest
genotypic (4574.40) and phenotypic (4676.60)
variances, aligning with findings by Singh et al. (2017).
High heritability (>60%) was observed for traits such as
vine length, nodes per vine, fruit length, fruit weight,
fruits per plant, and fruit yield per plant. The
combination of high heritability with high genetic
advance in traits like vine length, fruit length, and yield
per plant suggests that effective selection can be made
based on these traits (Talukdar et al., 2018). However,
for traits like days to first female flowering, which
showed high heritability but low genetic advance, non-
additive gene effects are likely involved, making
selection less profitable (Islam et al., 2009).

The results demonstrated that plant height, branch
number, flower number, male flower number, average
fruit weight, and yield per plant showed high genotypic
and phenotypic coefficients of variation. Medium
variation was observed in female flower numbers, fruit
length, fruit breadth, and number of fruits per plant,
while days to first male and female flowering showed
low variation. Path analysis indicated that average fruit
weight had the most significant positive direct effect on
yield, whereas days to the first male flower had a minor
direct effect (Gupta et al., 2015; Yesmin et al. 2025).

The study also involved clustering 50 bitter gourd
accessions into six distinct groups using D2 statistics.
Cluster | was the largest, containing 14 accessions (28%
of the total), while Cluster IV had the fewest, with only
three accessions (6%). Cluster Il contained 13
accessions, Cluster Il had four, Cluster V included 10,
and Cluster VI comprised six accessions. Accessions
within a cluster are generally less diverse, making this
grouping useful for hybridization purposes (Cheema et
al., 2011; Haque et al. 2025; Laboni et al. 2024).

MC01, MC04, MCO05, and MC92 were among the
accessions grouped in Cluster I, which had the largest
number of accessions. Cluster IV, in contrast, had the

fewest, including accessions MC11, MC95, and MC101.
These major clusters indicated a high degree of
homogeneity among accessions, suggesting clinal
variation (Shankar et al., 2009; Hasan et al. 2025;
Shumon et al. 2025).

Cluster analysis further revealed that the largest intra-
cluster distance was found in Cluster Ill, followed by
Cluster Il and Cluster |, while Clusters IV and V had the
shortest distances (Jatav et al., 2022). These results
align with findings from Prasanth et al. (2020), who
suggested that the selection of bitter gourd genotypes
for better yield should focus on traits like fruit length,
breadth, weight, and the number of fruits. Moreover,
hybridization between accessions from Clusters | and I
or | and Ill could result in improved fruit yield in the
segregating population by emphasizing these traits.

In conclusion, the study's findings demonstrate that
bitter gourd accessions exhibit significant genetic
variability, particularly in traits like fruit length, weight,
and vine length, which are critical for yield. The high
heritability and genetic advance for certain traits
suggest that effective selection for breeding programs is
feasible, particularly by focusing on accessions from the
most diverse clusters.

Conclusion

The findings of this study indicated that bitter gourd
accessions exhibit a significant degree of variability.
Furthermore, the yield of bitter gourd was correlated
with a variety of yield-contributing characteristics.
Based on the magnitude of the cluster mean and the
yield attributing characteristics, it can be inferred that
the vine length displayed the highest performance in
MC101. The minimum time to flower was statistically
similar to MC108, and MC61 exhibited early female
flowering. The highest number of male flowers was
observed in MC42, while the highest number of female
flowers was discovered in MC81. MC79 had the highest
number of flowers per plant (86.00), and MC 080 had
the highest number of fruits. The maximum length of
fruit was observed in MC96, while the maximum
breadth of fruits (7.10) was recorded in MC98. The
highest average weight of fruits per plant was
discovered at MC 079. MC22 yielded the most crops per
plant. Cluster | was the largest cluster, comprising
28.00% of the total investigated accessions with 14
accessions. Selection procedures should be applied for
desired characteristics such as vine length at harvest,
fruit length, average fruit weight, and number of fruits
per plant to develop high-yielding varieties. Relatively
higher value and lower differences between phenotypic
co-efficient of variation and genotypic co-efficient of
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variation of different yield contributing characters like
fruit length, average fruit weight, number of fruits per
plant, and vyield per plant were observed, which
indicates high potentiality to select these characters in
the future that are less affected by environmental
influence.
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