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Abstract

Despite the economic importance of muskmelon, there is limited information on the combining ability and heterotic potential of genetically
diverse cultivars, highlighting the need for systematic evaluation of parental lines and hybrid combinations. Seven genetically diverse
cultivars, including two inbred lines of muskmelon (Cucumis melo L.) were crossed in a half-diallel to generate 21 F; hybrids. These hybrids,
along with the seven parental lines and commercial check, were evaluated in a randomized block design during summer-2024 at research
farm, College of Agriculture, Swami Keshwanand Rajasthan Agriculture University, Bikaner, Rajasthan, India. The mean performance of
parents revealed a wide range of variability for various characters within the parental line utilized in crossing programme. General combining
ability (GCA) analysis indicated that the parents Thar Mahima, AHMM/BR-8, Punjab Sunehri, Hara Madhu and Durgapura Madhu exhibited the
best GCA for yield and related traits. Specific combining ability (SCA) variance was greater than the GCA variance for all traits except some
yield-contributing characters. Among the crosses AHMM/BR-8 x Punjab Sunehri, Thar Mahima x Durgapura Madhu, Thar Mahima x Hara
Madhu and Durgapura Madhu x Hara Madhu showed superior SCA effects for yield and associates traits. Additionally, AHMM/BR-8 x Punjab
Sunehri, Thar Mahima x Durgapura Madhu and Thar Mahima x Hara Madhu exhibited significant positive heterosis, making them promising
candidates for future hybrid development in muskmelon.
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Introduction in import of muskmelon cultivars. Most of these cultivars are not
well suited to India’s climatic conditions and necessitate highly
input intensive cultivation practices. However, landrace-derived
cultivars such as Hara Madhu, Punjab Sunhari and Durgapura
Madhu continue to be popular in India (4, 5). Therefore, there is
significant potential to combine high vyield potential with
enhanced shelf-life traits such as netting intensity, firmness and
rind thickness, as well as quality parameters such as total soluble
solids (TSS), sugar content and acidity, from Indian landraces (4).
It is essential to assess combining ability potential and genetic
parameter of newly developed and refined germplasm to develop
locally adapted hybrid muskmelon cultivars.

The arid region is marked by low and erratic rainfall, frequent
droughts, extreme temperatures, low humidity, nutrient-poor
soils, high evapotranspiration rates and strong winds. Summer
temperatures (March-June) reach 45-50 °C, while winter
temperatures (November-February) range between 15-25 °C (1).
Over 88 % of the annual rainfall, typically less than 25 cm, occurs
during the monsoon season (July-October). The soil of the Thar
Desert is sandy, comprising 60-90 % fine sand and 2-10 % ssilt-clay.
It is low in organic matter and is characterized by shifting sand
dunes. The soil contains low to moderate phosphorus content,

medium to high potassium levels and a pH range of 7.6t0 8.5 (1).
Heterosis refers to the phenomenon that results in the

superior performance of the F1 progeny in comparison to genetically
diverse parents (6). Heterosis breeding has been investigated and
employed in muskmelon crop improvement programs (7, 8).
Therefore, heterosis breeding can serve as an effective strategy for
combining all desirable characteristics in muskmelon cultivars.
Diallel analysis is used to estimate the combining ability of
genotypes. It provides insight into GCA of parents and SCA of their F;
hybrids (9). It enables the identification of parental lines with a higher
frequency of favourable alleles through the GCA effect as well as the

Muskmelon (Cucumis melo L., 2n = 24) is an important
cucurbitaceous crop, well suited to warm-season regions
worldwide. India is one of the primary centres of Cucumis
diversity. Several genetic diversity studies have been conducted
on Indian accession of cantalupensis, momordica and agrestris
plants (2, 3). Additionally, the Indian muskmelon germplasm
serves as a reservoir of genes for distinctive traits related to fruit
quality and tolerance to abiotic and biotic stresses, which can be
effectively utilized in advanced muskmelon breeding strategies
(4). Over the past two decades, India has experienced an increase
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most promising hybrid combination through the SCA effect (10). It
also provides an estimate of the gene action involved in determining
the characteristics and the presence of heterosis (11, 12).

The primary objective of this study was to investigate the
genetic architecture of yield and its component traits using diallel
cross analysis, excluding reciprocals. The specific objective was to
estimate combining abilities and identify potential parents, as
well as heterotic parental combinations, for improved yield and
fruit quality. Insight into the genetic control of horticultural traits
will contribute to muskmelon breeding by facilitating the
development of hybrid with higher yield and enhanced quality.

Materials and Methods
Experimental site and materials

The experiment was conducted at Research Farm, College of
Agriculture, Swami Keshwanand Rajasthan Agricultural University
(SKRAU), Bikaner, Rajasthan, India, during the summer season of
2024. The soil at the experimental site was sandy loam and the
cropping season spanned from February to May 2024. Seven
parental lines were chosen based on marketable fruit yield and
fruit traits, including flesh thickness, TSS content and ascorbic
acid content (Table 1).

Table 1. Details of the parental lines of muskmelon used in the diallel analysis

S. No. Parental line Descriptive features

Fruitimage Reference

Monoecious, TSS content: 10.8-11.3 %, flesh
thickness: 3.4-4.0 cm, fruit weight: 800-1100 g and
bear 3-4 fruits/ plant. Fruits are round with green
sutures and salmon orange flesh.

AHMM/BR-8
(1C-0599709)

Developed by exercising single plant selection. It
produced first harvesting in 75-80 days after
sowing, TSS content: 11-11.8 %, average fruit
weight: 0.7-0.8 kg, having light green flesh. Rind is
red coloured with 10 green sutures.

2. AHMM/BR-1

Vigorous growth, fruit shape: round, fruit weight:
400-500 g, flesh colour: orange red, fruit colour:
greenish yellow, rind with netted surface. TSS
content: 10-11 %, seed cavity: minimum, excellent
transportability, tolerant to downey mildew.

3. Punjab Sunehri

Fruits are round with netting on rind. Flesh colour:
salmon orange, fruit weight: 780 to 900 g and

(13)

(14)

Thar Mahima
(1C-0624305)

Durgapura Madhu

Hara Madhu

Arka Siri

Muskan (Check)

become ready for first harvest in 75-80 DAS. Flesh
thickness varied from 2.8-3.2 cm. TSS content:
11.58-11.80 %. rind: 0.30-0.48 cm thick, seed cavity:
small.

Itis an early-maturing variety. Its fruits are oblong,
weighting 500-600 g each; rind pale green; flesh
yellowish green, non-juicy and very sweet, TSS

content: 13-14 %, seed cavity: big.

Fruit shape: round, fruit skin: pale green, yield: 127
g/ ha. It has attractive green flesh textured fruits
with sweet taste and good aroma. Seeds are loosely
packed in the seed cavity.

TSS content: 12-13 %, shelf life: 5-10 days under
ambient conditions, 75-80 days maturity; fruits are
elongated globe shaped with brownish yellow rind

color, medium netting and musky, firm, juicy
dark orange flesh.

This hybrid is vigorous and tolerant to virus. Fruit
weight about 1.5-1.8 kg. Rind is creamy tinged with
light yellow colour and has sparse net. Flesh is light

green, juicy, tasty and sweet with TSS content is
14 -16 %.

(17)

(18)
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Production of F, hybrid and evaluation

The seven selected parental lines were planted in the open field in
July 2023 and a total of 21 crosses were generated using a half
diallel mating design. The F; hybrid, along with a commercial check
(Muskan) and their corresponding parents was planted in the
summer of 2024 for field evaluation. Each treatment consisted of a
single row of ten vines accommodated in a bed of 80 m x 2.0 m
bed. The vines were spaced 2.0 m between rows and 0.8 m within
rows. The recommended agronomic practices for muskmelon crop
production were followed to raise the experimental crop.

Vine length was recorded from the base of the plant to the
tip of the main shoot at final harvest. Number of primary branches
per vine was recorded at the final harvest of the crop. Days to 50 %
female flowering was recorded from the date of sowing to the date
when 50 % of the vines in the plot had produced female flowers.
Fruit length was measured from the peduncle to the blossom end
by cutting the fruit longitudinally into two halves. Fruit diameter
was measured at the centre after cutting the fruit longitudinally into
two halves. Flesh thickness (cm) was measured as the distance
from the rind to the seed cavity after cutting the fruit longitudinally.
The seed cavity length was measured longitudinally using a scale.
The fruit seed cavity size was calculated from one starting point of
the cavity to the end of another cavity. TSS were determined with a
hand-held refractometer. Titratable acidity was worked out by
titrating the pulp extract against 0.IN NaOH (sodium hydroxide)
using phenolphthalein as an indicator and total sugar content was
determined by the modified volumetric method (19). Ascorbic acid
was extracted (20).

Statistical analysis

The averages were calculated from data recorded for each
character on an individual vine basis, using five observational per
replication. The mean values thus obtained were subjected to
statistical analysis. The values of the seven parents and 21 F,
hybrids from each replication were used for analysis of variance
(ANOVA) (Table 2). The analysis of variance for GCA and SCA was
performed using the method proposed (21). Heterosis was
evaluated as the percentage improvement of F; performance in
the desired direction compared to the better parent and standard
check calculated using the Eqn. 1 and Egn. 2, respectively.

Fi-BP
. oy
Heterobeltiosis (BPH %) ap X 100 (Eqn. 1)
F.-SC
. %)= — X100
Standard heterosis (SDH %) sc (Eqn. 2)

Where, F; = Fimean performance, BP = better parent
mean performance and SC =standard check mean performance

Results
Yield and yield components

The analysis of variance revealed significance differences among
the parent and their F; hybrid for all the traits except seed cavity
width (Table 2). The effects due to GCA (excluding fruit weight)
and SCA (excluding flesh thickness and the number of primary
branches per vine) were found to be highly significant for yield
and its associated traits, indicating the relevance of both additive
and non-additive factors in influencing these traits.
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Table 2. Mean squares of the ANOVA for yield, its components and fruit quality traits and the ANOVA results of the half-diallel design analysis (general and specific combining abilities) of muskmelon

:: tg: Ascorbic
Bar  acidity (%)  acid
(mg/100 g)

content
(%)

TSS
content (°
Brix)

First female Days to first Seed cavity
flower node fruit harvest width (cm)

Days to 50 %
female
flowering

primary
branches
per vine

Number of

at last

Vine length
harvest (m)

Flesh
thickness
(cm)

Fruit
weight (g)

vine (kg)

fruityield fruityield per
(a/ha)

Marketable Marketable

df

Source

0.06 0.02 0.16 0.45 0.01 0.06 0.11 0.62 0.34 0.18

0.24

2 81.13 0.07 0.52

Replications

0.13** 0.14** 5.55** 0.97** 20.08** 2.60™* 0.24** 1.13** 0.85* 2.84**

0.16**

27 3145.47** 0.77* 0.05**

Treatment

0.11* 0.21** 5.31** 0.28* 19.29** 10.06** 0.25** 1.80** 0.39** 3.50*

0.18**

6 1158.90** 0.30** 0.03*

Parent

33 0.21** 0.95** 0.47* 2,77

0.13** 0.05** 537" 0.80** 18.22** 0.

0.16**

20 3598.40** 0.89** 0.06**

F1

1 6006.21** 1.21** 0.09** 0.13* 0.22** 1.58** 10.71** 8.65** 62.03** 3.30** 0.88** 0.50* 0.31* 0.25**

PvsF;

0.01 0.02 0.19 0.07 0.10 0.04 0.01 0.19 0.01 0.01

0.31

54 12.27 0.01 0.33

Error

0.15** 0.09** 5.26** 0.47** 18.36** 1.56** 0.17** 0.65** 1.64** 0.66**

0.14**

0.62** 0.04

6 2419.56**

GCA

0.06** 0.30** 0.58** 1.03**

0.28** 3.36** 0.67**

0.88**

0.05

21 656.76™ 0.15** 0.09** 0.03 0.12**

SCA

0.03 0.01 0.06 0.02 0.13 0.01 0.01 0.02 0.06 0.03

0.02

54 4.09 0.01 0.01

Error

* and ** significance at 5 % and 1 % level, respectively.
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The average fruit yield of the hybrid ranged from 51.8 to
198.4 g ha, while the parental lines exhibited yield between 47.57
and 97.6 q ha*(Table 3 & 4). Among the parental lines, the highest
fruit yield was recorded in Thar Mahima (9.76 t ha) followed by
AHMM/BR-8 (9.54 t ha!). GCA effect value for fruit yield varied
between -27.0 and 2.15 (Table 3). Thar Mahima exhibited the
highest positive GCA contributing to a greater fruit yield while Arka
Siri showed the lowest negative GCA. For average fruit weight the
highest positive GCA effect was observed in Punjab Sunehri (0.08)
while the lowest negative GCA was noted in Arka Siri (-0.10).
Interestingly the highest GCA for marketable fruit yield per vine
was recorded in Thar Mahima (0.34) and lowest in Arka Siri (-0.42).
Thar Mahima also had the highest GCA fruit yield achieving the
maximum fruit yield among all parental lines (Table 3). However,
this trend was not consistent for traits such as flesh thickness
(cm), vine length at the last harvest (m) and the highest mean
value was recorded for fruit weight (640 g) and number of primary
branches per vine (3.22), respectively.

SCA effect for fruit yield varied from -12.8 to 84.1 across the
F1 cross combination (Table 4). The highest SCA value for fruit
yield was observed in the cross Thar Mahima x Durgapura Madhu
(84.1). The magnitude of better parent heterosis and standard
heterosis ranged from -10.8 to 103.3 % and 5.2 to 50.8 %,
respectively. Based on per se performance, the best performing
crosses are illustrated in Fig. 1. The highest magnitude of heterosis
for fruit yield was observed in the cross Thar Mahima x Durgapura
Madhu with a 103.3 % increase compared to both the better
parent and the commercial check, Muskan. This suggests that this
cross-hold potential for selection. Additionally, the highest SCA
effect for fruit weight (970 g) was recorded in the cross Thar
Mahima x Durgapura Madhu. Thus, the heterosis over commercial
check variety (Muskan) for average fruit weight was observed in
the cross Thar Mahima x Durgapura Madhu which also exhibited
the highest SCA effect (0.34). The cross AHMM/BR-8 x Thar
Mahima recorded the highest SCA value (0.2) for vine length at last
harvest.

Fruit quality traits

The genotypes showed significant differences for all fruit quality
traits (Table 2). Highly significant GCA and SCA effects (except for
flesh thickness) were observed for all fruit traits indicating that
both additive and non-additive effects govern these traits. The
ANOVA revealed significant differences among the genotypes
(parents and their crosses) for all the quality traits (Table 2). The
variance due to GCA and SCA were highly significant for flesh
thickness, TSS content, total sugar content and ascorbic acid
highlighting the importance of both additive and dominance
effectsin controlling these traits.

The highest GCA value for flesh thickness was observed in
AHMM/BR-8 (0.16) while the negative GCA was recorded for
AHMM/BR-1 (-0.17) presented in the Table 3. Among the parental
line Thar Mahima exhibited the thickest flesh (2.4 cm) whereas the
thinnest flesh was found in Arka Siri (1.8 cm). The highest SCA
value for flesh thickness was recorded in the cross Thar Mahima x
Durgapura Madhu (Table 4). This cross showed the highest
heterosis over better parent Thar Mahima (89.6 %) and exhibited
SDH over commercial check, Muskan (74.5 %). Additionally, the
cross combination AHMM/BR-8 x AHMM/BR-1, AHMM/BR-8 x
Durgapura Madhu, AHMM/BR-8 x Hara Madhu and AHMM/BR-1 x
Thar Mahima were also found to be promising for this trait.

Table 3. Least square means and estimates of the general combining ability (GCA) effects in a half-diallel analysis of 7 muskmelon parental lines

Days to 50 % female
per vine flowering

(m)

Vine length at last harvest Number of primary branches

Flesh thickness (cm)

Fruit weight (g)

vine (kg)

Marketable fruit yield (q/ Marketable fruit yield per
ha)

Parents

GCA
0.13
-0.07

0.24**
-1.60**

Mean

GCA
-0.01
-0.07**

Mean

GCA
0.27**

Mean

GCA
0.16**

GCA Mean

0.02**

GCA Mean GCA Mean
0.23**

13.58**

Mean
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39.22
39.11

2.78
2.44
2.78
3.22
2.78
2.78
2.44

2.16
1.88
1.73
1.67
1.85
1.

2.51
2.18
2.39
2.48
2.00
2.35
1.88

530.4
421.1

1.53
0.93

95.49
58.40
79.52

97.60

AHMM/BR-8

0.03**
-0.11**

17
0.03
0.07**

-.08**
0.08**

-0.24**

-14.10**

AHMM/BR-1

39.44
36.89

-0.02
0.21**

641.3

0.02
0.34**

1.27
1.57
1.10
0.90
0.76

1.73**
21.25**

Punjab Sunehri

-0.08**

0.07**

522.4
433.8

Thar Mahima
Durgapura Madhu

0.06
0.82**

39.67

0.01
-0.01
-0.11**

Total sugar content (%)

-0.01
-0.00
-0.09**

TSS content (°Brix)

-0.01
0.09**

0.03**

0.10**

6.44**
-1.87**

68.99
55.76

41.44
39.11

85

-0.03 403.6 -0.02**

-0.42**
Days to first fruit harvest

Hara Madhu

0.43**

Ascorbic acid (mg/100 g)

1.56

-0.16**

-.10**

381.7

-27.02**
First female flower node

47.57

Arka Siri

GCA
0.40**

Mean

GCA
0.18**

GCA Mean GCA Mean
-0.08**

-0.09*
-0.34**

Mean

Seed cavity width (cm)

GCA Mean GCA
1.40**

0.09

Mean

Parents

97
72
3.93

4,
3.

2.35
2.94
2.83
1.90
2.81
0.77
1.87

8.06

3.35
3.40
5.70
6.65
7.32
2.75
3.63

78.22

89
5.33
5.56
5.22
5.78
5.89
5.22

5.

AHMM/BR-8

3. 0.10**

0.07**

-0.09**

7.71
8.23
8.33
8.27
8.39
7.69

-0.33**

76.00
76.44

72.11

0.09

AHMM/BR-1

-0.05 0.25** 0.07** 0.34** -0.24**

-2.96™*

-0.32**

Punjab Sunehri

Thar Mahima
Durgapura Madhu

0.06**

76

0.11**

0.14**

0.53**

-0.32**

-0.31**

3.93
6.63
3.76

-0.01
-0.23**

-0.04*
0.18**
-0.19**

0.48**

0.41**

78.67
80.00
77.34

0.16**

0.24**

-0.41**

0.96**

0.05
0.26™*

Hara Madhu

-0.24**

-0.46**

-0.42**

0.57*

Arka Siri

* and ** significance at 5 % and 1 % level, respectively.
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Table 4. Estimation of the mean, specific combining ability, better parent and standard heterosis (%) over the commercial check (Muskan Fi)
for the marketable fruit yield, fruit weight and vine length at last harvest, flesh thickness, TSS content and total sugar content of muskmelon

Hybrid

Marketable fruit yield (q/ha)

Fruit weight (g)

Vine length at last harvest (m)

AHMM/BR-8 x AHMM/BR-1

AHMM/BR-8 x Punjab
Sunehri

AHMM/BR-8 x Thar Mahima

AHMM/BR-8 x Duragapura
Madhu

AHMM/BR-8 x Hara Madhu

AHMM/BR-8 x Arka Siri

AHMM/BR-1 x Punjab
Sunehri

AHMM/BR-1 x Thar Mahima

AHMM/BR-1 x Durgapura
Madhu

AHMM/BR-1 x Hara Madhu

AHMM/BR-1 x Arka Siri

Punjab Sunehri x Thar
Mahima
Punjab Sunehri x Durgapura
Madhu
Punjab Sunehri x Hara
Madhu

Punjab Sunehri x Arka Siri

Thar Mahima x Durgapura
Madhu

Thar Mahima x Hara Madhu

Thar Mahima x Arka Siri

Durgapura Madhu x Hara
Madhu

Durgapura Madhu x Arka Siri
Hara Madhu x Arka Siri
Hybrid

AHMM/BR-8 x AHMM/BR-1

AHMM/BR-8 x Punjab Sunehri
AHMM/BR-8 x Thar Mahima

AHMM/BR-8 x Duragapura
Madhu

AHMM/BR-8 x Hara Madhu
AHMM/BR-8 x Arka Siri

AHMM/BR-1 x Punjab Sunehri
AHMM/BR-1 x Thar Mahima

AHMM/BR-1 x Durgapura
Madhu

AHMM/BR-1 x Hara Madhu
AHMM/BR-1 x Arka Siri

Punjab Sunehri x Thar Mahima

Punjab Sunehri x Durgapura
Madhu

Punjab Sunehri x Hara Madhu
Punjab Sunehri x Arka Siri

Thar Mahima x Durgapura
Madhu

Thar Mahima x Hara Madhu

Thar Mahima x Arka Siri

Durgapura Madhu x Hara
Madhu

Durgapura Madhu x Arka Siri
Hara Madhu x Arka Siri

Mean
86.78

140.62
121.13
93.77

115.51
65.82

82.50
82.60
73.97

70.21
52.60

94.59

88.12

91.27
51.88
198.43

121.68
70.00

104.90

53.22
60.51

Mean
2.55
2.43
2.43

2.50

2.73
2.32
1.95
2.06

2.04

2.14
1.92

2.36
2.52

2.53
2.24

2.69

2.52
2.22

2.43
231
2.39

SCA BPH  SDH
0.76 6.82 2.06
38.76**  47.26**  6.87*
-0.24 24.11** 4.34
-2.80** 4.62 2.07
17.25**  20.97** 3.43
-7.28** 2.34 0.06
8.32** 3.75 0.10
-1.09** 0.03 0.01
-4,92** 7.21 0.24
-0.37 20.21** 3.64
7.18* 0.01 0.04
14.94** 0.06 0.08
-6.61**  -10.82**  4.38
4.85** 14.78** -5.21**
-9.38** 1.08 0.34
84.19** 103.30** 50.81**
15.75**  24.66** 3.67
077 943 1.46
13.77**  52.04** 5.43
12.75** 13.61 4.82
2.85 8.52 3.54

Flesh thickness (cm)

SCA BPH SDH

0.25** 1.59 42.64**
-0.07 0.04 35.94
-0.12*  1.62 35.75
0.03 -6.34* 39.66™*
0.16** 8.75** 52.70**
0.00 3.01 29.80
-22**  5.82 9.12

-17**  7.38* 14.90**
-0.10*  1.23  13.78
-0.10*  4.12  19.74**
-0.07  3.67 7.45

-0.07 1.58 31.66**
0.19** 5.43  40.97
0.09 5.85 41.53**
0.05 2.64 2533
0.30** 18.19** 50.09**
0.03 1.61 40.97**
-0.02  4.62 24.21
0.03 355 3594**
0.16** 15.39** 29.05
0.13** 1.70 33.52**

Mean
452.4

770.6
632.1
554.3

563.5
4427

490
453.2
463.4

441.4
412.3

674.5

676.2

654.3
447.2
974.2

663.4
435.1

543.5

454.3
435.2

Mean
8.26
8.54
8.45

7.88

8.38
7.89
8.39
8.55

791

8.32
8.51
8.45

8.43

8.49
8.07

8.53

8.83
8.00

8.47

8.08
8.59

SCA BPH
-0.02** 5.36
0.14**  20.94**

0.01 18.87**
-.03** 3.77
0.03**  6.29™
-0.02* 5.64
-.04** 3.56
-.07** 6.76
-0.02* 6.98*

0.01 4.76
0.06** 2.46
-0.01 5.24**
0.03** 5.24**
0.05** 1.57
-.08** 4.62
0.34**  84.71**
0.08**  26.11**
0.07** 3.24
-0.00  25.58**
0.01 465

0.02 6.61*

TSS content (°Brix)
SCA BPH
0.15* 2.48*

0.28* 3.77
0.11 1.36
-.28" 1.72
-0.01 1.46
-0.12* -0.07
0.13* 1.86

0.22** 2.56"
-23* 0.01
-0.04 2.04

0.52**  10.33**
-0.04 1.36
0.13* 2.02
-0.04 1.19
-0.09 -1.37

0.16™* 2.40*

0.23** 528
-23% 0.03
0.05 0.91
0.03 1.14

0.32** 2.38*

SDH
3.51

6.48
11.64
3.28

11.90
2.14

14.52*
13.51
16.78*

13.46
6.48

4.68
14.24**

6.78
3.65
15.68**

2.35
3.12

5.34

4.32
8.24

SDH
6.24*
4.35
2.34

1.27

0.15
0.07
1.10
3.51

2.62

3.42
0.04
11.20**

5.21

3.52
-4.30

0.04

0.53
1.52

6.24

0.07
1.13

Mean SCA BPH SDH
222 0.02* 2.94** 13.07**
2.11  0.05** 4.37** 7.30**
229  0.20** 6.03** 1.09
227  0.10** 5.26** 15.62**
2.25  0.08** 4.17** 0
220 0.12** 2.01** 12.05**
1.92 0.10** 2.31** 1.13
1.89 0.05** 0.89 1.20
1.89  -.04** 0.53 16.47**
191  -0.02 1.60* 231
1.87 0.04** 0.69 1.57
1.64 -.06** 0.74 2.24
1.69 -.09** 0.41 14.43*
1.73  -.06** 0.09 2.56
1.65 0.05"* 0.32 3.20
1.79 -0.02* 0.92 1.26
1.79 -0.02* 1.21 1.82
1.72 -0.00 3.20** 2.16
1.90 0.01 2.88** 2.58
1.91  0.11** 3.24* 0
1.90 0.10** 2.89** 2.88
Total sugar content (%)
Mean  SCA  BPH SDH
2.70 0.10** 6.42 8.52*
3.29 0.43** 16.25** -5.72
3.18 0.54** 3532** -3.51
225 -2 352 -0.07
3.16 0.87** 34.61** 24.81**
112 -95** 406 -2.82
2.22 -.53** -7.51  -3.76
2.69 0.17** 6.24  -451
1.79 -.62%* -3.52  -1.63
2.25 0.07** 5.61 -3.57
1.87 -.08** 7.53 -5.82
321  0.42** 13.31** -8.64
248  -19** 635 -145
264  019** -8.16 1.72
2.27 0.05** -6.37 -3.83
2.56 0.11** -2.46 -0.86
2.54 0.31** 33.74** -6.49
1.78 -21%* -4.67  -2.60
2.35 0.25** 2.53 -1.62
161 -26"* -561 -3.72
2.19 0.54**  17.32** 17.18**

*and ** significance at 5 % and 1 % level, respectively.
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Punjab Sunehri x Durgapura Madhu
Fig. 1. Based on per se performance best F1 hybrids among the crosses.
The highest GCA value for TSS content was recorded in
Hara Madhu (0.18) while the most negative GCA was observed in
Arka Siri (-0.19) (Table 3). Among the parental lines, Hara Madhu
exhibited the highest TSS content (8.3 °Brix), while Arka Siri had
the lowest TSS content (7.6 °Brix). The highest mean value for TSS
content was observed in the cross Thar Mahima x Hara Madhu
and highest SCA was recorded in the cross AHMM/BR-1 x Arka Siri
(Table 4). The cross AHMM/BR-1 x Arka Siri exhibited the highest
heterosis over the better parent AHMM/BR-1 (91.8 %) and superior
over the commercial check, Muskan. Furthermore, the cross
combination AHMM/BR-8 x AHMM/BR-1, AHMM/BR-8 x Punjab
Sunehri, Punjab Sunehri x Durgapura Madhu and Thar Mahima x
Hara Madhu was also identified as promising for this trait.

The highest positive and negative GCA value for total
sugar content was recorded in Punjab Sunehri (0.34) and Arka Siri
(-0.46) respectively (Table 3). Among the parental lines total sugar
content ranged from 0.77 % to 2.94 %. The parent AHMM/BR-8
exhibited significantly higher total sugar content, while Hara

AHMMBR-1 x Thar Mahima

Thar Mahima x Hara Madhu

Thar Mahima x Durgapura Madhu

Madhu showed lowest through still significantly lower total sugar
content. For this cross combination total sugar content ranged
from 1.12 % to 3.26 %. The cross AHMM/BR-8 x Punjab Sunehri
exhibited significantly higher total sugar content while AHMM/BR-
8 x Arka Siri showed the lowest but still significantly lower total
sugar content (Table 4).

Correlation between parent performance, F, performance
and heterosis

A correlation analysis was conducted between the performance
of the parents and the crosses to explore the impact of parental
traits on F; performance. The result revealed a significant positive
correlation between parent and F; performance for marketable
fruit yield, fruit weight, vine length at last harvest and TSS content.
However, the correlation was non-significant for fruit flesh
thickness and total sugar content. These findings suggest that
parental performance may not serve as a reliable predictor for
hybrid performance in these traits (Fig. 2).

B FT B MYP BE TSS
B FW B TS

B VL

BPH

| SDH

100

75

%

25

|

:

FT FW MYP TSS VL

FT FW MYP TS TSS VL

Traits

Fig. 2. Heterosis performance of F1 hybrids along with boxplots showing better-parent (BPH) and standard check (SDH) for the studied traits.

The black dots represent the mean of the hybrid mean per cross. FT:

fruit flesh thickness (cm), FW: fruit weight (g), MYP: marketable fruit

yield (g/ha), TS: total sugar content (%), TSS: TSS content (°Brix), VL: vine length at last harvest (m).
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The observed significant correlation between parent and F,
performance suggest degree of heritability for traits. This suggests
some traits may exhibit direct inheritance and be influenced by
parental performance; others may be subject to dominance,
epistasis or environmental effects that obscure direct inheritance
pattern. However, non-significant correlations suggest the
transmission of these traits from the parental generation to the F,
generation may not follow a straightforward pattern of direct
inheritance. The performance of parents exhibited a negative
correlation with BPH for most of the traits examined.

Specifically, for fruit flesh thickness, TSS content and total
sugar content the correlation between parental performance and
BPH value showed a significant negative association. This
suggests that lower performing parents tend to produce hybrid
with higher heterosis for these traits. For fruit weight no significant
correlation was found between parent performance and BPH.
The absence of a significant correlation for fruit weight indicates
that parental performance may not serve as a reliable predictor of
hybrid vigor for this trait.

The correlation analysis between parental performance
and SDH revealed significantly positive correlations for marketable
fruit yield, vine length at last harvest and TSS content illustrated in
Fig. 3. This positive correlation suggests that selecting high
performing parents for these traits could result in hybrid with
improved performance, highlighting potential targets for breeding
programme focused on enhancing these characteristics.

Discussion

Significant differences were observed among both parental lines
and their hybrids for fruit yield and quality traits (Table 2).
Significant variations were observed among different parental
lines and their crosses for fruit yield and related traits in Indian
muskmelons (7, 22, 23). The significance of both GCA and SCA
variance highlighted the importance of both additive and non-

additive gene effects in controlling these traits. Similar findings
have been reported in earlier studies in muskmelon, wheat,
barley and mustard, where both gene actions influenced traits (23
-28).

However, dominant gene action predominately governs
yield related traits, such as fruit weight (29, 30). Additionally, the
role of additive gene action in controlling yield per hill, fruits per
hill and fruit weight has been discussed in earlier works (31, 32).
The parents Nahavand and Tashkandi exhibited significant
positive GCA effects for yield-related traits and parent Rish-baba
displayed significant positive GCA effects for total yield, while
Ananasi showed significant positive GCA effects for fruit weight
and number of fruits per plant (23, 33).

The significant SCA effects for fruit yield and its components
align with finding, suggesting that hybrid cultivar development
could be a promising strategy for yield improvement (33). The
highest better parent heterosis for fruit yield was observed in the
cross Thar Mahima x Durgapura Madhu. Similarly, this cross also
exhibited the highest SCAand BPH for fruit weight, while AHMM/BR-
8xThar Mahima showed the highest SCA and BPH for vine length at
the last harvest (Table 4). Similarly, inbred line KP4HM-15 and MM-
916 were found to be the best general combiner for the number of
fruits per vine and TSS (34). The best cross combination for fruit
yield (ha) and TSS MS-1 x M-610 and Kajri x MM-904, respectively.

The highest significant BPH for average fruit weight and
total yield in the crosses Ananasi x Mashhadi and Abasali x Hose-
sirkh respectively (23). Garmak x Rish-baba was the best specific
combiner for total yield and the number of fruits per plant, while
Saveh x Garmak was the best performer for fruit weight (33).
Additionally, cross EC-3 x GP-211 exhibited significant SCA effects,
leading to higher fruit weight, fruit yield and shelf life (32). Several
researchers have also reported that crosses derived from low x
high general combiner parents exhibited the highest SCA effects
and heterosis for yield in muskmelon (22).

Marketable fruit yield (¢/ha) Fruit weight (g) Vine length at last harvest (m)
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Fig. 3. Correlation matrix showing the relationships among parental performance, F: performance and heterosis for key traits: marketable fruit
yield (q/ha), fruit weight (g), vine length at last harvest (m), fruit flesh thickness (cm), TSS content (°Brix) and total sugar content (%).
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Flesh thickness, TSS and total sugar levels are the key
determinants of muskmelon fruit quality, playing a crucial role in its
marketability (4). This study investigated the genetic regulation of
both fruit yield and quality traits in muskmelon accession. GCA to
SCA variance ratio for TSS and total sugar indicate that genetic
enhancement of these trades through selection is highly achievable.
Several studies have previously documented additive gene action
for flesh thickness and rind thickness (11, 12). However, the
dominance gene action for fruit flesh thickness was observed (30).

The advanced line AHMM/BR-8 showed the highest mean
fruit flesh thickness and a significant GCA for this trait (Table 3).
Therefore, AHMM/BR-8 holds potential for the genetic
enhancement of Indian muskmelon. Given the significance of
additive effects in regulating flesh thickness, TSS content and total
sugar content selecting for desirable texture and transportability is
feasible within this population. The inbreed line Meloa exhibited a
significant GCA effect for flesh thickness (11). The hybrids AHMM/BR
-8 x Hara Madhu, AHMM/BR-8 x Arka Siri and AHMM/BR-8 x Hara
Madhu showed the highest SCA effects for flesh thickness, TSS
content and total sugar content, respectively (Table 4).

Similarly, the cross-combination MS-1 x M-610 and Kajri x
MM-904 displayed significant SCA value for flesh thickness and
rind thickness, respectively (34). Additionally, notable SCA effects
and desirable BPH for flesh thickness (23, 32). The Thar Mahima
and Durgapura Madhu crosses exhibited the highest BPH and
SDH compared to the commercial check, Muskan.

For selecting superior parents, we recommend AHMM/BR-
8 and Thar Mahima, as they exhibited the highest significant GCA
in a desirable direction for yield and related traits. The cross
AHMM/BR-8 x Thar Mahima demonstrated high heterosis for
marketable fruit yield, fruit weight and vine length at the final
harvest, making it a promising parent for achieving higher yield
and larger fruits. Additionally, the cross Punjab Sunehri x Thar
Mahima exhibited favourable heterosis over better parent for TSS
content and total sugar content. These finding highlight the
potential for developing superior muskmelon hybrids.

When selecting superior parents for future breeding
crosses, it is crucial to consider trait correlations, as both positive
and negative associations can indicate potential trade-offs.
Understanding the relationship helps to optimize breeding
strategies by effectively balancing desirable trait. In this context,
index selection has been recognized as a valuable approach for
simultaneously improving multiple traits, as reported in the
recent studies (14, 35, 36). Integrating biochemical and molecular
tools with traditional breeding offer a compressive approach to
muskmelon improvement, enhancing the efficiency of hybrid
development. While preliminary evaluation of F, hybrids is
informative, further assessment of these crosses in subsequent
segregation generations could provide valuable insight into trait
segregation and recombination, ultimately contributing to the
development of improved muskmelon varieties.

Conclusion

The study investigated GCA and SCA effects on yield and fruit
traits in muskmelon under arid conditions in Western India. The
findings support the development of high-potential muskmelon
cultivars to enhance global production sustainability. Parental
lines Thar Mahima, AHMM/BR-8 and Hara Madhu showed strong

8

GCA for early maturity and yield traits, making them valuable for
breeding programs. Promising hybrids such as Thar Mahima x
Durgapura Madhu, AHMM/BR-8 x Punjab Sunehri, AHMM/BR-1 x
Thar Mahima and Thar Mahima x Hara Madhu showed potential
as F, hybrids, pending multi-location performance validation.
These results provide useful direction for selecting superior
genotypes and hybrids.
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