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Table 1. List of melon cultivars used in this study.

r b o b ot o b
1 Golden Sweet 12 Afsoon 23 Keihan 34 Pooya
2 Avin 13 Sakura 24 Kamand 35 Karoun
3 Eileen 14 Varan 25 Kaman 36 Arjan
4 Charisma 15 Sorkhe 26 Dorado 37 Shaho
5 Golden Ball 16  Chabok 27 Jonathan 38 Kariz
6 Elsa 17  Grinoff 28 Capella 39 Arman
7 Gala688 super 18 Khushboo 29 Janet 40 Farmis
8 Karen 2 19 Mahnoosh 30 Diako 41 Kaya
9 Kavan 20 Vida/Neda 31 Sandra 42 Sivano
10 Derak 21 Aquilla 32 Mahlin
11 Jordan 22 Jeiran 33  Parma
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Dorado Andromonoecious Greyish green Middle Medium elliptic Yellow Present White Absent Absent
Jonathan Monoecious Greyish green Middle Medium elliptic Yellow Present White Absent Absent
@ - . L e s . 2. G50 S5 Cax en & Ee
Cultivar Cﬂ.”ﬁmrmwﬂw WME m“““m.,m%.wm S 3D S mmﬂnuwm_.“ww L S S50 s »mrru mmmﬂuﬂmﬂw_gg o S oS
base apex Fruit: grooves arooves Fruit :creasing of  Fruit: cork formation of flesh Seed: shape Seed: color
surface
Golden Sweet Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Avin Rounded Rounded Absent _ Absent Present Green Pine-nut shape Cream yellow
Eileen Rounded Rounded Absent - Absent Present Greenish white Pine-nut shape Cream yellow
Charisma Rounded Rounded Absent _ Absent Present Orange Pine-nut shape Cream yellow
Golden Ball Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Elsa Rounded Rounded Absent _ Absent Present Green Pine-nut shape Cream yellow
Gala688 super Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Karen2 Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Kavan Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Derak Pointed Rounded Absent -~ Absent Present Orange Zoﬁmﬂwwwa.sﬁ Cream yellow
Jordan Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Afsoon Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Sakura Rounded Pointed Absent -~ Present Absent White Zoﬁmﬂwwom::ﬁ Cream yellow
Varan Rounded Rounded Absent _ Absent Present White Pine-nut shape Cream yellow
Sorkhe Pointed Rounded Absent -~ Absent Present Orange Zoﬁmﬂwwwa.sﬁ Cream yellow
Chabok Rounded Rounded Absent _ Absent Present Orange Pine-nut shape Cream yellow
Grinoff Pointed Pointed Absent _ Absent Present Yellowish white Pine-nut shape Cream yellow
Khushboo Rounded Rounded Present ‘White Absent Present Orange Pine-nut shape Whitish

Mahnoosh Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Vida/Neda Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Aquilla Rounded Rounded Absent _ Absent Present Orange Pine-nut shape Cream yellow
Jeiran Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Keihan Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Kamand Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Kaman Truncate Truncate Present Green Absent Present Orange Pine-nut shape Cream yellow
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Dorado Andromonoecious  Greyish green Middle Medium elliptic Yellow Present White Absent Absent
Jonathan Monoecious Greyish green Middle Medium elliptic Yellow Present White Absent Absent
. . . e . 2. G50 S O cn 2 2.
Cultivar vﬂﬂﬁmﬂwﬂwwwt m“ﬂ“ﬁmmwwm o r.mt Sod mwmﬂwwﬂ_%ﬁwm . ey C.K.Qt s »MLL wmmﬂuﬂmprowﬂﬂg ukLmE > .er.L
base apex Fruit: grooves grooves Fruit :creasing of  Fruit: cork formation of flesh Seed: shape Seed: color
surface

Golden Sweet Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Avin Rounded Rounded Absent _ Absent Present Green Pine-nut shape Cream yellow
Eileen Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Charisma Rounded Rounded Absent _ Absent Present Orange Pine-nut shape Cream yellow
Golden Ball Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Elsa Rounded Rounded Absent - Absent Present Green Pine-nut shape Cream yellow
Gala688 super Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Karen2 Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Kavan Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Derak Pointed Rounded Absent _ Absent Present Orange Zoﬁmwwwoo.:ﬁ Cream yellow
Jordan Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Afsoon Rounded Rounded Absent _ Absent Present Greenish white Pine-nut shape Cream yellow
Sakura Rounded Pointed Absent _ Present Absent White ZoMMMMnE Cream yellow
Varan Rounded Rounded Absent _ Absent Present White Pine-nut shape Cream yellow
Sorkhe Pointed Rounded Absent _ Absent Present Orange Zoﬂmwﬁvom.sﬁ Cream yellow
Chabok Rounded Rounded Absent _ Absent Present Orange Pine-nut shape Cream yellow
Grinoff Pointed Pointed Absent _ Absent Present Yellowish white Pine-nut shape Cream yellow

Khushboo Rounded Rounded Present White Absent Present Orange Pine-nut shape Whitish
Mahnoosh Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Vida/Neda Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Aquilla Rounded Rounded Absent _ Absent Present Orange Pine-nut shape Cream yellow
Jeiran Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Keihan Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Kamand Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
Kaman Truncate Truncate Present Green Absent Present Orange Pine-nut shape Cream yellow
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Dorado Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
g p y
Jonathan Rounded Rounded Present Green Absent Present Orange Pine-nut shape Cream yellow
g p y
. B T 51 BG =08 Jae .
D Cusia yaldal i SRR A o 52 U85 ¢ asd s ¢
e Gl o s 053 ki Sl g : 0 538 o gy 3 T sl Patch 2525 BISERTS)
. IR . N Fruit: shape in .. b5k (59 . b5l 59 N .
Cultivar . Young fruit: Fruit :position o Fruit: ground . Fruit: color . Fruit: e s 50
Inflorescence: sex - longitudinal . Fruit: Fruit:
. hue of green of maximum . color of skin of dots warts
expression . . section dots patches
color of skin diameter
Capella Monoecious OMMW\MMW Middle Medium elliptic Yellow Present White Absent Absent
. Greyish . . .
Janet Monoecious green Middle Broad elliptic Yellow Present White Absent Absent
. . Greyish . . . .
Diako Monoecious arcen Middle Medium elliptic Yellow Present White Absent Absent
. Greyish . o .
Sandra Monoecious grcen Middle Broad elliptic Yellow Present White Absent Absent
. . Greyish . . .
Mahlin Monoecious green Middle Broad elliptic Yellow Present White Absent Absent
. Greyish . . . .
Parma Monoecious arcen Middle Medium elliptic Yellow Present White Absent Absent
Pooya Andromonoecious Green Middle Elongate Yellow Present Yellow Absent Absent
Karoun Andromonoecious <MWMM% Middle Medium elliptic Yellow Present Yellow Absent Absent
. . Greyish . -
Arjan Monoecious arcen Middle Broad elliptic Yellow Present Green Absent Absent
. Greyish . . .
Shaho Monoecious areen Middle Broad elliptic Yellow Present White Absent Absent
. . Greyish . . .
Kariz Andromonoecious areen Middle Circular Yellow Present White Absent Absent
. Greyish . .
Arman Andromonoecious arcen Middle Circular Yellow Present Yellow Absent Absent
. . Greyish . . .
Farmis Andromonoecious green Middle Circular Yellow Present White Absent Absent
. Greyish . .
Kaya Andromonoecious areen Middle Oblate Grey Present White Absent Absent
Sivano Andromonoecious Yellowish Middle Elongate Yellow Present Yellow Present Absent
g

green

ra
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Cultivar . . . . Fruit . Fruit: main Seed:

Fruit: shape of ~ Fruit: shape  Fruit: grooves  Fruit: color . Fruit: cork Seed: shape
: creasing of . color of flesh color
base of apex of grooves formation
surface

. Cream
Capella Rounded Rounded Present Green Absent Present Orange Pine-nut shape yellow
Janet Rounded Rounded Present Green Absent Present Orange Not pine-nut Cream
shape yellow
Diako Rounded Rounded Present Yellow Absent Present White Zoﬂmﬂﬁumn.aﬁ Whitish
Sandra Rounded Rounded Present Green Absent Present Orange Pine-nut shape Whitish
Mahlin Rounded Rounded Present Green Absent Present Orange Not pine-nut Cream
shape yellow
Parma Rounded Rounded Present Green Absent Present Orange Pine-nut shape MMMMMM
Pooya Rounded Rounded Present Green Absent Present Greenish white  Pine-nut shape Mmmwﬁ
Karoun Rounded Rounded Present Green Absent Present Greenish white ~ Pine-nut shape Mmmwﬂ
. . Cream
Arjan Rounded Rounded Present Green Absent Present Orange Pine-nut shape yellow
Shaho Rounded Rounded Present Green Absent Present Greenish white ~ Pine-nut shape Whitish
Kariz Rounded Rounded Present Green Absent Present Greenish white Zoﬁmwmunm.sﬁ Whitish
Arman Rounded Rounded Present Green Absent Present Greenish white Zoﬁmwmwma.sﬁ Whitish
Farmis Rounded Rounded Present Green Absent Present Greenish white Zoﬁmﬂwﬁomn_: Whitish
Kaya Rounded Rounded Present Green Absent Present Green Zoﬁmw_mm”w.sﬁ Whitish
Sivano Pointed Pointed Absent Absent Present Orange Not pine-nut Cream
— shape yellow
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Table3- Combined analysis of variance for the twelve quantitative characters of the 42 melon (C. melo L. )

cultivars evaluated during the spring and summer seasons of 2024 and 2025.

rn}p;\\f.n_&nu.&.mr rmu_b.ﬂ»wu.v o,wubL,w.V n&ﬂ»(.\m\h D%C“\OQL,W.T(.‘{{ n%ﬂbﬂlvbwgwf\m LLLL&V \.LLC“\O
Character / S.0.V. D.F. Fruit L Fruit D Fruit L/D Flesh D Seed L Seed W
Ju. 1 42307 0.68"° 0.33" 0.51™ 9.01°  0.12"
Year
Jl X oS 4, 2 2.64™ (.54 0.03™ 0.28™ 0.51™  0.36™
Block x Year
Kg 42 8436  9.48" 0.44™ 1.95" 5.87"" 1.12°
Cultivar
Jls x &8 42 279" 1.70™ 0.04™ 0.17° 1.o1™ 057"
Year x Cultivar
st 84 1.25 1.38 0.36 0.11 0.54 0.52
Error
ks g b 5.24 7.14 14.47 7.04 6.40 15.20
C.V. (%)
oSl 21.36 16.48 1.31 4.79 11.49 4.78
Mean

.(‘tz_crmuuhﬁs@ﬂr&u»%&»gu&u_uga(ﬁ%gﬁ(}mme.wwwmuwf:.m.
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Table 4- Mean performance of the twelve quantitative characters of the 42 melon (C. melo L.) cultivars
evaluated during the spring and summer seasons of 2024 and 2025.

5 edb e g emppadbia i libhs oLl Lhe
Cultivar Fruit L Fruit D Fruit L/D Flesh D Seed L Seed W
Golden Sweet ~ 19.127  17.45"*® 110"k 5.80° 10,724 4 5670
Avi 17.30M™  16.30°%" 1.065m 5,280l 9.95™° 4,630
Eilvel:n 17.55M  ppbedefer 1.03™ 5.70° 8.84° 3.858
Charisma ~ 20.60"  16.62°%™" ] pgefehikimn 5.3200f 10.34™  4.10%
Golden Ball 1820  16.52¢%" 1.0g"ikimn 4,871k 10.8510Kmn 4 7pbedeft
Elsa 21.50%"  19.47° 1.1 0 ikimn 6.45" 9.82" 4.3]¢
Gala688 super ~ 17.77%  16.70%%"" 1.06"4™ 4,85 T 4,830t
Karen2 1827 17.55%%f 1.044™ 5.47%¢ 10.88™ 4 g0
Kavan 17.95  17.75% L.orm™ 5,370 11.08™™ 6,55
Derak 29.68"  17.01%% 1.74% 5.400%! 10.979m™ 4 g70cere
Jordan 18210 16.56°" 11" 4.85" M 11,125 4 g50cete
Afsoon 18.65  17.87%* 1.044™ 5.77° 10.65M™ 4 560"
Sakura 27.79°¢ 18.65% 1.49¢ 5.68™ 13154 4.8gPedefe
Varan 1532"  15.25M m 4.65"km 10.921Kmn 4 5gbedeft
Sorkhe 23277 16355 1420 4,728 12,075 4.46°%
Chabok ~ 22.52% 1700t 1.3pdefehiikim 5.47%¢ 10.34"™ 470
Grinoff 25.25¢ 15.40%" 1.63¢ 4. 37kmn 11,865 5 ggPeder
Khushboo 11.40° 12! 0.95" 2.90" 10.830Km 4 g7bedete
Mahnoosh ~ 22.50% 17" .3pcfehikim 4.95%"eh 11.167™ 4 64"
Vida/Neda ~ 22.32%"  16.10%"" 1.3 4,87k 11441008 4 gbedete
Aquilla 24.87% 17420 1,420 5450 10.74Mm 5 gpebede
Jeiran 22727 16.50%" 1.374ehi 5.1200fen 11.83°EM 4 gofe
Keihan 23.27°0  17.020%f ].350¢fEhi 4.350mn 12,510t 5 ppbedel
Kamand 18.00/ 14.20% ] 2etehiikimn 3.85" 9.93™° 4,60
Kaman 21.80%"  15.90°%" 1.37%fehik 4.55mkm 11,7655 4 86"
Dorado 22,05 1612 1,361 4.90°" 11,3854 4,39
Jonathan 22,62 16.27°%"" 1.389%"eh 4.62"Km 10.70M™  4.39%"
Capella 2255 16.13% 1.39%En 4.56"m 10.514m 4 59Pcdele
Janet 22.20%" 1548 1.43%" 4,758 11.0204™ 4,20
Diako 20.82¢"  18.22" .14 hikimn 4.70"M 13.08™  5.79%
Sandra 22717 17.07%fq 330cfhikin 5.07% 11.29"K 4390
Mahlin 23.22° 16,200 1.43%% 4,728 10.60M™ 3932
Parma 23.07°  16.85"tn ].374cfehilk 4 g7tk 10.638™ 4,09
Pooya 35550 12.62" 2.81° 3.30% 12,567 4,86
Karoun 26.92° 13.90* 1.93° 3.66™ 12.5]¢4fEh 5 pghedel
Arjan 27.02°  18.05" 1.50°% 3.80° 13.67%  5.07°"
Shaho 2137 18.65% 1.14ehiikimn 4. 57"km 13.45% 568"
Kariz 16.028™ 16,75 et 0.95" 4.10™°P 1436°  5.64™¢
Arman 15.80™  13.201 1.59¢ 4mop 12,677 491
Farmis 1835  18.22" m 4758 14.06°  5.68"
mn cdefgh n Imno cdef bedefg
Kaya 15.70 16.40 0.95 4.27 12.62 5.04
Sivano 30.55°  17.42%%% 1.75" 5,100t 12.75% 4740k
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Table 5- Scores and ranking of 42 melon (C. melo L.) cultivars by Modified TOPSIS method for
economic DUS test (fruit traits).

Comprehensive Cultivar Distance to positive  Distance to negative Relative
Rank ideal solution (D+) ideal solution (D-)  closeness (C)

1 Pooya 0.030 0.068 0.696
2 Sivano 0.033 0.046 0.581
3 Derak 0.034 0.045 0.575
4 Sakura 0.041 0.042 0.511
5 Karoun 0.039 0.040 0.504
6 Aquilla 0.045 0.036 0.449
7 Grinoff 0.042 0.034 0.447
8 Arjan 0.046 0.035 0.437
9 Elsa 0.055 0.038 0.409
10 Chabok 0.049 0.032 0.399
11 Jeiran 0.048 0.031 0.392
12 Mabhlin 0.048 0.030 0.390
13 Storke 0.048 0.030 0.390
14 Parma 0.049 0.031 0.386
15 Sandra 0.049 0.031 0.384
16 Vida/Neda 0.049 0.029 0.374
17 Mahnoosh 0.050 0.030 0.373
18 Janet 0.049 0.029 0.371
19 Jonathan 0.049 0.029 0.369
20 Dorado 0.050 0.029 0.369
21 Keihan 0.050 0.029 0.367
22 Capella 0.049 0.028 0.366
23 Charisma 0.053 0.029 0.350
24 Kaman 0.051 0.027 0.348
25 Golden Sweet 0.057 0.030 0.344
26 Afsoon 0.059 0.030 0.335
27 Shaho 0.055 0.028 0.332
28 Diako 0.056 0.027 0.324
29 Karen2 0.059 0.027 0.314
30 Eileen 0.060 0.027 0.313
31 Kavan 0.061 0.026 0.304
32 Arman 0.055 0.022 0.287
33 Avin 0.060 0.024 0.284
34 Farmis 0.061 0.024 0.283
35 Golden Ball 0.059 0.023 0.279
36 Jordan 0.059 0.023 0.277
37 Gala688 super 0.060 0.022 0.270
38 Kamand 0.059 0.017 0.224
39 Varan 0.065 0.017 0.211
40 Kaya 0.066 0.017 0.203
41 Kariz 0.066 0.017 0.202
42 Khushboo 0.075 0.000 0.000
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Figure 1. (A). Fruit of Sivano Cultivar, (B). Fruit of Kaya Cultivar.
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Figure 2- Heat map for Pearson correlation analysis of six characters for variety identification in 42 investigated C.
melo varieties. Note: The colors and areas of the squares indicate the absolute value of the corresponding r. red and
blue squares show positive and negative correlations, respectively. The squares without background color show non-
significant correlations with P value above 0.01. P1: Fruit length, P2: Fruit Diameter, P3: Fruit Length/Diameter, P4:
Flesh Diameter, P5: Seed length, P6: Seed Width.
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Abstract

Introduction

The melon (Cucumis melo L., 2n = 24), a species in the Cucurbitaceae tamily,
exhibits extensive diversity. It is a significant horticultural crop in Iran, known
for its considerable morphological and agronomic variation. A comprehensive
understanding of phenotypic variation is essential for enhancing breeding
efficiency and optimizing trait selection. Evaluation of distinctness, uniformity,
and stability (DUS) is mandatory prior to cultivar release to ensure the protection
of intellectual property rights for newly developed varieties. In addition,
comprehensive morphological evaluation is necessary to identify the distinguishing
traits of each cultivar. To enhance varietal identification and genetic improvement
of melon cultivars, this study investigates their Distinctness, Uniformity, and
Stability (DUS) characterization and morphological variation. The present study
undertakes an investigation into the Distinctness, Uniformity, and Stability (DUS)

characterization, alongside the morphological variation of melon cultivars, to
Email address of the corresponding author: s.amini@areeo.ac.ir
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facilitate both varietal identification and genetic advancement.

Materials and Methods:

The experiment was conducted at the Seed and Plant Certification and
Registration Institute (SPCRI), Agricultural Research Education and Extension
Organization (AREEO) in Karaj, Iran, during the spring and summer seasons of
2024/2025, employing a complete randomized block design with two replications.
This study undertakes a detailed examination of the modified Distinctness,
Uniformity, and Stability (DUS) morphological characteristics of forty-two
melon hybrid cultivars. It employs both quantitative and visual traits to identify
commercially relevant biological differences and to improve the efficiency of
breeding programs. A modified descriptive term list from UPOV (The International
Union for the Protection of New Varieties of Plants) was utilized to investigate
six quantitative and twelve qualitative and pseudo-qualitative traits across
various organs, including plant, leaf, flower, fruit, and seed qualities. The DUS
(Distinctness, Uniformity, and Stability) test was designed to identify, classify, and
safeguard commercial cultivars exhibiting specific superior characteristics. Pearson
correlation analysis was performed to determine the interrelationships among the
various DUS traits. A specialized TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) algorithm, specifically the Mahalanobis-TOPSIS
variant, was developed to establish a comprehensive multi-criteria decision-
making model. The breeding potential of forty-two hybrid melon cultivars was

assessed and ranked using this model.

Results

Significant variations in fruit morphology, including color, length, surface, dots,
patches, grooves, and flesh, as well as seed characteristics such as color and shape,
were observed, enabling effective cultivar differentiation. A Combined Analysis
of Variance (ANOVA) over two years revealed significant differences among
cultivars (p < 0.05), indicating diverse morphological forms within the studied

cultivars. Based on the Distinctness, Uniformity, and Stability (DUS) features of



Phenotypic ...

the investigated melon cultivars, the modified DUS trait dataset, specifically fruit
warts and the position of maximum fruit diameter, showed no variance across
all commercial melon cultivars. A pairwise examination of Pearson correlation
coefficients for the six quantitative Distinctness, Uniformity, and Stability (DUS)
testing traits revealed that some traits were largely independent, while others were
grouped due to strong positive or negative significant correlations. Correlation
analysis revealed the highest positive correlation between fruit length with fruit
length/width (r=0.86), and the highest negative correlation between fruit flesh
diameter with seed length (r=-0.43). Utilizing the M-TOPSIS multidimensional
evaluation model, five cultivars—Pooya (0/696), Sivano (0/581), Derak (0/575),
Sakura (0/511), and Karoun (0/504)—were identified as exhibiting excellent
comprehensive performance based on four economic DUS traits (fruit traits).
Significantly, the superior plants demonstrated synergistic advantages across
multiple key traits, rather than extreme performance in a single trait. This provides
essential materials and a basis for multi-trait synergistic optimization in the

collaborative breeding of the evaluated traits in C. melo.

Conclusion

This study highlights the significant genetic diversity within commercial hybrid
melons and identifies critical traits for cultivar differentiation. These results
offer actionable insights that can assist breeders in developing superior cultivars
with improved yields and traits that satisfy consumer preferences. Furthermore,
this study supports ongoing plant breeding initiatives by identifying reliable
morphological traits for cultivar differentiation, thereby aiding the enhancement
of crop quality and yield. Additionally, it suggests that future research should
focus on refining DUS criteria through the inclusion of more traits that effectively
distinguish between different melon cultivars.

Keywords: Phenotyping, UPOV, ANOVA, Pearson Correlation, M-TOPSIS.



