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Abstract. Superior hybrid watermelon seeds developed by university plant breeders are currently
very limited, with most farmers relying on seeds from national seed companies. This research aims
to identify the superior characteristics of watermelon plants, both qualitatively and quantitatively.
This study employed a Randomized Block Design (RBD), with six F'I hybrid watermelon lines and
four control varieties as factors. Data were analyzed using the F-test, and significant differences
were further examined using the Least Significant Difference (LSD) test at the 5% level.
Qualitative data were used to cluster analysis based on agronomic characteristics, calculated
using NTSYS software. The results indicate significant variations in several morphological and
agronomic traits among watermelon genotypes. Genotype WM 2210-1606 is superior in stem
diameter, flowering time, and early harvest. Genotype WM 2210-1110 excels in vine and leaf
length. GARNIS has the highest fruit weight, and WM 2210-1606 shows higher sugar content at
the fruit's edge. Cluster analysis divides the genotypes into three main groups based on trait
similarities. These variations highlight the potential for improving watermelon quality through
breeding superior genotypes.
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1. Introduction

Watermelon (Citrullus lanatus) is a summer plant valued for its sweet and juicy flesh. It is
rich in phytochemicals that confer health benefits, including reducing the risk of cancer, heart
disease, diabetes, and eye disorders [1-3]. Due to its refreshing taste and popularity, the demand
for watermelon is very high. Watermelon is an economically valuable plant commonly cultivated
in tropical and subtropical regions. In Southeast Asia, Indonesia is the second-largest producer
after Vietnam [4,5]. Currently, over 1,200 watermelon cultivars are available in various sizes,
colors, and seed types [6].

Superior hybrid watermelon seeds developed by university plant breeders are currently very
limited, with most farmers using seeds from national seed companies. One way to produce superior
and stable seeds is through hybrid variety development. According to Patel et al. [7], high-yield

seeds are economically important, motivating breeders to develop high-quality varieties or
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hybrids. Superior hybrid watermelon varieties are expected to generate certified, disease-resistant,
and adaptable cultivars suitable for large-scale farming [4.,8,9]. Plants are considered superior
when they have high productivity and strong growth [10].

The production of superior melon seeds through artificial hybridization involves crossing
two genetically different parents [11]. According to Mwangangi et al. [ 12], hybridization aims to
create plant diversity, combine superior traits, and develop hybrid varieties. The process starts with
hybridization to form an initial population, which is then purified into pure lines by self-pollination
until the seventh generation or until a homozygous genotype is achieved [13]. Kayes [14]
highlights that morphological characterization is a simple, reliable, and cost-effective method for
assessing plant similarities and selecting superior parents. Research on watermelon breeding is
limited, with only a few universities conducting such programs [15]. The Applied Seed
Technology Program at Lampung State Polytechnic has been breeding watermelon since 2014,
producing six hybrids (WM 2210-0806; WM 2210-0104; WM 2210-1110; WM 2210-0308; WM
2210-1204; and WM 2210-1606). This study aims to characterize these six hybrids (F1), identify
their phenotypic traits, determine superior varieties, and compare them with four control varieties

for varietal release.

2. Materials and Methods

2.1. Materials

This research was conducted from September to December 2023 at the Seed Teaching Farm
(STEFA), Research and Hybrid Seed Production Center, Food Crop and Horticulture, Lampung
State Polytechnic. The study materials included six F1 hybrid watermelon genotypes from single
crosses between the following parents: WM 08-19-1 x WM 08-19-1 (WM 2210-0806), WM 01-
3-3-4-1 x WM 04-12-11-1-1 (WM 2210-0104), WM 11-1-2-2-8 x WM 10-1-1-9-10 (WM 2210-
1110), WM 03-27-21 x WM 08-6-14 (WM 2210-0308), WM 12-1-5 x WM 04-1-5-10 (WM 2210-
1204), and WM 16-1-5-6-3 x WM 06-1-11-5 (WM 2210-1606), and four hybrid control varieties:
F1 Garnis (PT. East West Seed Indonesia), Esteem (PT. Bisi International Tbk), Jamanis (PT.
Prabu Agro Mandiri), and Mardy (PT. Benih Citra Asia).
2.2. Experimental design and analysis

The research employed a one-factor Randomized Block Design (RBD) with F1 hybrid
watermelon as the factor. Six F1 hybrid lines and four control varieties were tested with two
repetitions, resulting in 20 experimental units. Three samples were taken from each unit, totaling
60 plant samples. Data were analyzed using the F test, and significant differences were further
examined using the Least Significant Difference (LSD) test at the 5% significance level. Statistical

analyses were performed using statistical product and service solutions (SPSS) version 16.0.
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According to Pan et al. [16], the linear model for F-Test used is expressed as follows Eq. (1).
Yij = u + ai + Bj + €ij (1)

Explanation:

e Yij= Observation on the i-th treatment and j-th replication
e un = General mean
o ai = Effect of the i-th line treatment
o [}j = Effect of the j-th block
o ¢ij = Experimental error effect from the i-th variety and the j-th block
e 1=1,2,3,...8
° _]:1 ,2,3
2.3. Phenotypic Characterization and Cluster Analysis

Color observations based on the RHS mini chart. Cluster analysis (dendrogram) was
conducted using agronomic characteristics in NTSYS software. Qualitative data were converted
to binary, and the UPGMA method (Unweighted Pair-Group Method with Arithmetic Mean) was
applied for the analysis.

3. Results and Discussion
3.1. Quantitative Characters on Vegetative Growth Parameters

Genotype tests showed variations due to the unique characteristics of each genotype,
although overall growth, flowering, and harvest quality were good. Quantitative traits showing
significant differences included stem diameter, internode length, tendril length, leaf length, and
leaf width. The F-test showed significant differences in these traits, with variations ranging from
5.81% to 11.45%. Stem diameter (0.49-0.88 cm) and internode length were measured during the
flowering phase. Genotype WM 2210-1606 had the largest stem diameter (0.88 cm), while WM
2210-1110 had the longest internodes and tendrils (330.83 cm) and leaf length (20.22 cm). WM
2210-1110 and WM 2210-0104 had the widest leaves (Table 1).

Table 1. Recapitulation of quantitative growth parameters

.Stem Internode Tendril Leaf Stalk Leaf Leaf Width
Genotype Diameter Length Length (cm) Length Length (cm)

(cm) (cm) (cm) (cm)
WM 2210-0104 0.74 cd 8.29d 266.83 be 7.57 abc 1824 bcd  18.16cd
WM 2210-1204 0.67 be 6.63 ¢ 256.50 abc  7.14 ab 16.64 ab 15.19 ab
WM 2210-0806 0.76 cd 8.90 de 263.17 be 9.43 cd 19.39 cd 17.39 bed
WM 2210-1606 0.88d 8.25d 275.50 ¢ 9.29 cd 16.68 ab 15.63 ab
WM 2210-0308 0.49 a 3.68a 22350 a 9.59d 17.81 abc 17.55 bed
WM 2210-1110 0.71 be 9.65¢ 330.83d 8.68bcd  20.22d 18.47d
ESTEEM 0.55 ab 5.53b 275.00 ¢ 5.68 a 16.36 ab 14.51 a
GARNIS 0.71 be 6.38 be 282.17 ¢ 8.75 bed 17.77 abc 16.21 abcd
JAMANIS 0.67 be 8.80 de 235.17 ab 9.35cd 15.68 a 15.81 abc
MARDY 0.54 ab 6.70 ¢ 279.50 ¢ 8.71 bed 17.14 abc 15.46 ab
LSD 5% 0.17 1.01 35.33 2.00 3.64 3.31
CV% 11.45 6.11 5.81 10.51 5.91 6.41

Explanation: The numbers in each column and row followed by the same letter are not significantly different at the
5% level based on the LSD test.

518



Wahyudi et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 4 (2025): 516-527

A larger diameter allows the plant to better support branches and fruits [17,18]. Genotype
WM 2210-1606 had the largest stem diameter (0.88 cm) among all genotypes. Differences in vine
length among watermelon hybrids were influenced by genotype, environment, and plant vigor,
similar to findings in cucumber studies [19,20]. WM 2210-1110 had the longest internodes, vines,
and leaves, while WM 2210-0308 had the longest petioles. Leaf traits, which are important for
photosynthesis and branch formation, include crown width, length, and width [21].

Quantitative traits observed include components of plant yields influenced by genetic and
environmental factors [22,23]. Vegetative growth before the generative phase plays an important
role in production and is controlled by many genes, requiring several generations to improve [24].
Agronomic traits can be improved through breeding, and genetic diversity can be studied using
morphological and agronomic traits [25]. Genetic characterization is essential for identifying
valuable resources, although environmental factors also affect traits and harvest time [26,27].
Significant differences in growth and yield between genotypes and environments have been
observed, supporting the development of superior genetic material [28-30].

3.2 Flowering and Harvest Age Parameters

Significant differences were also observed in generative traits, including female and male
flowering age, harvest age, fruit weight, fruit diameter and length, fruit skin and flesh thickness,
and sweetness at fruit’s edge and center. Male and female flowering ages were recorded when 50%
of the plants flowered, at 32-37 HST (female) and 20-26.5 HST (male). Genotypes WM 2210-
1606 and GARNIS had the fastest female flowering (32 HST), followed by WM 2210-1204 and
WM 2210-0308 (33 HST), while WM 2210-0104 and JAMANIS flowered latest (37 HST). The
fastest male flowering occurred in WM 2210-1204 and GARNIS (20 DAP), followed by WM
2210-0308 and WM 2210-1110 (22 DAP), with JAMANIS flowering last (26 DAP). Harvest age
ranged from 50-55.5 days, with WM 2210-1606 having the earliest harvest (Table 2).

Watermelon is a monoecious plant, producing both male and female flowers on the same
plant, with male flowers appearing first on the lower nodes, followed by female flowers. Early
emergence of female flowers on the lower nodes indicates earlier maturity [31,32]. Significant
variation in flowering time was observed among genotypes: male flowers bloomed at 20-26 days
after planting (DAP), and female flowers at 32-37 DAP. WM 2210-1606 had the earliest female
flowers (32 DAP), and WM 2210-1204 had the earliest male flowers (22 DAP), affecting harvest
time, with WM 2210-1606 reaching the earliest harvest at 50 DAP.

Differences in flowering time reflect genetic diversity and affect harvest duration, which is
primarily genetically determined but also influenced by environmental factors. Harvest time is
critical for developing varieties with different life cycles, providing farmers greater flexibility in

planting [33].
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Table 2. Data on female flowering age, male flowering age, and harvest age

Genotype Fenréz IEIIDC)XI?)r e Male Fi(}))v:;e;;ng Age Harvest Age (DAP)
WM 2210-0104 3750 e 23.00 abe 54.50 be
WM 2210-1204 33.00 abc 20.00 a 54.51 be
WM 2210-0806 35.50 cde 23.50 bed 52.50 ab
WM 2210-1606 32.50 ab 24.00 cd 50.00 a
WM 2210-0308 33.50 abed 22.00 abc 54.00 be
WM 2210-1110 34.00 abcd 22.50 abc 55.01 be
ESTEEM 36.00 de 25.00 cd 54.53 be
GARNIS 32.00 a 20.50 ab 55.50 ¢
JAMANIS 37.00 e 26.50d 55.02 be
MARDY 35.00 bede 24.50 cd 55

LSD 5% 4.1 3.06 2.63
CV% 3.83 5.84 2.15

Explanation: The numbers in each column and row followed by the same letter are not significantly different at the
5% level based on the LSD test.

3.3 Quality and Yield Parameters

Quantitative traits for fruit diameter, fruit length, number of seeds per fruit, and seed weight
per fruit are shown in Table 3. Meanwhile, the fruit weight, skin thickness, flesh thickness, center
sweetness, and edge sweetness are shown in Table 4.

Table 3. Follow-up quantitative variables on fruit diameter, fruit length, number of seeds per
fruit, and seed weight per fruit

Genotype Fruit Diameter Fruit Length ~ Number of Seeds Seed Weight per
(cm) (cm) per Fruit Fruit (mg)
WM 2210-0104 14.07 be 23.97b 136.50 b 4.05 abc
WM 2210-1204 12.67 ab 19.32a 156.83 b 5.58 bed
WM 2210-0806 14.08 be 24.18b 191.67 cd 6.43 cd
WM 2210-1606 13.55 be 25.93 be 229.83 ¢ 923 ¢
WM 2210-0308 13.28 be 22.72 ab 160.17 be 5.20 abced
WM 2210-1110 13.03 be 243D 129.67 b 4.43 abc
ESTEEM 11.37a 19.6 a 82.83 a 2.72a
GARNIS 13.85 be 24.78 be 208.83 de 7.57 de
JAMANIS 13.07 be 28.05¢ 157.17b 3.35ab
MARDY 142 ¢ 23.68 b 199.50 de 7.20 de
LSD 5% 3.31 5.52 34.07 2.52
CV% 5.01 6.62 9.11 19.99

Explanation: The numbers in each column and row followed by the same letter are not significantly different at the
5% level based on the LSD test.

Fruit diameters ranged from 11.37 cm to 14.2 cm, with MARDY, WM 2210-0104, and WM
2210-0806 having the largest. Fruit lengths varied significantly, with WM 2210-1204 and
ESTEEM having the shortest (19 cm) and JAMANIS the longest (28.05 cm). Seed counts per fruit
ranged from 82.83 to 229.83, all classified as "few" categories (under 400 seeds). ESTEEM had
the fewest seeds and lowest seed weight, while WM 2210-1606, GARNIS, and MARDY had

higher seed counts and heavier seed weight, suggesting better seed quality.
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Table 4. Follow-up quantitative variables on fruit weight, skin thickness, flesh thickness, center
sweetness, and edge sweetness

Genotype Fruit Weight Skin Flesh Center Edge Sweetness
(kg) Thickness Thickness Sweetness (% (% Brix)
(cm) (cm) Brix)
WM 2210-0104 2.13 abc 1.28 bed 11.18 be 10.87 cd 9.08 cd
WM 2210-1204 1.90 a 1.52d 9.77b 10.69 bc 8.37 abc
WM 2210-0806 2.70 cd 1.47 cd 11.27 de 10.38 abc 8.65 bed
WM 2210-1606 2.63 cd 1.32 bed 11.00 de 10.57 abc 9.28 d
WM 2210-0308 2.23 bed 1.27 bed 10.78 be 10.6 abc 9.18 cd
WM 2210-1110 2.37 bed 1.43 bed 9.85cd 9.95a 8.48 abcd
ESTEEM 1.50 a 09a 9.55a 1145d 8.88 bed
GARNIS 2.93d 1.18b 11.30 e 10.13 ab 7.65a
JAMANIS 2.65 cd 1.23 be 10.38 de 10.67 be 8.17 ab
MARDY 2.77 cd 1.38 bed 11.73 ¢ 10.88 cd 9.1 cd
LSD 5% 0.72 0.26 6.95 4.18 0.88
CV% 13.38 8.98 3.78 2.72 4.47

Explanation: The numbers in each column and row followed by the same letter are not significantly different at the
5% level based on the LSD test.

Analysis of ten watermelon genotypes showed fruit weights ranging from 1.50 kg to 2.93
kg. ESTEEM and WM 2210-0104 had the lowest weights (1.50-1.90 kg), while GARNIS had the
highest. ESTEEM had the thinnest skin (0.9 cm), while GARNIS, MARDY, and others had thicker
flesh than ESTEEM and WM 2210-0104. ESTEEM also had the thinnest flesh. Regarding sugar
content, measured as total soluble solids (TSS), ESTEEM, WM 2210-0104, and MARDY were
sweetest at the fruit center, while WM 2210-1606 was sweeter at the edge.

Watermelon fruit quality is determined by factors such as sugar content, appearance, flesh
thickness, and taste, which affect consumer preferences [34]. The breeding program aims to
develop superior varieties with short growth periods, high productivity, thick fruit skin, and high
sugar content [5]. This aligns with Napolitano et al. [35] who stated that melon breeding focuses
on increasing productivity, improving traits, fruit quality, and resistance to pests and diseases.
Selecting appropriate parents is crucial for producing competitive hybrids with good quality and
yield [36]. Among the genotypes studied, GARNIS had the heaviest fruit (2.93 kg), followed by
WM 2210-0806 (2.70 kg) and WM 2210-1606 (2.63 kg). The smallest fruit weight was found in
the ESTEEM and WM 2210-1204.

Fruit size and shape are influenced by length and circumference, which are positively
correlated with fruit weight [31,32]. The largest fruit diameter was observed in the MARDY
cultivar, and the longest fruit in the JAMANIS genotype. The thickest fruit skin occurred in WM
2210-1204, WM 2210-0806, and WM 2210-1110, increasing storage and transportation durability.
Total soluble solids (TSS), measured at the fruit center and edge, are key indicators of sweetness,
increasing as enzymes such as a- and B-amylases convert starch into sugars during ripening [31].
ESTEEM had the highest TSS in the center, WM 2210-1110 the lowest, and WM 2210-1606 the
highest at the edge. Watermelon flesh contains approximately 8-10% solids and 20-25% sugars,
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with sugar accumulation increasing as the fruit ripens due to changes in enzyme activity [37-39].
Morphological variations provide valuable genetic resources for improving agronomic traits
through plant breeding programs, including those using mutagen treatments [40].

Seed production is an important economic factor, and breeders aim to develop varieties with
few seeds. WM 2210-1606 produced the highest number of seeds and the heaviest seeds per fruit,
while ESTEEM produced the fewest. Watermelon seeds are categorized as abundant (over 600
seeds per fruit), moderate (400-600), or few (below 400) [37]. Seeds store food reserves that affect
viability, storage, germination, and vigor, thereby affecting overall seed quality [5].

3.4 Qualitative Variables

Plant characterization involves observing traits for grouping based on morphological
characters, which are easily assessed and show clear variation. Cluster analysis using the UPGMA
method was conducted based on characteristic similarities, producing a dendrogram of six

genotypes and four control varieties (Fig. 1).

A.l.l.l I WNM 2210-0104
A.l.1 I
WM 2210-0806
—| A112 WM 2210-1204
Al ESTEEM
A.1.2.1
GARNIS
A A2 WM 2210-0308
A.1.2.2
WM 2210-1110
A.2.1
A2 WM 2210-1606
A2.2
JAMANIS
B
MARDY
0.69 0.74 0.79 0.84 0.89
Similarity Coefficient

Fig. 1. Dendrogram analysis based on qualitative character observations. Kluster I (A1): WM
2210-0104, WM 2210-0806, WM 2210-1204, Esteem, Garnis, WM 2210-0308, WM 2210-1110.
Kluster IT (A2): WM 2210-1606, WM 2210-Jamanis. Kluster III (B): Mardy.

The cluster analysis/dendrogram results divide it into three clusters, with a similarity level
of 69%. An index similarity below 0.60 indicates a distant relationship. Cluster I included seven
genotypes with similar traits: WM 2210-0104, WM 2210-0806, WM 2210-1204, ESTEEM, and
GARNIS. Cluster IT included WM 2210-1606 and JAMANIS, with similarity in various
characters. Cluster III only contained MARDY, exhibiting specific characteristics.

3.5 Qualitative Characteristic Data
The ten tested watermelon genotypes and the control had seeded fruit types with elongated

shapes. The rind color was green, with varying RHS codes among genotypes. The fruit stripe types
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ranged from thin to medium to thick. Most fruits had red flesh with differing RHS codes, although

a few genotypes displayed red-orange flesh. At the post-harvest phase, most genotypes had a

crunchy texture, except one with a sandy texture. All tested and controlled genotypes had sweet-

tasting flesh (Table 5 and Table 6).

Table 5. Qualitative Characteristics of 10 Watermelon Genotypes

GENOTIP Lt Fruit skin color Fruit g it flesh color T Uit Flesh - Fruit
shape striations Texture Type
WM2210-0104  Oval ~ RHSNISOA(Grayed . prgusp (Reqy ~— CrisP Seeded
Green Group)
wM2210-1204 Y3 RHS 138 (Green Group)  Medium RHS 9A Crisp  Seeded
(Yellow)
WM 2210-0806 Oval RHS N189A (Grayed Thin RHS 43B (Red) Crisp Seeded
Green Group
wM2210-1606 OV RHS ggﬁp()Green Medium  RHS 42 (Red) Crisp  Sceded
wM2210-0308  Oval  RHS Gy " Medum  RHS4IB(Red)  Grainy Seeded
wMm2210-1110  Oval  RESNISOA (Grayed = po g RuS 43B (Reay  CTSP Seeded
Green Group
ESTEEM Oval  RHSNNI37A(Green .~ RHSI4A Crisp  Seeded
Group) (Yellow-Orange)
GARNIS Oval RHS NN 137 A (Green Medium RHS 6A Crisp Seeded
Group) (Yellow)
JAMANIS Oval - RHSNNI ;Zp‘)* (Green  Nedium  RHS 45A (Redy ~ CMSP Seeded
MARDY Oval RS éiﬁp()Green Thin ~ RHS 45B (Red) Crisp St

Table 6. Data observation of qualitative characteristics of ten watermelon genotypes

Variable Qualitative Character Genotype
Fruit Type Seeded (10 Genotype) Al1,A2,A3,A4,A5,A6,A7,A8,A9, and A10
Fruit Shape Oval (10 Genotype) A1,A2,A3,A4,A5A6,A7,A8,A9, and All

Fruit skin color

Fruit striations

Fruit flesh color

Fruit flesh texture
Seed shape

Seed size

Grayed Green Group N189A (3 Genotype)
Green Group 138 (1 Genotype)
Green Group 143A (2 Genotype)
NN 137 A (3 Genotype)

Green Group 139A (1 Genotype)
Thin (3 Genotype)

Medium (4 Genotype)

Medium (3 Genotype)

RG 41b (1 Genotype)

RG 42A (1 Genotype)

RG 43B (3 Genotype)

RG 45B (1 Genotype)

RG 45A (1 Genotype)

YG 9A (1 Genotype)

YDG 14 A (1 Genotype)

YG 6 A (1 Genotype)

Crisp (9 Genotype)

Grainy (1 Genotype)

Broad Oval, Flat (10 Genotype)
Flat (4 Genotype)

Medium (3 Genotype)

Long (3 Genotype)

Al1,A3, and A6

A2

A4 and A5

A7,A8, and A9
Al0

A1,A3,and A10
A2,A5,and A8
A4,A6,A7, and A9
A5

A4

Al1,A3, and A6
Al0

A9

A2

A7

A8
Al1,A2,A3,A4,A6,A7,A8,A9, and A10
AS
Al1,A2,A3,A4,A5,A6,A7,A8,A9, and A10
A1,A7,A8, and A9
A2,Ad,and A5
A3,A6,and A10

Qualitative traits in plants are controlled by major genes (simplegenic) and are minimally

affected by the environment, making them key markers for plant varieties [41]. In watermelon,
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these traits include fruit type, shape, skin color, line type, flesh color and texture, seed shape, and
size. Table 5 shows that watermelon can have seeded, elongated fruit, green skin with various line
thicknesses, red or yellow flesh, and a crisp texture. Seed lengths vary from short to long, and

market-preferred shapes include round, oval, and elongated [5].

4. Conclusions
The study showed significant variations in several morphological and agronomic
characteristics among watermelon genotypes. WM 2210-1606 was superior in stem diameter, had
the fastest flowering time, and the earliest harvest. WM 2210-1110 excelled in vine and leaf length,
while GARNIS produced the heaviest fruit, and WM 2210-1606 showed higher sugar content at
the fruit edge. Cluster analysis grouped the genotypes into three main groups based on trait
similarities. Overall, these variations indicate the potential for improving watermelon quality

through the breeding of superior genotypes.
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RBD Randomized Block Design
LSD Least Significant Difference
RHS Royal Horticultural Society
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