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Abstract 

Understanding genetic diversity and germplasm classification through agro-morphological characterization is fundamental in 

order to provide information for genetic resources conservation and breeding programs. The overall objective of this study was 

to assess the genetic variability of watermelon varieties cultivated in Cameroon. Five watermelon (Citrullus lanatus) genotypes 

were evaluated for genetic variability, heritability, and genetic advance for yield and its contributing characters in watermelon 

during 2017. Analysis of variance showed significant variation for all the studied characters, indicating the presence of sufficient 

variability in the material. Germination rates of the five varieties vary from 61.11 ± 5.82 to 90.71 ± 1.12% for Sugar Baby and 

Kaolack. Emergence time ranges from 7.03 ± 0.87 (Kaolack) to 8.73 ± 1.03 (Koloss), while flowering time varies from 28.27 ± 

0.45 (Crimson Sweet) to 36.24 ± 0.32 (Sugar Baby) days. The number of fruits (fruit count) show that Kaolack has the highest 

number of fruits per plant (3.55 ± 0.89), followed by Crimson Sweet (3.32 ± 0.5) while Koloss presents the lowest number of 

fruits per plant (2.12 ± 0.27). Of the 45 correlations performed, 26 were negative and 19 were positive. All negative correlations 

were not significant at the 5% level, while 5 positive correlations were significant. This result shows that length of fruit is 

correlated with weight of fruit (0.99) and weight of one hundred seeds (0.88). Moreover, the correlation between these two fruit 

characteristics (weight of fruit and length of fruit) appeared strong and positive (0.92). The phenotypic coefficient of variation 

ranged from 20.35 to 201.49 for the seed shape and weight of fruit parameters, respectively, while the genotypic coefficient of 

variation ranged from 17.72 to 198.65 for the same traits, respectively. All the traits studied showed that the phenotypic variance 

was higher than the genotypic variance. High broad-sense heritability coupled with moderate-high genetic advance was recorded 

for weight of one hundred seeds (11.63), while high broad-sense heritability associated with low genetic advance values was 

obtained for seed shape (0.21), seedling emergence time (5.89), and number of fruits per plant (6.43). Only the first two axes of 

the principal component analysis were taken into account because they explained about 92.31% of the variation observed in the 

varieties. The main parameters associated with these two axes were weight of fruit, length of fruit, flowering time, weight of one 

hundred seeds and life cycle. Based on the variation, 5 genotypes were grouped into three classes using the K-means 
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classification. Further studies involving biochemical and molecular markers are recommended for deeper characterization. 
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1. Introduction 

Watermelon [Citrullus lanatus (Thunb.) Matsum & Nakai] is 

a fruiting vegetable belonging to the Cucurbitaceae family [1]. It 

is a monoecious and/or andro-monoecious annual plant [2]. Its 

fruit has a thick rind (exocarp) of variable pigmentation with a 

solid and sometimes striped appearance, a fleshy mesocarp, and 

an endocarp whose color varies from white to yellow or red [3]. 

Therefore, consumption of watermelon seeds could contribute to 

combating protein-energy malnutrition and enhance food secu-

rity [4]. Watermelon production in Cameroon is unevenly distrib-

uted across the country, with high production in the West and 

North-West regions [5]. These regions produce nearly 70%, un-

like the southwest regions, such as Buea and its surroundings, 

which have a humid tropical climate and nutrient-rich volcanic 

soils with great potential for watermelon production but which 

are unfortunately underexploited [5]. Its consumption has in-

creased due to its nutritional profile and associated health benefits. 

Its fruit is effective in reducing cancer, cardiovascular disorders, 

diabetes, blood pressure, and obesity. Quantitative assessment in-

dicates that it contains 46% calories, 20% vitamin C, and 17% 

vitamin A and has more lycopene than tomato [1]. The plant has 

nutritional and medicinal value due to phenolic compounds and 

flavonoids present in the fruit and juice. The seeds are essential 

due to their fatty acid content. The major phytoconstituents re-

ported include lycopene, β-carotene, cucurbitacin E, citrulline, ar-

ginine, β-ionone, citral, and ascorbic acid. Xanthophylls are also 

reported in some varieties [6]. The moisture content, ash, crude 

fiber, ether extract, crude protein, and true protein ranged from 

5.43 to 6.82, 2.78 to 3.72, 1.66 to 3.94, 55.7 to 58.7, 19.16 to 

25.18, and 10.8 to 13%, respectively [4]. Considering publica-

tions on different parts of Citrullus lanatus [7] reported that the 

seed received the highest attention with 42.1%, followed by fruits 

at 35.5%, rind at 18.1%, and leaf at 2.5%, while the least was 

whole fruit at 1.7%. Mineral determinations revealed potassium 

to be more abundant in the rind (452.31 mg/kg) than in the seed 

(305.7 mg/kg) and the pulp (100.5 mg/kg), followed by calcium 

occurring more in the rind (292.61 mg/kg) than in the pulp 

(257.21 mg/kg) and seed (227.45 mg/kg) [8]. Also, different parts 

exhibited cardioprotective, reproductive, toxicological, hepato-

protective, neuroprotective, analgesic, and anti-inflammatory ac-

tivities and anti-ulcerative efficacy due to phytochemicals, anti-

oxidants, and proximate constituents in different parts of C. la-

natus [7]. The findings suggest that, in addition to the commonly 

consumed pulp, both the seeds and rind of C. lanatus are valuable 

sources of nutrients, phytochemicals, and antioxidants. With fur-

ther evidence based research, these components may play a role 

in the management of certain diseases [8]. 

Indeed, limited research has been carried out in Africa on wa-

termelon production compared with cereals and legumes [9]. In 

order to conduct studies in this area, it would seem essential to 

study the agronomic performance of existing cultivars in ge-

netic improvement programs. According to the study of [10], 

New technologies must be developed to accelerate breeding 

through improving genotyping and phenotyping methods and 

by increasing the available genetic diversity in breeding 

germplasm [10]. The overall objective of this study was to as-

sess the genetic variability of five watermelon varieties culti-

vated in Cameroon. This is expected to provide valuable infor-

mation to genetic breeding programs, potentially leading to the 

development of higher performing varieties. 

2. Materials and Methods 

2.1. Experimental Site and Plant Material 

The work was carried out during two agricultural seasons 

(2017-2018) in the locality of Eloumdeng II in the Centre Re-

gion of Cameroon. This site is located in the agroecological 

zone V (05°08'25'' latitude N, 10°31'22.1'' longitude E, alti-

tude of 740 m), characterized by a bimodal rainfall, a total an-

nual rainfall of 1836.7mm, an average temperature of 25.01°C 

and an average relative humidity of 75%. 

 
Figure 1. Fruits of the five watermelon varieties. a: Sugar baby, b: Koloss, c: Charleston gray, d: Crimson sweet, e: Kaolack. 
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Seeds of five watermelon varieties named Sugar Baby, Ka-

olack, Crimson Sweet, Charleston Gray, and Koloss (Figure 1) 

were obtained from a seed company (Semagri) and evaluated 

in the field to assess the genetic parameters associated using 

morphological traits in the watermelon genotypes as in [11]. 

2.2. Methods 

2.2.1. Evaluation of Agro-morphological Parameters 

Ten parameters selected among the descriptors of cucurbits 

were used in this study. Four plant characteristics, including 

germination rate (GR); seedling emergence time (ET); flow-

ering time (FT) and life cycle (LC). Four fruit traits, integrat-

ing number of fruits per plant (NF); length (LF), diameter (DF) 

and weight (WF) of mature fruits; 

Two seed data, namely the shape (SS) and the weight of one 

hundred seeds (WS). 

To determine GR (in%) and ET, three batches of 50 seeds 

of each variety were randomly selected and planted at a depth 

of 2 cm on the experimental plot. A seed was classified as ger-

minated when the cotyledons appeared above ground level, 

with the hypocotyl still bent downwards. The ET is the num-

ber of days after which both cotyledons have completely de-

veloped into leaves. FT, which is the number of days between 

the day of sowing and the first flowering, and LC, which is the 

number of days between sowing and fruit ripening, were also 

evaluated. These three-time parameters were expressed in 

days after sowing (DAS). For each variety, fruit weight (in kg), 

diameter, and length (in cm) were determined from 30 ran-

domly selected fruits from the harvest. 

For the measurement of seed shape, four batches of 25 seeds 

per variety were made up. Their shape was determined from 

the ratio of width (distance between the lateral edges of the 

seed) to height (distance from the base of the seed to the top). 

This ratio, which expresses the degree of circularity of the 

seed, is equal to unity for round seeds and closer to zero for 

the more elongated seeds. The measurements were made indi-

vidually on each seed by placing it on graph paper Three 

shapes were determined according to the value of the ratio be-

tween the width (L) and the height (H) as round (L/H = 1), 

wide (L/H > 1) or elongated (L/H < 1) [12]. 

The weight (in g) of 100 seeds was determined by making 

up five batches of 100 seeds for each variety, each batch hav-

ing been weighed using a 0.01g precision balance of the Sar-

torius brand. 

2.2.2. Experimental Design and Data Analysis 

The experimental set-up consisted of randomized complete 

blocks (RCB) with three replications. Each elementary plot 

includes 10 plants, spaced by 0.8 m between plants and 3.5 m 

between rows. This density takes into account the rampant na-

ture of the species, which quickly covers the ground [13, 14]. 

The data obtained were subjected to analysis of variance 

(ANOVA) using R software (version 3.5.1) for multiple com-

parisons of the means, and their classification was compared 

using the Least Significant Difference (LSD) at 5% threshold. 

The analysis of the genetic parameters covered the environ-

mental variance (VE), the genotypic variance (VG), the pheno-

typic variance (VP), the environmental coefficients of variation 

(ECV), the genotypic coefficients of variation (GCV), the pheno-

typic coefficients of variation (PCV), broad-sense heritability, the 

genetic gain (GA), and the genetic gain as a percentage of the 

mean [15, 16]. These genetic parameters (Table 1) were esti-

mated based on the formula described by [17]. 

Table 1. Formulas for the various estimated genetic parameters and meaning of terms. 

Parameters Formulas Meaning of terms 

Phenotypic variance (PV) PV = VG + (MSE/r) = MSG/r MSE: mean square of genotypes 

Genotypic variance (GV) GV = (MSG – MSE)/r MSG: mean square of genotypes 

Heritability in the broad sense (H2) H2 (%) = (VG/VP)*100 r: number of replicates 

Genotypic Coefficient of Variation (GCV) GCV (%) = (VG√/X)*100 √VG: standard deviation of genotypic variance 

Phenotypic Coefficient of Variation (PCV) PCV (%) = (VP√/X)*100 √VP: standard deviation of phenotypic variance 

Expected genetic gain (GA) GA = H2√VP*l I: constancy. For a selection coefficient of 5%. I = 2.06 

 

The magnitude of genetic advance which is estimated as 

percentage of mean was classified as low (< 10%), moderate 

(10-20%) and high (> 20%) [18]. 

Broad sense heritability estimates have been classified as 

high (> 60%), medium (30-60%) and low (< 30%) [19, 20]. 

Using ggcorrplot of R software, Multivariate analysis high-

lights correlations between the traits studied. 

Principal Component Analysis (PCA) and biplots using the R 

software (version 3.5.1) are used to describe genotypes and vari-

ables and the relationships between both [21]. The selection of 
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potential varieties for genetic improvement programs was per-

formed based on the 10 quantitative parameters, namely germi-

nation rate (GR); seedling emergence time (ET); flowering time 

(FT); life cycle (LC); number of fruits per plant (NF); length of 

fruit (LF); diameter of fruit (DF); weight of fruit (WF) of mature 

fruits; shape (SS); and the weight of one hundred seeds (WS). 

3. Results 

3.1. Phenotypic Variability 

3.1.1. Plant Characteristics 

The results of the plant characterization (Table 2) showed 

that Kaolack performed best for four variables four variables, 

namely GR (%), NF, SS. However, none of these variables 

allowed a credible discrimination of the varieties studied. In-

deed, the five varieties constituted, according to the parameter 

characterizing the plant, two nested groups (ET) or distinct 

groups (two groups for GR and three for FT and LC). In these 

various classifications, Koloss and Charleston Gray always 

belonged to the same group. 

3.1.2. Fruit Characteristics 

None of the varieties studied accumulated the best perfor-

mances for the four parameters related to the characteristics of 

the fruit (Table 2). Three of the variables (LF, DF and WF) 

analyzed clearly distinguished four of the five varieties stud-

ied, and the two varieties that exhibited the same performance 

varied for each of the variables. Koloss and Charleston Gray 

belonged to the same group for NF, asto plant characteristics 

(Table 2). 

3.1.3. Seed Characteristics 

For all five varieties, the values of the L/H ratio were sig-

nificantly lower than unity (Table 2). Therefore, the five wa-

termelon varieties studied had elongated seeds. One variable, 

weight of one hundred seeds made it possible to perfectly dis-

criminate the five varieties studied. For the seed shape (SS), 

the varieties formed two nested groups, and here again Koloss 

and Charleston Gray belonged to the same group (Table 2). 

For plant characteristics, the germination rate of the five va-

rieties varies from 61.11 ± 5.82 to 90.71 ± 1.12% for Sugar 

Baby and Kaolack. Emergence time ranges from 7.03 ± 0.87 

(Kaolack) to 8.73 ±3 (Koloss), while flowering time varies 

from 28.27 ± 0.45 (Crimson Sweet) to 36.24 ± 0.32 (Sugar 

Baby) days. The data for the number of fruits (fruit count) and 

fruit length, diameter, and weight are shown. Kaolack has the 

highest number of fruits per plant (3.55 ± 0.89), followed by 

Crimson Sweet (3.32 ± 0.5 while Koloss presents the lowest 

number of fruits per plant (2.12 ± 0.27). 

Table 2. Phenotypic variability in C. lanatus. 

Varieties 

Plant characteristics. Fruit characteristics. seed characteristics 

GR (%) 
ET 

(DAS) 

FT 

(DAS) 
LC (DAS) NF LF (cm) DF (cm) 

WF 

(kg) 
WS (g) SS (L/H) 

Kaolack 
90.71 ± 

1.12a 

7.03 ± 

0.87b 

28.27 ± 

0.45c 

79.57 ± 

0.55c 

3.55 ± 

0.89a 

21.05 ± 

1.14b 

19.43 ± 

2.06c 

6.03 ± 

0.87b 

5.22 ± 

0.01c 

0.65 ± 

0.03ab 

Crimson 

sweet 

89.81 ± 

3.07a 

8.28 ± 

0.69ab 

28.79 ± 

0.60c 

87.64 ± 

1.11b 

3.32 ± 

0.50a 

18.39 ± 

1.53c 

22.04 ± 

1.71b 

4.70 ± 

0.42c 

4.60 ± 

0.02e 

0.67 ± 

0.02a 

Sugar baby 
61.11 ± 

5.82b 

8.63 ± 

0.28a 

36.24 ± 

0.32a 

110.71 ± 

1.40a 

2.13 ± 

0.53b 

13.48 ± 

0.55d 

16.14 ± 

0.48d 

3.27 ± 

0.26d 

4.64 ± 

0.01d 

0.61 ± 

0.01b 

Koloss 
67.59 ± 

8.18b 

8.73 ± 

1.03a 

30.11 ± 

0.35b 

87.09 ± 

0.55b 

2.12 ± 

0.27b 

15.52 ± 

0.69d 

25.02 ± 

1.50a 

4.36 ± 

0.33c 

5.39 ± 

0.01b 

0.66 ± 

0.04a 

Charleston 

gray 

69.44 ± 

2.36b 

8.11 ± 

0.39ab 

30.01 ± 

0.54b 

85.96 ± 

1.84b 

2.24 ± 

0.16b 

29.54 ± 

2.24a 

18.12 ± 

0.88d 

8.94 ± 

0.40a 

7.36 ± 

0.03a 

0.64 ± 

0.02ab 

Means in column followed by common letters are not significantly different at the 5% threshold. GR: Germination rate; ET: seedling emergence 

time; FT: flowering time and LC life cycle; Number of fruits per plant (NF); LF: length, DF: diameter and WF: weight of mature fruits; SS: 

shape seed data and WS: weight of one hundred seeds. 
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3.2. Correlations Between the  

Agro-morphological Traits 

The results show that there are correlations between all the 

traits studied. Of the 45 correlations performed, 26 were neg-

ative and 19 were positive. All negative correlations were not 

significant at the 5% level, while 5 positive correlations were 

(Figure 2). This result shows that LF is correlated with WF 

(0.99) and WS (0.88). Moreover, the correlation between 

these two fruit characteristics (WF and LF) appeared strong 

and positive (0.92). Another strong and positive correlation 

was also observed between FT and LC (0.98). It should be 

noted that NF is positively correlated to no yield component 

GR (0.98). 

 
Figure 2. Correlation coefficients (r) between the agro-morphological parameters. 

**: correlation is significant at the 1% threshold; *: correlation is significant at the 5% threshold. LF: length of fruit; DF: diameter of fruit, WF: 

weight of fruit; NF: number of fruits/plant; ET: emergence time, WS: weight of 100 seeds; SS: shape of seed; GR: germination rate; FT: 

flowering time; LC: life cycle. 

3.3. Genetic Parameters 

The phenotypic coefficient of variation ranged from 20.35 

to 201.49 for the SS and WF, respectively, while the genotypic 

coefficient of variation ranged from 17.72 to 198.65, respec-

tively. All the traits studied showed that the phenotypic vari-

ance was higher than the genotypic variance (Table 3). 
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Broad-sense heritability values ranged from 0.76% (SS) to 

100 (WS) (Table 3). The values of the genetic advance varied 

between 0.21 (SS) and 63.48 (LF). In this study, strong broad-

sense heritability and genetic advance values were recorded 

for LF (63.48), DF (34.04), WF (22.04), and FT (32.7). High 

broad-sense heritability coupled with moderate-high genetic 

advance was recorded for WS (11.63). High broad-sense her-

itability associated with low genetic advance values was ob-

tained for SS (0.21), ET (5.89), and NF (6.43). 

Table 3. Genetic parameters of characters. 

Genetic Parameters LF DF WF NF ET WS SS GR FT 

Maximum 36,5 34 13,1 7 13 7,4 0,87 94,44 40 

Minimum 8,5 8,7 1,2 0 5 4,54 0,44 55,55 24 

Overall mean 19,6 20,15 5,46 2,67 8,15 5,44 0,64 75,73 30,68 

Mean standard error 2,64 2,65 1,06 0,84 1,01 0,1 0,04 2,74 1,09 

Environmental variance 20,95 21,11 3,39 2,15 3,04 0,001 0,001 22,45 3,59 

Genotypic variance 970,23 292,8 117,77 11,57 10,53 31,86 0,001 4632,93 225,65 

Phenotypic variance 991,18 313,92 121,16 13,72 13,57 31,86 0,017 4655,38 259,24 

Environmental coefficient of variation 23,35 22,8 33,72 54,9 21,36 0,41 10 6,26 6,17 

genotypic Coefficient of variation 158,92 81,91 198,65 127,31 39,8 103,74 17,72 89,88 52,11 

Phenotypic coefficient of variation 160,62 87,92 201,49 138,65 45,18 103,74 20,35 90,09 52,47 

Heritability (in the broad sense) 0,98 0,93 0,97 0,84 0,78 1 0,76 0,99 0,99 

Genetic progress 63,48 34,04 22,04 6,43 5,89 11,63 0,21 139,88 32,7 

3.4. Principal Component Analysis and Hierarchical Ascending Classification 

 

Figure 3. Contribution of the parameters and varieties to the construction of axes 1 and 2. 
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Only the first two axes of the principal component analysis 

were considered, as they accounted for approximately 92.31% 

of the total variation observed among the varieties (Figure 3). 

The contribution of the quantitative parameters to the con-

struction of the two axes as well as varieties is shown in Figure 

3. The main parameters associated with these two axes were 

WF, LF, FT, WS, and LC (Figure 3). Axis 1, which contains 

72.62%, was associated with parameters such as FT, LC, GR, 

SS, and NF (Figure 3), and axis 2, which contains 17.69%, 

was associated with variables such as WS, WF, and LC (Fig-

ure 3). 

Based on the variation, 5 genotypes were grouped into three 

classes using by the K-means classification (Figure 4). This 

enabled the genotypes to be grouped into three main classes. 

The first class is made up of Sugar baby variety. The second 

class includes Crimson sweet and Kaolack. Koloss and 

Charlestone gray genotypes are in the third and four groups 

respectively. 

 
Figure 4. Grouping of five watermelons divided into three clusters based on ten agro-morphological characters. 

4. Discussion 

The analysis of variance (ANOVA) showed that all meas-

ured morphological parameters vary significantly (p < 0.001) 

between the studied watermelon cultivars. The results attained 

in this study show that the five watermelon varieties differed 

in some of the evaluated agronomic traits, like plant charac-

teristics, four fruit traits, and seed. This result showed signifi-

cant variation for the studied characters, indicating the pres-

ence of sufficient variability in the material, as the one ob-

tained in Tunisia and India [22, 23]. Analysis of fruit charac-

teristics also revealed a high degree of variation, particularly 

in size, shape, and color traits, suggesting a rich genetic diver-

sity within the examined genotypes compared to [24]. The 

large similarity between the genotypes indicates that these 

genotypes have a close relationship [25]. There were high var-

iations among the evaluated accessions by phenotypic traits, 

which were more obvious in the case of fruit and seed charac-

teristics [26]. According to [12], values for fruit width were 

higher for Koloss than for Lagone and Charleston Gray, while 

fruit length and fruit weight of the three varieties indicated 

similar values. Very low and very high weights of fruits were 

not found [27]. This diversity is crucial for breeding programs 

aimed at improving specific traits, as it provides a larger pool 

of characteristics from which to select. According to [28], lack 

of genetic variations and slow improvement in fruit yield are 

common in watermelon breeding. Variability in watermelon 

fruit size is influenced by a combination of genetic, environ-

mental, and management factors. On the contrary, results of 

both qualitative and quantitative measurements indicated that 

accessions of the two countries show many similarities and 
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therefore cannot be separated clearly [27]. Understanding 

these contributors is essential for breeders and growers aiming 

to optimize fruit size for market preferences. 

Fruit weight (FW) is likely correlated with the dimensions 

of the fruit (such as length and width), and this would show as 

red squares where FW intersects with size-related variables. 

The shape in longitudinal section (FLS), depression at base 

(FDB), and shape of apical part (FAS) may show correlations 

with each other, indicating that certain shapes are commonly 

associated with specific features at the fruit's base or apex. 

Ground color of the skin (FGC) and main color of the flesh 

(FC) may or may not be correlated depending on whether 

there’s a common pigmentation pattern in the species studied 

[24]. The highest significant correlation was observed be-

tween fruit weight (FW), fruit length (FL), and fruit width (r 

= 0.87), while the lowest positive correlation (r = 0.0008) was 

recorded between fruit length (FL) and main stem [29]. 

Fruit weight recorded a significant positive association 

with the traits of vine length, number of primary branches, 

and number of secondary branches, days to fruit maturity, 

fruit length, fruit diameter, seediness, and pericarp thickness. 

Positively correlated characters indicate that an increase in 

the value of a character will be followed by an increase in 

the value of other characters, while negatively correlated 

characters indicate that a decrease will follow an increase in 

the value of another character in the value of other characters. 

Fruit weight was significantly positively correlated with fruit 

diameter, epidermal thickness, and number of seeds [25]. 

The use of genotypes with large fruit diameter, thick skin, 

and a large number of seeds is a breeding approach for in-

creasing fruit weight. The observed variability and correla-

tions between traits offer a resource for future research aim-

ing to understand the underlying genetic basis of these mor-

phological differences and their potential exploitation in the 

development of new varieties with desired characteristics. 

The estimates of variance, phenotypic coefficient of varia-

tion (PCV), genotypic coefficient of variance (GCV), herita-

bility (broad sense), and genetic advance as percent mean are 

presented in Table 2. The wide range of genotypic and pheno-

typic variation was observed for vine length (cm) (61.9 and 

63.3), followed by fruit length (12.8 and 14.9), fruit girth (6.8 

and 15.3), and average fruit weight (5.5 and 5.7), indicating 

that there is sufficient variability among the genotypes that are 

used for selecting desirable characters [23]. 

All parameters except WS showed genotypic variance 

greater than environmental variance. These findings are dif-

ferent from those of [28], who find that the environmental var-

iance was higher than the genetic variance. The highest geno-

typic (198.65) and phenotypic (201.49) coefficients of varia-

tion were obtained for the WF. This highest value indicates a 

high potential for effective selection [30]. Estimated heritabil-

ity values ranged from 0.79 (SS) to 1.0 (WS). High heritability 

and high genetic gain were observed for LF, DF, WF, ET, and 

GR. Traits with high genetic gain and heritability imply that 

selection for these traits gives a good response. Indeed, this 

result also suggests that there may be an additive action of 

genes, and the selection would be favorable for improving 

these traits with a simple selection method. According to [15], 

selection efficiency is achieved more quickly for traits with 

high heritability and genetic gain. The high broad-sense herit-

ability and moderate genetic advance were obtained for WS. 

The high and moderate broad-sense heritability revealed that 

those characters were less influenced by environmental fluc-

tuations. These traits could be exploited through manifestation 

of dominance and epistatic components through hybridization 

followed by selection. Selection for these traits might lead to 

the accumulation of more desirable genotypes, and satisfac-

tory progress could be achieved by individual selection on 

these characters. The high broad-sense heritability and low ge-

netic advance were obtained for NF, ET, and SS. Low broad-

sense heritability was obtained for weight of 100 seeds per 

fruit (16%) and number of days from planting to fruit maturity 

[11]. The heritability of fruit weight was low to intermediate. 

The narrow-sense heritability was larger than the broad-sense 

heritability, although the additive variance estimates were not 

consistent among families [28]. High heritability coupled with 

high genetic advance was observed in seed size, average fruit 

weight, total soluble sugar, vine length, and first female flower 

node. This indicated that these characters are governed by ad-

ditive gene action and real progress in improvement through 

selection. High heritability coupled with moderate genetic ad-

vancement in fruit length and fruit diameter. Moderate to low 

heritability association with low genetic advancement was no-

ticed in fruit yield and fruit girth. This indicated that the char-

acter is highly influenced by environmental effects, and selec-

tion would be ineffective for traits [23]. 

Principal component analysis (PCA) of morphological 

characters was used in detail to discriminate melon accessions, 

as in [31]. This approach not only enhances breeding effi-

ciency but also contributes to sustainable agricultural prac-

tices by maintaining genetic diversity within crop species. The 

first two dimensions expressed about 92.31% of the variation 

observed in the varieties. This result is different from those of 

[24], who finds 66.1% for dimensions 1 and 2. The results ob-

tained in this study are also better than those reported by [27], 

who found 67% for the first three dimensions. The first three 

axes of the PCA explained 67.85% of the total morphological 

variability in [22]. In this way, our PCA1 and PCA2 were 

mostly constructed from WF, LF, FT, WS, and LC, which can 

be used to discriminate our varieties. The first principal com-

ponent explained 14.627% of the total variance and had a high 

positive relationship with fruit weight, fruit length and width, 

mesocarp and pericarp thickness, fruit circumference, and 

fruit shape [26]. Seed attributes such as length, width, thick-

ness, and weight loaded in the second factor and described 

12.809% of the total variance [26]. According to [32], princi-

pal component analysis showed that physicochemical and bi-

ochemical parameters could also potentially discriminate col-

lections. Determination of genotypes that will be used as par-

ents in the assembly of watermelon varieties in this research 
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was based on the dendrogram results of morphological char-

acters, assessment of quantitative characters, analysis of ge-

netic parameters, and correlations between quantitative char-

acters [25]. Cluster analysis is a powerful statistical tool used 

to group watermelon genotypes based on their agromorpho-

logical traits, allowing for the identification of genetic diver-

sity and selection of desirable characteristics for breeding pro-

grams. Hierarchical clustering analysis grouped the water-

melon genotypes into distinct clusters based on their morpho-

logical traits. For instance, three main genotype clusters were 

identified, suggesting clear distinctions based on traits. This 

helps in understanding the genetic relationships among differ-

ent watermelon varieties. The distribution of varieties in a sep-

arate cluster could also indicate distinct selective breeding 

practices that have influenced their morphological traits. Re-

garding hierarchical clustering analysis [24], genotypes were 

grouped into two main clusters, and all three commercial va-

rieties were placed in the same cluster as compared with the 

result of this study. Cluster analysis of phenotypic traits also 

divided the studied accessions into two distinct groups [26]. A 

previous study showed that the watermelon accessions were 

divided into four main clusters [33], whereas in this study they 

were divided into three groups. For enhanced production of 

watermelon, Koloss is recommended to farmers in the Nsukka 

agro-environment and similar climate-soil zones in the sa-

vanna [12]. 

5. Conclusions 

Through this study, distinctive characteristics of five water-

melon varieties grown in Cameroon were examined. The ex-

perimental approach followed made it possible to establish 

and appreciate without ambiguity some of their agro-morpho-

logical performances. The one-way analysis of variance 

(ANOVA) showed that all measured morphological parame-

ters vary significantly (p/0.05) between the studied water-

melon cultivars. The estimates of variance, phenotypic coeffi-

cient of variation (PCV), genotypic coefficient of variance 

(GCV), heritability (broad sense), and genetic advance as per-

cent mean are presented. PCA1 and PCA2 were mostly con-

structed from WF, LF, FT, WS, and LC, which can be used to 

discriminate our varieties. Since we present detailed morpho-

logical background information for those local genotypes, our 

further goal is to understand their resistance to biotic/abiotic 

stressors and combining abilities for gene pyramiding studies. 

Agro- morphological traits considered in this study showed a 

large variability in six local melon varieties. Results obtained 

could be used to establish a catalogue of local melon varieties. 

Abbreviations 

PCV Phenotypic Coefficient of Variation 

GCV Genotypic Coefficient of Variance 
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