


Performance Evaluation of Watermelon Varieties for Small-Sized Fruit



ABSTRACT
Watermelon (Citrullus lanatus L) is a warm-season fruit crop with high demand in summer, rich in nutrients like lycopene, vitamin C, and citrulline, and preferred for fresh consumption. In Bhutan, watermelon is an emerging cash crop with potential for domestic production, but there's a need to evaluate new varieties that match local preferences for size and taste. The adaptability and performance evaluation of three new watermelon varieties for size and taste was conducted during the spring season of 2025 at the Agriculture Research and Development Centre (ARDC), Samtenling research station farm. The research design was a Randomised Complete Block Design (RCBD) with three replications and three treatments. These varieties were Summer Sweet (Japanese variety), Sweet Watermelon (Chinese variety), and Sugar Baby (check variety). The Chinese variety and check variety were open-pollinated (OP) varieties, whereas the Japanese one was an F1 hybrid. The results of the study showed a statistically significant difference (p < .05)  for fruit weight, fruit height, fruit diameter and TSS% among all three varieties. The total soluble solids (TSS) % of Summer Sweet was 14.40%, and that of Sugar Baby and Sweet Watermelon were 11.92% and 13.35%, respectively. The mean fruit weight of Summer Sweet was 3.12 kg, that of Sugar Baby was 4.28 kg, and that of Sweet Watermelon was 5.85 kg. Summer Sweet had the longest vine length (5.11 m), and Sugar Baby had the shortest (3.84 m). From the research findings, Summer Sweet proved to be the most palatable offering size preferred by customers and was sweeter than the other two varieties. Additionally, Summer Sweet had higher yields than the other two varieties and produced more fruits per plant. On the other hand, Sweet Watermelon had the largest fruit size among the varieties. Therefore, Summer Sweet is preferred for the small-sized fruit and taste profile of the Bhutanese customers.
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1. Introduction
The watermelon (Citrullus lanatus L) belongs to the Cucurbitaceae family. Its flesh is sweet and juicy and is a rich red or pink in colour, which makes it a refreshing delight enjoyed by many. Watermelon is composed of 92% water and 6% sugar (Yadav et al., 2024), and it is also a source of various nutrients, including carotenoids, vitamin B6, lycopene, vitamin A, and vitamin C (Dube, Ddamulira & Maphosa, 2020). The fruit contains good amounts of lycopene and citrulline, and the rind of a watermelon generally contains more citrulline than the flesh. Watermelon flesh accounts for around 68% of its weight, with the remaining 31% made up of rind and 2% seeds (Yadav et al., 2024). 

[bookmark: _Hlk207353471]Watermelon is a warm-season fruit and is very popular for fresh consumption, owing to which it has high demand in the summer season. It can be grown up to 1500 masl and grows well in well-drained sandy loam soil with a pH range of 6.0-6.8 in slightly acidic soil (Arim et al., 2019). The optimum day temperature requirement is 25°C to 30°C for germination of watermelon, and the night temperature should not fall below 15°C (Tomiyasu et al., 2018). The crop prefers an annual rainfall of 400-600 mm (Arim et al., 2019). 

Proper cultivation practices play a vital role in growth and yield. Watermelon plants without mulch resulted in poor growth and yield (Rao et al., 2017). Watermelon cultivation technology by drip irrigation gave a high yield and significantly reduced water consumption compared to conventional irrigation, while increasing productivity (Zokirov, 2023). Melon yield was significantly the highest in the Surface Drip Irrigation (SDI) treatment (Visconti, Salvador, Navarro & Paz, 2019). Pest management is also very important for the successful cultivation of watermelon. The melon fruitfly prefers to infest young, green, soft-skinned fruits (Dhillon, Singh, Naresh & Sharma, 2005). The Methyl eugenol-based Pheromone Trap is useful for fruitfly scouting (Patil & Phadke, 2024). The use of pheromone traps increased the yield and fruit quality significantly and is recommended for identifying and mass-catching the melon fly in open ground conditions (Yuldashev, Djumakulov, Turdibaev & Rifky, 2024). 

[bookmark: _Hlk207272027]In Bhutan, watermelon is usually cultivated in an open field and is recommended to grow during the month of early spring when the season is dry. Watermelon is a dry-season crop (Biswas, 2021). Watermelon production has gained momentum in recent years among growers in Bhutan. Watermelon is one of the important emerging cash crops in Bhutan, contributing to the generation of farmers’ income (Yangdon et al., 2024). Considering the current market demand and Agriculture Research Coordination Meeting (ARCM) resolution, the study focused on small-sized watermelons. In the year 2024, the National Seed Centre (NSC), Paro, in collaboration with Oshiye and Company Ltd. (Japan), a participant in the Bhutan Agri-Food Trade Investment Forum (BATIF) 2024, provided the seeds of the Japanese watermelon variety known as Summer Sweet for research and study purposes to the ARDC, Samtenling.

Watermelons imported from India are usually not the preferred size, as the Bhutanese customer prefers small-sized watermelons rather than the bigger ones. Secondly, large volumes of watermelon are imported from India every year, although there is potential to upscale domestic production. Considering the size preference and taste of Bhutanese customers and the potential for watermelon production in Bhutan, the preferred quality of watermelon in terms of size and taste needs to be studied. Therefore, the objective of this study was to evaluate the adaptability and performance of new watermelon varieties for size and taste against the check variety Sugar Baby.

2. Materials and Method
2.1 Experimental sites/location
The trial was carried out at the ARDC Samtenling research farm located at an altitude of 375 masl, having GPS coordinates of 26°54'31"N, 90°25'55"E during the spring season of 2025.

2.2 Field experiment and data collection 
[bookmark: _Hlk162865662][bookmark: _Hlk207019223]The new watermelon varieties (Sweet Watermelon and Summer Sweet) were evaluated against the check variety, Sugar Baby. Sweet Watermelon (Chinese variety) and Sugar Baby (check variety) were OP varieties, whereas Summer Sweet (Japanese variety) was an F1 hybrid variety. The seed source of Summer Sweet was from Oshiye and Company Ltd. (Japan), whereas Sweet Watermelon was originally from China. Seeds of these watermelon cultivars were sown in the greenhouse on 1st January 2025, in plastic poly pots (4” X6”) and the seedlings were transplanted to the experiment field on 23rd January 2025, i.e., after 22 days of raising in the nursery. The research design was a Randomised Complete Block Design (RCBD) with three treatments (T1: Sugar Baby, T2: Sweet Watermelon, and T3: Summer Sweet) and three replications. The treatments in the replication were randomised using Star software. Thus, the field was divided into three replications having three plots in each replication, for a total of nine plots. Each plot size was 18 m² (5 x 2x1.8) with 5 plants per plot with a spacing of 2 x 1.8 m per plant in a single row at the centre of the bed on a raised bed of 30 cm height. Thus, the size of the bed was 9 x 2 m. The size of the planting hole was 30 cm wide and 30 cm long, and seedlings were planted 10 cm deep in the hole (Tomiyasu et al., 2018). FYM was applied during land preparation at the rate of 20 t/ha (Arim et al., 2019). The basin was prepared by mixing 7.2 kg each of sand, FYM, and topsoil at the ratio of 1:1:1. Rice straw was used for mulching.
[bookmark: _Hlk200608739]Drip irrigation was installed after transplanting the seedlings, and the field was irrigated based on soil moisture status and weather conditions. Pheromone traps were installed to control the melon fruitfly at the end of March. A single soil drenching and three times protective cover sprays with fungicide (Mixol: metalaxyl 8% + mancozeb 64% WP) @ 2 gm/L water were done at an interval of 7 days starting from 01/04/2025. Almost on a daily basis, hand destruction and disposal of premature fruit fly-infested fruits in the pit were carried out to control and disrupt the life cycle of the melon fruit fly. Fruits were harvested when tendrils became dry (Singh, Patel, Tomar & Pandey, 2023). For data collection, one fruit of marketable size from each plant per plot was randomly selected to determine the fruit parameters, such as fruit weight, fruit height, fruit diameter, and TSS%. Similarly, data on vine length, number of primary branches, and days to first harvest were recorded at the time of fruit harvest (28/04/2025), while days to first male and female flower anthesis were noted at the time of their respective flower emergence to determine the plant characteristics. A handheld refractometer was used for measuring fruit TSS, a digital weighing balance for fruit weight measurement, and a simple measuring tape for measuring the fruit height, fruit diameter, and vine length. Altogether, data from 45 fruits of 9 plots were collected, i.e., 15 fruits each from T1 (Sugar Baby), T2 (Sweet Watermelon), and T3 (Summer Sweet). The plot yield was determined by multiplying the mean yield of the plot by the total number of fruits per plot. The shape of the fruits at physiological maturity was identified using the cucurbit species descriptor (ECPGR, 2008). However, the rind and flesh color were identified based on visual observation. The severity of pest or disease incidence was calculated using the following formula:



2.3 Data analysis
All the data collected from the field trial were subjected to analysis of variance (ANOVA) using the PROC GLM procedure of the Statistical Analysis System (SAS) (version 9.4; SAS Institute, Cary, NC, USA). Multiple comparisons among the means were conducted using Duncan’s Multiple Range Test (DMRT) when effects were statistically significant (p = 0.05).
3. Results and Discussion
[bookmark: _Hlk200480246]3.1 Fruit characteristics
[bookmark: _Hlk208567994][bookmark: _Hlk207378907]ANOVA showed that there were significant differences (p < 0.05) among the watermelon varieties for fruit weight, fruit height, fruit diameter, and total soluble solids (TSS) (Table 1). Summer Sweet watermelon had the lowest weight with 3.12 kg, while Sweet Watermelon had the highest weight with 5.85 kg and Sugar Baby had 4.28 kg. The value recorded for Sugar Baby is comparable to earlier reports of Boyhan, Connell, McNeill and Stone (2019) and Arim et al. (2019), who reported average weights of 4.80 kg and 4 kg, respectively. Average fruit height and fruit diameter were 18.65 cm and 17.93 cm for Summer Sweet, 19.25 cm and 20.33 cm for Sugar Baby, and 25.28 cm and 21.44 cm for Sweet Watermelon, respectively. The TSS was highest for Summer Sweet (14.40%), followed by Sweet Watermelon (13.35%) and Sugar Baby (11.92%). Singh, Patel, Tomar and Pandey (2023) also reported a Sugar Baby flesh sweetness of 11-13% TSS. A study conducted in the previous season also identified the Summer Sweet variety with the smallest weight of 2.54 kg and the highest TSS of 14.40%. This indicates that Summer Sweet produces comparatively smaller fruits as well as sweeter ones than the other two varieties, which is consistent with the present findings. This attribute might be preferred by consumers in Bhutan, who favour the small-sized and highly sweetened fruits. All three varieties had red flesh, and Summer Sweet and Sweet Watermelon fruits were oval, while Sugar Baby was round (Figure1).




[bookmark: _Hlk205391822]Table 1. Fruit characteristics of three watermelon varieties
	Variety
	Fruit weight (kg)
	Fruit height (cm)
	Fruit diameter (cm)
	TSS (%)

	Sugar Baby
	4.28 c
	19.56 b
	20.33 a
	11.92 c

	Sweet Watermelon
	5.85 a
	25.28 a
	21.44 a
	13.34 b

	Summer Sweet
	3.12 b
	18.65 b
	17.93 b
	14.40 a

	CV (%)
	25.40
	12.19
	9.41
	6.96

	p-value
	0.0000
	0.0000
	0.0000
	0.0000


[bookmark: _Hlk205395215]*Means with the same letter(s) in the column are not significant at p=0.05
[image: ][image: ][image: ]  
[bookmark: _Hlk199846751][bookmark: _Hlk200125922]Figure 1. Three watermelon varieties were evaluated in the trial

3.2 Plant characteristics 
The study’s findings showed that there was a statistically significant difference among the varieties with respect to vine length and number of primary branches. However, there was no significant difference in the other plant characteristics, which included the number of days to first male flower anthesis, the number of days to first female flower anthesis, and the number of days to first harvest (Table 2). The result found that Summer Sweet exhibited the longest vine length at 5.11 m, followed by Sweet Watermelon at 4.25 m and Sugar Baby at 3.84 m. The highest number of primary branches was found in Summer Sweet (17.33) followed by Sugar Baby (11.66) and Sweet Watermelon (10.53). On the contrary, the mean number of days to first male flower anthesis for Sugar Baby, Sweet Watermelon and Summer Sweet was 32.20, 32.86, and 30.46 days, respectively. The mean number of days to first female flower anthesis for Sugar Baby, Sweet Watermelon and Summer Sweet was 39.26, 39.46 and 39.13 days, respectively. Similarly, the mean number of days to first harvest for Sugar Baby, Sweet Watermelon and Summer Sweet was 95.40, 95.0 and 93.73 days, respectively. All the varieties had a single harvest, which indicated that the three varieties matured at nearly the same time.
Table 2. Plant characteristics of three watermelon varieties
	Variety
	Vine length (m)
	Number of primary branches 
	Number of days to first male flower anthesis
	Number of days to first female flower anthesis 
	Number of days to first harvest 

	Sugar Baby
	3.84 b
	11.66 b
	32.20 
	39.26 
	95.40 

	Sweet Watermelon
	4.25 b
	10.53 b
	32.86 
	39.46 
	95 

	Summer Sweet
	5.11 a
	17.33 a
	30.46 
	39.13
	93.73 

	CV (%)
	15.73
	35.96
	8.56
	1.28
	3.14

	p-value
	0.0000
	0.0006
	0.0563
	0.2044
	0.2893


[bookmark: _Hlk205409178]*Means with the same letter(s) in the column are not significant at p=0.05
3.3 Yield and pest/disease incidence
The study observed significant differences among the varieties in terms of the number of fruits produced per plant, yield per acre, and incidence of fruit fly, whereas for incidence of rat damage and incidence of fruit rot, no significant differences were observed among the varieties (Table 3). The mean fruit yield per plant was the highest for Summer Sweet, which produced 3.73 fruits per plant, followed by Sugar Baby (1.93 fruits) and Sweet Watermelon (1.46 fruits). Also, the highest yield per acre was obtained from Summer Sweet (13296 kg), followed by Sweet Watermelon (9262 kg) and Sugar Baby (9127 kg). The greater number of fruits per plant in the Summer Sweet variety may have contributed to the higher yield. Concerning pest/disease incidence (%), there was significant difference among the varieties with regard to percentage of fruit fly incidence, whereas there were no significant differences among varieties with regard to percentage of rat damage incidence and fruit rot incidence. The Summer Sweet variety showed 33% of plants with fruit rot incidence, 80% of plants with rat damage incidence, and 100% of plants with fruit fly incidence. Sugar Baby showed 26% of plants with fruit rot incidence, 73% with rat damage incidence, and 86% of plants with fruit fly incidence. Sweet Watermelon plants showed 33%, 86%, and 93% incidence of fruit rot, rat damage, and fruit fly, respectively. This indicated Sugar Baby had the lowest incidence of fruit fly and fruit rot, and the incidence of rat damage was high in all the varieties. However, all three varieties suffered 100% incidence of gummy stem blight that requires urgent management. 

Table 3. Yield and pests/diseases incidence
	Variety
	Number of fruits per plant 
	Yield (kg/acre)
	Fruit fly incidence (%)
	Rat damage incidence (%)
	Fruit rot incidence (%)

	Sugar Baby
	1.93 b
	9127 b
	86 b
	73
	26

	Sweet Watermelon
	1.46 b
	9262 b
	93 ab
	86
	33

	Summer Sweet
	3.73 a
	13296 a
	100 a
	80 
	33 

	CV (%)
	46.11
	44.37
	10.35
	22.82
	30.30

	p-value
	0.0000
	0.0300
	0.0022
	0.1486
	0.0948


*Means with the same letter(s) in the column are not significant at p=0.05

4. Conclusion
The study found that the Summer Sweet variety is best suited for Bhutanese consumer preferences as it produced relatively smaller (3.12 kg) and sweeter (14.40%) fruits with greater yields and produced more fruits per plant as compared to the other two varieties. The outcome of the study fulfilled the objective of evaluating watermelon varieties for fruit size and taste, hence the challenge posed by large-sized imports is addressed. As a result, Summer Sweet is recommended for domestic cultivation as it aligns with local market demand and shows potential for enhancing commercial production in Bhutan. However, the success of its adoption is subject to the availability of its seeds.
[bookmark: _GoBack]The present study result is also in conformity with the previous finding in which the Summer Sweet variety produced smaller and sweeter fruit. On the other hand, Sweet Watermelon (Chinese variety) produced larger fruits (5.85 kg) and Sugar Baby (check variety) produced intermediate size. The flesh colour of all the varieties was red, and the shape of the fruit was oval in Summer Sweet and Sweet Watermelon, while it was round for Sugar Baby. Among the varieties, Summer Sweet yielded the highest with 13296 kg per acre, and Sugar Baby yielded the lowest with 9127 kg per acre. The higher yield of Summer Sweet may be attributed to the highest number of fruits per plant (3.73), the longest vine length (5.11 m) and the highest number of primary branches (17.33). Despite these differences, the flowering and maturity times of all three varieties were almost similar. Regarding the pest and disease incidence, there was variation among the varieties. Summer Sweet had the highest incidence of fruit fly, whereas Sugar Baby had relatively low incidence of fruit fly and fruit rot among the varieties. Nevertheless, all three varieties were severely affected by gummy stem blight, which requires urgent management strategies.

[bookmark: _Hlk219284361][bookmark: _Hlk198031404][bookmark: _Hlk207268882]Disclaimer (Artificial intelligence)
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