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Abstract  
The practice of cultivating melons so far has only been limited to producing fruit not honey. However, it has the 
potential to be a source of income for farmer. H. itama can collect nectar flowers to honey. This research used 200 
melon crops cultivated in a closed greenhouse and one hive of H. itama was acclimatized in the center of the 
greenhouse. Observation were made on the behaviour of H. itama visits to melon flower, flowering phenology, melon 
production against several types of pollination, and honey production by H. itama and potential additional income 
for farmer. The ratio of the number of male flowers to hermaprodhites of melon crops is 1:20. The average of H. itama 
was visit a flower during 35.99 seconds and a higher number of visits on male flowers compared to hermaphrodite 
flowers. Based on the treatments of several types of melon pollinations, melon fruits showed better quality in flowers 
pollinated by hand-self of humans and repeated visits by H. itama. Meanwhile, the total amount of honey obtained in 
this study was four pots of honey with a total volume 16.9 ml equal to 270.400 ml/planting period. 
Keywords Insect, Integration, Melon, Nectar, Pollinator, 
 
1. INTRODUCTION 
Melon is a fruit crop that has many benefits for human health. In 100 grams of melon contains 92.01% 
of water, 0.5% of protein, 0.3% of fat, 6.2% of carbohydrates, 0.5% of fiber, and 351 IU of Vitamin A 
(Daryono et al., 2019). In its development into fruit, melon flowers are monoecious with a ratio of male 
to hermaphroditic flowers of 1:18. The male flower consists of 5 petals that are fused at the base of the 
flower, the androceum consists of 5 stamens, and the anthers and filaments are fused. Meanwhile, 
hermaphrodite flowers have a larger perianth and are similar to male flowers. During the flowering period, 
male flowers come out and open first compared to hermaphroditic flowers. New flowers will appear 40 
days after planting, the length of time for these two flowers to bloom is one day (Revanasidda & Belavadi, 
2019). As a plant belonging to the herbaceous group, melon crops have discs or bowls and flower flags 
(Wang et al., 2024). Optimizing melon cultivation is expected to increase farmer's income (Davies & 
Bowman, 2016). One of the efforts can be to integrate it with pollinators with the concept of symbiosis 
mutualism (Budianto & Sukendah, 2022). Pollination is very important in increasing agricultural 
production (Dainese et al., 2019), it can even increase 10% of the economic value of global crop 
production (Chaplin-Kramer et al., 2014). Heterotrigona itama is a pollinator species on this crop (A’yunin 
et al., 2019). For melons, the presence of pollinators is expected to deliver pollen to the stigma, while for 
pollinators, they will get nectar from flowers as food ( L i n h a r t ,  2 0 1 4 ) ( P o w e r  e t  a l . ,  2 0 1 8 ) , 
while for farmers it can increase economic profits (Castle et al., 2019). 
Heterotrigona itama is a species of pollinating insect belonging to the Hymenoptera and widely distributed 
in tropical areas (Trianto & Purwanto, 2022). The concept of integrated agricultural activities creates an 
ecological farming system that can make the best of local resources as efficiently as possible for a 
sustainable environmentally friendly farming system (Putri et al., 2022). 
Pollinator species with high densities can influence other pollinators in competing for flower resources 
(Torné-Noguera et al., 2016), so it is hoped that with integration through acclimatization, the use of H. 
itama species as specific pollinators can increase the efficiency of melon pollination and increase the 
income of melon farmers. 
Cultivation of plants in a greenhouse can generally be used to maintain plant production without being 
influenced by weather conditions, such as in cultivating tomatoes where production does not differ in 
summer and autumn (Hikawa & Miyanaga, 2021). Likewise reports with other plants such as melons. 
Apart from the hope of getting melon production, it also hoped that farmers would get additional income 
through honey production as a result of the integration with H. itama. 
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2. MATERIAL AND METHODS 
This research was carried out on melon cultivation in the Closed Greenhouse in Pulau Godang Kari and 
the field of Melon Cultivated in Kuantan Singingi Regency, Riau, Indonesia, located at coordinates - 
0.5464378176278757, 101.55132594355901 (Fig 1.) The research was carried out during 3 months June-
Augustus 
2024. 

 
Figure 1. Research Location in Kuantan Singingi Regency, Riau Province, Indonesia 
2.1. Melon Planting and H. itama Colony Placement 
Melons were planted in a closed greenhouse ( 6 x 11 meters) with a planting distance of 1 x1 meter, and 
the total population of melons was 200 plants. Each plant were attached with a melon stake around 2 
meters for the melon to spread. Fertilization is provided through hydroponic nutrition which is given by 
the drip system. When the plants were 2 weeks after planting, one colony of H. itama was acclimatized in 
the center of the greenhouse. According to (Prešern et al., 2019) the total number of colonies will influence 
the maximum yield in beekeeping which will further determine the profits from the beekeeping business. 
During melon cultivation, pesticides and fungicides were sprayed to know the effect of pesticide use on 
H. itama activity. 
2.2. Melon Flowering Phenology 
A total of 25 plants were sampled for this observation. Observations of melon flowering phenology include 
the day the plant begins to flower and the number of male and hermaphrodite flowers that appear. All 
flowers are observed starting from the first flower appearing until the melon to the harvest period. The 
number of male and hermaphrodite flowers formed was counted and recorded. Apart from that, it was 
also observed when individual flowers started to open. 
2.3. Daily Visitation Patterns of H. itama on Melon Flowers 
Observations of visiting activities were carried out by census. A total of 10 male flowers and 10 
hermaphrodite flowers visited by H. itama were observed. Observations were carried out four times a day, 
each for 60 minutes so that the observation time was 240 minutes/flower/day. 
2.4. Rate and Duration of Flower Visitation by H. itama 
Observation of visitation rates was based on the number of male and hermaphrodite flowers visited by 
H. itama. A total of five H. itama individuals were observed from the moment they left the nest, visiting 
the first, second, and subsequent flowers until the individual returned to the hive. The total number of 
flowers visited is the visit rate. Meanwhile, the duration of visits was observed by calculating the time 
spent by H. itama individuals on one flower. This calculation starts from the first flower visited by the H. 
itama individual to the last flower visited until the individual returns to the hive. 
2.5. Effect of Several Types of Pollination on Melon Fruit Set 
The effectiveness of pollination is based on the type of pollination in the hermaphrodite melon flowers. 
In this experiment, four treatments were used on 100 hermaphrodite flowers. These treatments were, 
unpollinated (A); hand-self-pollinated (B); pollinated by a single visit of H. itama (C); and pollinated 
through repeated visits by H. itama (D). Each treatment level was observed on 10 hermaphrodite melon 
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flowers and repeated three times so that the total number of flowers observed was 120 flowers. In 
treatment A, 10 hermaphrodite flowers were covered in the afternoon before the flower's anthesis. In 
treatment B, 10 flowers were pollinated by humans by hitting pollen from 2 male flowers against 
hermaphroditic flowers. In Treatment C, 10 flowers were observed from the beginning of anthesis until 
they were visited once by H. itama and then covered using plastic fruit wrappers; in Treatment D, 10 
hermaphrodite flowers were allowed to be visited repeatedly and then wrapped. 
2.6. Honey Volume Production 
Honey volume observations were carried out at the end of the study. The honey formed in the H. Itama 
hive was taken and measured using a graduated cylinder. To determine the potential for additional 
income for the farmer, the honey production produced is converted into hectare unit and multipled by 
the price of honey from stingless bee. 
 
3. RESULTS 
3.1. Temperature in Greenhouse 
During the research, the highest average temperature in the greenhouse was observed during the day from 
13.00 WIB to 14.00 WIB, namely around 350C. while the lowest temperature was observed at 07.00 
WIB to 08.00 WIB, namely 210C. These temperature conditions will affect the activity time of 
Heterotrigona itama. Especially in looking for food (Figure 2). 

 
Figure 2. Temperature conditions in the Greenhouse (b) 
3.2. Comparison of the number of Heterotrigona itama individuals with the number of melon 
flowers per crop 
A total of one colony of Heterotrigona itama was acclimatized when the melon plants entered 2 weeks 
after planting. The number of Heterotrigona itama individuals visiting melon flowers continues to 
increase along with the increase in the number of melon flowers. As the number of melon flowers 
decreased, the number of Heterotrigona itama individuals visiting the melon flowers also decreased (Table 
1). 
Table 1. Number of active Heterotrigona itama individuals and average number of melon flowers  

Number of individuals active Average number of Melon 
flowers/plant 

Day Morning Evening  
7 9 6 0 
14 12 6 0 
21 17 9 5 
28 23 18 13 
35 24 22 38 
42 35 23 54 
49 34 22 62 
56 38 23 87 
63 35 21 67 
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70 28 18 54 
77 28 18 44 
Average 25,72727 16,90909 38,54545 
Stdev 9,778455 6,685126 29,94115 

During morning observations, the highest number of individuals was observed on day 56, namely 38 
individuals. Meanwhile, the lowest number of individuals was observed on day 7, namely 9 individuals. 
The high number of individuals on the 56th day is in line with the high number of melon flowers, namely 
87, and the low number of individuals on the seventh day is also caused by the absence of melon flowers 
that have not yet bloomed. 
During the afternoon observations, the number of Heterotrigona itama individuals was observed on day 
56, while the lowest number of individuals was observed on days 7 and 14, namely 6 individuals. The 
high number of individuals observed this afternoon was in line with the large number of flowers that day, 
namely 87 flowers that bloomed. 
3.3. Phenology of Flowering in Closed Greenhouse 
Melon cultivation is carried out in a closed greenhouse and begins to flower at an average age of 19.9 to 
24 days after planting by starting with the appearance of the first flower, which is a male flower.  
These male flowers appear one by one on the axils of the leaves. Hermaphrodite flowers come out on one 
stalk with only one flower (some records have two flowers). Male and hermaphrodite flowers open in the 
morning at the same time, taking approximately 95 minutes to open perfectly. Melon flowers began to 
open at around 06.13 (Western Indonesian Times) at a temperature of 210C. and open perfectly perfectly 
at 07:48 (Western Indonesian Times) at a temperature of 250C. The flowers bloom during the day and 
begin to close slightly at 
17.25 (Western Indonesian Times) at a temperature of 280C and reopen perfectly again the next day. 
Melon flowers only bloom for 1-2 days, and then they will wither and fall off. 

 
Figure 3. Age of appearance of male and hermaprhodite flowers on melon plants 
In this study, The average number of hermaphrodite flowers in melon plants was 314,6 while male flowers 
were 17 with a ratio of 1:18. 

 
Figure 4. Number of hermaphrodite and male flowers on melon plants (b) 
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Figure 4. Number of hermaphrodite and male flowers on melon plants (b) 
3.4. Daily Visit Pattern 
H. itama begins to visit male flowers on the first 06.45 (Western Indonesian Times), then increases at the 
next observation at 07.45 (Western Indonesian Times), 08.45 (Western Indonesian Times), and peaks at 
09.45 (Western Indonesian Times). After that, along with the increase in temperature, the number of 
individuals who actively visit one melon flower also decreases during the day and increases again in the 
afternoon. The observation results showed that the average number of visits to hermaphrodite flowers was 
42.5 ±21.99 times, while in male flowers it was higher at 48.25±24.5 times. 

 
Figure 5. Rate (a) and duration of visits (b) of male and hermaprhodite flowers by Heterotigona itama 
individuals 
The total visits on male flowers are less compared to hermaphrodite flowers, this is because the number 
of hermaphrodite flowers is much less compared to male flowers (figure 5). In this study, The average 
number of hermaphrodite flowers in melon plants was 314,6 while male flowers were 17 with a ratio of 
1:18. 
3.5. Visit Rate 
The number of visits by heterotrigona itama was greater on male flowers than on hermaprhodite flowers, 
namely 35.99 times on male flowers, while on hermaphrodite flowers it was only 31.61 times. However, 
the duration of visits is longer for hermaphrodite flowers compared to male flowers. In hermaprhodite 
flowers, the visit duration is 64 seconds, while in male flowers it is only 51 seconds (Table 2.) 
Fruit Set 
Pollination treatment on melon flowers had a significant influence on fruit formation, fruit weight, 
number of seeds and sugar content in melons cultivated using a hydroponic drip system in a greenhouse 
(Table 3.). 
Table 2.Average number of Visit  and duration visit melon Flowers by Heterotrigona itama 
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Melon Fruit Formation Percentage. 
Melon fruit formation is greatly influenced by the type of pollination. The difference in results between 
treatments in this study was statistically significant (Tukey's Test 5%).  
Pollination of melon flowers using human hands resulted in the highest percentage of fruit formation 
(93.3%). This result was the same as the repeated visit treatment by Heterotrigona itama (93.3%), followed 
by the repeated visit treatment by Heterotrigona itama (66.77%). And the lowest yield was in the 
treatment without pollination (26.7%). 
Melon Fruit Shape 
The pollination type treatment in the study influenced fruit shape. The fruit resulting from pollination 
is round in fruit from treatment with the help of human hands, a single visit by Heterotrigona and a 
single visit by Heterotrigona itama. Meanwhile, with treatment without pollination, the melons produced 
are not round. 
Weight of Melon Fruit 
The pollination type treatment in this study had a significant influence on melon fruit weight. The best 
treatment resulted from pollination treatment with the help of human hands (917.8 g) and was not 
significantly different from the fruit produced from repeated visits by Heterotrigona itama with a fruit 
weight of 896.13 grams. This was followed by pollination with a single visit (300.9 g) and the lowest weight 
without a polinator (249.47 g). 
Number of Melon Seeds 
Pollination treatment of melon plants had a significant influence on the number of seeds. The best 
treatment was found in the treatment with assistance from human hands (416.47 seeds) and followed by 
the flower treatment, which was visited repeatedly by Heterotrigona itama (411 eggs), visited once by 
Heterotrigona itama (300.9 seeds). And finally in the treatment without pollination (55.8 seeds). The 
pattern of results in this treatment showed the same pattern as the fruit weight observation parameters, 
namely the best in treatment with human assistance, and did not differ from repeated visits by 
Heterotrigona itama. 
Sugar Content in Melons Fruit 
Pollination treatment of melon flowers has a significant influence on the sugar content of melon fruit. 
The best average sugar content of melons was produced by repeated visitation treatment by Heterotrigona 
itama (9.93 Brix) and followed by pollination treatment with human assistance, namely 9.76 Brix, stay 
visitation treatment by Heterotrigona itama (8.1 Brix). The lowest sugar content resulted from the 
treatment without pollination, namely 7.96 Brix. 
Table 3. Comparison average of fruit formation, weight, number of seeds and sugar content. 

Parameters (Average) Treatments 
Without pollinator Hand-self 

pollination 
Once visited by H. 
itama 

Repeated 

Percentage of fruit 
formation (%) 

26,7±11,577c 93,3±5,77a 66,77±,5777b 93,3±5,7777a 

Fruit shape Not rounded Rounded Rounded Rounded 
Weight of fruit (g) 249,47±107,5177c 917,8±48,1177a 684,9±45,077777b 896,13±40,6677a 
Number of Seeds 
(Unit) 

55,8±30,32 416,47±21,18 300,9±18,80 411±17,97 

Sugar Content (Brix) 7,96±0,5077b 9,76±0,7277a 8,1±0,177a 9,93±0,3277a 
Note: different letters in the column indicated significant differen among means based Tukey’s test 5% 
3.6. Honey Volume Production 
During research with a total of 200 melon plants cultivated in this study, it was found that the amount 
of honey produced by Heterotrigona itama which was collected from melon flowers was 16.9 ml. This 
honey volume is the total of 4 pots of honey produced with the average honey volume being 4.225 ml/pot 
(Table 4.). 
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Table 4. Nectar volume from Heterotrigona itama hive 
Pot Honey Volume (ml) 
1 3,8 
2 4,2 
3 5,1 
4 3,8 
Total 16,9 
Average 4,225 
SD 0,613052 

4. DISCUSSION 
4.1. Life History of the Colony within the Observation Hive 
H. itama was introduced on June 6, 2024, which is as many as one colony. The conditioning of this colony 
is in the form of emptying the honey pot and only 2 honey pots are left on the colony's stuff. The 
acclimatization is carried out on melon plants with conditions that are 2 weeks after planting. In the first 
week of acclimatization, it was observed that as many as 8 individuals of H. itama began to be active in the 
hole of the hive, and the number of colonies increased as the acclimatization period increased. As the 
number of flowers increases, the population of H. itama is also increasing. This statement is also 
reinforced by the fact that flowering plants can increase the population of pollinator insects (Rahayu et al., 
2018), the wealth of pollinator insects increases along with the increase in the number of flowers in Prunus 
avium (Gilpin et al., 2022), especially with the distance of the flower to hive makes it very easy for H. itama 
to collect its food. This theory is reported from the species Tetragonula biroi which prefers food sources 
around the hive especially 1 meter from the hive (Kusuma et al., 2020). 
4.2. Phenology of Flowering in Closed Greenhouse 
The development of male and hermaphrodite flower formation in melon plants starts from the age of 18 
days after planting and continues to release flowers until the plant dies.  
The number of male flowers is always more than the number of hermaphrodite flowers. Overall, the ratio 
of the number of male and hermaphrodite flowers is 20:1. Hermaprodhite flowers emerge on leaf axillary 
buds and continue to extend to form new branches on melons (some hermaphrodites flowers emerge from 
leaf axils on the main stem). Meanwhile, male flowers come out of the leaf axils on the main stem around 
8-18 flowers that bloom alternately. Male flowers that bloom on the branches are only 6-12 flowers. The 
average hermaphrodite flowers of planting were 17 ± 2.35 fruits while the male flowers were 314.6 ±20.33. 
The number of male flowers is much more compared to hermaphrodite flowers. The number of flowers 
is influenced by genetic factors such as the variety used (Khotimah & Barokah, 2023) and environmental 
factors (Riza Aristya et al., 2014). In addition, it is also due to the concept of pollination in melon flowers 
that tend to require pollinator services, so the number of male flowers allows pollinators to visit more. 
This will open up a greater possibility of pollen reaching the pistils as a result of pollinator activity (Gilpin 
et al., 2022). 
4.3. Daily Visit Pattern 
In addition to male flowers, H. itama also visits hermaphrodite flowers and melon plants. As in male flowers, 
H. itama also shows the same pattern as visits in hermaphrodite flowers. At 07.00 – 10.45 (Western 
Indonesian Times)the frequency of visits ranges from 8-20 times for each flower (Pigure4.). During the 
day, there is a decrease in visits due to environmental conditions with high temperatures, causing H. 
itama to tend to stay in the hive to avoid unfavorable conditions such as dehydration or running out of 
energy. Peak activity leaving and returning to the hive occurs at 09.00-10.00 (Western Indonesian Times). 
In oil palm and rubber plantations, foraging activities are also high in the morning and slowly decrease in 
the afternoon (Ramadani et al., 2021). The time of visit to the flowers was also found to be highest in the 
morning in strawberry plants (Atmowidi et al., 2022). 
4.4. Duration Visits 
There are also differences in the pattern of H. Itama's visits to male and hermaphrodite flowers. Male flowers 
are more visited compared to hermaprhodite flowers. The average visit to male flowers was 48.25±24.5. 
Meanwhile, hermaphrodite flowers with an average of 42.5 ±21.99. H.itama is a stingless bee that has a 
large enough body size to have enough ability to visit more flowers (Oronje et al., 2012). The more flowers 
that can be visited, the more efficient an insect is as a pollinator (A’yunin et al., 2019). However, it is also 
influenced by the number of pollen per visit that is successfully transferred from male flowers to 
hermaprhodite flower stigma (Artz & Nault, 2011). 
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4.5. Percentage of Fruit Set 
The efficiency of pollination by using pollination services on tomato plants cultivated in greenhouses was 
also reported to be very high in 2005 (Hikawa & Miyanaga, 2007) and also in eggplants (Hikawa & Miyanaga, 
2021), apples, pears, and others (Warmund, 1996). 
The highest average fruit weight was produced in pollination treatment with repeated visits by H. itama, 
which was 1,444 grams. Then followed by those pollinated by humans, which is an average of 1,376 
grams. While the lowest was produced by unpollinated treatment, which was only 423 grams. However, 
the size of melons pollinated by Apis indica and Bombus ignites was smaller than the growth stimulant 
treatment (Shin et al., 2007). The help of pollinators on apples also increases the size of the fruit 
(Samnegård et al., 2019). High fruit formation was also found in Cucurbita pepo L with the help of open 
pollination and hand pollination, which was 71.25% (Rani et al., 2016). Likewise, the weight of sweet 
melons of Terengganu with the help of hand-cross pollination produced a good weight of palig fruits 
(Azmi et al., 2022). In addition to melons, it has also been reported that pollination using natural 
pollinators can increase the number of pods in soybean plants (Rahayu et al., 2018). 
The average number of seeds produced was highest in the pollination treatment with repeated visits by 
H. itama which was 502 seeds followed by the number of seeds pollinated by humans which was 489 
seeds and pollination with single visit by H. itama which was as many as 318 seeds and the least was the 
number of seeds that were not pollinated by H. itama. In contrast to the results of other studies that only 
reported that melon seeds were only formed in the range of 179-341 grains with the treatment of planting 
media and organic pesticides (Afriyani et al., 2024). An increase in the number of seeds pollinated by natural 
pollinators was also found in soybean plants (Rahayu et al., 2018). The visit of pollinator insects is so 
influential in the delivery of pollen to the pistil head that it will also affect the number of seeds to be 
formed (Neira et al., 2024). 
The sugar content produced in all treatments was the same, namely 9 brix. This value was higher than 
that of sugar content in melons based on maturity stadia from 5,510-8,180 brix (Huda et al., 2018a). The 
high sugar content in this study is also caused by the cultivation technique carried out in the greenhouse. 
According to (Huda et al., 2018b) with the application of potassium addition, it can increase the sugar 

content of melon by 2.30 Brix. 
4.6. Honey Volume Production 
The total number of honey pots produced from the integration of H. itama with melons is 4 pieces with 
an average of 4±613 honey produced per pot. The total volume of honey produced is 16.9 ml. The 
number of volumes per pot of honey in this study was more than the results of the research on the 
adaptation and production process of Heterotrigona itama honey in the environment around the hive, 
which was 4.1 ml (Seprido & Hadi, 2024). If the honey production from this research is converted per 
hectare, the volume of honey produced is 270.400 ml (equal to 270 liters). 
 
5. CONCLUSIONS 
In the greenhouse, melons begin to flower 19 days after planting and are visited by Heterotrigona itama 
on the third day after flowering. The number of male flowers is greater than that of hermaphrodite 
flowers. Heterotrigona itama was recorded to visit flowers more often in the morning, especially 
hermaprhodite flowers, while the duration of visits was recorded to be longer for male flowers. The 
percentage of melon fruit formed was better with pollination treatment with the help of Heterotrigona 
itama with repeated visits and human assistance. In one cultivation period of 200 melon stems, the volume 
of honey produced is 16.9 ml or the equivalent of 270,400 ml/ha. 
Ethical Statement 
Ethical approval is not required for this study because the study is on melon pollination and integration 
with Heterotrigona itama and the species used are not poisonous to humans. 
 
REFERENCES 
1. A’yunin, Q., Rauf, A., & Harahap, I. S. (2019). Foraging Behaviour and Pollination Efficiency of Heterotrigona itama 
(Cockerell) and Tetragonula laeviceps (Smith) (Hymenoptera: Apidae) on Chayote. Jurnal Ilmu Pertanian Indonesia, 24(3), 247–
257. https://doi.org/10.18343/jipi.24.3.247 
2. Afriyani, R. A., Carsidi, D., Asad, F. Al, Sumarna, P., & Mahmud, Y. (2024). Respons Pertumbuhan Dan Hasil Tanaman 
Melon (Cucumis melo L.) Terhadap Macam Media Tanam Dan Pestisida Organik. Agro Wiralodra, 7(1), 15–26. 
https://doi.org/10.31943/agrowiralodra.v7i1.105 
3. Artz, D. R., & Nault, B. A. (2011). Performance of Apis mellifera, Bombus impatiens, and Peponapis pruinosa 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 21s, 2025 
https://theaspd.com/index.php 
 

95 
 

(Hymenoptera: Apidae) as Pollinators of Pumpkin. Journal of Economic Entomology, 104(4), 1153–1161. 
https://doi.org/10.1603/EC10431 
4. Atmowidi, T., Prawasti, T. S., Rianti, P., Prasojo, F. A., & Pradipta, N. B. (2022). Stingless Bees Pollination Increases Fruit 
Formation of Strawberry ( Fragaria x annanassa Duch ) and Melon ( Cucumis melo L .). 33(1). 
5. Azmi, W. A., Zaliha, W., Sembok, W., Noraishah, S., & Nasaruddin, M. (2022). Evaluation of Native Stingless Bee Species 
( Heterotrigona itama and Geniotrigona thoracica ) for Pollination Efficiency on Melon Manis Terengganu. 51, 229–235. 
6. Budianto, S., & Sukendah. (2022). Teknologi Pengendalian Serangga Penyerbuk dan Konservasi Sebagai Salah Satu 
Indikator Keseimbangan Alam. Jurnal Ilmu Pertanian dan Perkebunan, 5(6), 7–15. 
7. Castle, D., Grass, I., & Westphal, C. (2019). Fruit quantity and quality of strawberries benefit from enhanced pollinator 
abundance at hedgerows in agricultural landscapes. Agriculture, Ecosystems and Environment, 275(December 2018), 14–22. 
https://doi.org/10.1016/j.agee.2019.01.003 
8. Chaplin-Kramer, R., Dombeck, E., Gerber, J., Knuth, K. A., Mueller, N. D., Mueller, M., Ziv, G., & Klein, A. M. (2014). 
Global malnutrition overlaps with pollinator-dependent micronutrient production. Proceedings of the Royal Society B: 
Biological Sciences, 281(1794). https://doi.org/10.1098/rspb.2014.1799 
9. Dainese, M., Martin, E. A., Aizen, M. A., Albrecht, M., Bartomeus, I., Bommarco, R., Carvalheiro, L. G., Chaplin-kramer, 
R., Gagic, V., Garibaldi, L. A., Ghazoul, J., Grab, H., Jonsson, M., Karp, D. S., Letourneau, D. K., Marini, L., Poveda, K., Rader, 
R., Smith, H. G., … Tschumi, M. (2019). A global synthesis reveals biodiversity-mediated benefits for crop production. 1–13. 
10. Daryono, B. S., Subiastuti, A. S., Fatmadanni, A., & Sartika, D. (2019). Phenotypic and genetic stability of new indonesian 
melon cultivar (Cucumis melo L. ‘Melonia’) based on ISSR markers. Biodiversitas, 20(4), 1069–1075. 
https://doi.org/10.13057/biodiv/d200419 
11. Davies, F. T., & Bowman, J. E. (2016). Horticulture, food security, and the challenge of feeding the world. Acta 
Horticulturae, 1128(February), 1–5. https://doi.org/10.17660/ActaHortic.2016.1128.1 
12. Gilpin, A. M., O’Brien, C., Kobel, C., Brettell, L. E., Cook, J. M., & Power, S. A. (2022). Co-flowering plants support diverse 
pollinator populations and facilitate pollinator visitation to sweet cherry crops. Basic and Applied Ecology, 63, 36–48. 
https://doi.org/10.1016/j.baae.2022.05.005 
13. Hikawa, M., & Miyanaga, R. (2007). Effects of Pollination by Melipona quadrifasciata anthidioides on Retarding Tomato 
Cultures. Horticultura Res. Japan, 6(3), 435–439. https://doi.org/http://dx.doi.org/10.2503/hrj.6.435 
14. Hikawa, M., & Miyanaga, R. (2021). Effects of Pollination by Melipona quadrifasciata anthidioides on Forcing Eggplant 
Cultures. TjyybHorticultura Res Japanjb.Ac.Cn, 27(2), 635–637. https://doi.org/https://doi.org/10.2503/hrj.5.149 
15. Huda, A. N., Suwarno, W. B., & Maharijaya, A. (2018a). Characteristics of Melon (Cucumis melo L.) Fruits at Five Maturity 
Stages. J. Argon. Indonesia, 46(3), 298–305. 
16. Huda, A. N., Suwarno, W. B., & Maharijaya, A. (2018b). Respon Delapan Genotipe Melon (Cucumis melo L.) terhadap 
Perlakuan KNO3. Jurnal Hortikultura Indonesia, 9(2), 84–92. https://doi.org/10.29244/jhi.9.2.84-92 
17. Khotimah, C. H., & Barokah, U. (2023). Respon Berbagai Varietas Terhadap Produksi Buah Melon Sistem Fertigasi Di 
Kabupaten Purworejo. Jurnal Pertanian Presisi (Journal of Precision Agriculture), 7(2), 130–140. 
https://doi.org/10.35760/jpp.2023.v7i2.9545 
18. Kusuma, I. W., Saud, O. R., Wiandany, R., & Yahya, M. F. (2020). Conservation of kelulut ( stingless bee ) in East and 
North Kalimantan , Indonesia Conservation of kelulut ( stingless bee ) in East and North Kalimantan , Indonesia. 
https://doi.org/10.1088/1755-1315/591/1/012047 
19. Linhart, Y. B. (2014). Plant Pollination and Dispersal. In Ecology and the Environment (Nomor August). 
https://doi.org/10.1007/978-1-4614-7501-9 
20. Neira, P., Morales, M., Munné-Bosch, S., Blanco-Moreno, J. M., & Sans, F. X. (2024). Landscape crop diversity contributes 
to higher pollination effectiveness and positively affects rapeseed quality in Mediterranean agricultural landscapes. Science of the 
Total Environment, 950(February). https://doi.org/10.1016/j.scitotenv.2024.175062 
21. Oronje, M. L., Hagen, M., Gikungu, M., Kasina, M., & Kraemer, M. (2012). Pollinator diversity, behaviour and limitation 
on yield of karela (Momordica charantia L. Cucurbitaceae) in Western Kenya. African Journal of Agricultural Research, 7(11), 
1629–1638. https://doi.org/10.5897/ajar11.725 
22. Power, E. F., Stabler, D., Borland, A. M., Barnes, J., & Wright, G. A. (2018). Analysis of nectar from low-volume flowers: A 
comparison of collection methods for free amino acids. Methods in Ecology and Evolution, 9(3), 734–743. 
https://doi.org/10.1111/2041-210X.12928 
23. Prešern, J., Mihelič, J., & Kobal, M. (2019). Growing stock of nectar- and honeydew-producing tree species determines the 
beekeepers’ profit. Forest Ecology and Management, 448(April), 490–498. https://doi.org/10.1016/j.foreco.2019.06.031 
24. Putri, G., Herwina, H., & Mairawita. (2022). the Potential of Integration of Stingless Bee Keeping and Agricultural Holdings. 
Journal of Environmental Science for Sustainable Society, 11(Supplement), PP03_p9-PP03_p11. 
https://doi.org/10.3107/jesss.11.pp03 
25. Rahayu, S. K., Supriyadi, S., Supriyono, S., Wijayanti, R., Putri, R. B. A., & Putri, R. B. A. (2018). Keanekaragaman serangga 
pengunjung bunga pada tanaman tumpang sari kedelai dengan tanaman orok-orok (Crotalaria juncea). Jurnal Entomologi 
Indonesia, 15(1), 23. https://doi.org/10.5994/jei.15.1.23 
26. Ramadani, R. F., Raffiudin, R., Ariyanti, N. S., & Biagioni, S. (2021). Stingless bee foraging behavior and pollen resource 
use in oil palm and rubber plantations in Sumatra Perilaku mencari polen pada lebah tanpa sengat dan sumber polen di 
perkebunan kelapa sawit dan karet di Sumatra. Jurnal Entomologi Indonesia, 18(2), 81–92. https://doi.org/10.5994/jei.18.2.81 
27. Rani, D. D., Yadav, S., Kaushik, H. D., & Kumar, G. N. (2016). Effect of different modes of pollination on yield parameters 
of summer squash (Cucurbita pepo L.) in India. Journal of Applied and Natural Science, 8(2), 550–554. 
https://doi.org/10.31018/jans.v8i2.834 
28. Revanasidda, & Belavadi, V. V. (2019). Floral biology and pollination in Cucumis melo L., a tropical andromonoecious 
cucurbit. Journal of Asia-Pacific Entomology, 22(1), 215–225. https://doi.org/10.1016/j.aspen.2019.01.001 
29. Riza Aristya, G., Arifiyanti, R., & Rif’ah, A. (2014). Pewarisan Sifat Ketahanan Hidup dan Karakter Fenotipik Melon 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 21s, 2025 
https://theaspd.com/index.php 
 

96 
 

(Cucumis melo L. “TALITA” & “TANIA”) Hasil Persilangan Backcross dan Testcross Induk Tacapa Pada Kondisi Karst Secara 
In-Vivo. Biogenesis: Jurnal Ilmiah Biologi, 2(1), 34–42. https://doi.org/10.24252/bio.v2i1.466 
30. Samnegård, U., Hambäck, P. A., & Smith, H. G. (2019). Pollination treatment affects fruit set and modifies marketable and 
storable fruit quality of commercial apples. Royal Society Open Science, 6(12). https://doi.org/10.1098/rsos.190326 
31. Shin, Y. S., Park, S. D., & Kim, J. H. (2007). Influence of pollination methods on fruit development and sugar contents of 
oriental melon (Cucumis melo L. cv. Sagyejeol-Ggul). Scientia Horticulturae, 112(4), 388–392. 
https://doi.org/10.1016/j.scienta.2007.01.025 
32. Torné-Noguera, A., Rodrigo, A., Osorio, S., & Bosch, J. (2016). Collateral effects of beekeeping: Impacts on pollen-nectar 
resources and wild bee communities. Basic and Applied Ecology, 17(3), 199–209. https://doi.org/10.1016/j.baae.2015.11.004 
33. Trianto, M., & Purwanto, H. (2022). Diversity, abundance, and distribution patterns of stingless bees (Hymenoptera: 
Meliponini) in Yogyakarta, Indonesia. Biodiversitas, 23(2), 695–702. https://doi.org/10.13057/biodiv/d230214 
34. Wang, H., Ran, N., Jiang, H. Q., Wang, Q. Q., Ye, M., Bowler, P. A., Jin, X. F., & Ye, Z. M. (2024). Complex floral traits 
shape pollinator attraction to flowering plants in urban greenspaces. Urban Forestry and Urban Greening, 91, 128165. 
https://doi.org/10.1016/j.ufug.2023.128165 
35. Warmund, M. R. (1996). Pollinating Fruit Crops. Horticulture, Figure 3, 1–4. 
 
 
 
 
 


