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          Apple trees rely primarily on insects as pollinators, and in Korea, Apis mellifera and Bombus terrestris are commonly used. However, due to the recent decline in A. mellifera populations, research into alternative pollinators is being conducted. In China, Osmia excavata has been suggested as a substitute, but its limited availability in Korea makes it difficult for farmers to use. In other Asian countries, Apis cerana is used as a pollinator due to its resistance to disease and cold weather. This study aimed to compare the pollination efficiency of A. cerana with A. mellifera and B. terrestris. The experiment was conducted from April 20 to May 7, 2023, in two enclosed net houses located in Chungju, South Korea. Four camcorders were installed in each net house to observe bee activity. The results indicated no significant difference in the flower visit frequency between A. mellifera and A. cerana, but B. terrestris had the fewest visits. A. cerana spent the shortest time per flower, while B. terrestris stayed the longest. Although there was no significant difference in total activity time among the species, A. cerana began its activities earlier than A. mellifera. When examining the number of bees entering and exiting the hives, A. cerana exhibited the most active behavior, while B. terrestris was the least active. These results suggest that A. cerana has potential as a pollinator, though economic challenges remain. It is recommended that A. cerana be used as a supplementary pollinator. As this study was conducted in a limited location and closed environment, further research across different regions is needed to validate these findings.
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      INTRODUCTION
      Apples are an important fruit crop in South Korea, with a cultivation area of 34,603 hectares (Statistics Korea, 2023). Apple trees rely primarily on insects for pollination (Ollerton et al., 2015; Ouyang et al., 2019), and farmers typically use the honeybee, Apis mellifera Linnaeus (1758), for this purpose (Yoon et al., 2021). However, in recent years, there has been a global decline in pollinator populations, particularly A. mellifera (Lee et al., 2023). Although various studies have been conducted to identify the causes of this decline and to find ways to address it, the resolution of this issue remains uncertain (Lee et al., 2023; Oh et al., 2024; Son et al., 2024).

      In China, research on alternative pollinators for apple trees has been conducted, and the mason bee Osmia excavata Alfken (1903) was evaluated as the most efficient species for apple cultivation, being less affected by weather conditions (Lyu et al., 2023). However, due to insufficient supply caused by the difficulty of outdoor propagation, O. excavata is not widely used in Korea (NIAS, 2016; Yoon et al., 2021). Currently, A. mellifera and the bumble bee Bombus terrestris (Linnaeus, 1758) are commonly used for apple cultivation in Korea (Yoon et al., 2021), and considerable research has been conducted on their use (Lee et al., 2010, 2013; Kwack et al., 2012; Lee et al., 2016; Park et al., 2016).

      In other Asian countries, there is also growing interest in the Eastern honeybee, Apis cerana Fabricius (1793). A. cerana is a species widely distributed across East Asia and Southeast Asia, and it is known to be more tolerant to cold compared to A. mellifera (Qin et al., 2017). It is also noted for its agility and strong resistance to pests and diseases, particularly its high resistance to the varroa mite (Peng et al., 1987; Grindrod and Martin, 2023). As a result, comparative research on A. mellifera and A. cerana, along with studies examining A. cerana’s pollination role is more common internationally (Suryanarayana et al., 1992; Rana et al., 1997; Tatsuno and Osawa, 2016; Kumar et al., 2020). Although there have been some studies in Korea on the pollination of A. cerana (Chang et al., 2000), they are limited compared to the research on A. mellifera and B. terrestris. Therefore, this study aims to compare the pollination activities of A. mellifera, B. terrestris, and A. cerana on apple trees and assess the potential of A. cerana as a pollinator.

    

    

  
    
      MATERIALS AND METHODS
      
        1. Study area and study species
        The study was conducted from April 20 to May 7, 2023, in two net houses (each 500 m2) located in Chungju, North Chungcheong Province. The ‘Fuji’ apple variety was cultivated in both net houses. To compare the three species of pollinating insects, two experiments were conducted simultaneously, using two species at a time and comparing each species against a common one. From April 20 to April 28, A. mellifera and A. cerana were introduced, while from April 28 to May 7, A. mellifera and B. terrestris were introduced. A total of 7 frames (approximately 15,000 workers) of A. mellifera were used from a bee colony, while 5 frames (approximately 12,000 workers) of A. cerana were used. For B. terrestris, a commercially purchased colony (approximately 80 workers) was used (Sallimbee, Sallim Agricultural Corporation, Bonghwang-ri, Miryang, Gyeongnam).

      

      
        2. Entry activity assessment and foraging behavior observation
        The experiment began on April 20, 2023, coinciding with the start of apple blossom, and concluded on May 7, 2023, in Chungju. Cameras (AT-Q61CR, AUSEK LIMITED, China) were installed in front of each hive to monitor the daily activity of the bees. Additionally, a temperature and humidity data logger (S500-EX, HUATO, Guangdong, China) was used to record real-time temperature and humidity data during the trial period. The collected data were utilized to understand the weather conditions when the bees visited flowers and their daily activity patterns, including the temperature at which the bees first started their activities, the temperature at which they returned last, as well as daily working hours and entry frequency by time. The starting and ending temperatures were defined as the temperatures at which the first and last bees began and ended their activities, respectively. Observations of A. mellifera and A. cerana were conducted from April 20 to 24, and from April 28 to May 7, A. cerana was replaced with B. terrestris for observations of A. mellifera and B. terrestris.

        Between 10 AM and 5 PM, the number of individuals visiting flowers was measured every hour for 10 minutes. To facilitate this observation, three cameras were installed in each net house to capture the trees. Additionally, the time spent on each flower was measured by recording the duration when a bee landed on a flower for more than one second before taking off. During this observation, over 100 individuals from each species were monitored to compare the time spent on flowers for each species. A. mellifera and A. cerana were observed on the same day, as were A. mellifera and Bombus terrestris. Cameras were installed at the hive entrances to observe the entry and exit activities of the three species. Between 6 AM and 7 PM, the number of entries was measured every hour for 10 minutes to compare the average number of entries per minute per day. This data was divided by date and then by species. Since the aim was to observe the number of active individuals, measurements were conducted in terms of the number of individuals rather than ratios.

        Observations were primarily conducted on days without rain due to issues such as camera obstruction and reduced visibility of bee behavior during rainy conditions.

        To assess pollination efficiency and fruit quality, we compared the seed amount and weight of apples from two distinct enclosures. While a comprehensive comparison among all three species was not feasible, we aimed to examine the differences between A. mellifera and the other two species by comparing these two enclosures. Each enclosure was labeled with a letter, and trees within each enclosure were assigned numbers to facilitate apple collection. Subsequently, the seed amount and weight of apples from each enclosure were analyzed to compare the effects. Additionally, we examined any differences based on proximity to the hive, categorizing apples based on whether they were collected from trees closer to or farther from the hive.

      

      
        3. Statistical analysis
        The number of flower visits per minute (flowers/min) is calculated by dividing the number of honeybees observed over a 10-minute period by 10. When comparing the number of flower visits and time spent on flowers, A. mellifera was used as the reference species. The duration of time spent by A. mellifera on different days was compared using Student’s t-test or Mann-Whitney test based on normality tests, and if no significant difference was found, A. cerana and B. terrestris were compared accordingly. The comparison of apple seed counts and weights between enclosures was also conducted using either Student’s t-test or the Mann-Whitney test, depending on the results of the normality test (P<0.05). The analysis of the first and last activity times of bees for each species was conducted by species rather than by date. The average number of entries per minute per day was calculated by averaging the number of entries for each species divided by 10. Statistical analyses were performed using SigmaPlot 12.5 software (Crafiti LLC, Palo Alto, CA, USA). The Shapiro-Wilk test was used to assess normality. Depending on the results of the normality tests, either Student’s t-test or the non-parametric Mann-Whitney test was used for comparisons of flower visits, time spent on flowers, and average entries per minute per day. One-way analysis of variance (ANOVA) was used for comparing activity times, followed by Tukey’s HSD test for post-hoc analysis (P<0.05). If the data did not pass the normality test, the non-parametric Kruskal-Wallis test was used.

      

    

    

  
    
      RESULTS
      
        1. Comparison of foraging activities between A. mellifera, A. cerana, and B. terrestris
        The foraging activity patterns of A. mellifera, A. cerana, and B. terrestris differed (Figs. 1 and 2). No significant difference was found in the number of flower visits per minute between A. mellifera and A. cerana (6.56 and 5.83 flowers/min, respectively; t=0.746, P=0.322). In contrast, B. terrestris visited flowers less frequently than A. mellifera (1.64 and 3.96 flowers/min, respectively; t=5.892, P<0.05). Since a difference was found in the flower visit rates of A. mellifera, comparisons of the visit rates of A. cerana and B. terrestris were not conducted (6.56 and 3.96 flowers/min, respectively; t=4.538, P<0.001; Fig. 1). When comparing the time spent on flowers by A. mellifera, no significant difference was detected between the two groups (7.52 and 6.92 s, respectively; U=4748.5, P=0.537). Based on this, a comparison between A. cerana and B. terrestris was made, revealing that B. terrestris spent significantly more time on flowers than A. cerana (10.24 and 5.38 s, respectively; U=1695, P<0.001). Comparisons among A. mellifera, A. cerana, and B. terrestris indicated that A. mellifera spent more time on flowers than A. cerana (7.52 and 5.38 s, respectively; U=3073, P<0.001), but spent less time than B. terrestris (6.92 and 10.24 s, respectively; U=2984, P<0.001; Fig. 2). The temperatures during the observations from April 21-23 and May 2-4 showed no significant difference (P=0.454).

        
          
          

          Fig. 1. 
				
          

          
            Frequency of visiting flowers (per min) for A. mellifera, A. cerana, and B. terrestris. Observations of A. mellifera and A. cerana were conducted from April 21-23, while observations of A. mellifera and B. terrestris were carried out from May 2-4. The numbers above the box plot represent the mean values, and the letters indicate significant differences (based on the results of either Student’s t-test or Mann-Whitney test according to the normality test, P<0.05).
          
          

          

        

        
          
          

          Fig. 2. 
				
          

          
            Visiting time at a single flower(s) for A. mellifera, A. cerana, and B. terrestris. Observations of A. mellifera and A. cerana were conducted from April 21-23, while observations of A. mellifera and B. terrestris were carried out from May 2-4. The numbers above the box plot represent the mean values, and the letters indicate significant differences (based on the results of either Student’s t-test or Mann-Whitney test according to the normality test, P<0.05).
          
          

          

        

      

      
        2. Comparison of daily activity levels of A. mellifera, A. cerana, and B. terrestris
        The emergence time of the first bee and the entrance time of the last bee were measured for A. mellifera, A. cerana, and B. terrestris to compare the total activity duration of each species. A. mellifera and A. cerana showed a significant difference in the time of the first bee emergence (6.60 and 5.63 h, respectively, F=4.314; df=2; P<0.05), while B. terrestris did not differ from either species (6.03 h, F=4.314; df=2; P>0.05). The entrance times of the last bee showed no significant differences among A. mellifera, A. cerana, and B. terrestris (18.78, 18.97, and 19.03 h, respectively, H=0.368; P>0.05). The total daily activity duration was approximately 12 hours for A. mellifera, 13 hours for A. cerana, and 13 hours for B. terrestris, with no significant differences among them (12.20, 13.34, and 13.00 h, respectively, F=2.677; df=2; P=0.122).

        
          Table 1. 
				
          

          
            Comparison of activity duration among A. mellifera, A. cerana, and B. terrestris
          
          

        

        
          
            
              	Bee species
              	Earliest hive exist time (h)
              	Latest hive return time (h)
              	Daily working hours (h)
            

          
          
            	
              Apis mellifera
            
            	6.60±0.17a
            	18.78±0.23a
            	12.20±1.48a
          

          
            	
              Apis cerana
            
            	5.63±0.05b
            	18.97±0.04a
            	13.34±0.04a
          

          
            	
              Bombus terrestris
            
            	6.03±0.34ab
            	19.03±0.06a
            	13.00±0.39a
          

        

        
          
            The values are expressed as mean±standard error. Different letters in the same column indicate significant differences (one-way analysis of variance followed by Tukey’s HSD test, P<0.05).
          

        

        

        The comparison of the average number of individuals entering and exiting per minute revealed that there were no significant differences in the entrance rates of A. mellifera on different dates (4.41 and 4.22, respectively, U=94.50; P>0.05; 4.19 and 4.42, respectively, U=87.50; P>0.05). Based on this, we compared the entrance rates of A. cerana and B. terrestris. For both exiting and entering individuals, A. cerana showed significantly higher values than B. terrestris (10.16 and 0.28, respectively, U=8.50; P≤0.001; 11.00 and 0.30, respectively, U=14.00; P≤0.001). A. cerana also exhibited significant differences compared to A. mellifera observed on the same day (4.41 and 10.16, respectively, t=-2.28; P<0.05; 4.19 and 11.00, respectively, U=50.0; P<0.05). Additionally, B. terrestris showed significant differences compared to A. mellifera observed during the same period (4.22 and 0.28, respectively, U=39.0; P<0.05; 4.42 and 0.30, respectively, U=29.5; P<0.05).

        
          Table 2. 
				
          

          
            Comparison of the number of individuals entering and exiting per minute for A. mellifera, A. cerana, and B. terrestris
          
          

        

        
          
            
              	Day
              	Bee species
              	Numbers of bees exiting the hive 
(per min)
              	Numbers of bees entering the hive 
(per min)
            

          
          
            	April 21-23
            	
              Apis mellifera
            
            	4.41±1.06a
            	4.19±1.02a
          

          
            	
              Apis cerana
            
            	10.16±2.28b
            	11.00±2.59b
          

          
            	May 2-4
            	
              Apis mellifera
            
            	4.22±0.95a
            	4.42±0.95a
          

          
            	
              Bombus terrestris
            
            	0.28±0.04c
            	0.30±0.04c
          

        

        
          
            Values are presented as mean±standard error. Different letters following the values in the same column indicate significant differences (based on the results of Student’s t-test or Mann-Whitney test according to normality testing, P<0.05).
          

        

        

      

      
        3. Comparison of apple seed amount and weight
        The seed amount and weight of apples from enclosures using only A. mellifera were compared with those from enclosures using A. cerana and B. terrestris. Apples in the A. mellifera enclosure contained approximately 2.4 times more seeds than those in the A. cerana and B. terrestris enclosures (4.667 and 1.9, respectively, U=118.5; P≤0.001). The weight of the apples was also approximately 2.5 times heavier in the A. mellifera enclosure (0.371 mg and 0.144 mg, respectively, U=109.5; P≤0.001). Additionally, when comparing the seed amount and weight of apples based on their distance from the hive (near vs. far trees) in each enclosure, no significant differences were observed in either enclosure.

        
          Table 3. 
				
          

          
            Comparison of seed amount and weight between A. mellifera enclosure and A. cerana and B. terrestris enclosure
          
          

        

        
          
            
              	Bee species
              	Seed amount
              	Seed weight (mg)
            

          
          
            	
              Apis mellifera
            
            	4.667±0.432a
            	0.371±0.035a
          

          
            	Apis cerana and Bombus terrestris
            	1.900±0.268b
            	0.144±0.019b
          

        

        
          
            Values are presented as mean±standard error. Different letters following	the values in the same column indicate significant differences (based on	the results of Student’s t-test or Mann-Whitney test according to normality testing, P<0.05).
          

        

        

      

    

    

  
    
      DISCUSSION
      This study was conducted to compare the pollination activities of A. mellifera, B. terrestris, and A. cerana based on the frequency of flower visits, duration of stay on flowers, total activity time, and activity levels. The experimental results indicated that there was no significant difference in the frequency of flower visits between A. mellifera and A. cerana; however, A. cerana exhibited higher activity levels than A. mellifera and also demonstrated an earlier onset of activity duration. Conversely, B. terrestris recorded the lowest values in both frequency of flower visits and activity levels, yet it had the longest duration of stay on flowers, which was approximately twice as long as that of A. cerana, which had the shortest duration. No significant difference was observed in total activity time among the three species. In terms of fruit quality, a clear difference was observed between the enclosures with A. cerana and B. terrestris and the enclosure with A. mellifera. The A. mellifera enclosure showed more than double the number of seeds and seed weight, indicating higher pollination efficiency compared to the other two species. Since A. cerana and B. terrestris were observed in the same enclosure, a comparison between these two species was not possible. These findings suggest that A. cerana may serve as a complementary alternative pollinator to A. mellifera.

      In this study, both A. cerana and A. mellifera were found to be highly effective pollinators for apple trees. These results are consistent with findings from a study conducted in India, which also evaluated both species as effective pollinators for apple trees. However, some differences exist between the two studies. While our research found no significant difference in total activity time between A. cerana and A. mellifera, the Indian study reported that A. cerana was active for a longer duration. The Indian study was conducted at three different locations and indicated that variations in activity between A. cerana and A. mellifera were influenced by altitude (Ahmad et al., 2017). Additionally, research conducted in Nepal demonstrated that when comparing pollination activities in open and enclosed environments, both species exhibited greater activity in open environments (Devkota and Thapa, 2005). This suggests that the pollination capabilities of A. cerana and A. mellifera may vary depending on their surrounding environment and geographical region.

      A. cerana demonstrated comparable activity levels as a pollinator to A. mellifera. Additionally, its resilience to cold temperatures and high resistance to diseases represent significant practical advantages for agricultural applications (Tan et al., 2012; Oh et al., 2016). However, A. cerana has the disadvantage of smaller colony sizes compared to A. mellifera, and from an economic perspective, it tends to be more expensive. Therefore, it is proposed that A. cerana could be utilized as a supplementary pollinator, effectively addressing some of the challenges associated with A. mellifera.

      Chungju, located inland in North Chungcheong Province, may exhibit climatic differences when compared to coastal and mountainous regions. Chungju experiences significant temperature fluctuations, with notable differences between summer and winter temperatures. In contrast, coastal areas tend to have a marine climate, resulting in relatively minor annual temperature variations. Additionally, mountainous regions display climatic variations depending on altitude, often characterized by harsh cold conditions during winter (KMA, 2024). Due to the significant climate variations between coastal, inland, and mountainous areas, caution is needed when generalizing these results to other regions of Korea. Additionally, since this study compared three species in only two enclosures, a complete comparison of fruiting across all species was not possible. This is an important aspect for the comparison of pollination efficiency, and further research is needed to address this limitation.

      In conclusion, this study demonstrates that A. cerana can also serve as an effective pollinator for apple blossoms. These findings suggest the potential for introducing A. cerana as a novel pollinator for apple orchards. However, since this research was conducted in a single location, there are limitations in generalizing the results to other regions. Additionally, because the study was performed in a closed environment, its applicability to open agricultural settings is also restricted. Therefore, further experiments across various regions and over extended periods are necessary to assess the activity of A. cerana under diverse conditions. Furthermore, to optimize the use of A. cerana, detailed research on the efficient placement and number of beehives, as well as management intervals, will be essential.

    

    

  
    
      Acknowledgments
      This work was supported by the Cooperative Research Program (No. RS-2021-RD009549) of National Institute of Agricultural Sciences, Rural Development Administration, Republic of Korea.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Ahmad, S. B., S. A. Dar and B. A. Pandith. 2017. Comparative foraging behaviour of honey bees, Apis cerana F. and Apis mellifera I. (Hym: Apidae) on apple bloom. J. Entomol. Zool. Stud. 5: 474-482.
        

        
          	
            
              2. 
            
          
          	Chang, Y. D., M. Y. Lee and Y. Mah. 2000. Pollination on strawberry in the vinyl house by Apis mellifera L. and A. cerana Fab. Acta Hortic. 561: 257-262.
			[https://doi.org/10.17660/ActaHortic.2001.561.38]
		
        

        
          	
            
              3. 
            
          
          	Devkota, F.	R. and R. B. Thapa. 2005. Foraging preference of Apis cerana F.	and Apis mellifera L. to broccoli	under caged and open conditions in Chitwan. J. Inst. Agric. Anim. Sci. 26: 167-168.
			[https://doi.org/10.3126/jiaas.v26i0.672]
		
        

        
          	
            
              4. 
            
          
          	Grindrod, I. and S. J. Martin. 2023. Varroa resistance in Apis cerana: a review. Apidologie 54(2): 14.
			[https://doi.org/10.1007/s13592-022-00977-8]
		
        

        
          	
            
              5. 
            
          
          	Korea Meteorological Administration (KMA). 2024. Weather data for 2024. http://www.kma.go.kr, . 16 Oct. 2024.
        

        
          	
            
              6. 
            
          
          	Kumar, H., R. K. M. Srinivasa, D. Shishira and G. Eshwarappa. 2020. Role of Apis cerana Fab. in sunflower pollination. J. Entomol. Zool. Stud. 8: 648-654.
        

        
          	
            
              7. 
            
          
          	Kwack, Y. B., H. L. Kim, Y. H. Choi and J. H. Lee. 2012. Utilization of Bombus terrestris as a sweet cherry pollinator in rain-sheltered growing. J. Bio-Env. Conl. 21: 294-298.
        

        
          	
            
              8. 
            
          
          	Lee, K. Y., S. H. Yim, H. J. Seo, S. Y. Kim and H. J. Yoon. 2016. Comparison of pollination activities between honeybee (Apis mellifera L.) and bumblebee (Bombus terrestris L.) during the flowering period of Asian pear (Pyrus pyrifolia N.) under variable weather conditions. J. Apic. 31: 247-261.
			[https://doi.org/10.17519/apiculture.2016.09.31.3.247]
		
        

        
          	
            
              9. 
            
          
          	Lee, S. B., H. S. Sim, W. T. Kim, K. H. Park, S. J. Hwang and Y. C. Choi. 2010. Characteristics of pollinating activities by Bombus terrestris worker, drone and Apis mellifera worker at the oriental melon houses. J. Apic. 25: 245-252.
        

        
          	
            
              10. 
            
          
          	Lee, S. B., J. S. Kwon, S. W. Kang, Y. B. Ihm, K. S. Han and H. H. Lee. 2013. Characteristics on the pollinating activities of Apis mellifera and Bombus terrestris in watermelon houses on autumn season. J. Apic. 28: 49-55.
        

        
          	
            
              11. 
            
          
          	Lee, S. Y., S. M. Hong and Y. T. Shin. 2023. A study on the analysis and visualization of Vespa velutina nigrithorax distribution to prevent the decrease of honeybee population. KIPS 30: 399-401.
        

        
          	
            
              12. 
            
          
          	Lyu, Z., T. Zhou, M. Sun, M. Feng, W. Guo, L. Nie, Y. Song, X. Men, L. Li and Y. Yu. 2023. Exploratory comparison of flower visiting behavior and pollination ability of mason bees, bumble bees, and honey bees. J. Econ. Entomol. 116: 1949-1956.
			[https://doi.org/10.1093/jee/toad204]
		
        

        
          	
            
              13. 
            
          
          	National Institute of Agricultural Sciences (NIAS). 2016. Development of rearing and application techniques of Osmia spp. Rural Development Administration.
        

        
          	
            
              14. 
            
          
          	Oh, H., T. Begna and C. Jung. 2024. Evaluating the efficacy of registered acaricides on Varroa destructor and Tropilaelaps mercedesae, in Apis mellifera colonies. J. Apic. 39: 21-30.
			[https://doi.org/10.17519/apiculture.2024.04.39.1.21]
		
        

        
          	
            
              15. 
            
          
          	Oh, M. S., D. Kim and S. Lee. 2016. History, current status, and discussion on the future vision of Apis cerana beekeeping in Korea. J. Apic. 31: 165-172.
			[https://doi.org/10.17519/apiculture.2016.06.31.2.165]
		
        

        
          	
            
              16. 
            
          
          	Ollerton, J., R. Winfree and S. Tarrant. 2015. How many flowering plants are pollinated by animals? Oikos 120: 321-326.
			[https://doi.org/10.1111/j.1600-0706.2010.18644.x]
		
        

        
          	
            
              17. 
            
          
          	Ouyang, F., L. N. Wang, T. Zh, X. Y. Men and F. Ge. 2019. Evaluation of insect pollination function and service value in Chinese agricultural ecosystem. Acta Ecol. Sin. 39: 131-145.
			[https://doi.org/10.5846/stxb201809172030]
		
        

        
          	
            
              18. 
            
          
          	Park, I. G., H. J. Yoon, M. A. Kim, K. Y. Lee, H. C. Park and S. H. Kim. 2016. Comparison of pollinating activities on cherry flower by honeybee (Apis mellifera), bumblebee (Bombus terrestris) and hornfaced bee (Osmia cornifrons). J. Apic. 31: 263-272.
			[https://doi.org/10.17519/apiculture.2016.09.31.3.263]
		
        

        
          	
            
              19. 
            
          
          	Peng, Y., Y. Fang, S. Xu and L. Ge. 1987. The resistance mechanism of the asian honeybee, Apis cerana Fabr., to	an ectoparasitic mite Varroa jacobsoni Oudemans. J. Invertebr. Pathol. 49: 54-60.
			[https://doi.org/10.1016/0022-2011(87)90125-X]
		
        

        
          	
            
              20. 
            
          
          	Qin, M., H. G. Wang, Z. G. Liu, Y. Wang, S. Wang, X. P. Chi, C. L. Liu, W. X. Zhang and B. H. Xu. 2017. Comparison of different cold resistance between Apis cerana cerana and Apis mellifera liqustica. Sci. Agric. Sin. 50: 2380-2388.
        

        
          	
            
              21. 
            
          
          	Rana, V. K., D. Raj and R. Kaushik. 1997. Comparative foraging activity of Apis mellifera L. and Apis cerana indica F. on rapeseed bloom. J. Entomol. Res. 21: 59-64.
        

        
          	
            
              22. 
            
          
          	Son, M., D. Oh, C. Lee, P. N. Akongte, Y. S. Choi and D. Kim. 2024. Effect of Varroa mite (Varroa destructor) infection rates on overwintering honeybee (Apis mellifera) colony loss. J. Apic. 39: 11-20.
			[https://doi.org/10.17519/apiculture.2024.04.39.1.11]
		
        

        
          	
            
              23. 
            
          
          	Statistics Korea. 2023. 2023 Cultivation area survey results	for barley, spring potatoes, apples, and pears. Statistics Korea.
        

        
          	
            
              24. 
            
          
          	Suryanarayana, M. C., G. M. Rao and T. S. M. S. Singh. 1992. Studies on pollen sources for Apis cerana Fabr and Apis mellifera L bees at Muzaffarpur, Bihar, India. Apidologie 23: 33-46.
			[https://doi.org/10.1051/apido:19920104]
		
        

        
          	
            
              25. 
            
          
          	Tan, K., S. Yang, Z. W. Wang, S. E. Radloff and B. P. Oldroyd. 2012. Differences in foraging and broodnest temperature in the honey bees Apis cerana and A. mellifera. Apidologie 43: 618-623.
			[https://doi.org/10.1007/s13592-012-0136-y]
		
        

        
          	
            
              26. 
            
          
          	Tatsuno, M. and N. Osawa. 2016. Flower visitation patterns of the coexisting honey bees Apis cerana japonica and Apis mellifera (Hymenoptera: Apidae). Entomol. Sci. 19: 255-267.
			[https://doi.org/10.1111/ens.12206]
		
        

        
          	
            
              27. 
            
          
          	Yoon, H. J., K. Y. Lee, Y. B. Lee, M. Y. Lee, K. Sankar and J. D. Park. 2021. Current status of insect pollinators use for horticultural crops in Korea, 2020. J. Apic. 36: 111-123.
			[https://doi.org/10.17519/apiculture.2021.09.36.3.111]
		
        

      

    

    

  OEBPS/images/big_39_4.jpg
ISSN 1225-0252

Vol. 39, No. 4

Journal of ApiCUltu re

@ Asian Apicutural Association

This I the ofical sclentifc journal of






OEBPS/images/data/ask/43634/ASK_2024_v39n4_369_f002.jpg
gle flower (s)

Visiting time at a

20

3

«

752
5380

1

A mellifera  A. cerana

A mellifera B. terrestris





OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ask/43634/ASK_2024_v39n4_369_f001.jpg
Frequency of visiting flowers (per min)
5

5.83a

6.56a

L64c

=

A méllifera; 4 corana

A mellifera  B. terrestris





