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Corbicular pollen production potential of migratory Apis mellifera L. apiaries on different bee flora at variable pollen trap frequencies	Comment by Jose Oliveira Dantas: Potential for pollen production in migratory Apis mellifera apiaries in different bee-friendly floras.


Or

Effect of frontal pollen collectors on pollen production in Apis mellifera apiaries in different bee-friendly floras.


ABSTRACT
Aims: To evaluate the effect of front mounted pollen traps used for different frequencies on pollen production in Apis mellifera apiaries on various bee flora. 
Study design: Pollen trapping frequencies analysed by one-way (ANOVA) and CD at 5% level of significance.
Place and Duration of Study: The experiments were conducted during January to April months of years 2023 and 2024 and, across six locations representing different floral sources including mustard, multiflora and Pyrus pashia in Himachal Pradesh, Punjab and Rajasthan. 

Methodology: In 15 selected colonies of A. mellifera from each location the front mounted pollen traps were installed at the hive entrance. There were three treatments of trapping frequencies viz., alternate-day, twice-a-week and once-a-week each with 5 A. mellifera colonies. The pollen was collected as gathered by honey bees in trap trays, and weighed.
 
Results: The findings revealed that pollen yield of A. mellifera varied significantly with floral sources and trapping frequency. Maximum pollen yield of 31.19 to 32.28 g/colony/day could be harvested from mustard monofloral source under alternate-day trapping, whereas minimum yield (16.69–17.19 g/colony/day) was harnessed in Pyrus pashia. Study ensaged that the average pollen yield was highest under alternate-day trapping (23.93–24.84 g/colony/day), followed by twice-a-week (18.80–19.72 g/colony/day) and once-a-week trapping (15.69–16.51 g/colony/day), and showed a declining trend with reduced trapping frequency.
 
	
Conclusion: The study concludes that both floral source and trapping frequency significantly influence pollen production, and alternate-day trapping in mustard-based floral ecosystems is most effective for maximizing pollen yield in A. mellifera colonies.
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1. INTRODUCTION 
                Honey bees play an essential role in agriculture through pollination and production of valuable hive products such as honey, beeswax, pollen, propolis, royal jelly and bee venom (Thakur and Manzoor 2019). Among these products, bee pollen is considered an important source of proteins, amino acids, vitamins, minerals, and bioactive compounds, making it valuable for both bee nutrition and human consumption. In recent years, pollen harvesting from honey bee colonies has gained considerable attention as an additional income source for beekeepers.
The western honey bee, Apis mellifera, is widely used for commercial beekeeping due to its high foraging efficiency and adaptability to diverse climatic conditions (Vaziritabar and Esmaeilzade 2016; Saini et al. 2018). Worker bees collect pollen from flowers and transport it to the hive as pollen pellets attached to their hind legs. This pollen serves as the primary protein source for brood rearing and colony development. The quantity of pollen collected by honey bee colonies largely depends on floral availability, climatic conditions, colony strength, and foraging activity (Hoover and Ovinge 2018). Studies have shown that bees preferentially collect pollen from plants with higher protein content and adjust their foraging behavior according to colony nutritional requirements (Ghosh et al. 2020). In addition, surrounding vegetation and seasonal blooming patterns influence the diversity and quantity of pollen collected by colonies (Stoner et al. 2022; Amro et al. 2023).	Comment by Jose Oliveira Dantas: The first citation must be complete with the descriptor and year of description.

Linnaeus, 1758
Pollen can be harvested from honey bee colonies by using specially designed pollen traps installed at the hive entrance. These traps dislodge pollen pellets from returning foragers, allowing their collection without significantly disturbing colony activity. Among different trap designs, front-mounted pollen traps are commonly used due to their efficiency and ease of operation. However, the frequency of pollen trapping plays a critical role in determining the amount of pollen harvested as well as its possible impact on colony performance (McLellan 1974; Kumar and Agrawal 2014; Bhuarya et al. 2023).
Several studies have reported that pollen trapping frequency significantly influences pollen yield. For instance, alternate trapping periods have been reported to yield higher pollen production compared to continuous trapping, while minimizing negative impacts on brood and adult bee populations (Duff and Furgala 1986). Similarly, different trapping intervals and trap types have shown significant variations in pollen yield among colonies (Bayir and Boztepe 2009). Recent studies also suggest that strategic trapping intervals can enhance pollen collection efficiency without adversely affecting colony strength (Rout et al. 2023). Therefore, identifying an appropriate trapping frequency is essential to maximize pollen production while maintaining colony health.	Comment by Jose Oliveira Dantas: ARAŞTIRMA MAKALESİ / RESEARCH ARTICLE
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Floral resources and seasonal variation also play an important role in determining pollen availability. Different flowering plants produce pollen of varying quantity and nutritional quality, and the abundance of floral resources changes with location and season. Migratory beekeeping practices further influence pollen availability by allowing colonies to exploit diverse floral resources across different regions (Dalal et al. 2025).
Despite the increasing interest in pollen production, limited information is available on the effect of pollen trapping frequency under different floral sources and locations in northern India. Understanding this relationship is important for developing efficient pollen harvesting strategies for beekeepers. Therefore, the present study was undertaken to evaluate the effect of different pollen trapping frequencies on pollen production potential of A. mellifera colonies under various floral sources and geographic locations.

2. MATERIAL AND METHODS
The present study was conducted from January to April during 2023 and 2024 at six locations representing different floral resources and climatic conditions to quantify the pollen production potential of A. mellifera colonies at different trapping frequencies. A total of 15 colonies of A. mellifera were selected for each location and there were three treatments of trapping frequencies viz., alternate-day, twice-a-week and once-a-week each with 5 A. mellifera colonies. Colonies were selected on the basis of uniform strength, each containing approximately eight frames covered with bees, with healthy brood patterns and adequate food stores. The details of the different floral sources and locations are presented in Table 1.
Table 1. Details of pollen collection at different locations and floral sources 
	S. No.
	Location 
	State 
	Floral source 
	Pollen trapping period

	1
	Transit apiary of migratory beekeeper at Haripura 
	 Rajasthan 
	Brassica spp. (Mustard) 
	January 

	2
	Transit apiary of migratory beekeeper at Vijaynagar 
	Rajasthan 
	Mustard + multiflora 
	February 

	3
	Farmers apiary in Nagrota Bagwan 
	Himachal Pradesh 
	Pyrus pashia (Wild pear)
	February 

	4
	Bee Research Station, Nagrota Bagwan 
	Himachal Pradesh
	Brassica spp. (Mustard)
	February- March 

	5
	Bee Research Station, Nagrota Bagwan 
	Himachal Pradesh
	Local multiflora 
	March- April 

	6
	Migratory apiary at Hoshiarpur 
	Punjab 
	Multiflora 
	 March- April
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Fig.1. Front –mounted  pollen traps installed on beehives
Front-mounted pollen traps were installed at the hive entrance (Fig. 1.). The trap consisted of a wooden frame fitted with a removable plastic grid having 9 mm diameter holes through which returning foragers were forced to pass, causing the pollen pellets to dislodge and fall into a collection drawer. To allow bees to acclimatize to the trap, plastic strips covering approximately one-fourth of the grid surface were inserted on the first day of installation. After 24 hours, the strips were fully inserted to initiate pollen collection.
To study the effect of trapping frequency on pollen yield, three different pollen collection intervals were evaluated across all locations, viz., alternate-day collection, twice-a-week collection, and once-a-week collection. The pollen collected from each colony was transferred to clean containers and shade-dried for 48 hours to reduce moisture content. The dried pollen was weighed using a digital precision balance and the pollen yield was expressed as grams per colony per day.
The data obtained on pollen yield from A. mellifera colonies under different pollen trapping frequencies were subjected to one-way analysis of variance (ANOVA) to determine the effect of trapping frequency on pollen production. The mean values were compared using critical difference (CD) at the 5% level of significance (p = 0.05).
3. RESULTS AND DISCUSSIONS
3.1 Pollen collection during different floral sources and trapping frequency in 2023 
The data presented in Table 2 indicated that pollen yield (g/colony/day) of A. mellifera varied significantly with floral sources and trapping frequency. Among the floral sources, colonies placed on mustard at Haripura, Rajasthan recorded the highest pollen yield (31.19 g/colony/day) under alternate-day trapping, followed by twice-a-week (25.46 g/ colony/day) and once-a-week (21.46 g /colony/day) trapping. Similarly, colonies foraging on mustard and multiflora at Vijaynagar, Rajasthan also showed higher pollen yield (28.36 g/colony/day) under alternate-day trapping compared to other frequencies. In contrast, comparatively lower pollen yield was recorded from P. pashia bloom in Himachal Pradesh (16.69 g/ colony/day under alternate-day trapping), followed by twice-a-week (12.46 g/ colony/day) and once-a-week (10.28 g /colony/day) trapping. The overall mean pollen yield was highest under alternate-day trapping (23.93 g/ colony/day), followed by twice-a-week (18.80 g/ colony/day) and once-a-week trapping (15.69 g/ colony/day), indicating a declining trend with reduced trapping frequency.
Higher pollen yield in mustard-based ecosystems may be attributed to profuse flowering and greater pollen availability. Similar findings were reported by Kumar and Agrawal (2014) and Dalal et al. (2025). Lower pollen yield from P. pashia may be due to its shorter flowering duration and limited pollen resources, as also reported by (Synge 1947; Ismail et al. 2013; Stoner et al. 2022). Further, trapping frequency significantly influenced pollen yield, with alternate-day trapping resulting in maximum pollen collection. This may be due to frequent removal of pollen loads, which stimulates foraging activity. These findings are in agreement with (McLellan 1974;Webster et al. 1985; Duff and Furgala 1986).
Table 2. Effect of pollen trapping frequency on pollen production potential of Apis mellifera colonies at different floral sources in 2023 
	                                     Pollen collected (g/colony/day)* by Apis mellifera 

	    Floral source
	   Month 
	                   Trapping frequency 
	CD(p=0.05)

	
	
	Alternate day
	Twice a week
	Once a week
	

	Mustard Haripura, Rajasthan
	January
	31.19
	25.46
	21.46
	0.89

	Mustard and multiflora Vijaynagar, Rajasthan
	February
	28.36
	23.17
	19.83
	1.80

	Pyrus pashia  Himachal Pradesh
	February
	16.69
	12.46
	10.28
	1.21

	Mustard  Himachal Pradesh
	February- March
	22.06
	17.41
	14.17
	0.86

	Multiflora Himachal Pradesh
	March –April
	20.22
	15.16
	12.49
	1.87

	Multiflora Hoshiarpur, Punjab
	March –April
	25.06
	19.11
	15.88
	0.98

	Average mean
	23.93
	18.80
	15.69
	


* Data represent mean pollen yield (g/colony/day) of five colonies with four weekly observations recorded during the month.

3.2 Pollen collection during different floral sources and trapping frequency in 2024
The data presented in Table 3 showed a similar trend during 2024, with significant variation in pollen yield across floral sources and trapping frequencies. The highest pollen yield was recorded from mustard at Haripura, Rajasthan (32.28 g/colony/day) under alternate-day trapping, followed by Vijaynagar, Rajasthan (29.21 g/colony/day). The lowest pollen yield was observed from P. pashia in Himachal Pradesh (17.19 g/colony/day) under the same trapping frequency. The overall mean pollen yield was maximum under alternate-day trapping (24.84 g/colony/day), followed by twice-a-week (19.72 g/colony/day) and once-a-week trapping (16.51 g/colony/day), confirming a consistent decline in pollen collection with reduced trapping frequency.
[bookmark: _GoBack]The higher pollen yield in mustard-based floral sources may be attributed to abundant flowering and higher pollen availability, which is in conformity with earlier reports (Kumar and Agrawal 2014; Dalal et al. 2025). In contrast, lower yield from P. pashia may be due to limited floral duration and pollen resources (Synge 1947; Ismail et al. 2013; Stoner et al. 2022). The significant effect of trapping frequency observed in 2024 also supports earlier findings that increased trapping frequency enhances pollen collection by stimulating foraging activity (McLellan 1974; Webster et al. 1985; Duff and Furgala 1986).
Table 3. Effect of pollen trapping frequency on pollen production potential of Apis mellifera colonies at different floral sources during 2024
	                                     Pollen collected (g/colony/day)* by Apis mellifera

	    Floral source
	   Month 
	                   Trapping frequency 
	CD(p=0.05)

	
	
	Alternate day 
	Twice a week 
	Once a week 
	

	Mustard Haripura, Rajasthan
	January
	32.28
	26.04
	23.11
	0.68

	Mustard and multiflora Vijaynagar, Rajasthan
	February
	29.21
	23.65
	20.32
	0.72

	Pyrus pashia  Himachal Pradesh
	February
	17.19
	13.60
	11.05
	0.85

	Mustard  Himachal Pradesh
	February- March
	23.65
	18.11
	14.86
	0.56

	Multiflora Himachal Pradesh
	March –April
	21.10
	16.39
	13.61
	0.63

	Multiflora Hoshiarpur, Punjab
	March –April
	25.63
	20.51
	16.12
	0.84

	Average mean
	24.84
	19.72
	16.51
	


* Data represent mean pollen yield (g/colony/day) of five colonies with four weekly observations recorded during the month.
3.3 Overall interpretation
The pooled analysis (2023–2024) revealed that pollen yield of A. mellifera was significantly influenced by floral source and trapping frequency. Mustard-based floral sources consistently recorded higher pollen yield, whereas lower yield was observed in P. pashia. Alternate-day trapping resulted in maximum pollen collection, followed by twice-a-week and once-a-week trapping. Fig. 2. clearly illustrates the higher mean pollen yield under alternate-day trapping and the declining trend with reduced trapping frequency. Overall, alternate-day trapping under mustard-based floral conditions proved most effective for maximizing pollen yield.

Fig. 2. Comparative mean pollen yield under different trapping frequencies during 2023 and 2024
4. CONCLUSION
The present study demonstrated that pollen production potential of A. mellifera colonies is significantly influenced by floral source and pollen trapping frequency. Colonies placed on mustard-based floral sources consistently recorded higher pollen yield compared to other floral conditions, whereas lower yield was observed in P. pashia. Among different trapping schedules, alternate-day trapping proved to be the most effective, yielding significantly higher pollen compared to twice-a-week and once-a-week trapping. The results indicate that frequent pollen removal enhances foraging activity and improves overall pollen collection. Therefore, alternate-day trapping in mustard-dominated floral ecosystems may be recommended for maximizing pollen yield in A. mellifera colonies under similar agro-climatic conditions.
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