


Foraging Behaviour of Different Honey Bee Species on Mustard (Brassica juncea L.) During Blooming Period

Abstract
Mustard (Brassica juncea L.) is one of the most important oilseed crops in India and its productivity depends greatly on insect-mediated pollination. Honey bees are considered the principal pollinators of mustard because they enhance pollen transfer, fertilization and seed set. The present investigation was undertaken to compare the foraging behaviour of five bee species, namely Apis dorsata, Apis cerana indica, Apis mellifera, Apis florea and Tetragonula sp., on mustard flowers. The observations included initiation and cessation of pollen and nectar collection, number of flowers visited per minute, number of pollen and nectar foragers returning to the hive, time spent on flowers, foraging speed and foraging rate. The results showed marked differences among bee species. Tetragonula sp. initiated pollen collection earliest (06:50 h) and continued foraging until 18:10 h, indicating the longest daily foraging duration. Apis dorsata visited the highest number of flowers per minute during pollen collection (8.33 flowers min⁻¹), followed by A. mellifera (6.59 flowers min⁻¹) and A. cerana indica (6.12 flowers min⁻¹). The number of pollen and nectar foragers returning to colonies of A. cerana and A. mellifera reached its maximum around midday, corresponding to peak floral rewards. Mean foraging speed was highest in A. cerana indica (3.16 s flower⁻¹), followed by A. mellifera (3.76 s flower⁻¹) and A. dorsata (4.04 s flower⁻¹), whereas Tetragonula sp. spent the longest time per flower (20.12 s). Similarly, A. cerana indica exhibited the highest foraging rate (19.12 flowers min⁻¹), followed by A. mellifera (16.04 flowers min⁻¹), while Tetragonula sp. recorded the lowest rate (3.12 flowers min⁻¹). These findings demonstrate distinct interspecific differences in foraging efficiency and indicate that A. cerana indica, A. mellifera and A. dorsata are comparatively more efficient pollinators of mustard than Tetragonula sp. under the prevailing field conditions. The information generated in the present study will contribute to understanding pollinator behaviour and to developing effective pollination management strategies for enhancing mustard productivity. The results are based on the foraging observations contained in the uploaded dataset. 
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Introduction
Mustard (Brassica juncea L. Czern & Coss.) is one of the most important edible oilseed crops cultivated throughout the world. India is among the leading producers of rapeseed–mustard, where the crop occupies a significant share of the total oilseed area and contributes substantially to domestic edible oil production. Apart from its economic importance, mustard plays a vital role in sustaining rural livelihoods by providing edible oil, livestock feed in the form of oil cake and raw material for several food and industrial products. The crop is predominantly cross-pollinated and successful fertilization depends largely on insect pollinators, particularly bees (Chakrabarty, 2023; Medat et al., 2024; Singh et al., 2023).
Among floral visitors, honey bees are considered the most efficient pollinating insects because of their floral fidelity, high visitation frequency, large colony size and efficient pollen transfer. Numerous studies have demonstrated that bee pollination improves siliqua formation, number of seeds per siliqua, seed weight, oil content and overall seed yield in mustard and other Brassica crops. The effectiveness of pollination depends not only on the abundance of bee populations but also on their foraging behaviour, including the time of foraging initiation, duration of flower visits, number of flowers visited and the quantity of pollen and nectar collected (Aashish & Abrol, 2023; Asmini et al., 2022; Witter et al., 2015).
Different honey bee species exhibit marked variation in their foraging activities due to differences in body size, colony organization, environmental adaptation, and resource requirements. In India, the principal bee species associated with mustard pollination include Apis dorsata, Apis cerana indica, Apis mellifera, Apis florea and stingless bees (Tetragonula spp.) (Bijarniya et al., 2024; Jagarwal et al., 2025). Each species differs in foraging speed, handling time, daily activity pattern and efficiency of pollen transfer. Understanding these behavioural differences is essential for selecting suitable pollinator species and developing strategies for crop pollination management (Kaur et al., 2022; Wahid et al., 2025).
Environmental factors such as temperature, relative humidity, solar radiation, wind speed and floral reward availability strongly influence bee foraging behaviour. Most honey bee species exhibit maximum activity during the late morning and midday when nectar secretion and pollen availability are greatest. Earlier studies have reported that Apis cerana and Apis mellifera generally display higher foraging rates than Apis florea and stingless bees, whereas Apis dorsata is recognized for its ability to visit a large number ofmany flowers within a short period because of its large body size and strong flight capacity.	Comment by Ibrahim Danazumi: Cite the studies
Although several investigations have described the pollination biology of mustard, comparative information on the foraging behaviour of different honey bee species under Indian field conditions remains limited, particularly with respect to stingless bees. Quantitative evaluation of pollen and nectar foraging, foraging speed, flower visitation rate and daily activity patterns is necessary to understand the relative pollination efficiency of different bee species.	Comment by Ibrahim Danazumi: By who? and who?
Therefore, the present investigation was undertaken to compare the foraging behaviour of five important bee species—Apis dorsata, Apis cerana indica, Apis mellifera, Apis florea and Tetragonula sp.—on mustard flowers by recording their daily foraging period, flower visitation frequency, pollen and nectar collection behaviour, time spent on individual flowers, foraging speed and foraging rate. The findings will contribute to a better understanding of pollinator ecology and provide useful information for improving pollination management in mustard cultivation.
Materials and Methods
Experimental site and crop
The present investigation was carried out during the flowering period of mustard (Brassica juncea L.) under field conditions to study the comparative foraging behaviour of different bee species. The experiment was conducted on mustard variety TAM-108-1 at the Experimental Farm, Department of Agricultural Entomology, College of Agriculture, Vasantrao Naik Marathwada Krishi Vidyapeeth (VNMKV), Parbhani, Maharashtra, India. No insecticidal sprays were applied during the flowering period to ensure unrestricted visitation of natural pollinators. Five bee species, namely Apis dorsata Fabricius, Apis cerana indica Fabricius, Apis mellifera Linnaeus, Apis florea Fabricius and Tetragonula sp., were selected for detailed observations on their foraging behaviour. The parameters studied included initiation and cessation of pollen and nectar collection, number of flowers visited per minute, number of pollen and nectar foragers returning to the hive, time spent per flower, foraging speed and foraging rate. 
Observation of foraging period
The daily foraging activity of different bee species was observed continuously from 06:00 h to 18:00 h during the entire flowering period of the crop. Observations were made at regular intervals to determine the diurnal pattern of pollen and nectar collection. The time at which the first individual of each bee species commenced pollen or nectar collection was considered the initiation time, whereas the time at which the last individual ceased foraging in the evening was considered the cessation time. Separate observations were recorded for pollen and nectar collection for each bee species to compare their daily foraging duration.	Comment by Ibrahim Danazumi: Write the method you adopted
Number of flowers visited per minute
The flower visitation rate was determined by following individual bees while they foraged on mustard flowers. An actively foraging bee was selected at random and the number of flowers visited within one minute was counted using a stopwatch. Separate observations were made for pollen-collecting and nectar-collecting bees. Several observations were recorded under favourable weather conditions and the average number of flowers visited per minute was calculated for each bee species.
Number of pollen and nectar foragers returning to the hive
The foraging activity of managed colonies of Apis cerana indica and Apis mellifera was assessed by recording the number of pollen and nectar foragers returning to their respective colonies. Observations were made at different times of the day, beginning in the morning and continuing until the evening, corresponding to the active foraging period. Pollen foragers were identified by the presence of pollen pellets attached to their hind legs, whereas bees returning without pollen loads were considered nectar foragers. The number of returning foragers entering the hive during one minute was counted with the aid of a stopwatch and the average values were calculated for each observation period. 
Time spent per flower
The time spent by individual bees on mustard flowers during pollen and nectar collection was recorded using a digital stopwatch. Separate observations were made for pollen and nectar foraging during six timesix-time intervals, namely 06:00–08:00 h, 08:00–10:00 h, 10:00–12:00 h, 12:00–14:00 h, 14:00–16:00 h and 16:00–18:00 h. The duration from the moment a bee landed on a flower until it departed was measured in seconds. Several observations were recorded for each bee species, and the mean time spent per flower was calculated.
Foraging speed
Foraging speed was estimated as the average time required by an individual bee to complete its visit to a single mustard flower. The mean time spent per flower was calculated from observations recorded during different hours of the day. Bees requiring less time to complete a flower visit were considered to possess higher foraging efficiency than those spending longer durations on individual flowers.
Foraging rate
The foraging rate of different bee species was determined by recording the number of flowers visited by an individual bee in one minute. Observations were made during the major flowering hours of the day between 08:00 h and 18:00 h and the mean number of flowers visited per minute was calculated for each bee species. The recorded values were used to compare the relative foraging efficiency of different pollinators visiting mustard flowers.	Comment by Ibrahim Danazumi: You did not state the statistical analysis used

Results & Discussion
Foraging period of different bee species on mustard flowers
The foraging activity of different bee species on mustard flowers varied considerably with respect to the initiation and cessation of pollen and nectar collection (Table 1). Among the five bee species, Tetragonula sp. commenced pollen collection earliest at 06:50 h, followed by Apis cerana indica (07:15 h), Apis florea (07:20 h), Apis mellifera (07:25 h) and Apis dorsata (08:15 h). Similarly, Tetragonula sp. also initiated nectar collection earlier (07:20 h) than the other bee species, whereas A. dorsata commenced nectar foraging comparatively later at 08:15 h. 
The cessation of pollen and nectar collection also differed among the bee species. Tetragonula sp. continued pollen collection up to 18:10 h, followed by A. mellifera (17:50 h), while A. cerana indica and A. florea ceased pollen collection at 17:30 h. Apis dorsata terminated pollen collection relatively early at 17:10 h. Likewise, Tetragonula sp. continued nectar collection until 17:50 h, whereas A. florea ceased nectar collection earliest at 16:40 h. These observations indicate that Tetragonula sp. exhibited the longest daily foraging duration among the bee species investigated, while A. dorsata showed the shortest period of pollen foraging. 
The present findings are in agreement with those of Sen et al. (2023), who reported that Tetragonula iridipennis initiated foraging as early as 06:00 h with peak activity between 09:00 and 11:00 h and continued foraging until the evening under favourable environmental conditions. Likewise, Kaur et al. (2022) observed distinct differences in the foraging schedules of Apis species on Brassica crops in Himachal Pradesh, with maximum foraging activity occurring during the late morning hours. Suryanarayana (1981) observed that A. cerana began collecting pollen and nectar between 8:45 and 9:15 in the morning and 8:20 to 9:00, respectively, and ceased nectar collection from 16:00 to 17:00.
Number of flowers visited by a single bee per minute
Significant variation was observed among the bee species in the number of flowers visited per minute during pollen and nectar collection (Table 2). During pollen collection, Apis dorsata recorded the highest flower visitation rate (8.33 flowers min⁻¹), followed by A. mellifera (6.59 flowers min⁻¹), A. cerana indica (6.12 flowers min⁻¹), A. florea (4.20 flowers min⁻¹) and Tetragonula sp. (3.91 flowers min⁻¹). A similar trend was observed during nectar collection, where A. dorsata visited the highest number of flowers (6.68 flowers min⁻¹), followed by A. mellifera (5.18 flowers min⁻¹), A. cerana indica (4.54 flowers min⁻¹), A. florea (3.56 flowers min⁻¹) and Tetragonula sp. (2.34 flowers min⁻¹). 
The higher flower visitation rate recorded in A. dorsata may be attributed to its comparatively larger body size, stronger flight capacity and rapid movement between flowers. Although Tetragonula sp. remained active for a longer duration during the day, it visited fewer flowers per unit time because it spent a longer time handling individual flowers. The present findings are in close agreement with those of Kaur et al. (2022), who reported that A. mellifera and A. dorsata exhibited higher flower visitation rates than A. cerana on Brassica crops under Himachal Pradesh conditions. Similarly, Gautam et al. (2022) observed that A. cerana showed a significantly higher flower visitation rate than A. laboriosa on black mustard, while larger bee species displayed greater foraging efficiency due to their rapid movement among flowers. 
Number of pollen and nectar foragers returning to the hive
The number of pollen and nectar foragers returning to the colonies of A. cerana indica and A. mellifera varied with the time of day (Table 3). The highest number of pollen foragers was recorded at 12:00 h whereas the maximum number of nectar foragers was observed at 16:00 h in both species. Throughout the observation period, A. cerana indica recorded a greater number of returning pollen and nectar foragers than A. mellifera. 
The present findings are in accordance with those of Mohanty et al. (2023), who reported that the number of nectar, pollen and outgoing foragers of A. cerana indica varied significantly throughout the day with maximum foraging activity occurring during the late morning and midday hours under favourable weather conditions. Similar observations were reported by Devi et al. (2023) in rapeseed, where pollen foragers reached their peak around 12:00 h, while nectar collectors increased during the afternoon.
 Time spent by different bee species on pollen and nectar foraging
The time spent on individual mustard flowers varied among the bee species and different observation periods (Table 4). A. florea spent the longest time on both pollen and nectar collection, whereas A. cerana indica and A. dorsata required comparatively less time per flower. In general, the time spent on flowers was higher during the peak flowering hours (10:00–14:00 h) and decreased during the late afternoon and evening. 
The present findings are in agreement with those of Kaur et al. (2022), who reported that A. cerana and A. mellifera spent comparatively less time per flower on mustard than other honey bee species, resulting in greater foraging efficiency. Similar observations were made by Sajwan et al. (2023), who found that the time spent per flower varied significantly among Apis species in oilseed Brassica, with A. florea spending more time on individual flowers than A. cerana and A. mellifera. Comparable results were also reported by Prajula et al. (2024), who observed that the duration of flower handling differed among pollinator species and was highest during the peak flowering period, reflecting variations in foraging behaviour and resource collection efficiency.
 Foraging speed of different bee species
The foraging speed differed considerably among the bee species (Table 5). Apis cerana indica exhibited the highest foraging speed with the lowest mean time spent per flower (3.16 s), followed by A. mellifera (3.76 s) and A. dorsata (4.04 s). In contrast, Tetragonula sp. recorded the lowest foraging speed, spending an average of 20.12 s per flower. 
The present findings are in close agreement with those of Kaur et al. (2022), who reported that A. mellifera and A. cerana exhibited comparatively higher foraging speed on mustard by spending less time per flower than other honey bee species. Similar observations were made by Nagpal et al. (2020) who reported that A. cerana indica spent the least time per flower, followed by A. mellifera and A. dorsata whereas A. florea required the longest handling time on mustard flowers. Likewise, Prajula et al. (2024) observed significant interspecific differences in flower handling time and foraging behaviour of pollinators on mustard, with bee species spending less time per flower exhibiting greater foraging efficiency and pollination potential.
Foraging rate of different bee species
The foraging rate of different bee species varied throughout the day (Table 6). Apis cerana indica recorded the highest mean foraging rate (19.12 flowers min⁻¹), followed by A. mellifera (16.04 flowers min⁻¹), A. dorsata (14.84 flowers min⁻¹) and A. florea (9.52 flowers min⁻¹). Tetragonula sp. exhibited the lowest mean foraging rate (3.12 flowers min⁻¹). Foraging activity of all bee species was greatest during 10:00–14:00 h and declined towards the evening. 
Conclusion
The study showed clear differences in the foraging behaviour of bee species visiting mustard flowers. Tetragonula sp. began pollen collection earliest and remained active for the longest period, but recorded the lowest flower visitation rate. A. dorsata visited the highest number of flowers per minute during pollen and nectar collection. A. cerana indica showed the lowest mean time spent per flower and the highest foraging rate, followed by A. mellifera. Returning pollen foragers were highest around midday, while nectar foragers were highest during the afternoon. These observations suggest that A. cerana indica, A. mellifera, and A. dorsata are important bee visitors of mustard flowers under the study conditions.
Limitations
The study was based on field observations of foraging behaviour and did not measure pollen deposition, seed set, siliqua formation, oil content, or yield improvement. Statistical details, replication, number of observation days, and weather variables were not fully reported. The findings are therefore useful for describing foraging patterns but should not be interpreted as direct proof of pollination efficiency or yield enhancement.


Table 1. Foraging period of different honey bees in hours

	Sr. No.
	Treatments
	A.
dorseta
	A.
cerana
	A.
florea
	Tetragonula sp.
	A.
mellifera

	1
	Initiation time for pollen collection
	8.15
	7.15
	7.20
	6.50
	7.25

	2
	Cessation time for pollen collection
	17.10
	17.30
	17.30
	18.10
	17.50

	3
	Initiation time for
nectar collection
	8.15
	8.00
	8.20
	7.20
	8.20

	4
	Cessation time for
nectar collection
	17.00
	17.10
	16.40
	17.50
	16.45



Table 2. Number of flowers visited by single bee/minute

	Sr. No.
	Particulars
	Pollen
	Nectar

	1
	A. dorsata
	8.33
	6.68

	2
	A. cerana
	6.12
	4.54

	3
	A.
Florea	Comment by Ibrahim Danazumi: florea
	4.20
	3.56

	4
	Tetragonula sp.
	3.91
	2.34

	5
	A. mellifera
	6.59
	5.18



Table 3 Number of pollen and nectar foragers visited to bee hive per minute

	
Sr. No.
	
Time/Hrs.
	Particulars

	
	
	A. cerana
	A. mellifera

	
	
	Pollen foragers
	Nectar foragers
	Pollen foragers
	Nectar foragers

	1
	08:00 AM
	6.56
	03.20
	04.15
	1.53

	2
	10:00 AM
	19.30
	13.16
	14.89
	7.90

	3
	12:00 AM
	20.56
	14.90
	16.45
	12.55

	4
	16:00 AM
	16.45
	21.45
	12.30
	16.30



Table 4 Time spent by bees for pollen and nectar foraging in seconds

	Sr.
No.
	Hours
	A. cerana
	A. mellifera
	A.florea
	A. dorseta

	
	
	Pollen
	Nectar
	Pollen
	Nectar
	Pollen
	Nectar
	Pollen
	Nectar

	1
	06-08
	12.16
	08.56
	00
	00
	29.20
	24.15
	11.10
	9.13

	2
	08-10
	24.30
	22.40
	08.56
	08.15
	41.00
	38.18
	23.16
	22.24

	3
	10-12
	26.33
	26.28
	17.43
	15.10
	45.10
	43.23
	26.10
	25.54

	4
	12-14
	22.83
	27.43
	15.26
	16.53
	38.13
	44.30
	21.57
	26.30

	5
	14-16
	08.87
	13.15
	13.35
	14.30
	28.55
	32.10
	08.33
	12.40

	6
	16-18
	07.55
	10.13
	9.21
	12.55
	23.00
	24.37
	7.40
	9.33



Table 5.  Foraging speed of different honey bees on the flowers of mustard
	Particulars
	Mean time spent per flower (Sec)
	Mean

	
	08-10h
	10-12h
	12-14h
	14-16h
	16-18h
	

	Apis florea
	4.60
	5.60
	5.20
	9.40
	6.20
	6.20

	Apis cerana indica
	3.20
	2.80
	2.20
	3.40
	4.20
	3.16

	Apis dorsata
	3.80
	3.20
	2.60
	5.20
	5.40
	4.04

	Apis mellifera
	3.60
	3.00
	2.80
	4.80
	4.60
	3.76

	Tetragonula sp.
	14.60
	18.60
	21.40
	23.40
	22.60
	20.12





Table 6. Foraging rate of different honey bees on the flowers of mustard 
	Particulars
	No. of flowers visited/minute (Sec)
	Mean

	
	08-10h
	10-12h
	12-14h
	14-16h
	16-18h
	

	Apis florea
	12.20
	11.60
	11.20
	6.60
	6.00
	9.52

	Apis cerana indica
	18.60
	21.20
	23.40
	18.20
	14.20
	19.12

	Apis dorsata
	15.60
	16.60
	18.20
	12.60
	11.20
	14.84

	Apis mellifera
	16.20
	17.80
	19.20
	13.40
	13.60
	16.04

	Tetragonula sp.
	4.20
	3.40
	2.80
	2.40
	2.80
	3.12
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