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ABSTRACT
The present study evaluated the abundance and the foraging behavior of bee pollinators on Vigna radiata (L.) Wilczek during 2023-24 and 2024-25. Eleven bee species belonging to the order Hymenoptera and families Apidae and Megachilidae were recorded. Apis florea was the most abundant species (65 and 80 individuals during 2023-24 and 2024-25, respectively), whereas Amegilla niveocincta showed the lowest in abundance. The maximum time spent per flower was recorded in Xylocopa fenestrata (15.35±1.18 sec), while the minimum was observed in Amegilla niveocincta (1.10±1.03 sec). In contrast, the highest foraging rate was documented in Amegilla niveocincta (12.16±1.12 flowers/min) and the lowest in Xylocopa fenestrata (4.60±1.16 flowers/min). Foraging activity initiated between 0600-0740 h and ceased between 1630-1830 h, with species-specific peak activity occurring either during morning or afternoon hours. The findings indicate significant interspecific variation in foraging efficiency, emphasizing the potential role of Amegilla species in improving pollination of green gram.
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INTRODUCTION
A diverse community of pollinators plays a crucial role in maintaining ecosystem stability and resilience. Insect-mediated pollination (entomophily) significantly enhances the yield and quality of many agricultural crops. It is estimated that nearly 87% of the world’s food crops depend entirely on pollinators, contributing to approximately 35% of global food production (Klein et al., 2007). The status of bees and other pollinators is also of key concern in global food security (Ollerton, 2012; Bailes et al, 2015; Blaauw and Isaacs, 2014; Jaffe et al., 2010; Lucas, 2017; Perry et al., 2015).  A rich assemblage of pollinator species ensures functional stability within ecosystems; if one species declines due to environmental or anthropogenic pressures, other pollinators can fulfill the same ecological role, thereby maintaining consistent pollination services and supporting plant reproductive success and ecosystem stability.
Mungbean (Vigna radiata L.) Wilczek. belonging to the family Fabaceae, recognized as the third most significant pulse crop cultivated in India. Despite being primary a self-pollinated and cleistogamous species, it exhibits a natural outcrossing rate of about 4-5% (Van Rheenen, 1964). Growing attention has been directed towards understanding pollination dynamics even in predominantly self-fertile pulse crops such as mungbean. In this context, the present investigation aims to document and evaluate the insect pollinators assemblage associated with mungbean flowers, thereby assessing their role in crop productivity and ecological sustainability.
MATERIAL AND METHODS
The present study was conducted during the cropping season (July-August) at 10- locations of District Jodhpur Rajasthan India viz: Balisar, Osia, Luni, Shergarh, Tinwari, Bhopalgarh, Bilara, Mathania, Mandore and Phalodi. The surveyed areas fall under Semi-arid conditions of with distinct morning and afternoon activity patterns of insect pollinators. Observation on bee pollinators were carried out during the flowering stage of the crop. Sampling was conducted on clear and sunny days to ensure maximum pollinator activity. Bees species visiting the flowers were recorded through direct visual observation and sweeping net collection. Collected specimens were identified up to species level using standard taxonomic keys and available literature. Pollinator abundance were recorded by counting the number of individuals visiting flowers within a 1m2 area for 5 minutes. Observations were taken at different time intervals through the day. Time spent per flower (Handling time) was recorded using a stop-watch from the moment a bee landed on a flower until it left the same flower and expressed in seconds. Foraging rate was determined by counting the number of flowers visited per minute by a visitor/individual bee. Daily activity pattern was studied by recording the initiation, peak and cessation of foraging activity. Observations were taken at hourly intervals between 0600 h and 1830 h to determine species-specific peak activity (morning or afternoon).
Data were analyzed using OPSTAT statistical software.

RESULTS AND DISCUSSION
The present investigation was carried out during the cropping season (July-August) at ten locations of District Jodhpur Rajasthan India viz: Balisar, Osia, Luni, Shergarh, Tinwari, Bhopalgarh, Bilara, Mathania, Mandore and Phalodi to assess the species composition and foraging ecology of bee pollinators on green gram, Vigna radiata L. Wilczek. A total of 11 bee species belonging to two families, Apidae and Megachilidae under the order Hymenoptera, were recorded across all study sites (Table 1). Among the recorded species, Apis florea was the most abundant, followed by A. mellifera and Xylocopa fenestrata, while relatively lower populations were observed in Amegilla niveocincta and Thyreus histrio. The predominance of honey bees particularly A. florea, reflects their adaptability to the hot arid conditions of western Rajasthan and their effective exploitation of floral resources in pulse crops. The findings of the present investigation are in close agreement with the earlier reports on insect pollinator diversity in green gram as reported by Singh et al. (2024), who recorded ten species of insect pollinators belonging to six families under two insect orders during the kharif season at Jodhpur. The results of the present study are also in alignment with the observations of Padhy et al. (2018), who reported comparable patterns of pollinator diversity in pigeon pea.
 Considerable variation was observed in foraging behavior among the different bee species (Table 2). The maximum mean time spent per flower was recorded in Xylocopa fenestrata (15.35±1.18 sec), followed by Ceratina binghami (14.32±1.09 sec), indicating longer handling time. In contrast, the minimum time per flower was observed in Amegilla niveocincta (1.10±1.03 sec) and Amegilla cingulata (1.41±1.01 sec) suggesting rapid floral visits. Among honeybees, A. dorsata spent comparatively more time per flower than A. mellifera and A. florea. All recoded species were observed colleting both nectar and pollen, confirming the dual reward status of green gram flowers. The findings are also in close agreement with the findings of Kumar (2004), who reported that the foraging speed of A. dorsata was maximum, followed by A. mellifera on juncea and toria. Kumar and Rai (2020) also reported that the foraging speed of A. dorsata was maximum being 15.74 sec, followed by Xylocopa spp. (13.67 seconds), A. mellifera (12.93 seconds), while it was minimum in case of A. florea (8.74 sec).
The foraging rate exhibited an inverse relationship with handling time. The highest visitation rate was recoded in Amegilla niveocincta (12.16±1.12 flowers/min), followed by Amegilla cingulata (11.83±1.10 flowers/min), whereas Xylocopa fenestrata recorded the lowest rate (4.60±1.16 flowers/min). Among honey bees A. florea showed a higher visitation rate (8.44±1.03 flowers/min) compared to A. mellifera and A. dorsata (Table 3). These differences indicate species-specific foraging strategies that may influence pollination efficiency under arid environment conditions.
 Daily foraging activity also varied among recorded species. Early initiation of activity was observed in A. cingulata (0600 h) and A. niveocincta (0610 h), followed by X. fenestrata (0645 h), while most honey bees initiated activity between (0730 h) and (0740 h). Peak foraging activity was recorded during morning hours in X. fenestrata, C. binghami and A. mellifera. In contrast Amegilla spp. and T. histrio exhibited maximum foraging activity during afternoon whereas A. dorsata and A. florea during evening hours (Table 4). Such temporal variation reduces interspecific competition and ensures continuous pollination throughout the flowering period. 
Although foraging ecology of several hymenopteran pollinators has been investigated by Sharma and Abrol (2015); Singh et al., (2017); Raina et al. (2025) and Shah et al. (2025a; 2025b) particularly at different agro-ecological regions. However, no systematic study has previously been conducted on the foraging ecology of pollinators on green gram under the arid agro-climatic conditions of Jodhpur district. Therefore, the present investigation constitutes the first comprehensive documentation of pollinator diversity and foraging behavior on Vigna radiata in this region. Overall, based on abundance, visitation rate and activity pattern, A. florea, A. mellifera and Amegilla spp. emerged as important pollinators of green gram in western Rajasthan, highlighting their significant role in enhancing pollination and potential yield improvement under desert agro-ecosystems.
CONCLUSION
The study revealed considerable diversity and interspecific variation in the foraging behaviour of bee pollinators on Vigna radiata. While Apis florea was the most abundant species Amegilla niveocincta exhibited the highest foraging rate, indicating greater pollination efficiency despite lower abundance. These findings highlight the complementary roles of different bee species and emphasise the importance of conserving diverse pollinator communities to enhance green gram productivity in agro ecosystems of Jodhpur, Rajasthan.









Table 1. List of different bees collected during the year 2023-24 and 2024-25
	S. No.
	Common Name
	Scientific name
	Order
	Family
	Total catch 
(No. of individuals)


	
	
	
	
	
	2023-24
	2024-25

	1. 
	Carpenter bee
	Xylocopa fenestrata
	Hymenoptera
	Apidae
	45
	51

	2. 
	Small carpenter bee
	Ceratina binghami
	
	
	25
	30

	3. 
	Rock bee
	Apis dorsata
	
	
	45
	35

	4. 
	European honeybee
	Apis mellifera
	
	
	40
	53

	5. 
	Dwarf honey bee
	Apis florea
	
	
	65
	80

	6. 
	Blue banded bee
	Amegilla cingulata
	
	
	15
	22

	7. 
	Allied dagger bee
	Amegilla niveocincta
	
	
	7
	10

	8. 
	Cuckoo bee
	Thyreus histrio
	
	
	8
	15

	9. 
	Leaf cutter bee
	Megachile bicolor
	
	Megachilidae
	25
	40

	10. 
	Resin bee
	Megachile cephalotes
	
	
	20
	25

	11. 
	Woolly wall bee
	Megachile lanata
	
	
	15
	21

	Total
	692














Table 2. Foraging speed of different bee pollinators on Vigna radiata (L.) Wilczek
	S.No.
	Bee visitors/ pollinators
	Time spent per flower (sec.)

	
	
	*Pooled observation of year 2023-24 and 2024-25
	Mean
	Reward (N/P)
	Percentage (%)

	
	
	Day 1
	Day 3
	Day 5
	Day 7
	
	
	

	
	
	
	
	
	
	
	♀
	♂
	

	1.
	Xylocopa fenestrata
	15.03±1.14
	14.57± 1.21
	16.97± 1.29
	14.81± 1.09
	15.35± 1.18
	N+P
	N
	25.36

	2.
	Ceratina binghami
	14.11±1.11
	12.19± 1.12
	14.97± 1.09
	16.01± 1.05
	14.32± 1.09
	N+P
	N
	23.67

	3.
	Apis dorsata
	5.33± 1.04
	4.57± 1.34
	4.97± 1.29
	4.81± 1.09
	4.92± 1.19
	N+P
	N
	8.13

	4.
	Apis mellifera
	4.21± 1.09
	4.33± 1.29
	3.88 ± 1.13
	3.98± 1.01
	4.10± 1.13
	N+P
	N
	6.77

	5.
	Apis florea
	3.16± 1.01
	3.21± 1.06
	3.29 ± 1.03
	3.18± 1.02
	3.21± 1.03
	N+P
	N
	5.31

	6.
	Amegilla cingulata
	1.03± 1.01
	1.33± 1.01
	1.43± 1.01
	1.83± 1.01
	1.41± 1.01
	N+P
	N
	2.33

	7.
	Amegilla niveocincta
	1.09± 1.03
	1.17± 1.06
	1.03± 1.01
	1.11± 1.02
	1.10± 1.03
	N+P
	N
	1.82

	8.
	Thyreus histrio
	2.10± 1.02
	2.89± 1.08
	2.59± 1.01
	2.33± 1.03
	2.48± 1.04
	N
	N
	4.10

	9.
	Megachile bicolor
	4.83± 1.06
	4.77± 1.04
	5.03± 1.01
	5.11± 1.02
	4.44± 1.03
	N+P
	N
	7.34

	10.
	Megachile cephalotes
	4.33± 1.03
	5.11± 1.07
	5.07± 1.03
	5.10± 1.02
	4.90± 1.04
	N+P
	N
	8.10

	11.
	Megachile lanata
	4.18± 1.06
	4.47± 1.04
	4.33± 1.01
	4.21± 1.02
	4.30± 1.03
	N+P
	N
	7.11


*Mean of 5 replications ± SE; N= Nectar; P= Pollen


Table 3. Foraging rate of different bee pollinators on Vigna radiata (L.) Wilczek
	S.No.
	Bee visitors/ pollinators
	Flowers visited/min (No.)

	
	
	*Pooled observation of year 2023-24 and 2024-25
	Mean
	Per cent (%)

	
	
	Day 1
	Day 3
	Day 5
	Day 7
	
	

	1.
	Xylocopa fenestrata
	5.03±1.17
	4.57± 1.15
	3.97± 1.19
	4.81± 1.12
	4.60± 1.16
	5.22

	2.
	Ceratina binghami
	5.91±1.01
	6.10± 1.02
	5.97± 1.02
	6.01± 1.07
	6.00± 1.03
	6.81

	3.
	Apis dorsata
	7.03± 1.11
	7.57± 1.14
	6.97± 1.19
	7.21± 1.13
	7.20± 1.14
	8.16

	4.
	Apis mellifera
	7.11± 1.13
	7.33± 1.19
	7.88 ± 1.10
	7.98± 1.11
	7.58± 1.13
	8.59

	5.
	Apis florea
	8.16± 1.01
	8.31± 1.06
	8.29 ± 1.03
	8.98± 1.02
	8.44± 1.03
	9.57

	6.
	Amegilla cingulata
	10.33± 1.11
	12.13± 1.15
	13.03± 1.12
	11.83± 1.01
	11.83± 1.10
	13.41

	7.
	Amegilla niveocincta
	11.09± 1.10
	11.27± 1.14
	13.17± 1.13
	13.11± 1.12
	12.16± 1.12
	13.79

	8.
	Thyreus histrio
	9.29± 1.16
	9.87± 1.17
	10.11± 1.18
	9.98± 1.17
	9.81± 1.17
	11.12

	9.
	Megachile bicolor
	6.83± 1.16
	6.77± 1.14
	7.03± 1.11
	7.10± 1.12
	6.93± 1.13
	7.86

	10.
	Megachile cephalotes
	6.69± 1.13
	6.91± 1.19
	6.97± 1.10
	7.22± 1.12
	6.95± 1.14
	7.88

	11.
	Megachile lanata
	6.42± 1.16
	6.39± 1.14
	7.13± 1.01
	6.81± 1.02
	6.69± 1.08
	7.58


*Mean of 5 replications ± SE


Table 4. Foraging period of different bee pollinators on Vigna radiata (L.) Wilczek
	S.No.
	Bee visitors/ pollinators
	*Foraging activity (time in h)

	
	
	Initiation
	Cessation
	Peak Foraging Period

	1.
	Xylocopa fenestrata
	0645± 1.14
	1815± 1.14
	9:00 am- 10:30 am

	2.
	Ceratina binghami
	0715± 1.17
	1750± 1.17
	9:00 am- 11:00 am

	3.
	Apis dorsata
	0740± 1.13
	1800± 1.13
	4:00 pm- 6:00 pm

	4.
	Apis mellifera
	0730± 1.14
	1815± 1.14
	9:00 am- 10:30 am

	5.
	Apis florea
	0730± 1.13
	1830± 1.13
	4:00 pm- 5:30 pm

	6.
	Amegilla cingulata
	0600± 1.10
	1730± 1.17
	2:00 pm- 4:00 pm

	7.
	Amegilla niveocincta
	0610± 1.10
	1720± 1.17
	2:00 pm- 4:15 pm

	8.
	Thyreus histrio
	0630± 1.15
	1700± 1.13
	2:00 pm- 4:30 pm

	9.
	Megachile bicolor
	0710± 1.17
	1650± 1.11
	4:00 pm- 5:15 pm

	10.
	Megachile cephalotes
	0712± 1.18
	1645± 1.14
	4:00 pm- 5:30 pm

	11.
	Megachile lanata
	0715± 1.16
	1630± 1.11
	4:00 pm- 5:00 pm


*Mean of 5 replications ± SE
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