Pollination efficiency of Apis mellifera L. (Hymenoptera: Apidae) on flowers of Foeniculum vulgare L. (Apiaceae) at Ayodhya Region, Uttar Pradesh,India
|ABSTRACT|
The present investigation was conducted during the flowering stage of the 2017-18 season at ANDUA&T, Kumarganj, Ayodhya, U.P., India. Honeybees that visit the Fennel plants lead to an increase in the number of seeds set and subsequently yield production. It was found that all three bee species, viz., Apis mellifera, A. indica, and A. dorsata, while foraging on fennel flowers, were found to be top workers. Apis dorsata start activity at 6:30 during flowering period, nectar collection at 06:30 hrs, with activities ceasing by 18:00 hrs and pollen collection start at 06:00 hrs, as long as other Apis sp. peak pollen collection for all occurred between 08:00–10:00 hrs., both activities earlier but ceased by 17:00 hrs; The result shows that yield of fennel per plant through bee pollination, self-pollination and open pollination are 20.39 g, 8.28 g and 13.96 g, respectively. Furthermore, the number of seeds per plant (1797.48 seeds, 768.00 seeds, and 1282.74 seeds) and test weight (8.79 g, 5.92 g, and 7,71g) in bee pollination, self-pollination, and open pollination. Thus, approaches to encourage honeybee pollination may help enhance seed yield in Fennel, Foeniculum vulgare (Mill.), and other cultivated species.
[bookmark: _GoBack]KEYWORDS: Fennel, Apis mellifera, pollinators, yield
|Introduction|
Fennel, Foeniculum vulgare (Mill.), is a major winter crop grown as a seed spice in Northern India. It is a plant of the Apiaceae (Umbelliferae) family. It is cross-pollinated in nature. During 2019-20, the production of spices in India was 9,211.06 thousand tonnes from an area of about 4,032.11 thousand hectares (Anonymous, 2020). They contribute significantly to the maintenance of the landscape and biodiversity by providing biologically necessary pollination for crops and natural, wild vegetation species (Garibaldi et al.2013). Since the beginning of the period, honeybees have drawn human attention with their pollination services and beehive products. By providing pollination services to a variety of wild and cultivated species, honeybees help to preserve biological diversity (Frankie et al. 2009). 
Insect pollinators, mainly bees, are directly responsible for the production of 84% of crop species produced in Europe (Williams, 1994). By visiting flowers and helping in pollination, insects and other organisms significantly boost the yield of fruits, vegetables, and seeds, resulting in contributing to increased agricultural production. Crops that are cross-pollinated and self-incompatible need the assistance of effective pollinators. Insect pollination benefits self-pollinated crops as well, increasing output by as much as 30% through pollinator visits. Less than 15% of crop species are self-pollinated; the remainder are cross-pollinated, requiring pollination agents such as wind, water, or insects to fertilize them. In nature, several crops also frequently display cross-pollination. These days, hybrids are cultivated to yield good, marketable produce, and self-pollinated crop species also benefit from them. Accordingly, one of the most crucial elements in seed formation is pollination (Partap, 2001). The most prevalent pollinators are syrphid flies and honey bees (Baswana, 1984). In contrast to well-set seeds in open-pollinated (OP) plants, caged plants yielded few or no seeds (Youngken 1950, 1956). 
The start time of bee activity for foraging varies daily, depending on the availability of food supplies and appropriate variables like temperature, humidity, rain, and the distance between the food source and the nesting site. If honeybees are to obtain enough pollination service and gene flow, they need a spatiotemporally stable supply of nectar, and the distance between plant populations shouldn't be more than the natural pollinator foraging distances (Kwak et al. 1996). The maximum pollination effectiveness occurs between 183 and 275 meters from the colony, yet honeybees from a single hive are known to forage within a radius of 1-3 kilometers from the colony (within 1 km for A. florea and Trigona sp., 1.5 km for A. cerana, and 3 km for A. dorsata) (Free, 1993, Corlett, 2004, Abrol, 2012). Insects of the Dipteran, Coleopteran, and Hemipteran families typically visit crops in the morning to forage. Insects that are hymenopteran and lepidopteran typically visit crops in the afternoon.
|Materials and Methods|
Experimental details. This study was conducted on a plot of land at the experimental area of Acharya Narendra Deva University of Agriculture and Technology, Narendra Nagar (Kumarganj), Ayodhya, U.P., in 2017–18. The randomized block design (RBD) experiment used three treatments and five replications per treatment. Each treatment's plot measured 6 x 3 m² and had 10 rows spaced 60 cm apart from one another. The following treatments were used: (i) open plots that allowed bees and other pollinators to visit freely (T1), (ii) bee-caged plots (T2), and (iii) bee-caged plots (control - T3). Fennel was seeded using the line sowing technique in the field on October 17, 2017. Agronomic techniques such as weeding, hoeing, applying fertilizer (NPK), and using farmyard manure were comparable across all treatments.
Five days a week, starting on March 14, 2018, when the blooms started to open, the crop was inspected. Cages covered with muslin fabric were positioned above T2 and T3 plots. About 200 honeybee workers with mated queens were added to imported thermal pore nucleus colonies, which are tiny boxes with three to four frames and about 300 bees. The mated queens proved to be an effective heat-insulator. Nucleus colonies were positioned in both open and caged plots two to three days following the onset of 5% blooming. To protect the colonies from termites, rain, and water, these nucleus colonies were set up on wooden boards that were secured with sturdy pegs two feet above the ground. A few wooden pieces were put in plastic containers so the bees could easily reach water sources. The possibility of bees dipping while sucking water was avoided. Water bowls were changed twice a week to prevent fungus and other contaminants from contaminating the water. Complete weed removal was carried out in experimental plots to maximize the exposure of fennel flowers to honeybees, as certain weeds also draw bees.
Number of foraging bees and other pollinators. Throughout the whole flowering season, the quantity of bees and other pollinators foraging in the open treatment was counted in a one-square-meter area for five minutes, five days a week. 9:00, 11:00, 13:00, and 15:00 hours of the day were used to record the data.
Seed yield and yield components. When each plot reached maturity, five mature plants were chosen at random, and the quantity of seeds produced was manually tallied. When the seeds in each plot reached maturity, they were harvested. The yield for each treatment was computed per plot after the seeds were manually removed from the plant. Once the seeds were harvested, 250 seeds from each replication of each treatment were randomly selected, and their weights were calculated and reported as 1000 seed weights.
Statistical analysis. We utilized SPSS statistical software version fourteen to analyze our data. Although the data may seem to be in the same spreadsheet format as a prog like Excel, the method is rather different since the statistics are shown in separate windows rather than on the spreadsheet. The least significant difference (LSD) at 0.05 probability (SPSS) was used to compare means. Each of the quantitative factors was subjected to typical descriptive statistics for statistical data.
|Result and Discussion|
Foraging behavior of insect pollinators/visitors:
Working behavior
Foraging behavior of different bee species on fennel flowers. It was found that all three bee species, viz., Apis mellifera, A. indica, and A. dorsata, while foraging on fennel flowers, were found to be top workers. Apis dorsata starts foraging activity on fennel flowers a little too early in the morning and ceases its activity a little later in the evening when compared with Apis mellifera. The bee population was not present during 12:00-13:00 hrs. of the day due to high temperature (≥40) and humidity (≥60%).
Data presented in Table 1 on the foraging activity of different bee species on fennel flowers at different day hours. Apis dorsata was active in pollen collecting during early morning i.e., 06:00 hrs., while they were active nectar collectors during 06:30 hrs. of the day. Other insect visitors like Apis mellifera, Apis cerana, and Apis florea were active pollen collectors during 06:00 hrs. and nectar collectors during 07:30 hrs. of the day. All pollen and nectar collection activities ceased after 17:00 hrs. of the day. Apis dorsata pollen and nectar collection activities ceased at 18:00 hrs. of the day. Peak activity in pollen collection of all four species was observed in the morning, i.e., from 08:00 to 10:00 hrs. of the day. Foraging activity for nectar collectors of Apis dorsata was initiated from 06:30 hrs. of the day.
In case of Apis mellifera and Apis cerana indica, the foraging rate for nectar collectors started from 07:30 hrs. of the day. However, all three species attained their peak nectar foraging activity during 10:00-12:00 hrs. of the day.
Table 1. Different insect species' foraging times on fennel blossoms between March and May, 2018.
	Bee species
	Activity time (hrs.)

	
	Initiation
	Peak
	Cessation

	Pollen foraging

	Apis dorsata
	06:00
	06:00-08:00
	18:00

	Apis mellifera
	06:30
	08:00-10:00
	17:30

	Apis cerana
	06:30
	08:00-10:00
	17:00

	Nectar foraging

	Apis dorsata
	06:30
	10:00-12:00
	18:00

	Apis mellifera
	07:30
	10:00-12:00
	18:00

	Apis cerana
	07:30
	10:00-12:00
	18:00


Foraging rate 
Table 2 and Fig. 1 provide information on the foraging rate, or the amount of time spent on fennel flowers by various bee species between March and May of 2018. Four bee species spend varying amounts of time on each bloom throughout the day. In the occurrence of Apis mellifera, the average foraging rate (time spent/flower in seconds) varies from 8.63 to 8.45 seconds, depending on the time of day. Four bee species' mean period throughout the following times of day: 06:00–08:00 (7.18 sec/flower), 08:00–10:00 (8.41 sec/flower), 10:00–12:00 (11.03 sec/flower), 14:00–16:00 (9.96 sec/flower), and 16:00–18:00 (8.88 sec/flower). The number of blooms that each bee species visited varied significantly. The average foraging rate during the bee species was lowest in Apis dorsata (6.26 sec/flower), followed by Apis mellifera (9.87 sec/flower) and Apis florea (9.63 sec/flower). The average bees visited per flower by four various bee species was at its highest (11.03 sec/flower) between 10:00 and 12:00, followed by 9.96 sec/flower during 12:00 and 14:00, and at its lowest (7.18 sec/flower) between 6:00 and 8:00. Four bee species were not present throughout the 12:00–14:00 hrs time, in consequence quantifying of their foraging rate and speed were not scale.
Table 2: Foraging time of different bee species during day hours per flower (in seconds).
	Day hours
	Bee species

	
	A. mellifera
	A. indica
	A. florea
	A. dorsata
	Mean

	6:00-8:00
	8.63
(3.02)
	7.94
(2.90)
	7.67
(2.85)
	4.48
(2.21)
	7.18
(2.74)

	8:00-10:00
	9.43
(3.13)
	8.95
(3.07)
	8.31
(2.95)
	6.97
(2.73)
	8.41
(2.97)

	10:00-12:00
	11.48
(3.45)
	11.57
(3.47)
	13.01
(3.67)
	8.04
(2.92)
	11.03
(3.38)

	12:00-14:00
	10.56
(3.32)
	11.06
(3.39)
	10.69
(3.34)
	7.51
(2.82)
	9.96
(3.22)

	14:00-16:00
	10.69
(3.34)
	9.54
(3.16)
	9.73
(3.19)
	5.55
(2.45)
	8.88
(3.03)

	16:00-18:00
	8.45
(2.99)
	8.11
(2.93)
	8.38
(2.98)
	5.02
(2.35)
	7.49
(2.81)

	Mean
	9.87
(3.21)
	9.53
(3.15)
	9.63
(3.16)
	6.26
(2.58)
	8.82
(3.03)

	SEm±
	0.10
	0.09
	0.11
	0.11
	0.04

	C.D. at 5%
	7.3
	6.5
	7.5
	9.8
	3.0


*Arcsine transformation values

Effect of modes of pollination on yield per plant
The data on the effect of bee pollination in different treatments on fennel flowers is presented in Table 3. The impact on yield through bee pollination was 20.39 g per plant, while self-pollination and open pollination were 8.28 g and 13.96 g per plant, respectively. Bee pollination significantly against other treatments on Fennel flowers under agro-ecological conditions of Kumarganj, Faizabad. The present investigation are also partial correlation with the findings of Chaudhary (2006), The mean seed yield of fennel in caged plots was 5.2 g per plant, compared to 29.7 g per plant for open pollinated plants and 26.6 g per plant for bee-pollinated plants (increases of 474.7 and 413.5%, respectively). Bee-Q-treated plots gave the highest yield of 33.8 g per plant (increase of 553.4%).
Effect of modes of pollination on fruit set per plant
The perusal of data present in Table 3 revealed that the mean fruit set in different modes of pollination differed significantly among themselves. Irrespective of different replications, that treatment Bee Pollination produced a maximum number of seeds 1797.48 per plant. The minimum number of self-pollination is 768.00 seeds per plant. The present investigation is also partially correlated with the findings of Hannan (2008), who found that per cent fruit set in coriander under self and open pollination was 26.5 and 64.9, respectively, under Delhi conditions. 
Effect of modes of pollination on the test weight of fennel
The effect of pollination on fennel different modes of pollination, was non-significant. In the data presented in Table 3, there are very few differences in test weight. The maximum test weight was produced from bee pollination, 8.79 g, and the minimum test weight was produced from self-pollination, 5.92 g. The present investigation is also accordance correlation with the finding Bharti et al. (2015) reported that, the yield/plant (19.40 g), yield/m2 (181.32 g), test weight (12.32 g) and per cent germination (81.20) were significantly higher in case of open pollination as compared to without insect pollination (14.72 g, 140.04 g, 8.52 g and 58.80%, respectively,). In case of open pollination, the per cent increase in yield/plant, yield/m2, test weight, and per cent germination over that without insect pollination was 31.79, 29.48, 44.60, and 38.10%, respectively.
Table 3: Effect of bee (Apis mellifera) pollination on the Fennel (Yield/plant (g), number seeds/Plant, test weight (g).
	
	Treatments
	Yield/Plant (g)
	Number of seeds/ plant
	Test weight (g)

	T1
	Bee Pollination
	20.39
	1797.48
	8.79

	T2
	Self-Pollination
	8.28
	768.00
	5.92

	T3
	Open Pollination
	13.96
	1282.74
	7.71

	
	SEm±
	0.11
	32.34
	0.10

	
	CD at 5%
	0.97
	105.46
	0.34

	
	CV at 5%
	4.7
	5.6
	3.1


  Conclusion: The research focused on the critical role of Apis mellifera in increasing the yield and quality of fennel through continuously improved pollination. Bee pollination visibly increased seed yield, fruit set, and test weight, differentiating between self-pollination and open pollination. This research studies the significance of promoting beekeeping, conserving pollinators, and practices for sustainable agricultural production.
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Fig.-1: Foraging time of different bee species during day hours per flower (in seconds).
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