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Abstract

The experiments on “Foraging Behaviour of Apis mellifera L. on Onion, Allium cepa L. bloom” were
carried out during the year 2019 at ELP Apiary, TCA, Dholi. Objectives of this investigation were to
study the, foraging behaviour of Apis mellifera on onion. The result on foraging behaviour of Apis
mellifera revealed that they started visiting onion flowers in early morning and ceased their activity later
in the evening. It remained active throughout the flowering period. The foraging rate of Apis mellifera
was minimum in afternoon (11.6 flowers/min) and maximum during evening (24.3 flowers/min) and its
foraging speed was maximum in afternoon (12.1 sec) and minimum in evening (6.5 sec) and there was
inverse relation between foraging rate and speed. The heaviest pollen load was carried by the Apis
mellifera in afternoon which indicated that more pollens were collected by Apis mellifera during
afternoon from onion flowers. The result depicts that insect pollinators provide an important pollination
service to the onion seed production. Among different insect pollinators, Apis mellifera was found most
efficient pollinator of onion. Utilization of Apis mellifera bee colonies for seed production in onion will
be highly remunerative as due to pollination, higher quantity of quality seed is produced.
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Introduction

Onion is the most important vegetable and demand of onion is very high among consumers
throughout the year in India. So, it is possible to meet up the consumers’ demand of onion by
increasing the seed production of onion. Onion can be established from seeds, bulblets. Direct
seeding has the lowest establishment cost and the longest growth time while bulblets increase
the cost of establishment but require less time to reach the maturity in the field. There are two
methods of onion seed production. The seed to seed and bulbs to seed methods and both the
methods are prevalent for onion seed production. Bulb to seed method is most commonly used
method of onion seed production. During bulbing, harvesting and curing of seed, fairly high
temperature and low humidity is desirable. Seed production is widely adapted in temperate and
subtropical regions. Onion seed loses its viability within a year and hence fresh seed is
essentially required every year. Onion being a biennial crop, it takes two full seasons to
produce seed. It requires cool conditions during early development of the bulbs and again at
the bolting stage. Onion flowers are incapable of self-pollinating themselves and the out-
crossing becomes more critical due to the protandrous nature of the onion plant. So, pollen of
onion should be transferred from one umbel to another umbel from the same plant or from the
different plant of onion (Wilkaniec et al., 2004) %2, Onion does not produce good quality seed
in the absence of abundant pollinators. The presence of pollinators increases quantity and
quality of the seeds (Patil et al., 2011 and Chandel et al., 2004) [* 31, Baswana (1984) [
reported that onion flowers are very important nectar and pollen producing crops and the
receptivity of onion stigma attracts more pollinators for pollination. Estimates of increased
seed set due to pollinators have been made by various workers in different parts of the world.
One of the major problems in onion seed production is pollination and fertilization of their
flowers. It is entomophilous, pollinated by insects including honey bees as the main pollinators
of onion flowers (Yucel and Duman, 2005) 241,

Pollinators like ants, beetles, bees, moths, thrips, wasps, flies, mosquitoes, are essential
pollinators of cultivated cross pollinated crops (Mcgregor, 1976) 1 and bees are very
important pollinator and plays important role in pollination (Crane, 1990) . Pollinators are
essential for the reproduction of many wildflowers and crops, and for one third of world food
production (Kluser and Peduzzi, 2007) 8. Honey bee, bumble bee, solitary bees, hoverflies,
beetles, butterflies and moths are the most frequently visiting insect pollinator species
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(Ollerton et al., 2011) 4. The employment of honey bees in
onion seed production is cheapest and eco-friendly method for
increasing the seed production of onion and other cross
pollinated crop in this world (Gupta, 2012) [, Onion
pollination with bees is not only used for increasing quantitate
production but also for increasing the qualitative production
of onion like even maturity, germination percentage (Benedek
and Gall, 1972) . Honey bees can also be utilized as input to
this crop for enhancing the yield.

Materials and methods

India has variety of ecological conditions from north to south
and east to west. The flora, agriculture practices, cropping
pattern and diverse climatic conditions make it a veritable
scenario for different species of honey bees and pollinators.
The behaviour of honey bees in obtaining nectar or pollen
may differ in different kind of flowers. The present studies,
therefore, carried out to find out the foraging behaviour of
Apis mellifera on onion. The onion bulbs variety “Patna Red”
were planted as Rabi crop at ELP apiary, TCA, Dholi on
loamy and well-drained soil in uniform topography of 21
plots with recommended agronomic practices and packages
during 2019.The observations were recorded on the following
parameters:

A) Duration of foraging

Ten observations were recorded on different dates at 3 days
intervals in morning and evening hours. During morning hour
when Apis mellifera started visiting onion flower was
recorded as initiation time. Similarly, the time where there
was no Apis mellifera on the flower in the evening then it was
considered as cessation time. Duration of foraging (in
minutes) was calculated as follows:

Duration of foraging = Initiation time — Cessation time

B) Foraging rate

Foraging rate (the number of flower visited by Apis mellifera
per minutes) was recorded at 3 days interval from 15.2.2019
to 27.2.2019 at 0700, 1100, 1300 and 1500 hours of the day.
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C) Foraging speed

Foraging speed (the time spent on onion flower by Apis
mellifera in second) was recorded at 3 days interval at 0700,
1100, 1300 and 1500 hours of the day from 15.2.2019 to
27.2.2019 with the help of stop watch. For the purpose, as
soon as the particular species of honey bees arrived at
particular flower, the stop watch was switched on and just
after leaving the flower, the stop watch was switched off. The
time spent between arriving to leaving the flower was
recorded time (sec) spent on foraging speed.

D) Pollen load per trip/bee (mg)

The pollen load carried out by Apis mellifera from the onion
flowers were recorded at 0700, 1100, 1300 and 1500 hours of
the day at weekly intervals on different dates by capturing the
returning foraging bees from field to hives. The pollen was
dislodged from the bee body with help of fine brush. The
collected pollen was weighed on the electronic precision
balance.

Results and discussion

The results obtained from different aspects of the present
investigation on foraging behaviour of honey bees on onion
crop have been presented and discussed as under:

Duration of foraging

To find out the duration of foraging of Apis mellifera on
onion, ten observations were recorded visually at 3 days
intervals on different dates from 12.02.2019 to 11.03.2019 in
morning and evening hours of the day to know the initiation
and cessation time of Apis mellifera on onion. During
morning hour, when Apis mellifera started visiting onion
flower were recorded as initiating time. Similarly, the time
where there was no Apis mellifera on the flowers in the
evening then it was considered as cessation time. The duration
of foraging of Apis mellifera on onion was calculated by
initiation and cessation time of Apis mellifera. The data
recorded on duration of foraging by Apis mellifera on onion
have been presented in table 1.

Table 1: Initiation time and Cessation time of Apis mellifera visiting flowers of onion

Date of observation — Apls_mell_lfera L. - -
Initiation time (1) Cessation time (C) Foraging period (P)

12.02.2019 6.35 5.35 11.00
15.02.2019 6.45 5.25 10.40
18.02.2019 6.30 5.45 11.15
21.02.2019 6.10 6.15 12.05
24.02.2019 6.15 6.05 11.50
27.02.2019 6.10 5.40 11.30
02.03.2019 6.30 6.00 11.30
05.03.2019 6.10 5.50 11.30
08.03.2019 6.45 5.20 10.35
11.03.2019 6.40 5.00 10.20

Mean 6.31 5.33 9.82

The data revealed that Apis mellifera started their visit earlier
during initiation of flowering in onion and ceased their
activity quiet later. The foraging period of Apis mellifera
increased with an increase in day length and flowers
availability. The duration of foraging of Apis mellifera on
onion was maximum on 21.02.2019 being 12.05 h and
minimum on 11.03.2019 being 10.20 h. The duration of
foraging of Apis mellifera on onion was very low at the

initiation of flowering and increased as the flowering
progressed and towards maturity.

These findings are in accordance with the past reports which
showed that duration of foraging of Apis mellifera on onion
also depends on weather parameters and floral availability.
Yucel and Duman (2005) 24 studied the effects of foraging
activity of honey bees (Apis mellifera L.) on onion and they
reported that foraging on onion plant from 8.15 to 16.30 h
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with peak foraging between 11.00 and 12.00 h. Oh and Woo
(1980) [ noticed that insect activity on pollination of crops
was increasing after sunrise and decreasing before sunset.
Sarviva (1985) [l considered that daily activity of insect
pollinators depends on metrological parameters like
temperature, humidity, etc. Chandel et al. (2004) ! noticed
that Apis dorsata was important pollinator of with foraging
period of 0630-1855 h followed by Apis cerana and syrphids
having foraging period of 0635-1830 h and 0725-1820,
respectively.

Jadhav (1981) [ worked on onion seed production with
pollinators and noticed Apis florea had started the activity of
foraging (0855 h) on onion bit earlier than Apis dorsata (0930
h). Sajjanar et al. (2004) (1 also reported that Apis dorsata
foraging activity on cucumber flowers was around 0600 h.

Foraging rate

To know the foraging rate (the number of flowers visited per
minute by Apis mellifera) at different day hours, the
observations were recorded on onion crop at six times at 2
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hours interval, viz. 0700 h, 0900 h, 1100 h, 1300 h, and 1700
h at 3 days intervals during the flowering period. The data
recorded has been depicted in table 2.

The result indicated that the Apis mellifera had differential
foraging rate on different dates and hours of the day. The
foraging rate of Apis mellifera was minimum in midday hour
(1300 h) being 11.6 flowers/min. The maximum foraging rate
was recorded during 1700 h of the day being 24.3 flowers/min
followed by 21.2, 19.4 and 17. flowers/min. at 0700 h, 1500 h
and 0900 h of the day, respectively. Apis mellifera visited
more number of flowers during evening which might be due
to less availability of pollen and nectar in onion flower. The
maximum foraging rate was observed 20.6 flowers/ minute on
15.02.2019 indicating that less availability of floral rewards
were available to bees and thus requires more flowers to fulfil
their food requirement. Both the factors date and time and
their interaction were found significant, reflecting that date
and time have significant impact on foraging rate of Apis
mellifera.

Table 2: Foraging rate of Apis mellifera visiting onion bloom at different hours of the day

Date of observation Mean number of flowers visited per minute Mean
0700 0900 1100 1300 1500 1700
15.02.2019 24.0 20.3 15.3 16.0 22.6 26.6 20.6
18.02.2019 21.6 18.6 14.3 11.6 21.0 25.3 18.7
21.02.2019 19.3 17.6 12.3 11.3 19.3 24.6 174
24.02.2019 23.6 16.6 11.3 9.0 16.6 23.3 16.7
27.02.2019 18.6 15.3 11.3 10.0 17.3 21.6 15.7
Mean 21.2 17.6 12.9 11.6 19.4 24.3 17.8
Factors S.Emt C.Dat5% CV%
Date 0.32 0.93
Time 0.36 1.02 7.84
Date*Time 0.80 2.28
These findings were in close proximity with the earlier flowers/min.

published reports in which foraging rate has been reported to
be depend upon weather parameters and floral availability.
When the availability of floral resource decreased, the
pollinators increased visiting towards the onion blooms and
vice versa. Tribhuwan (2016) 2 reported that Apis mellifera
exhibited the most efficient foraging behaviour by visiting
17.14+1.38 flowers in 147.5+8.14 seconds on an umbel.
Yucel and Duman (2005) 24 noticed averaged flower visited
by Apis mellifera 8.0, 13.0, and 4.0 flowers per minute at
09.00, 12.00 and 15.00 h, respectively. Tchindebe and
Tuchuenguem (2014) 9 reported that honey bee visited
47.12+ 7.19 flowers per minute. Gupta et al. (1984) B! noticed
that Apis mellifera visited 25.8 and 33.6 flowers/min in
morning and evening. Weather condition highly influenced
the foraging activity of bees (Melendez-Ramirez et al., 2002)
(101, Sharma and Singh (1999) 8] reported that Apis dorsata
visited 4.31 flowers/min and Apis florea visited 2.20

Foraging speed

The data on foraging speed, i.e. time spent by Apis mellifera
on onion flowers has been presented in table 3. The time spent
per flower for collecting floral rewards from onion flower by
Apis mellifera differed significantly.

The result showed that Apis mellifera spent more time (12.1
second/ flower) at 1300 h of the day and lesser time 6.5 and
6.8 second/flower at 1700 h and 0700 h of the day,
respectively. The minimum and maximum time spent by Apis
mellifera on onion flower was recorded as 7.7 and 10.3
sec/flower on 15.02.2019 and 27.02.2019. These results
indicated that Apis mellifera spent more time when the
availability of pollen and nectar was more and spent lesser
time on when the availability of pollen and nectar was less.
Both the factors date and time and their interactions were
found significant, reflecting that date and time have
significant impact on foraging speed of Apis mellifera.

Table 3: Foraging speed (the time spent in second on a flower) of Apis mellifera visiting onion flowers

. Time spent on flowers (in second)

Date of observation 0700 | 0900 | 1100 | 1300 | 1500 | 1700 | Mean
15.02.2019 6.8 8.4 97 | 108 | 60 45 77
18.02.2019 78 | 1041 | 107 | 114 | 77 6.4 9.0
21.02.2019 65 | 100 | 113 | 127 | 80 7.0 93
24.02.2019 57 | 101 | 127 | 131 | 87 65 95
27.02.2019 71 | 113 | 133 | 125 | 93 8.1 103

Mean 68 | 100 | 115 | 121 | 79 65 91
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Factors SEm(3) CD (P=0.05) CV (%)
Date 0.17 0.49
Time 0.19 0.54 8.13
Date x Time 0.42 1.21

These findings are in concurrence with the prior records
which showed that foraging speed also depends on weather
parameters and availability of floral rewards. Tribhuwan
(2016) 1 reported that Apis melifera exhibited the most
efficient foraging behaviour by visiting 17.14+1.38 flowers in
147.5+8.14 seconds on an umbel. Sihag and Khatkar (1999)
9 reported that honey bee foraging activity differed
significantly with relative humidity with negative correlation.
Sharma and Singh (1999) 181 reported that Apis dorsata spent
9.20 sec/flower and Apis florea spent 37.99 sec/flower.

Pollen load

The data recorded pollen load carried by Apis mellifera after
foraging from the flowers of onion is presented in table 4. The
results showed significant difference in pollen load carried out
by Apis mellifera in different trips. The heaviest weight of
pollen load was observed (10.80 mg) at 1100 h of the day and
lightest weight of pollen load was observed (5.4 mg) at 1700
h of the day. It indicated that more pollen rewards were
available at 1100 h, as compared to 1700 h of the day. Apis
mellifera collected more pollen in midday and less pollen load
in evening and morning, being 54 mg and 6.6 mg,
respectively. There were significant variations in pollen load
at different hour of the day.

Table 4: Pollen load carried out by Apis mellifera from the flowers

of onion
Time of observation Pollen load/trip/bee (mg)

0700 6.60
0900 8.30
1100 10.80
1300 10.60
1500 6.40
1700 5.40
Mean 8.01
S.Em (£) 0.24
CD (P=0.05) 0.71

Data is mean of 3 observations on five dates

The variation in pollen load carried out by Apis mellifera from
the onion field have also been worked out by earlier workers.
Witter et al. (2003) 2% noticed that 70% of pollen of onion
transformed by Apis mellifera for the pollination of onion.
Yucel and Duman (2005) 24 found that Apis mellifera
collected 8.0, 10.0 and 6.0 mg of pollen from onion umbel.
Mcgregor (1976) I noticed that Apis mellifera was important
pollinator of onion and had collected more pollen during
morning hours and noon of the day. Parker (1982) %I reported
that amount of pollen collection from onion flower by insect
pollinators depend on kind of insect pollinator and the onion
cultivar.

The present findings are more or less in conformity to earlier
workers findings. Time spent on flower for both collection of
forage depends on type and quality of forage, easiness for
collection rewards and atmospheric factors. The results
showed that pollination was important for onion to increase
the seed yield. The data depicted that all the quantitative and
qualitative yield parameters of onion increased significantly
in open pollination. The observations on foraging behaviour

of Apis mellifera on onion, it might be concluded that that this
crop has vast scope in the state of Bihar and might be
ascertain as good bee flora and provide floral rewards to
honey bees for sustaining colony as the onion crop is highly
cross-pollinated crop and solely depends upon insect
pollinators for pollination for seed setting.
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