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Preference of Indian honey bee, Apis cerenaindica
Fab. (Hymenoptera: Apidae) for varying sucrose
concentrations and colours

ABSTRACT

Nectar foraging provides honey bees with essential energy and enhance pollination,
supporting biodiversity. Flower colour attracts and guide them to nectar rich flowers promoting
effective pollination. With this background, a study was conducted at apiary, University of Agricultural
Sciences, Dharwad to investigate the preference of honey bees to different concentrations of sucrose
and colours. It was found that the highest activity of honey bees occurred between 10 AM to 11 AM.
Among the different sucrose concentrations offered, honey bees showed a preference for 40 per cent
concentration with an average of 9.53 bees/petri.plate/5 minst:over others. Colour preference
experiment demonstrated that honey bees preferred yellow color the most, followed by blue, white
and red, with 9.07, 6.00, 3.67 and 1.60 bees/petri plate/5 mins, respectively. The present study
revealed that honey bees optimize their. foraging activity by choosing flowers with higher nectar
amounts and yellow coloured flowers.
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1. INTRODUCTION

Honey bees (Apis spp.)/play.a crucial role in global ecosystems and agriculture by serving as
primary pollinators for a vast array. of flowering plants, including many crops essential for human food
production [1,2].-Theit-role in pollination is indispensable, as they facilitate the reproduction of plants
through the transfer of pollen between flowers, which is essential for fruit and seed production. This
process not only.supports biodiversity in natural ecosystems but also sustains agricultural productivity
and food security worldwide. In addition to their ecological significance, honey bees are economically
valuable,  contributing billions of dollars annually to the global economy through their pollination
services for crops such as almonds, apples and blueberries [3,4]. Their foraging behavior is finely
tuned to, select floral resources based on specific traits such as sugar concentration in nectar and the
colour of ‘flowers. Understanding these preferences is crucial for comprehending how honey bees
optimize their foraging efficiency and contribute to ecosystem services like crop pollination.

The concentration of sugar in nectar serves as a primary attractant for honey bees during
foraging trips. Nectar's sugar content directly correlates with the energy yield bees gain per foraging
effort [5]. Studies have shown that bees prefer higher sugar concentrations, as these provide greater
energy rewards essential for sustaining hive activities, supporting larval development and producing
honey [6]. In addition to sugar concentration, honey bees exhibit distinct preferences for flower
colours. Bees possess a remarkable ability to perceive a wide range of colors, including ultraviolet
(UV) wavelengths that are invisible to humans [7,8]. Flowers with certain colours, such as yellow,
blue, white and red are particularly attractive to bees due to their spectral properties and the presence
of UV patterns that guide bees to nectar and pollen rewards [9,10,11]. Understanding the importance



of sugar concentration and flower colour in honey bee foraging behavior is critical for advancing our
knowledge of pollination ecology and informing agricultural practices. By examining existing research,
this study aims to elucidate how these factors influence honey bee foraging. This knowledge is
essential for developing strategies to enhance habitat management and conservation efforts that
support honey bees as key pollinators in both natural and agricultural landscapes.

2. METHODOLOGY

To investigate honey bees' preferences for sucrose concentration and flower colour, a study
was conducted during winter, 2022-23 at the apiary of the University of Agricultural Sciences,
Dharwad. Dharwad is located in northern transitional agriculture zone-8 of Karnataka and situated at
15°26'N latitude and 75°07'E longitude at an altitude of 678 m above mean sea level. The
temperature and relative humidity varies between 13.30 °C to 36.50 °C and 57.5 per, centto 93.20 per
cent, respectively and receives 776 mm mean rainfall per annum.

Different concentrations of sucrose (= sugar) solution (0%, 10%, 20%, 30%: and 40%) were
prepared in the laboratory by mixing specific amounts of sucrose and water,to achieve the desired
concentrations. Each concentration of sucrose solution (20 ml) was then. dispensed into separate petri
plates and placed in front of an Indian honey bee colony ensuring.equal exposure ‘and accessibility to
the bees. The number of bees visiting each sucrose concentration.was recorded over 5-minute
intervals. Following the determination of the preferred concentration of sucrose solution from the
previous experiment, petri plates containing 20 ml of the preferred concentration were wrapped in
coloured papers representing different flower colours viz., yellow, blue, white and red and offered to
honey bees. Observations were recorded over consecutive days by:counting the number of bees for 5
minutes, at every one hour, starting at 9 AM and finishing at 12 noon every day.

3. RESULTS AND DISCUSSION

3.1 Preference of honey bees to different concentrations of sucrose

Least number of bees/petri plate/5 mins were found between 9 AM to 10 AM across all
concentrations. However, the maxiumm.activity:of honey bees was observed from 10 AM to 11 AM
viz., 0.20, 1.00, 1.60, 4.80 and, 11.60 at O, 10, 20, 30 and 40 per cent of sucrose concentration,
respectively. Further, the activity declinedfrom 11 AM to 12 noon (Table 1). The mean number of
bees/petri plate/5 mins is depicted in:figure 1. Maximum number of bees were noticed in 40 per cent
sucrose concentration (9.53) followed by 30 (4.13), 20 (1.40), 10 (0.73) and 0 per cent (0.07).

Table 1. Preference of honey bees to different concentrations of sucrose solution

Period of No. of bees/petriplate/5 mins

observation 0% 10 % 20 % 30 % 40 %

9 AM to 10.AM 0.00 £0.00 0.80+0.84 2.00£1.58 4.40 £2.07 8.80 +£3.83

10 AM to 11 AM 0.20+0.45 1.00 +1.00 1.60 +0.89 480+217 11.60+3.21

11 AMto 12 PM 0.00 £0.00 0.40 £ 0.55 0.60 £ 0.89 3.20+£1.79 8.20+2.28

Mean 0.07 £0.12 0.73+0.31 1.40+0.72 4.13+0.83 9.53+1.81
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Fig. 1. Influence of different concentrations of sugar on honey bees preference

Honey bees, in general, forage in nectar concentrations ranging:from 35 to 65 per cent sugar
[12] and different bee species can present preference for _nectars in different concentrations [13].
Higher concentration of sugar reduces the number of foraging visits by workers. In addition, syrup
viscosity increases as sugar concentration also increases: Nicolson [14] remarked that nectar
viscosity is a more important factor than concentration when choosing food sources since low
viscosity enables bees to drink more quickly reducing imbibing time, in this way, allowing for
transporting greater volumes to the nest. Silva et al. [15] ebserved foraging peak of stingless bee,
Plebeia flavocincta from 9:00 to 11:30 AM and shewed preference for higher syrup concentrations (60
% and 70 %) are in close agreement with present study.

3.2 Preference of honey bees to‘different colours

For colour preference study, the most preferred concentration of sucrose solution i.e., 40 per
cent was selected. Similarto first experiment, the least number of bees were recorded between 9 AM
to 10 AM across different coloured.petri plates. Whereas, maximum activity was observed between 10
AM to 11 AM with 4.00, 1.80, 9.80 and 6.20 bees/petri plate/5 mins in white, red, yellow and blue
coloured petri plates, respectively (Table 2). Among the different colours selected, honey bees
preferred yellow colour over others recording maximum mean number of bees/petri plate/5 mins
(9.07) followed:by blue (6.00), white (3.67) and red (1.60) (Fig. 2).

Table 2. Preference of honey bees to different coloured petri plates

No. of bees/petriplate/5 mins.
Period of observation

White Red Yellow Blue
9 AM to 10 AM 3.20+£2.05 1.80£1.10 8.60+4.34 6.00 £ 3.32
10 AM to 11 AM 4.00 +2.00 1.80 £ 0.45 9.80+4.44 6.20 +2.39
11 AM to 12 PM 3.80+1.64 1.20£0.84 8.80 £ 3.70 5.80 + 3.03

Mean 3.67 £0.42 1.60 +0.35 9.07 £ 0.64 6.00 £0.20
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Fig. 2. Preference of honey bees to different calours

In the visible spectrum, 380 nm - 760 nm (violet - blue - green =yellow - orange - red), honey
bees see best at yellow and blue colours. They also see ultraviolet light as a distinct color (invisible to
human eye) and many flowers have ultraviolet markings. Bees are not able to see the colour red, so
they rarely pollinate red flowers. Apis mellifera showed a significant preference for yellow over blue
[16,11]. These colour preferences are closely tied to the evolutionary adaptation of bees' visual
systems and the ecological strategies of flowering plants [17]. Flowers that match bees' colour
preferences are more likely to receive frequent Vvisits, ;promoting effective pollen transfer and
enhancing plant reproductive success [18].

4. CONCLUSION

The present study revealed, that, among the different concentrations of sucrose solutions
offered, honey bees preferred 40 per cent followed by decreasing trend of 30, 20 and 10 per cent.
Yellow colour attracted more number of heney bees compared to blue, white and red. Thus it can be
concluded that honey .bees optimize their foraging activity by choosing flowers with higher nectar
amounts and yellow coloured flowers.
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