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ABSTRACT

Honey bees are important pollinators and take micronutrients from different natural floral resources and
turbid water to adequately meet their nutritional requirements. But the role of micronutrients for honey
bee health is not well understood. Here, the present study was conducted to determine honey bees’
micronutrients preference in summer and winter seasons. Also, the impact of micronutrients on foraging
behaviour and brood increase was studied in different honey bee colonies. The results elucidated that
honey bees exhibited a strong preference for a salt solution compared to deionized water during the sum-
mer and winter seasons. However, there was a notable switch in salt preference between seasons.
Overall, honey bees showed significantly more foraging activity, more pollen collection, and increased
brood area after sodium consumption compared to other minerals in the summer season. Further, pollen
collection and brood area were significantly higher after the use of potassium in the winter season. Thus,
the food preference of honey bees is strongly linked with the seasons and the availability of the floral
resources. Our data suggested that honey bees may seek specific nutrients during variation of the sea-
sonal conditions.

© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Honey bees are economically most crucial eusocial insects to
our ecosystem and food supply due to their pollination activities
(Lawal and Banjo, 2010). They produce honey, royal jelly, bee
wax, beebread, propolis, and bee venom. Adult bees and larvae
depend on minerals and nutrients for development and reproduc-
tion (Michener, 2007; Brodschneider and Crailsheim, 2010; Ahmad
et al.,, 2020a). Adult honey bees are under continuous stress and
search for the appropriate nutrients from the environment for
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developing larvae, nurse bees, and queens in nests (Michener,
2007). The honey bees’ nutrition is divided into two categories,
including nectar and pollen collected from flowers. Floral nectar
is the primary source of carbohydrates, while the pollen provides
the proteins, lipids, vitamins, essential sterols, and some other
micronutrients they need to survive (T'ai and Cane, 2000;
Brodschneider and Crailsheim, 2010; Al-Kahtani et al., 2020). To
get optimal nutrition, insects can balance food sources’ intake,
and mostly nutrient availability affects insects’ foraging behaviour
(Behmer, 2009). The bees’ quantitative and qualitative require-
ments depend on the life history, including the social structure
and brood size. Most previous studies related to nutritional needs
are related to the honey bees and the bumblebees (Haydak, 1970;
Brodschneider and Crailsheim, 2010; Danforth et al., 2013; Bonoan
et al.,, 2017; Shakeel et al., 2020).

Most living organisms require a balanced diet in the form of
both macronutrients (proteins and carbohydrates) and micronutri-
ents (minerals and salts) for their daily activities (Simpson and
Raubenheimer, 2012a; Hafeez et al., 2019; Adgaba et al., 2020).
The balance between the nutrients requirement and the supply is
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challenging for the insects during the food source’s varying compo-
sition. This difficulty is further enhanced by some biotic and abiotic
factors like the temperature, humidity, and abundance of the
predators (Mayntz, 2009; Chauhan et al, 2019; Saeed et al,
2019; Jaleel et al., 2020; Nawaz et al., 2020; Jamal et al., 2021).
Micronutrients are also required for the physiological processes,
such as precursors of moulting hormones and building blocks of
the cellular membranes (Cohen, 2015; Rupp, 2015; Al-Ghamdi
et al., 2020; Chakrabarti et al., 2020). The honey bees’ nutritional
requirement depends on the age, e.g., larvae’s nutritional require-
ment is higher than the adult foragers (Haydak, 1970; Paoli et al.,
2014; Ahmad et al., 2020b; Ghramh et al., 2020). The diversity of
diet is essential for the honey bees’ growth and development
(Alaux et al., 2010). Bees raised on a multi-floral diet exhibit a
stronger immunity than the bees raised on monofloral diets
(Alaux et al., 2010). Honey bees need to have a more robust
immune system than to get the right amount of protein. Much of
the studies are related to the honey bees’ requirements of
macronutrients compared to the micronutrients (Haydak, 1970;
Olejnicek, 2004).

The optimal diet requirement of the honey bees includes
resources from both plants and water sources. The floral resources
contain only a trace amount of micronutrients (Somerville, 2005).
In contrast, sodium specific behaviour is well known in social
insects (Botch and Judd, 2011). To fulfil these micronutrient defi-
ciencies, honey bees selectively feed on the soil and water sources
for different minerals and salts absent in the floral diet (Lau and
Nieh, 2016; Hakami et al., 2020). Honey bees prefer to feed on min-
erals for their physiological activities and functions like muscle
movement (Day et al., 1990; Wang et al, 2013; Chakrabarti
et al., 2020). For instance, iron accumulates at the periphery of
the abdomen and plays a role in honey bee navigation (Wang
et al, 2013), while sodium is required for osmoregulation
(Nation, 2004). However, the role of micronutrients such as
sodium, magnesium, and calcium in honey bee diets has rarely
been studied (Black, 2006; Brodschneider and Crailsheim, 2010;
Filipiak et al., 2017), the micronutrient requirement of honey bees
is changed according to seasonal conditions,

The present study was performed to determine honey bees’
micronutrient preference in the summer and winter seasons. Fur-
ther, to underpin the effect of various micronutrients on foraging
activity, pollen collection, and brood area in bee colonies during
both seasons.

2. Materials and methods

The study was conducted in Langstroth hives equipped with 10
frames during the summer (March-August) and winter (October-
February) seasons. The preference of honey bees was tested for
general micronutrient requirements: Sodium chloride (NaCl),
Potassium chloride (KCl), and Magnesium chloride (MgCl,)
(Cohen, 2015). These salts were chosen based on what honey bees
were likely to prefer soil and dirty water (Lau and Nieh, 2016).

2.1. Mineral preferences

After the training of bees, the preference assay was performed
three times a week. For this purpose, three salt solutions were
set up at 2-meter-long wooden table. Along with these salts solu-
tion, 10% sucrose solution and deionized water were also placed on
the table for positive control and negative control, respectively
(Chavarria Pizarro et al., 2012). A laboratory study indicated that
the honey bees prefer to respond to 0.1-1.5% salt concentrations
in NaCl, KCl, and MgCl, (Lau and Nieh, 2016); thus, 1.5% salt solu-
tion was used in the experiments. Three tubes of each solution
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were randomly placed on the table, including sugar solution and
deionized water; along with this, to calculate the loss of water
due to evaporation, one tube as control was placed near the exper-
iment. At the starting of each trial, plastic falcon tubes (50 mL)
were selected and filled with the (30 mL) of the allocated solution;
after that, the tubes were randomly placed on the table. At the end
of each experiment, the total consumed volume was calculated
from the remaining solution (mL) in the falcon tubes both in con-
trol and the treatments. The difference in the volume yielded the
total volume consumed by the forager bees from each salt type.
Overall, 12 preference assays were conducted in summer and 12
preference assays in winter. After each experiment, the bees were
replaced with the new hives, so 12 hives used in this study.

2.2. Colony fitness

Along with this preference assay, the impact of 1.5% NaCl, 1.5%
MgCl,, and 1.5% KCl was studies; the hives were placed at a dis-
tance of 1 Kilometer. After feeding on the specific salt solution,
the hives were again placed together to study the foraging activity
(number of bees leaving the hive in 30 min), pollen collection abil-
ity (pollen collected in grams) by foragers in 30 min), and also
check their effect on brood rearing (increase in brood area (cen-
timeter) in 7 days).

The honey bees on each salt type were also observed, indicating
honey bees’ preference towards the specific salt solution. To test
the impact of these salt solutions on the honey bees, the foraging
activity (number of bees lift the hive in 30 min), pollen collection
ability (pollen collected (g) by foragers in 30 min), and also the
effect on brood rearing (increase in brood area (cm) in 7 days) were
measured. These three factors indicate the foraging ability and the
colony’s health status under different treatments, including the
NaCl, MgCl,, KCl, and deionized water. The total area under capped
brood was calculated by measuring the size before treatment and
the area after treatment.

2.3. Statistical analysis

Results were obtained as mean * Standard Error using SPSS soft-
ware (version 26) according to variance (ANOVA). Graphs were
prepared by using GraphPad Prism software (version 7.03). Statis-
tically, significance was tested using Student’s t-test between two
groups and one-way ANOVA for more than two groups. Tukey
post-hoc test was performed for multiple comparisons between
groups. The data recorded the mineral preference, foraging activity,
pollen collection, and brood area mean were compared at the 0.05
level.

3. Results
3.1. Mineral preferences

The results indicated that honey bees consumed significantly
different amounts of all salt solutions from all falcon tubes during
the summer (F (3, 16) = 242.667, p = 0.001). Similarly, honey bees
consumed significantly different amounts of all salt during the
winter season (F (3,16) = 89.128, p = 0.001). Hence, honey bees
consumed various salt solutions in both the summer and winter
seasons (Fig. 1). Honey bees consumed a significantly higher salt
solution than the deionized water in both seasons (P < 0.001).
The bees drunk significantly more sodium in summer as a compar-
ison to winter (t = 9.058, p = 0.001), which was 2.34 + 0.07 mL and
1.5 £ 0.05 mL, respectively. In contrast, honey bees preferred to
drink KCl solution significantly more in the winter season than
the summer season (t = —7.555, p = 0.001). The bees consumed
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Fig. 1. Mean volume (ml) of various salts (NaCl, KCl, and MgCl,) and deionized
water consume by honey bees in summer and winter seasons. Different small
letters “a, b” indicated the significant difference at (p < 0.001).

1.92 + 0.12 mL KClI solution in the winter season, whereas that was
0.84 + 0.08 mL in the summer season. However, no significant dif-
ference was observed during the MgCl, salt solution consumption
in summer and winter (t = —0.356, p = 0.731). Similarly, no signif-
icant difference was seen during the consumption of deionized
H,0 solution in both seasons (t = —0.302, p = 0.771).

3.2. Colony fitness

The results indicated that the different salts NaCl, KCl, and
MgCl, impact the honey bees’ foraging behaviour during the sum-
mer and winter seasons (Fig. 2). Honey bees fed on different salt
solutions had significantly higher foraging activity during the sum-
mer season (F (3,16) = 167.592, p = 0.001). Similarly, the salt signif-
icantly impacted the honey bees’ foraging activity in the winter
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Fig. 2. Mean a number of bees left the hive within 30 min after using (NaCl, KCl, and
MgCl,) and deionized water in summer and winter seasons. Different small letters
“a, b” indicated the significant difference at (p < 0.001).
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season (F (3,16) = 46.159, p = 0.001). In the summer and winter
seasons, the honey bees fed on different salt solutions had shown
significantly higher foraging activity than the deionized water
(P < 0.001). The honey bees fed on sodium had shown a consider-
ably higher foraging activity (t = 6.775, p = 0.00), the number of vis-
its made by foragers was 32.4 + 1.57 in the summer season and
16 + 1.84 in the winter season. Similarly, KCl had shown signifi-
cantly higher foraging activity during both seasons (t = 15.393,
p = 0.00), the number of bees left the hive was 32.00 + 1.00 in
the summer and 13.4 + 0.68 in the winter season. However, forag-
ing activity significantly higher in the winter season than in sum-
mer after using MgCl, (t = —7.695, p = 0.001); the mean number of
bees left the hive was 26.40 + 1.63 and 11.80 + 0.97 in winter and
summer season, respectively. There was no significant difference
observed in the bee foraging activity after using deionized water
during both seasons (t = 0.224, p = 0.829).

The results revealed that the forager bee collected the various
pollen (g) after various salts during the summer and winter sea-
sons (Fig. 3). The forager honey bees collected a significantly differ-
ent amount of pollen (g) after the consumption of various salts
during summer seasons (F (3,16) = 120.890, p = 0.001). Similarly,
the foragers collected a significantly different amount of pollen
(g) by consuming various salts in the winter season (F
(3,16) = 34.183, p = 0.001). Pollen collected by foragers signifi-
cantly increased the consumption of salts than deionized water
(p < 0.001). In the case of sodium, forager bees collected pollen
(g) differed significantly in summer and winter seasons
(t=7.190, p = 0.001), the amount was 1.52 + 0.09 g and 0.70 % 0.
07 g, respectively. However, using KCI salt, the amount of pollen
collected by foragers significantly more in the winter season than
in the summer seasons (t = —5.806, p = 0.001). The pollen amount
was 0.91 £ 0.06 g in the winter season, while 0.49 + 0.05 g in the
summer season. In MgCl,, there was no significant difference
(t=-0.374,p =0.718) was observed in a collection of pollen by for-
agers bees in summer (0.4 * 0.04 g) and winter seasons (0.4 + 0.0
3 g), respectively. In deionized water, there was a significant differ-
ence in the amount of pollen (g) collected by foragers during both
seasons (t = —2.790, p = 0.048).
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Fig. 3. Mean weight (g) of pollen collected by forager bees after using (NaCl, KCl,
and MgCl,) and deionized water in summer and winter seasons. Different small
letters “a, b” indicated the significant difference at (p < 0.001).
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Moreover, results revealed that the brood area increased (cm)
after various salt during the summer and winter seasons (Fig. 4).
Brood area increased significantly after using various salt by the
bees in the summer season (F (3,16) = 12.628, p = 0.001). Similarly,
the brood area increased significantly after the use of various salt
in the winter season (F (3,16) = 5.076, p = 0.012). There was no sig-
nificant difference observed in the brood area after using sodium
salt in the summer and winter seasons (t=0.617, p = 0.554), which
was 7.16 £ 0.72 cm and 6.58 + 0.61 cm, respectively. In the case of
KCl, the brood area increased significantly more in the winter sea-
son than the summer season (t = —3.556, p = 0.007). It was
increased (5.22 + 0.52 cm) in the winter season, whereas (2.84 + 0.
42 cm) in the summer season. However, the brood area did not dif-
fer significantly after using MgCl, (t = —0.535, p = 0.607), the brood
area was 4.3 + 0.75 cm in summer, while 4.92 + 0.89 cm in the win-
ter season. Similarly, no significant difference was observed in the
brood area after using deionized water during both seasons
(t=-1.125, p = 0.293).

4. Discussion

The present study revealed that honey bees showed different
micronutrient preferences in the summer and winter seasons.
Overall, the honey bee exhibited a strong preference for salt nutri-
ents than deionized water in both seasons. In summer season,
honey bees showed a strong sodium preference, followed by potas-
sium and magnesium. But in winter seasons, honey bees consumed
more potassium salts as a comparison to sodium and magnesium.
Lau and Nieh (2016) reported a similar result that the forager bees
exhibited a strong preference for the specific concentration of
sodium, magnesium, potassium, and phosphate compared to
deionized water. The switch of minerals potassium and magne-
sium preference is particularly interesting because they are pre-
sent in pollens (Herbert Jr and Miller-Hill, 1987). These minerals
in pollen are directly related to the seasons (Nation, 2004;
Bonoan et al., 2017).

As such, most commercial beekeepers have become reliant on
an artificial diet to maintain the nutritional requirement of bee
and colony health during pollen scarcity (Donkersley et al., 2014;
Ricigliano et al., 2018; Ricigliano, 2020). Moreover, our results indi-

10

El Summer
a El Winter
@ a
z 8-
=]
[ a
£ b
a
]
2
<
=
=3 a
E 4_ a a
=
e
(=
L
]
Q)
S 2
R=
=
3
=
0_
NaCl KCl Mg(Cl, H,0
Solution

Fig. 4. Mean increased of brood area (cm) after the use of (NaCl, KCl, and MgCl,)
and deionized water in summer and winter seasons. Different small letters “a, b”
indicated the significant difference at (p < 0.001).
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cated that availability of specific micronutrient effect on the forag-
ing activity, pollen collection, and brood area in bee colonies.
Honey bees collected more pollen and increased the brood area
after sodium in the summer season. However, forager bees col-
lected more pollen after the consumption of potassium in the win-
ter seasons. The forager bees provide carbohydrates, protein, lipids,
mineral elements, and water to maintain the bee colony’s nutri-
tional requirement (Lihoreau et al., 2015; Wright et al., 2018). So
the foraging on different resources at the same time is the best
strategy adapted by social insects like bees to get a balanced diet
(McLellan, 1978). Insects can detect the level of amino acid and
could reject the diet that is deficient amino acids (Abisgold and
Simpson, 1987; Simpson et al., 1990; Ribeiro and Dickson, 2010;
Toshima and Tanimura, 2012). The balance of nutrients is a com-
plex phenomenon in which alimentary cues are integrated with
the prerecorded information about food quality (Simpson and
Raubenheimer, 2012b).

Regarding the different salts and colony fitness, a strong corre-
lation was identified. The preference for different salt is also
affected by the season. In the present study, the honey bees prefer
more NaCl and KCl salts, while in the case of winters, they like the
MgCl, and consumed more volume than the deionized water. This
study indicated that the honey bees preferred to drink the dirty
water because of the deficiency of mineral results in line with
the previous study (Bonoan et al., 2017). Different minerals’ prefer-
ence is directly linked with the floral resources’ availability; more
will be flowers lesser preference will be given to the salts (Butler,
1940). Although the micronutrients are not required in large quan-
tities, they are essential for the balance for nutrition and the polli-
nators’ health.

Results of this study have broader implications, including the
basic and applied sciences. It is crucial to know about the honey
bees’ seasonal micronutrient requirement on the applied side
because it leads to developing an artificial diet for the honey bees
based on their requirements. The knowledge about the mineral
need of the honey bees increases the honey bee’s foraging activity,
which is important for the pollination of different crops and
improve colony health. This study may support to help formulate
a complete diet for honey bees and improve the beekeeping
industry.

5. Conclusions

This results indicated that honey bee showed a strong prefer-
ence to salt solution compared to deionized water during summer
and winter seasons. Moreover, honey bees exhibited significantly
more foraging activity, pollen collection, and brood area after using
sodium salt compared to other minerals, including potassium and
magnesium in the summer season. The amount of collected pollen
and brood area was significantly more after potassium in the win-
ter season. The result elucidated that honey bee may show specific
nutrient preference during changing of the seasonal conditions.
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