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Using smart beehivesto monitor the health of honeybee colonies
pollinating agricultural crops
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Abstract [Objectives] To investigate the health of honeybees in a strawberry greenhouse. [M ethods] Italian honeybees
Apis mellifera ligustica were the study species. We used smart beehives situated in a strawberry greenhouse as a monitoring
tool to obtain data on the number of bees entering and leaving the hive, the temperature and humidity of the hive, the
honeycomb weight, the volume of sound produced by colonies and colony potential. All data were normalized before analysis.
[Results] The weight of bee colonies decreased significantly by > 50% over the course of the study. The average daily
temperature of hives was between 10 and 20 °C in al three greenhouses. There was, however, a large temperature difference
between day and night, and humidity varied considerably between greenhouses. The temperature and humidity recorded in
hives were not ideal for colony health and survival. The trend in the number of bees entering and leaving hives was similar, but
the range was different. In one greenhouse 2.67-2.83 times more bees entered and left hives than in the other greenhouses. The
change in the volume of sound produced by colonies was similar; volume gradually increased over the duration of the
experiment. [Conclusion] The greenhouse environment is not an ideal environment for honey bees, and the off-season fruit
and vegetable cultivation environment in greenhouses has adverse effects on the health of honeybee colonies. These findings
lay afoundation for improving the health of honeybees used for pollination purposes in greenhouses.
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A. Average data of the two colonies placed in shed 1; B. Average data of the three
colonies placed in shed 2; C. Average data of the two colonies placed in shed 3.
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Fig. 4 Changesin the weight of beehives over timein a greenhouse environment
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A. Theratio of the changes in the weight of beehives over timein shed 1, red scatter plots indicate the weight changes
overtime of the two colonies placed in shed 1; B. The ratio of the changes in the weight of beehives over timein shed 2,
green scatter plots indicate the weight changes overtime of the three colonies placed in shed 2; C. The ratio of the changesin
the weight of beehives over timein shed 3, the blue scatter plots indicate the weight changes overtime of the two colonies
placed in shed 3; D. The fitted curve of the ratio of the changes in the weight of beehives over time in the three sheds,
respectively, the red solid line represents the fitting curve of weight changes of the coloniesin shed 1, the yellow dotted
line represents the fitting curve of weight changes of the colonies in shed 2 and the blue dash line represents the fitting curve
of weight changes of the coloniesin shed 3. The same below.
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Fig. 5 Changesin the amount of in and out of the beehives door in the greenhouse environment
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A. Theratio of changes in the amount of in and out of the beehives door over timein shed 1;
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D. Thefitted curve of theratio of changesin the amount of in and out of the beehives door over timein the three sheds, respectively.
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Fig. 6 Changes of temperature in the smart honeycombs with time in the greenhouse environment
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A. The ratio of changes of temperature in the honeycombs in shed 1 with time;
B. Theratio of changes of temperature in the honeycombs in shed 2 with time;
C. Theratio of changes of temperature in the honeycombs in shed 3 with time;
D. The fitted curve of the ratio of temperature changes in the honeycombs in the three sheds with time, respectively.
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Fig. 7 Changes of humidity in smart honeycombs with time in greenhouse environment
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A. The ratio of changes of humidity in the honeycombs over time in shed 1; B. Theratio of changes of humidity in the

honeycombs over time in shed 2; C. The ratio of changes of humidity in the honeycombs over timein shed 3;
D. Thefitted curve of the ratio of humidity changes in the honeycombs over time in the three sheds, respectively.
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Fig. 8 Changesin the temperature difference of beehives between the day and night in the greenhouse
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A. Theratio of changesin the temperature difference of beehives between the day and night over timein shed 1; B. Theratio
of changes in the temperature difference of beehives between the day and night over time in shed 2; C. The ratio of changes
in the temperature difference of beehives between the day and night over time in shed 3; D. The fitted curve of theratio of
changes in the temperature difference of beehives between the day and night over time in the three sheds, respectively.
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Fig. 9 Changesin the sound of smart beehives over time
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A. Theratio of changes in the sound of beehives over timein shed 1; B. The ratio of changes in the sound of beehives over
timein shed 2; C. The ratio of changes in the sound of beehives over time in shed 3; D. The fitted curve of the ratio of
changes in the sound of beehives between over time in the three sheds, respectively.
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