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Effect of Thermal Insulation of Honeybee ( Apis mellifera L.)
Hive on Strawberry Pollination in Greenhouse

Kyeong Yong Lee*, Sankar Kathanan, Young Bo Lee and Hyung Joo Yoon

Industrial Insect Division, Department of Agricultural Biology, National Institute of Agricultural Sciences, RDA,

Wanju 55365, Republic of Korea

m Bee pollination is critical for strawberry production in Korea during the winter. We examined
the influence of hive thermal insulation on strawberry pollination. In terms of pollination activity
and hive lifespan, the average temperature inside the insulated hive was 4.6°C higher than that
inside an ordinary hive, and it took 20 days longer for the bees to completely disappear from the
hive. In terms of bee activity, insulated hives had 2.1 times the number of bees entering the hive
and 1.2 times the overall bee activity of normal beehives. On inspecting the merchantable yield
and quality of strawberries to evaluate the pollination effect, the merchantable yield was 3.3%
higher in the insulated hive than the general hive, and there was no significant difference in fruit
quality. Therefore, we believe that hive thermal insulation is essential for strawberry pollination
during the winter, as heat-insulation can improve hive internal temperature, lifespan, bee

activity, and strawberry yield.
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Fig. 1. Temperature changes inside and outside beehive during
thermal insulation (A), without insulation (B), and comparison of
hive temperature during diverse thermal insulation treatments (C).
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Table 1. Comparison of insulated hive temperature during pollination period

Pollination period (Month)*

Location Treatments
December January February March Total
Hive Control* 344+£0.2° 322+£20 250£3.6 17212 260£7.1
Insulation 33.1£0.6 33.2+0.7% 30.7£3.0% 28.0+4.0% 30.6£3.6%
Outsid Control 114£0.7 132+14 122+£0.9 15212 15114
uisice Insulation 113+13 129421 124£10 159424 154£12

*Dec 15, 2019~Mar 30, 2020
Y*Control’ is the hive without insulation.
“Temperature (°C) in beehive box and mean = SD value

* indicates that the data between insulation and control were significantly different according to t-test (p <0.05).

Table 2. Comparison of number of bees in the hive during various thermal insulation treatments

Time after hive setup (Month)

Treatment

0 1 2 3 Mean
Control* 10000 7875.0+853.9Y 7250.01500.0 2250.0+1190.2 6843.8+3015.1
Insulation 10000 8125.0+1030.8 7500.0£1291.0 4000.0+£2160.2 7406.3 £2550.9

*Control’ is the hive without insulation.
YMean £ SD value
There is no significant difference between thermal and no insulation.
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Table 3. Comparison of bee activities during insulation of beehive box

Pollination period (Month)*

Bee activity” Treatment
December January February March Total
. Control™ 2450844 2274+839 196.3+97.0 109.0£106.2 218.9+92.7
Incoming (bees)/day .
Insulation 429.5+189.4* 461.5+184.2* 498.8 £223.0* 495.5+277.8* 463.5+200.6*
. Control 459.2+175.5* 380.5+140.1 588.9+215.2* 6853+19.1* 481.5+196.3*
Outgoing (bees)/day .
Insulation 3569+ 181.7 3752+1734 398.9+189.0 377.8+2309 376.3+180.9
Total traffic (bees)/d Control 704.2+253.0 6079+2159 785.3+£262.6 7943+114.5 7004 £248.1
otal traffic (bees)/day 1o ation 7864+ 368.5 836.7+356.5%  897.7+410.0 873.3+508.2 839.8 +379.4%
“Control’ is the hive without insulation.
*Dec 15,2019~Mar 30, 2020
’In and out activities from gate on the beehive per day
“Number of forager bees and mean + SD value
* indicates that the data between insulation and control were significantly different according to t-test (p <0.05).
12000 1 (A) (r=0317, p=0.002). 5t o] S0 Ho| 0} 5HE
A} —
2 100009, 7} 717 Apolol= FO] AFtto] ZRIE QT (r=-0.333,
£ T ... o p=0.001). B-2A2]H= ShEufj7l 7|7t} fofn|et At
£ sgo00 | e °
£ . . AL 9.
& 6000 o
o)
5 3. 5 H2X2|0) 02 |0 4ZHE Y
[}
£ y = -406.25x - 643.75x + 9793.7 238 EM H|Q
Z 2000 R2 = 0.7378
Hexje7t ©7]9] shnzlavte] g nx=A £
0 - . -
o o5 1 15 2 25 3 35 Arotaitt. WA AFEIHE-S 2K A3 (Table 4), B4
Time afer setup the hive (Month) 7t BA 8 FRT; AAEARg o] 3.39% Son|sH] =9
12000 | (B) T} (t-test ting= —2.064, p=0.041). F&7|7HEZE AL
B oo S o, 12} 820183 129) 7} 32} 820191 49)0f]
= ) S - - _
A .. L ue Aot DA ot RS TS B0
g 1 TR o
= 8000 . L g-o]u]gt 2ol = g1tk (p>0.05). §HA 22} 4282019
%] L _
3 6000 d2¥)olle H2AeT7F 5.5% 2015t E AT (s =
ks o ~718.75x2 - 231.25x + 9706.2 -3.006, p=0.005). Rt FAg| o= F2HA]7]
(]
£ - oaser ol me} AAgakgo) o)t Ao, S8 27 Sgfol of
= 200 . 2 ARG 2~129% ATl Y Aol
[ ]
0 (oneway ANOVA test H-242] F,53=3.672, p=0.031; F
0 05 1 15 2 25 3 35

Time afer setup the hive (Month)

Fig. 2. The regression analysis between number of bees in the
hive and months after hive setup with thermal insulation treatment
(A) and no insulation treatment (B).
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Table 4. Comparison of merchantable quality percentage of strawberry under insulation treatment in beehive

Harvest period”

Treatments Total
1 st 3rd
Control* 86.5+£10.2" 82.6£5.1° 945+8.1° 87.9+9.4
Insulation 90.8£6.4 88.1£6.5"" 94.6+9.6" 91.2£8.0%
*Control’ is the hive without insulation.
¥1%is Dec 14~20,2018, 2" is Feb 15~19, 2019, and 3" Apr 5~8, 2019.
“Mean + SD, merchantable quality percentage is (merchantable quality fruits/total harvested fruits) X 100
* indicates that the data between insulation and control were significantly different according to t-test (p <0.05).
Diverse letters indicate significant differences among harvest periods based on the results of one-way ANOVA and Tukey’s HSD test (p<0.05).
Table 5. Comparison of physical attributes of strawberry under insulation treatment in beehive
Harvest Weight Firmness Soluble solids Acidity y
period* Treatment (@ (N) (Brix) (%) SS/TA
s Control" 322+7.1 2709 10.1£8.9 0.6%0.1 17.6+20.0
Insulation 36.1+£6.6% 29+10 94+12 0.6%0.1 16.0+33
nd Control 297+£53 23+05 92+12 05+0.2 219+14.6
Insulation 302+£8.1 2405 9.6+1.2% 0.5+0.1 19.8+6.3
3 Control 28345 22+05 10.3+£0.9* 0.3%+0.1 340127
Insulation 28.6+4.0 23%05 98+12 03+0.1 379+314
Total Control 30.1+59 24107 99+52 05+0.2 245+17.5
o Insulation 3164727 25407+ 9.6+12 05+02 244%20.7

¥Control’ is the hive without insulation.

*1*is Dec 14~20, 2018, 2" is Feb 15~19,2019, and 3" Apr 5~8,2019.
Ysoluble solids/titratable acidity
“Mean+ SD, and * signifies that the data between insulation and control were significantly different according to a t-test (p <0.05).
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