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Abstract |

In order to increase the utilization of bumblebees (Bombus terrestris) for pollination in summer, we
investigated pollination properties of bumblebees in a high temperature condition i. e. a
greenhouse where onions (Alium cepa) were cultivated. The temperature of bumblebee colonies
was 3°C higher than the temperature inside the greenhouse during the onion pollination period.
Foraging activity of bumblebee workers decreased at temperature over 33°C and was negatively
correlated with colony temperature. Fanning behavior was observed at temperature over 30°C
and was positively correlated with colony temperature. There was negative correlation between the
number of bees fanning and bees foraging. We expected that foraging activity would be affected
by colony temperature and fanning behavior. We ventilated bumblebee colonies using PC cooling
fan to replace the fanning behavior of bumblebees, unventilated colonies were used as controls.
The temperature of the colonies that were ventilated using the cooler fan was 3°C lower than the
control colonies, and the rate of fanning behavior were 9 times lower in ventilated colonies than in
the control colonies. Foraging activity and survival rates of worker bees in ventilated colonies
doubled compared to the control colonies. Rates of seed set per flower and number of seeds set
by bees in the ventilated colonies was 12% and —15% and 1.1 and —1.4 times higher pollination,
respectively, than for the control colonies. We conclude that installing a ventilation device on the
colony box can improve the internal environment of bumblebee colonies at high temperatures
through ventilation and that this is a good option to increase pollination effectiveness for the crops
in high temperature greenhouse conditions.
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G (Bombus spp.)e- TR W A=E59 T8
ok ShEuj Al rSolm kAol ShEuZN A7 E 4
J= B EAS 71X 31 9 tH(Corbet, 1987; Plowright
and Laverty, 1987; Goulson, 2003). 7| %3 -2 EH(Apis
melliferayo]) ]3] $-32] ol glo 2 BRY B A
B350, 0|z EubEe} 2 RulH R H g AT
S 72 AtgE 4 ) th(Plowright and Pendrel, 1977,
Sutcliffe and Plowright, 1990). FlgdH& t}= HE T} 3
717F AW 7hEESS S Hold e a e an
Al HgF =24 7]5E 7HA AL 7] wioll,
5°C 2] Ao A 5ol 7hsstaL vz et Weleks=
A= A6 2 e A Q)th(Poulsen, 1973; Heinrich, 1993;
Willmer et al., 1994). 19908 ] = T JH o] A=l 5F
A7)0l 7N o] 2 = A G H(B. terrestris)S-
$Ue FHOR 1 A LR FbEel 2
L =22 2 A Tof = a1 Q) Th(Shipp et al., 1994;
Morandin et al., 2001; Whittington and Winston, 2004). =
ol A1 12 2004 R E] Ao 8L XA AT}
2015 ] $5 B20) 0% 5T A] 3L, 14
el iAo A A GHFEE F7el dmfjskar
9JtHRDA, 2017).

AFFFHE T2 24 WollA o] &5 7] ufZ,
= MGG o] &/l B
ZItHMartinez et al., 2014). A+ A/ el of| A A %F
T EE 28~32°C7F E ¢ R 2
3t} (Pomeroy and Plowright, 1980; Vogt,
1986a, b). o|+= o] AG-AE0| 37t A FH I
O] A ARSAE Aot ARt Sie er al. (2005)7F
Yoon et al. (2008)2 o] o] 2|20 & 4beteh 4= QL
= &7} 29~30°Ceal skl Habad -5
o i B Bt o] A% 242 ;9] Al 29~30°C
o] HelollA 7 wrhal H = lth(Heinrich, 1979;
Vogt, 1986b; Gurel and Gosterit, 2008; Yoon et al., 2008).
Mopsied el alerEe] Ao GBI e EL
10~35°C, ¥4 &5 2% = 27~28°CE R 11 %t}
(Wysocka-Owczarek, 2006; Roman and Szczesna, 2008).
Kwon and Saeed (2003)= Q7] 2% 7} 30°C7} g o™
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Fig. 1. A bumblebee colony box with the PC cooler installed. (A) The front of the box. (B) The side of the box. (C) The cooler allow external air
flow into the side of colony box, and the inside air of the box escapes upwards.
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Fig. 2. The temperature variation of ambient environment and bumblebee colonies in the greenhouse during the onion pollination period. There

was a significant temperature difference between the ambient environment of greenhouse and the inside of bumblebee colony (T-test,
tesy=-7917,p=0.0001).
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Fig. 3. Diurnal temperature variation he inside of the greenhouse and bumblebee colonies during the onion pollination period (May 28~June 30
2013). There was a significant temperature difference between the greenhouse and bumblebee colonies (T-test, t;4,=-3.115, p=0.002).
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Fig. 4. Relationship between colony temperature and number of
foraging bumblebee workers. The regression equation is y=
-0.838x%*+55.28x-831.05 and the R?* value is 0.412. The
temperature at which activity ceases is estimated at a
maximum of 42.8 degrees and a minimum of 23.2 degrees.
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Table 1. The average rate of foraging and pollination activity of bumblebees at different temperatures in the greenhouse during the
onion pollination period

Air temperature . No. of bumblebee workers
&) ! In-out activities Foraging activities
20-24.9 5 8.7+49 200+15.1°
25-299 11 11.6*1.6 427+17.2%
30-34.9 9 75+3.1 35.1+£10.8®
35-44.9 3 3.1%15 288+8.2°

*n: Observed number of colonies.

1) survey period: 20~26 June 2013.

2) The rate of in-out activity of bees was not significantly affected air temperatures in the greenhouse (ANCOVA and Tukey HSD test:
F325=2.235, p=0.110). In contrast, the foraging activity of bees was significantly affected by air temperatures in the greenhouse
(F(325=3.188, p=0.042).

Table 2. The average rate of foraging and pollination activity of bumblebees at different levels of illuminations in greenhouse during
onion pollination period

Illumination level * No. of bumblebee workers
(Lux) n In-out activities Foraging activities
< 10,000 7 99+52 2361162
10,000-19,999 7 72+21 30.7+18.5
20,000-29,999 9 82141 35.1+117
30,000-49,999 5 35+18 28.5+83

*n: Observed number of colonies.

1) survey period: 2013. 6. 20~26.

2) The rate of in-out activity and foraging activity of bees was not significantly affected by illumination level in the greenhouse (ANCOVA,
foraging activity: F;,4=0.935, p=0.440 and in-out activity: F;,5=0.619, p=0.610).

Table 3. The average rate of foraging and pollination activity of bumblebees at different temperatures inside bumblebee colonies in a
greenhouse during the onion pollination period

Colony temperaturel N No. of bumblebee workers
O In-out activities n Foraging activities
25-309 3 100*12 2 37014
31-349 3 54*+10 7 316%39
35-39.9 14 39+1.8 10 299+25

1) The rate of foraging and in-out activity of bees was not significantly affected by colony temperatures in the greenhouse (ANCOVA,
foraging activity: Fy ;7=0.718, p=0.503 and in-out activity: F, ;=2.241, p=0.141).

£

B 29 o & AR B 5 pOUD T,
p=0610), W35 9] 7= %Euﬁlﬂi’} Zo] EA AdE 7HA AL Q7] Yol (A 2 e -w a2
AIF(10000 ©]51-29.999 lux)71#] BHEo] Z7}sitl7} R=0.878, p=0.0001; £A1 & & % &=: R=0.786, p=0.0001;

o FHE] 1St AU HolFolth BReme]  BPLE-ZE: R=0760, p00001), TALEH L 5
oo Qo] W 2410l HESE 4 BARS  Slo] RHLE Aw REew F uel BEt A4
2 fojulahA] ehgpout B2 wrb25eC o4 S Al 84S EASIITH(Table 4). 11 A}, Sl
Qo] F R Hadhs S HAFUAHEEES Tho] MFHFE o WelEol S A= e

F1770.718, p=0.503 ®3}-&5 = Fp 16=2.241, 2 UL, B2 e LEE W o| A
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Table 4. Correlations between air temperature, level of illumination, colony temperature and bee activity (foraging and pollination)

Illumination level

Partial Air temperature Colony temperature

correlations R p R p R p
In-out activities -0.326 0.097 0.062 0.759 0.068 0.731
Foraging activities 0.116 0.564 -0.005 0979 -0.622%* 0.006*

1) Partial correlation coefficients are calculated with bee activity and green house environmental parameters as controlling variables. As each

set of values was used to calculate two correlations, "*" indicates a significant correlation at the p<0.01 level (2-tailed) and "**" indicates a

strong correlation (R>=0.6).
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Fig. 5. Number of fanning bees in relation to (A) colony

temperature and (B) number of foraging bees. The regression

equation is y=0.3365x-9.8046 and the R? value is 0.564 in

(A). The regression equation is y=-1.3605x+10.698 and the
R? value is 0.213 in (B).
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Fig. 6. Diurnal temperature variation inside the greenhouse, the control colonies and ventilated colonies in the greenhouse during the onion

pollination period.

Table 5. The temperature inside the bumblebee colony boxes at different ventilation treatments in the greenhouse

Air temperature

Treatments n
Inside greenhouse (°C) Inside colony (°C)
Controls 80 289+55 33.3£2.8%
Ventilation treatment 80 289+55 30.1%=3.1

* indicates significant difference at p < 0.05 between treatment plots.

1) Each bumble colony box contained 1 queen and 250 workers.

2) The temperature inside bumble colony differed significantly between control colonies and colonies with ventilation treatment (T-test:

t(155=6.829, p=0.0001).
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tss=-0201, p=0002) A|7to}] H= FA5H Ay}, 3h3
A2 3 Ho] AL 9 1AoA 23 4714
20~30°CE 7} =2 £F2 H T, 23 10A]HE
2 64|74 18~20°CE 7HE W& s AT
(Fig. 6). A4HA 02 SLEA 3 3

2L} A2 S B0, 04 8AIRE 10
A|7}A] 28~30°C =7} A §-4] H o] o} A7k
of Hl3l] z}Fo]E H ¢ thH(Welch’ s ANOVA test:
Fi386401=57.507, p=0.0001). 5-7] 2] -9} v w g ujj &
LRt e fASE oW, ARE o R R
3°C J& o WA FA =S 53] &5 1A HE 2
3 10X 7HA] 9] 2 E A} 3.1~4.1°CE A 71 2 ZJo]
S UEH RT3 286.638=18.022, p=0.0001). -t} 21194
FaETG AT LA AR E @549 AL, &

o] YR & 4] 254~30.2°C W9 & ¢ 71%5
(30~313°C)L} -4 ] E-(32.5~33.5°C)0f H]3]| w2
225 UEt o] W AIZE ] = Z ol 3 iA
o] 2174 = % th(oneway ANOVA test: F, 15=6.370,
p=0.008).
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Table 6. The average rate of foraging and pollination activity of bumblebees at different ventilation treatment in the greenhouse

No. of bumblebee workers

Treatments

n In-out activities n Foraging activities
Controls 19 163+12.8 23 32.7%+139
Ventilation treatment 19 25.1+F11.7% 23 64.2126.1%

* indicates significant difference at p<0.05 between treatment plots.
1) The in-out and foraging activity of bees differed significantly between the control and ventilated colonies (T-test, foraging activity: tq=-
8.003, p=0.032 and pollination activity: t5=-2.918, p=0.009).

Table 7. Number of survival bumblebees inside colony boxes at different ventilation treatment of bumblebee colony boxes after the
pollination period

No. of survival bumblebees

Treatments n
Worker Male New queen Pupa
Controls 8 333%269 14£29 0.1+04 23%45
Ventilation treatment 5 62.0+13.2% 14%2.1 12+16 74160

* indicates significant difference at p<0.05 between treatment plots.

1) Number of workers differed significantly between control and ventilation treatment of bumblebee colony boxes(T-test: t;;;=-2.199, p=0.05),
in contrast the number of males, new queens, pupas did not differed significantly between treatments (males: t;=-1.782, p=0.102, new
queens: t;;,=-0.017, p=0.987; pupas: t;=-1.830, p=0.219).

Table 8. The onion seed yields parameters at different ventilation treatment of bumblebee colony boxes

Years Treatments N Rate of seed set per  No. of seeds per  No. of seeds per ~ Weight of 1,000

flower (%) umbel flower seeds (g)
Controls 18 589+10.1 1,091.9+201.8 17104 42+03

2013 Ventilation
18 71.0+16.0% 1246.7+162.7* 23+0.6% 4104

treatment
Controls 20 62.1£12.3 10144+4124 26+02% 34+02%

2014 Ventilation
20 77.5+10.5% 1,394.4+605 4% 23+02 3.1+03

treatment

* indicates significant difference at p<0.05 between treatment plots.

1) In 2013, the rate of seed set and number of seeds differed significantly between controls and ventilation treatment of bumblebee colony
boxes (Rate of seed set per flower: T-test t33=-2.658, p=0.012; no. of seeds per umbel: t33=-2.505, p=0.017, no. of seeds per flower: t.3=-
2.505, p=0.017), in contrast the weight of 1,000 seeds did not differ significantly (t,,=0.587, p=0.570).

2) In 2014, all of the seed yield parameters differed significantly between controls and ventilation treatment of bumblebee colony boxes (Rate
of seed set per flower: T-test t;s5=-4.110, p=0.0001; no. of seeds per umbel: t;5=2.190, p=0.035, no. of seeds per flower: t;s=-3.593,
p=0.001; weight of 1,000 seeds: ts=-3.384, p=0.002).

02 24 SFoM MYFHIY T2 HFH 0| 2E o= 642482610k 2 FLA] 2] Hrk 26 F7ts)
= of frojulgt 2to] & YE ATHCETE U tae=

8003, p=0.032; H}5}2H5-4: 5=-2.918, p=0.009).

s ESXe| mE YE9| =2k2 AzZrE R BREA e Bt B ] Bat7he] Aok

AT

OH7H HPH e E5AtolE st SwEdrE =
Table 60 TAIFE] 19A17bA] AIZFeE hg 222t AlgE AukFig. 7-A), omh FA 2 7h g A e Hot
AR Fo B wel 4o BUEURt e 2Y4E BYou, fAnE Aol §lgla
Woteks 5 vl asklnh S E ot Ek e 7B (t4=0.696, p=0.558), 15A1, 1940l = 2o 428 HG)
T, e SUthe AYH G A =251+ T(ISAL: t4,=0.270, p=0.801; 194]: t,=0.696, p=0.808).
117012 2 F4]2] gtk 158 5 }3}‘2‘1 S 09~13412H 1740l 1.6~290 BHEA 2] ko] FA]
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Table 9. Germination properties of onion seeds at different ventilation treatment of bumblebee colony boxes

Germination Germination ~ Mean germination Mean daily
Years Treatments n . .
energy (%) percentage (%) time (days) germination (days)
Controls 5 976*1.7 984+09 26+0.2 41%00
2013 Ventilation
5 960*28 992+18 32+03* 4.1%£0.1
treatment
Controls 30 745%16.5 826152 40*06 3.8%+0.7
2013 Ventilation
30 67.7%14.1 80.5110.6 4.61+0.6% 37%05

treatment

* indicates significant difference at p<0.05 between treatment plots.

1) In 2013, the mean germination time differed significantly between controls and ventilation treatment of bumblebee colony boxes (t=-

3.392, p=0.009).

2) In 2014, only mean germination time differed significantly between controls and ventilation treatment of bumblebee colony boxes (tsg=-

3.341, p=0.001).

2] S E T o W2 BT T E QITH09A]:
tuy=-5.714,p=0.005; 11X]: t;=4.656,p=0.001; 13A]: t,,=-
3.516, p=0.025; 17A]: t,=-11.404, p=0.0001). ZR+2 O
2 IB3~ISAI7HA] St -2 w7 b7 A S
T ks AR UER At 53] 9A]FE 13

lﬁ}xl H%“H? w7t s % =9 ZPOI
%E7P 717 %ﬂ,@%ﬂﬂl?ﬂwb 7P e &Y
5 Uetdo] FA 2] e} 2fo) 7t gls Ao &2 A7)
o} SR Wt s e AR 2 3KFig. 7-B),
07A12} 1941 9] 79 -2 S B O LHOTA]: tyy=
1,000, p=0423; 194]: t,=0.962, p=0.438), 09A]-‘ﬂr1—:1 174]
THA] ZHgA 2 7F FA e ok 18258 =2 ATE
5 G THO9A]: t=-3.014, p=0.0024; 114]: t(=-2.905,
p=0.027; 13A]: t4=-1.619, p=0.025; 17A]: t=-2.976,
p=0.025).

Trko)] g A et FA Y Ftoll Al A
FH G E5S B3 Z3E Fig. 8o YERH S
th Y] Ft S AT FA YT B
TR Sebdes Hdashs WAE UE
W ok A 2] Tt y=-0.694x+30.049, R?=0.761,
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F-9] W3lEE o] 7F A SR U (y=-0.828x+37.634,
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e AT e FTWREE7E e Ee] 9%
F7] gk A0 2 HelthFig 8-B). o] 23 AHE o
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24040t 2 3EA A AFPSS dH= AT
%‘HEH F7FFoulehA s RS 21 & 4=
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Fig. 7. Diurnal temperature variation in bumblebee colonies and (A) in-out and (B) foraging activities at different ventilation treatment of
bumblebee colony boxes during the onion pollination period.
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Fig. 8. Number of bees going in and out and foraging bees in relation to colony temperature. There is not a correlation between foraging activities
and colony temperature in the ventilated colonies. The regression equation for controls is y=-0.694x+30.049, R* value is 0.761, and the
regression equation for ventilation treatment is y=-0.524x+26.846 and R? value is 0.414 in (A). The regression equation for 'control' is y=

-0.828x+37.634, R? value is 0.394 in (B).

A= g Al 2|7 A 2ol vlsf 12~15% - 2jn| 5
2 ANE B o] F QI tH(2013W: T-test t;5=-2.658,
p=0012; 2014: t35=-4.110,p=0.0001). B+ F F2} 4=
= &S A 7E FA ol Hg) Li~148) @wekow 5
AR o= fofu] gt ato] & LER ATh2013'8: Test
ta3=-2.505, p=0.017; 2014 t35=2.190, p=0.035). A=
NA= FA 27T BFA D Et0.1~03g ¥ 52 EF
< HER

FFA o] T TA Hop &
Table 90f| LERU et HrobAl=
2R 2 Aol o oS fll
ot FA 27 SEA 2l E T 0.6 wWhE
Ao & 8l B TH2013 Titest: tg=-3.392, p=0.009;

20144 ts5=-3341, p=0.001). Tro}-& 7} i dbolL
L 2 2fo| & Ho|A] Q¥9Irt. Lee eral. (2012)= T}l
N2 o] gof mhE Fute] FARAIS 2 #ol 7t

QlTha MastGTh AT o)A Wolg, woby e}
e 8 A EAA L f0JuIe Rfo] 7} glol, BHEA
2 BALo] A 2 B 7INA e AoR B
chelch el H el me] A9 §ofnlat Kol
2 o] 11 9lo], o] Zfo| 7} SHEul 2 Fo] ©J3t Zfo]
g 2N ATE 1A TA S A] Fd B Ho] o3 Xfo] Q1A
BAYP BEH /A9 AL Dasih £ABO FA4et
LHFE o A BEAY T A TR fouE
ou

b 3hE 2] S E5 SR aurt Qg Ech



218 o1

No. of fanning bees

Ventilation

Control

Colony box

Fig. 9. Comparison of fanning response between controls and
ventilating treatment of the bumblebee colony boxes. The
fanning response differed significantly between controls and
ventilating treatment of bumblebee colony boxes (T-test:
t36=5.303, p=0.0001).
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Fig. 10. Relationship between the number of fanning bees and
colony temperature. The regression equation for controls is
y=0.3365x-9.8046 and the R* value is 0.564, and ventilation
treatment is y=0.067x-1.833 and the R* value is 0.326.
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