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Pollination Effect of Bumblebee (Bombus terrestris L.) with a
Ventilation System in High-Temperature Greenhouse Cultivation of
Cherry Tomatoes
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Su-Bae Kim, Kyu-Won Kwak, Young Bo Lee and Kyeong Yong Lee*

Apiculture Division, Department of Agricultural Biology, National Institute of Agricultural Science, RDA, Wanju 55365,
Republic of Korea

m This study compared the internal environment and pollination efficiency of ventilated and non-
ventilated bumblebee colonies under high-temperature conditions in August during cherry
tomato cultivation. The maximum and minimum temperatures inside the greenhouse were
recorded as 32.8+4.4°C and 30.8+3.3°C, respectively. The internal temperature of the ventilated
colonies reached a maximum of 31.4°C and a minimum of 27.0°C, while the non-ventilated
colonies reached a maximum of 34.3°C and a minimum of 27.4°C. Although there was no
significant difference in minimum temperature, the maximum temperature in the ventilated
colonies was, on average, 3°C lower. Additionally, CO2 concentrations in the ventilated colonies
ranged from 612.9 ppm to 454.8 ppm, compared to 865.8 ppm to 517.3 ppm in the non-ventilated
colonies, showing a maximum difference of 253 ppm. Analysis of hourly bee activity showed that
the ventilated colonies exhibited peak activity at 8:00 AM and 7:00 PM, with a total daily activity
level 1.2 times higher than the control. Consequently, the fruit set rate was 32% in the non-
ventilated colonies, compared to 47% in the ventilated colonies, a 1.5-fold increase. These findings
confirm that ventilation improves the pollination efficiency of bumblebees in high-temperature
conditions exceeding 35°C in greenhouses.

LGN EY  Bumblebee, Bombus terrestris L., Pollination, Cherry tomato greenhouse
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H2EntE AV A= 257t 2 598 oSt
of 7~8dof SRl 8 Sleoll A 10 She7bA] 45t
SHCh(Patiguli ef al., 2010; RDA, 2017).

EntEZEe Aotz A Aol M= Frl/d (anemo-
philous) 22 217} 7He5hA|RE EntE o] Al aiHd
Ho| zolde] wet ¥ 9 (Bombus spp.)dt 22 3
2SS AHESHAl =] ATt B (Apis mellifera)®ll ¥l
o flge Holgon sg Hosug wuigs 2
o BHztEo o §A 02 AEE 4= It (Plowright
and Pendrel, 1977; Sutcliffe and Plowright, 1990; Lee and
Yoon, 2017). 5] EOtE Q] F (&) 244 HFo 7

A B P O F o)A o] iR
2 1ho) so] glo] A4S sk Flgde] 1Y &

T4 o]t} (Buchmann and Hurley, 1978; Heinrich, 1979;
Lee et al., 2012). A% F9H (Bombus terestris L)< 73
Z2 o g2 AslE StREuj/f2E0o 2 ot 3 2005 B
o] Q}Tuﬁyﬂﬁ oz Ag/k}QJ_ o] o Uﬂ (RDA, 2023), & o 7] oﬂ
A= 198778 EntES] gif2o] A H]E 7 A
ShZuiiAt= ARE-SEAL QLT (Koidae, 1994; Likeda and
Tadauchi, 1995; Dogterom et al., 1998; Velthuis and Van
Doorn, 2006)

Zledl, 53] AFHIL] -+ =71 30°C
ot Eol 7—‘1 2|71 AEFshH 32°Co| A= 1
ol o] &71E Sl EiE
S (fanmng behavior)?] &7}ttt (Heinrich,
1979; Vogt, 1986a; Weidenmiiller et al., 2002; Couvillon et
al.,2010). BH| 2 ©]7] 2L7} 5°C m]ehe] F9foflA] &
2 B2 H55H] 98 955 (winter cluster) S &
Asto] 9o tigkstt(Doke er al., 2015). & T4l 219]
Aol PHe B B2 envell Ue 854S 3
oA] 71 EJ} A &FS olEo] ¥ 4= Stk (Lee et al.,
g oA FgE
HaA7]an et

17%] 4= 31T (Lee and Yoon, 2017).
o] S4, IS4 9 EXAAN] EutEE R0l
ol 45to] W PbA s YR HE EntEo] &
A AFo] LERATHRDA, 2017). ©] A17]0] Aefsh &

F21E o AESdse
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%}5—0 =

3¥ %

AFE 9] &6 @77} wolx]7] ol - a7 Al
AAlste BRERE 57171 Solvhe FAI°ITHRDA,
2020). 12} 1120 2 Qls] EntE o] Er1go] AJAlo]
L ozt & dojup] okS et o2t AR gE 9
GEE HojA o] Al7]of| EntE AuiAES 222AE
ARgSHo] 2HEA] 7] 11 Q1= A A O]THRDA, 2023).

mebs] 2 Aqs ol 5d 2 A EntE A A
FHIHY o]-87Fsd= &lstr| flsoto], HIE B
of FFAAE dAlsty o] &5yt R A=
ASckaat skl

o F ERtE AESA A= SHEE =4 A

S 7HEE] 24 (36°10°52"N, 127°0128"E), 65 (660 m?/
5, 100 m/Zor5)ol A 2021'F 8E 10¢5FH 2021L4 8
U 20U7HA] AES AFSITh HEEAEE 83 5%
S AHESFATE Lo 4] ARG L] i’r%ﬂﬂﬂ%%a
gRIst7] flste], % dsdaetd e e tol A 26°C,
RH 65%, GZ7ANA AASE AFHIE (Bombus
terrestris) 16M|H] B2 AHE-SITH(Yoon et al., 2004).
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Nagano, Japan)E H]'dsh-29] QoA 50 m &= Z|H
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ey 2R Aot FA o] e /9IE e of
A7 AR R SR sl fEE AL
= dgErt.

I A B Y -
AR o] vt 2 Yehdth o= Bt Wi 257t =
OH MR S st W2 o] JIIAE Yebdct
= Hou et al.(2016)2] K

ol

(0%}
o

ofl olr

N
W

Nt

ofy

ki
©
5
]
38
X
3
U

=



o147, Z4H, 272, 0lgE, 0|28

A 4«

Temperature™C)

T

—e—Greenhouse
—e—Non-Ventilation
=—¢—\entilation

20

10 1 12 12 14 15 16 17 18 19 20

10 days

Bw- — — —

80
= iy -
£ W = :
£ T
5
£ 40

—e—Ventilation
20 e—Pon-ventilation
0
10 " 12 13 14 15 16 17 18 19 20
10 days

C 1«0
~ 1200 —a—Yfentilation
E
g ==g==Non-Ventilation
o
8
T
T
= 4
2 - T i L
o > b
5 ez, N Ol W N
a T
-
o

0 11 12 13 14 15 1% 17 18 19 20
10 days

Fig. 1. Variations by date in the internal environmental conditions
of the cherry tomato greenhouse and bumblebee colonies. (A): Tem-
perature variations of the greenhouse, non-ventilation colonies, and
ventilation colonies. (B): Humidity variations of the non-ventilation
and ventilation bumblebee colonies. (C): Carbon dioxide variations
of the non-ventilation and ventilation bumblebee colonies.

F Ao e B
o 5ot £42] B
ppmZ7FA] 2ol 7} QU

ol U] eFgkA|Rt

& Y7ol co, BEE A B

B LH—r7} Ag 49 2 2 493

1, 71 0% 60~160 ppm 22 Z 2}

b 2] B0 Co, BEE A%

o8 e ppme HAth(Fig. 1-C). HYH %_meqo 3300
o|4fe] 12 oA Bt 1 H9] 2k 742t co

24 (Weidenmiiller et al., 2002)S Y3l AZH5S 61{_

212

7o 2 B RSt (Heinrich, 1979; Seeley and Heinrich,
1981; Barrow and Pickard, 1985; Vogt, 1986a, 1986b;
Couvillon e al., 2010). ©|H A= g A ] A] 11-20]
A €00l FEE RAFER A5 TH = Sl
g-50] S7H2 Zlol2tal A gH

2, 12 BAQI A M2 A0M MSFFE S LiFe
S He2|of| 2 AjZHE 2tE 24

AFA|ZH| 2 L EUE 240 FHFL g =73
St Ad} 12419 362+1.5°CR W25 BT 1 A
7rol| A F W B2 7P 9 _EE
H ot (Fig. 2-A). AZPEE B4 B Y 2% HsE
10 Bt ZAFSE At AR 84, 19A]F-H 23A1714]
+ SR B FEA] StollA Ael7t 2A yRl
QOIAGE B2 B RO 3R] Fto] W 2%
£ B YaEogl oF | 9°C 205 Bt} g4
2] Bl A Bt Wi 2= 54] 25.1°C, 2=

124] 33.9°C0] H 0] 2] St U 25 54
of 26.2°C, H 112k = 13490 37.4°CE YETH 2Hg
A7) Bt F42] B W 5= 9AIFE Aolrt
Ho)2]7] AlZbete] 71 1291 12415 164]1714] H 9]
o A= 3~4°C 20| & Kt (Fig. 2-A).

109 B AIRMEE B YR s E Bt vl

=
e,
iy

4
5 Tﬂﬁ}t ﬁHEd = WER Iet. 2H3-d %] 8+ COo, 2|3l
F5= 64 670.2 ppm©] AL, [ AF L= 13A] 342.0 ppme
Aot FAHA] Bt 21 CO, FE= 6A] 840 ppm©| L
ﬂ?ﬂiEt 13A] 449 .9 ppm & WEFF T (Fig. 2-C).
A7 37 2Y5] BES 2ARE A}, BF A2

2 = Il 19A4]0] ThHA] E-5o]
G| A= U AR Bkl oAlof 7MY W B &

__1_:'!_
52 7tasitr) 1647 THA] @olA| ot
B th(Fig. 2-D).
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Fig. 2. Diurnal variations in the internal environmental conditions of the cherry tomato greenhouse and bumblebee colonies. (A): Tempera-
ture variations of the greenhouse, non-ventilation colonies, and ventilation colonies. (B): Humidity variations of the non-ventilation and
ventilation bumblebee colonies. (C): Carbon dioxide variations of the non-ventilation and ventilation bumblebee colonies. (D): In-out activ-

ities of the non-ventilation and ventilation colonies.

S WE7E Lol =W ¥ thAE S7etel whet
1%94 CO, F=7F S7F5HA t‘Eﬂ, ojnf S 97]
A FF0] Hste] AFE= At (Heinrich, 1979;
Weidenmiiller et al., 2002; Lee and Yoon, 2017). & AE =
H (B. bifarius) Tol= W& 5 AFWF 22 5 W
2o #7432 2Pske LE9] 57t Pk 9ol
{5 BTt 289 57 FolEr|E Fkn eiA 9)
THO’Donnell et al., 2000; Lee and Yoon, 2017).

ol A= T U 229 Co, sEw W] Hid
S B Yt (person correlation r= —0.945, p=0.0001; Table
1). ol ATk 7 Re] Lrr} LabrhEA AEe
F& sk W] 47} ol B2 R o, B
olA7] TEolgle Ao A7beTh EFt A
B9 B2 W €O, ES We] AREYS T 4EL
EFATHr=0.579, p=0.030; Table 1). ©]=
O = Qe €Ol F=7t e ol Hol 4EEddFol 4

ojZaL, Bt &2 A8yF o] HAR 0,9 F=7t &M
o] 222U To) FUP] W o s AztErt
FTAA SO AE A B 2% coe FO A

Table 1. Analysis of the correlation between COz, colony tempera-
ture, and bee traffic in a high-temperature tomato greenhouse

CO; X Temperature Bee traffic
r —0.945 0.579
Non-ventilation 0.0001* 0.030*
n 14 14
r —0.983 0.220
Ventilation p 0.0001* N/S
n 14 14

“r”” represents the Pearson correlation coefficient.
* indicates a statistically significant correlation.
“N/S” denotes no statistical significance.
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Fig. 4. Analysis of fruit setting rate in ventilation and non-ventila-
tion bumblebee colonies. Statistical Analysis: t-test t11.830 = 3.686,
p=0.003.
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Table 2. Comparison of merchatable quality percentage of cherry tomatoes between ventilation and non-ventilation bumblebee colonies.

Length (mm)
Treatment Weight (g) Soluble solids (Brix)
Length Wide
Control 12.35+3.14 41.56+3.94 21.67+2.30 9.33+0.93
Ventilation 12.93+3.19 42.38+3.94 22.07+2.58 8.18+0.42

There is no significant difference at p>0.05 between treatment plots. Weight (ts7.057=0.702, p=0.486), Length (tss=0.804, p=0.425), Wide (57208 =0.628,

p=0.533), Soluble solidsti2429= —3.555, p=0.004

W A7 e Aoz moEn of&y o A=
2 ggoA gE= F1t B R 2 7ol 54
ot JtohH FARE A B R 2EE A
o8 [AA7]7] f1_F B2z tigt A2 S
2= Itk (Lee er al., 2022).
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A LEE 30.8+£3.3°CE STt I H HE
2= W3} A= AR B2 IR E 314°C, £
ALl 270°Co]| 1 B2 B M5 343°C,
AL 274°CE HALL= 2tol7} QLAY 2%
+ B9 3°C F& zol7t Uetth B W5 co, 5=
HE 612.9 ppmOlA] 454 8 ppm S 2 LFESETL R %]

B2 865.8 ppmOlA 517.3 ppmE THEA ] Hto]

o 253 ppm R S HATH AP B Y50 Wi

2 AR B2 2% A w2 EUS4E AL 19

Alol] THA & ﬁ}b ANE Bk ZF Al ] =4
1/\E 1:1]

A} A Bto] & 7 FA
B 1.2HH o B2 o= yetyt kg2 7
A Fo] 32%, TFAA] Fol 47% = 1.5H) B E2
&S Bt olgs datE & of vdopeA iIL
35°C o]/d9] 112 oA FFHe] SFFHAE 5
SR} -2 1A = Sl

el 2

2 ATE 2040 FEISH =P EAIEY A2
A7 g AN B E2NEH ATAY (FRIA
B: F8 Il et SRRl 7
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