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Abstract |

The bumblebee, Bombus ignitus undergoes one generation per year, and artificial hibernation is
essential for year-round rearing of the bumblebee. Keeping the queens under low-temperature
conditions for several months is an effective method for terminating their diapause and promoting
colony development. In the present study, we investigated how B. ignitus queens keep under low-
temperature. As a result, the queens were individually maintained in perlite-filled in a perforated
plastic box also containing perlite to keeping 80% humidity. It was proved that pots for horticulture
was suitable for keeping numerous queens at once.

Key words: Bumblebee, Bombus ignitus, Artifical hibernation, Survival rate

M 2 2 Sole) e dudairh gL} Auje] Ao] 23
sl o 9o WElehE-S Suhshal Alghol Al
H & (Hymenoptera), 23 1}+(Apidae), 5] < H o} a1} t}. $-3lek o] SolE Eidslr] Al2bshH mE
(Bombidae), ¥4 ' Z(Bombini)of] £3t= FHgHe B HEE FAIZE EHEE O] 22370 ol 4710l &
v oo ofgttfo] B FA o7 A5t 3t Stk 7R A o] A I Aot o] 3 st
& 53 7] 3of F-g5to2 ARSI 2502 A A A7)0l ol E=d], o] A|7]E HAFdte] Aol
AR o=z oF 239F0] HiE| o] ¢)thWilliams, 1998). S xZgbeto], d, o] A R Feth @A) W
T ALY HEo 2 oY ol g u|E EW AlojeEyto] Aofa] ol 7HQlEte] F
o] 2ol 7| Heke| R Bl FAS ofF 1000uke] ol Eof7H= 1del 14Tl ABARE 7Ex| 3L ek
2 LAE Yo FLS o mu|Et & YEs}o] (Heinrich, 1979; Duchateau and Velthusis, 1988).
o] 53l & W&ol Atetetar shd, stEAFH 5 A L0 FHE EA US| AEST 25, F

*Corresponding author. E-mail: yoonhj1023@korea.kr

359



oge |

Ty
S

f=3
5=k

E

R
x

Jouwrnal (f ?{Joicu[ture

S RE LR PR O ST R

7 A =] o Mansigh, 1971), F8 7] o] E0]
A4l Fl 7k

)
ol
12
of

lo
fu
X

tlo

o
)
e

<-(diapause development)
% & ¥l th(Andrewartha, 1952). 3 81H-S
H2x(Genus Bombus)2 /A 71 &

I,

A

il
)
lo
fu

i

ot
ofs
O
o o

=
2=

of

ol
2L
o

H

o 1r

_

Ny
o

o,
)
of

=
rr

r
B
1o

i n ofy

X
)
=
D)
e
)
2,
i ¢
4
=

1 x

N
2
2
ok
B
Joi
5=
o
T o
I
i)
2

T
LN
fo X

filo
oM,
el

ol
ol

o [
o
m {
oX,
ot

B Tﬂ rlr
o 9

Ho
=
o
ally
ol

i)

%
Y
(i
iu)
fr e

i
2
)
o2
it}

L A oo 32t R MR o dn o
o}
il
)
)
i
Ho
o
ofj
{4
ok
)
i—l’,
ol

i3
Ho

o
me  H

o
(o Hob

lo &
s
2
ok
)
4
[-0
4
of,
1
filo
i1
=
>
ro

fru

T
Ho
o

l‘mr_oll'ﬂ.]_\&
T =
ox I
Ru)
o 1o

lo
2 ox OH

o
1
2
&
g
=
o)
c

2
ol
—=
2

22 ol pe 2
ok (e
4 5 o
) Rl
rr %
OE _
ox Bl
N 2
P 2
l‘UlO rir
oy o
Ir "
POV N
o

g:in

T

o
oZ

o
=

1910 o -8 1960t 714] o] F YR HF

T ApAA ol M 2] A o] £FE of
E}(Bols 1937, 1939; Frison, 1926; Sladen, 1912). 4!
A elgrae WSt AFYE BAAL F
1960l o] fof AF 4, W, 7|3t 5 THA
M A o L7} o] F o] A 1 (Alford, 1969a, b; Holm,
1960; Hoem, 1972), 7| G H 0] /<5215 o] Tl =] 7] A]
23k 19801 FHHRE = FHER A58k 9
A Aok o H(Bombus terrestris)o]] Zgldl Y32
=, Y7L BN Soll Bt A7k m s Aot
(Beekman ef al., 1998; Tasei and Aupinel, 1994; Yoon et
al., 2010). "1V B H Pl S UM (B. ignitus)®]

;.:4m e

o 3 o

A3-dsoll #WE A= thd ] ZIg & 3H o tHOno,
1997; Yoon et al., 2013). weha] 2 QLo A= suby
(B. ignitus)2] Q1 3-H-5ol st A=A F ojd
HASE S Ao 2 R1lEyds 9 ol A
EEE EolL ST = U=ATLE

U Fhol LE oyl 4N T YES
YT ol B2 Y F ol PEES A
87 913kl Mol APH(SS X 65 x 40cm)el] -8 52
79| oj2 30mtelet S5k 7R 9] 58 0utel S
3 e ok 0|2 Al k. |4} el B e
of MRE-S FFBIYL AR ol HYE Fo
el clapvlel $ 5 5UA e
of WulAAHE AFgSte] & of o oute) o} 4
& Aol AHgeich ] % 1Al 2
Aro}gli= of 9 GOuelet . 5 o]
YE51T Gl ol 12012 ALfol AFE Bk
$C.80% ool 148 4% 74

B MR R AE AL RS AR

oft LL
:N_J'
ol
filo
ue)
-101'

5, 2 XH 371 gl QJ%RE o]
W S5 dESHA o Ha gy
=2} A~ Bl H(5.5cm, ¢p3cm), 2L

5 3cm, 20| 4cm), Eo|7Hao) (5=
7] 0.2cm, 3 % 3em)@} Fo] 7ol of) oA A S = A
5 4572 ok Ad g 30ute] 9 oS Ab
STt o] A Hte oS Helo|EVF E
7ol o] £ AFZFE ek AFRK28 X 21 X 14cm)
o ¥& t}-&25°C, 70% o) 4Foll A 27 L7 WA T A8

oj rlo oo
-d
o¥,
2
-
o
o

RO
rlo
e

o PP GEAHE A HETE A

o



Jowrnal (f ?ljoicufture

L Hefo| E7} E Aol o] F
A2V B AE AR ST S 100% T The Hetol =

9‘15
pach
)
1
)
-

N

PAA] SES 80%E @ ok Befo £} gl
o HFSHs T, 5 AT 27 0] AR} 2 S 80% 2 B
The W] B} Gl ol HUSHE T R A G
£ 60% 3 kg Aeto| E7} gl o npshs 7
o] it}. o]9} Zo] Hakel AFTLEL 25°Col A 27}
1Y T AERES AT AT 00t
of olghEe AHEITE HBARY SERES 9]
3 HGA|RE Heto| £} u]Fatol (o) & A
)% Abg-aheich. vl By 981159 o|vfe] 24]
o clYEuEE BEAVE Bolgll TYE O B
ehg Wol 9o ok 242} Wefo| Eo} M Rfeto]
£ o] BA|7H S0l gl AbzARRpel W gt o] Abzt
RS 25°C, 80% 4 1HURE W F Aol ol
o) Y22 2ATGCH AB TG 300k of g
2 SuHEo = MRSk HERe] 2710 nE
W T ol TR A 93, BB 27
=28 %21 X 14cm&} 20 X 15 X 6cm 22 F 2 53T 9
3} 1591 ] 3v] ¥ of g Heto| E7} Sofglt
B S Wefo|E7h Fojglt MakyH =70 up
& 18 25°C, 80%0 A 1719 W B AR ES
2Bt AT 00k of L 4ukE0 2 5

ol

1
of Hetol 22 Yo 23} YA P Ul g L= 52
el 472 2 gstsict 3159 vhe) ol of
S P2 Th 25°C. 80%0N 4 20 U7H B F A
E88 ZABIGTE AP T 500k of 9L 3uk
© 2 3}gch.

= A9 SAEAS 915Fo] Tukey's pairwise
comparison test 2! Chi-square testMMINITAB Release 13

for Windows, Minitab Inc. 2000)& A8-5}% t}. Tukey's
pairwise comparison testof <= &5 A4, H5A] 57,
A 27 0 T ol o] w2 Y
o] A&l AHE-5FH. Chissquare testi= o<
R 9 W SRSl A8 S,

HE Ao 2 P 5 oo AEES AL
3k AFKFig. 1), nLo]/FAf Qhofl QIF-A 0 & whso] &
g Yo Sol= oA dF Uid =
AYEE0] 583% A =E(F) Holl T of o] A
EE(5.0%) Tk 1L78 U E=30th A A o= 119
§-9] 4 o] 3}¢] %] of(Chi-square test: X*=23.783, df=1,

[

gt

lo rr
£ o£“= o

o oo it e

001), Y& 4ol upeh AEEof Ahol7h
Adck ApdA ol A o] dEst

1

[¢]

4
;:O
T

(

i

re
-
)
a
)
X
©
R
Ir
ofX
=
R=)
AU
Wi
24
£
rl
9

e ol

flo w
off
In

< 8em zlolof] oY BFAF o= W=
of| A 6~97]| ¥ 7+ Y5strtal 2 115} k. Sladen(1912)
¥} Bols(1937, 1939)]] &f5tH FH IS A& FazA
Z E= HAEY vt ZEs Aoy FA
41 5.3}31, Frison(1926)3} Tkalcu(1960, 1961)-2 o] %)

Mo Ho

100 - - 50
— Survival rate

80 + —e— Rate of weight loss 140 ¥
P
S 2
5 60} 130 2
= =
= — e :
g 40t 1 I {20 g
A =
%) =
[}
20 + 110 §

0 [ 1 . 0

Outside of soil Inside of soil

Hibernated place

Fig. 1. Survival rate and percentage weight loss of B. ignitus queens
at hibernated places. Cold treatment was initiated at 5°C and
conducted at 80% humidity for one month. Cold time was
30 days after mating. There was significant difference in
survival rate of queens in hibernated places at p<0.001 using
Chi-square test.
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Fig. 2. Survival rates of B. ignitus queens from different containers for
chilling treatment. Abbreviations: IB, Insect bottle; IC, Insect
container; CP, Cardboard partition; CPC, Cardboard partition
on coconut shell. The insect storage containers preserved
within perlite in a perforated plastic box. The size of plastic
box was 28 X 21 X 14cm. Cold treatment was initiated at 2.5°C
and conducted at over 70% humidity for two months. Thirty
queens were allotted for each experimental regime. There were
no significant difference in different chilling storage containers
at p<0.05 by Chi-square test.

& U, 017], o 5] E A | ool A
o= A WS T Holm(1960)2}F Hoim and
Hass(1961)+= 241 tjo] A~ ]fﬂ 21F wg oy =ol7|
of At & A& A %
tll, 84~90%7}t ’%‘—f—ﬂ‘ﬂL 1530 A4 &9
Z-245112] o ol Fol| A 37% 7} Bt BT
thal B 315} Tk Pouvreau(1965)= A~ E| &2
7,2 ol 27} W, &, W R A

¥

)
BN
s

gl

A2} 40712 AL of] A 2] 8}3 2690}
s, 109 L) e
i 1% 2s 3

mlo
BN
o

o 40 ox @ ok

Jo
M Lo

Olt
)
9.
¢”~
H
e
T

607} €50l 4B,

o) 3 A E oI9S 17193k 5°Co]
AF e AR ATHFig 1), 9 BEE &

ol o] A FHLES 21%2 £ o
guinct15% Weko} BAHOR iy
TH(Tukey's pairwise comparison test: F=0.23, df=1
, p=0.650). Horber(1961):= €577+ 5 Bt Al 544
151.3mgo] Qa1 Y577 & &3 o e

L eain)
=2

o 3o 2 o
2

3

[®))

e
|

rr

100
80
S
> 60
E
Ei
=40
5
1%}
20
0 " " N
BNM-100% BNM-80% BM-80%  BNM-60%

Chilling circumstance

Fig. 3. Survival rate of B. ignitus queens at different chillng
conditions. Abbreviations: BNM-100%, Bottle without
moisturizer at 100% humidity; BNM-80%, Bottle without
moisturizer at 80% humidity; BNM-80%, Bottle with
moisturizer at 80% humidity; BNM-60%, Bottle without
moisturizer at 60% humidity. Those bottles were pre-
served within perlite in a perforated plastic box. Perlite
was used as moisturizer. Cold treatment was initiated at
2.5°C for two months. Thirty queens were allotted for
each experimental chilling circumstances regime. There
were significant differences in different storing conditions
at p<0.05 by Chi-square test.
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Fig. 4. Survival rate of B. ignitus queens at kind of moisturizer.
Cold treatment was initiated 14 days after emergence at
2.5°C and conducted at 80% humidity for one month.
Thirty queens were allotted with five replications for each
experimental moisturizer regimes. There was no sign-
ificant difference in kind of moisturizer at p<0.05 using
Tukey’s pairwise comparison test.
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Fig. 6. Survival rate of B. ignitus queens at different storing
conditions. Abbreviations: PBB, Bottle filled with perlite
in plastic box with ventilation; PGP, Gardening pot filled
with perlite; GP, Gardening pot without perlite. Cold
treatment was initiated 14 days after emergence at 2.5°C
and conducted at 80% humidity for one month. Fifty
queens were allotted with three replications for each
experimental storing conditions regimes. There was no
significant differences in different chilling methods at
using Tukey’s pairwise comparison test.
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