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B E [B8)] N THEREREEZEXPIEEY Apis cerana cerana WHE = K EGaERER M [ ik ] L
Wbl A, PR 4 FhiETE FWIIRE R R (9-ODA: 9-HDA: HOB: HVA) SEELHHYIKGEER (B-
B ) BT IR T 4 MR EEE R (T1-1 4. T12 4., T2-1 4H. T2-2 4H), [FnEE 4o
S HE Ao A N IR (CK A ). ¥ 2 PR ORISR (T1-1. T1-2) 4300 & TR A, 15,
30 1 45 d J5 PRSI P AR SO AR, RS-k I R R 40 2 Al e 28 (T1-1. T1-2)
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SR R PR R TR IRAL (P <0.05), M R 2 RO 40 30.18%1 30.00%; T1-2 4 We e
PR EW T IRLL (P <0.05), BB 25.15%; 4 N0 A - i | B 35 TR R RE A 22 B R
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Effects of different honeybee pheromones on the honey production
and reproductive performance of Apis cerana cerana
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Honeybee Biology and Beekeeping, Nanchang 330045, China)

Abstract [Objectives] To investigate the effects of honeybee pheromones on Apis cerana cerana honey production and
reproduction. [Methods] Using beeswax as a medium, four complex pheromones (T1-1, T1-2, T2-1, T2-2) were created by
mixing four mandibular gland pheromone gradients ( 9-ODA, 9-HAD, HOB, HVA ) with -ocimene. Untreated beeswax was
used as the control (CK). T1-1, T1-2 were isolated in jars and f-ocimene was quantified with GC-MS after 15, 30 and 45 days.
The impacts of the four complex pheromones on emergency queen rearing, honey production and the amount of bees and
brood, were quantified. [Results] The amount of released f-rolene was not significantly different between T1-1 and T1-2

after 15, 30 and 45 days, suggesting that the release of this pheromone is stable. Compared to the control group, emergency

*BEBhI H Supported projects: [E K ¥\ HARK R AR LT ( CARS-44-KXT15)
*# 2L F) 4 —1EH Co-first authors, E-mail: 717618350@qq.com; 178313265@qq.com
#4573 JA/E# Corresponding author, E-mail: bees1965@sina.com

WeHS H ) Received: 2021-12-30; %3 H ) Accepted: 2022-03-24



- 646 ¢ R B 244k Chinese Journal of Applied Entomology 59 %

queen rearing in the T1-2 group was delayed by 2.17 days (P < 0.05). However, the four treatment groups did not differ

significantly in this regard (P > 0.05). Compared to the control group, the T1-1 group had 30.18% higher honey production and
30.00% more brood (P < 0.05). The T1-2 group had 25.15% more adults bees compared to the control group (P < 0.05). The

number of adult bees and the amount of brood did not, however, differ significantly among the four treatment groups (P >

0.05). [Conclusion] Our results suggest that specific pheromones facilitate colony growth in A. c¢. cerana. This finding

provides theoretical support for the application of pheromones in apiculture.

Key words Apis cerana cerana; pheromone; f-ocimene; queen pheromones

FR1ESE Apis cerana cerana ( fRIFRTIE ),
JE&TAR e, ST ERA 15 5t iy e ot ot
I (Wueral., 2020), 5VUJ# % Apis mellifera
AHLE, g B PR I ARG YRR, B
e RATRIE, riHigRE JynR, B P e R
HHAES (Guan et al., 2005 ), A R3k E R
IR SR R R — ) XFFR E ARG = DL S 4
Fi A SRA PR A B AR (ROUEHESS , 2021 ),

HETE I B S O W, AEFFORAFRE 1R
55, FEJFEH AT REE g EROIE B R S EA
J& (Boulay et al., 2007; Brunner et al., 2011;
Kocher and Grozinger, 2011), % F [ SiiR(E &
% ( Queen mandibulai pheromone, QMP ) J&#x
HYE AT R IIF AT IR AW R I I E B R

(Keeling et al., 2003 ), QMP % i 4 FiTjfHE
PRSI AT AL, 53 B X -9- S -2- 25 M
2 [(E)-9-oxodec-2-enoicacid, 9-ODA]., X WL 44
R 9-F2HE-2-ZRIRTR[(R,S)-9-hydroxydec-2- enoicacid,
(R,S)-9-HDA] . Xf ¥ 5 7 F i g ( Methylp-
hydroxybenzoate, HOB ) il 4-¥53&-3-HAHAK L
i ( 4-hydroxy-3-methoxyphe-nylethanol, HVA )

(Keeling et al., 2003; Trhlin and Rajchard,
2011 ), Hgews FA5E BRI SV AL,
FEEXHIEH HVA (Higo er al., 19925 Slessor
etal., 2005 ),

TEIEH RsERED, e TalE I A 2 i I8
FE7 T TAE, F2RE i £15 B 2ok
BEFPRLF (Holman, 2018 ), 4EREALTIJCF AR
AN, BT ER AR, TSR
AN ( Winston ef al., 1989 ). AHWFFEFRM, BF
B R HA WG| T S e T J8 B 7 T
P B T A ORRAE R Y R E R R
PMEIVE A T ae R 8 F (XIMRIESE, 2020 ),

J TR AR A, P R AR
71, BBAIFHN T A B e A B 2R R T e my
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£ (Jaycox, 1970); B AN TEMAEEFEEER
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B (ERIEZE, 2008 ), LA EBFST AR FFH B —1
W F SRS B RS AT Oy RN AR 7
RESZIN . TEULIERN [, AHIFGY B k2401 4 Fhige
F_%ifi{E E % (9-ODA : 9-HDA : HOB : HVA )
&g R IUkE B R B-F ik (B-ocimene )
PR —E LI 4 FhikiezE, i 9-ODA :
9-HDA : HOB : HVA : B-ocimene=100 : 15 :
5:1: 10 WLLBIECH] ( Slessor et al., 1988; He
etal., 2016 ), DIERHEMR, UK R TR
B e rh O B e, BRIEAN [ 4 ) 2 e
S RN AR e 1 A 7 S B R R RS

1 #R5HE

1.1 RIEHE

PR e . SRR g BRI VLR %
WERIE 5 i R G e 3, MG EVTI R A B R
(28.38555°N, 114.7803°E ),

BRI AR 4 FhiEE SR S =
(9-ODA: 9-HDA: HOB: HVA ) 5444 il
WEEE (B-P i) WHBKTIAF . 4 Fhifig
2 (TI-140, T1-24], T2-140. T2-241) Wiy
HALANFR 1 Fiw, DL R AR sl e, g
ZH RSB N 4.20 em, HEARK R R 4y
11 7.90 cm A10.90 cm (& 1), S5 A&l it 1
R ER A (CK 4 ).



3 S ARG B 5 B 0 i A e e A e BB R RE - 647 -

x1 BEINEIRRE
Table 1 The test insecticides and the
spaying concentrations

G4l LIRS 9-ODA it (%)
Groups Components 9-ODA content (%)

T1-1 9-ODA+9-HDA+10-HDA+ 0.015
HOB+HVA-+f-ocimene

T1-2 9-ODA+9-HDA+10-HDA+ 0.005
HOB+HVA-+f-ocimene

T2-1 9-ODA+pB-ocimene 0.015

T2-2 9-ODA+pB-ocimene 0.005

B RERER
Fig.1 Apitrin hanging tablet

A RPN SRR B SRR

A. Empty hanging plate without beeswax;
B. Apitrin hanging tablet.

FEBAG RS (IBNITRAY, NeedlEX Serial
No. 190408 ); fHEH#ENZIIRERIEAE (HRHITRHE
HBE/AH], PAS Technonlogy’s Branch ); S AH-J
TEEEF 248 ( 5977B-7890B, Agilent Technologies );
{4 DB-5MS (30 m, 0.25 mm, 0.25 pm film
thickness, 112-5532, Agilent technologies ).

1.2 REFH*

121 B-FEERAEMEHESL DIHEERH
B-ZHN IR 5 NUREERY -2 MR WL, 235
1.25, 2.50, 5.00. 10.00 F120.00 pg/pL. FHE
HERERS NS H IR 1 pL %Wk, GRS A
250 mL SRAFI T, FH55 5 7E = T ##E 30 min,
SR PR AR £ DR AR AR 43 B 10 mL
SR, FREEE 5 min, % 1.2.1 B GC-MS T4k
TR E NSRS T 8T #e iR i
5% 3 R,

GC-MS TAESM : A HRE 250 °C,35 °C
1443 2 min, SRJ5LL 8 °C/min FYEEEM 35 °CTHE
250 °C, SRJG7E 250 °CN#4F 5 min, fHEE S,
FSEIIN 6.777 6 PSI, BFUR (EI) 70 eV,
1.2.2 BiEET B-FTHFEXRMENE N TH
il (R i e R e, BERE T ORIRI MR 2 R i
R (T1-1 41, T1-2 41) 479258, K 2 Fhdl
Bolomte R EE R (T1-1 41, T1-2 41) 2%l T4
PREE AR (I 2), AT (35+0.5)
CIIEFEFEN, FFF 15, 30 Fl 45 d J5 FEE4r
R — AR (R A ARG, 4858 14 2% 1]
A%, JFH GC-MS ARG B-2 vk i

2 HHREARE

Fig. 2 Special closed container

123 AEEEZEEAXNDELIHHEZTE
GRS B 1S BERESSAHAT Y 3 HE 2 A e 1
B, JERCCERE, BENLSYRL S 41, R4 3 B,
H 4 Hr5HEA T1-1, T1-2, T2-1, T2-2 i
MR, BN AESEAXRA, 7 dJE, BRI
L0 MR P IR 35 T A ]

1.2.4 A RISEEEEE 5 Xt g 8 4 7= 4 AR I
2 LS E S, 20 BERFEAHIEN 6
HERA ERErbte, FEbLTR S 4, B4 4 #F, H
o4 o IEEA T1-1, T1-2, T2-1, T2-2 5%
£, AHM 1 HES AR FRib 0 SRR
#reat, It A — A 2R 75 % R A B
R AR B 35 T

1.3 HELESSTSH

B GC-MS BRI A EAE A Qualitative
Navigator B.08.00 #XFHEAT43#, €3 A1 AR
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grdn Agile 2 XF B-%F Wyl b AR A T

BRI Statview 5.01 BAE#ET T80T, R
ANOVA Fl t-test 1 ANOVA 5 ANCOVA #f7
GATAr, ASAEESE A LSD #7255 W
FLA AT o 210 25 A R 2 i 2 T K
0.05%,

2 #RESWH

21 BERYG p-FHHEELENE

PLAMbR ik ESr B-%F 80 i bR ME it 42 )=
324 791x-385 449, AR R*=0.993 6, 1F
BT bR Ze AR, BEHFIA GC-MS K
W -2l AT (3 ).

T1-1 ZF0 T1-2 2R R & TR 2 a i
15, 30 f1 45 d J5 1Y B-Z #iniE K E2E T AT
% (P>0.05), HTI-14 B-BHmnigER s
T T1-2 4109, Ui 2 FhAlElamie = b B-2 i
HhRefE R (& 4 ),

=324 791x-385 449
R*=0.993 6

8x10

o))
X
—_
(=]
S

T

4x10%

I TE AR Peak area

2x10%+

0 5 10 15 20 25

s SR (pg)
Standard content (ug)

B3 B-FTHHEIRME LR

Fig.3 The standard curve of f-ocimene

22 BERWNEEHHNZTIEHRIE

X A A, T1-2 4 Bl 55 £ A H LAY
i ] ik 2 ER (P <0.05 ), HfEIRAFE] 2.17 do T1-1
g, T2-1 Z1A01 T2-2 41 B E 36 T F5 sl fi) 5 00 R
HIEREER (P>0.05), 4 MKz M2
YAREZE (P>0.05)(KS5),

2.3 REEEXEE AR
S5XFRAMLL, T1-1 4% EnEiEs

2000
Z
¥ 21500
~ 3
H
& 21000
WS
2= 500
B
>
0
15 30 45
Al (d)
Times (d)
800
o T1-2
2
Q
E.E § 600
&
&S 400
& 9
£ 3
;= 200
0
15 30 45
i) (d)
Times (d)

H4 p-BHHEARMEAGELE
Fig. 4 Volatilization of f-ocimene at different times
B EARA AFR/NG FRER R 257 3 (P<0.05,
Fisher's LSD fi4% ). T [El[Al,
T1-1, TI2CRAFMA S, FE 1,
Histogram with different lowercase letters indicate
significant differences at the 0.05 level by Fisher's

LSD test. The same as below.
T1-1, T1-2 are the same as table 1.

8_

queen cells time (d)
IN o

P E SRR (d)
Appearances of capping
[\

CK TI-1 T1-2 T2-1 T22
ARIfEERET;

Different formulations of pheromone

5 ARMEEREANHAHETE BRI
Fig. 5 The influence of different formulations of
pheromone on the time of the emergence of capping

Ti-1, T1-2, T2-1, T22 fRFEARFEIWLSY, FFE 1, FHERF,

T1-1, T1-2, T2-1, T2-2 are the same as table 1.
The same below.
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30.18% (P> 0.05 ), T1-14H. T2-1 41#0 T2-2 4
B e P S X IR T B E £ R (P>0.05),
Ha4MABHZ RS ARE (P> 0.05)
(K 6),

20

—_
(9]

Honey yield (kg/colony)
» )

R (kg/ft)

(=}

CK TI-1 TI2 T21 T22
AFE B RELT7

Different formulations of pheromone

B 6 AREMEEREAIEE~SHFM
Fig. 6 Effects of different formulations of
pheromone on honey yield

SR RELAR L, T1-2 M REREA 2w
25.15% (P <0.05), T1-14H. T2-1 ZHA1 T2-2 41
HERFRF A S X IR Z 22 R AR E(P>0.05),
H 4 M A AR A RE (P>0.05)

(7).

8r

=)

Bee colony (frame)
i

WETERES (RAE)

[\

S

CK TI-1 Ti-2 T2-1 T22
ARfE B R ETT

Different formulations of pheromone

B7 AEEEREAFIEHFERNIM
Fig. 7 Effects of different formulations of pheromone
on bee colony dynamics

XA, T1-1 55 F8ue B4R m
30.00% ( P <0.05), T1-2 #H. T2-1 ZHHF1 T2-2 4
HEEFRESRAZMERARE (P >
0.05 ). 4 MR Z M2 FHAEE (P>0.05)

(FE 8),

e o =
o o o
1

HET ()
o
S

Sealed broods (frame)

o
o

CK Tl T12 T2-1 T22
AR ERET

Different formulations of pheromone

B8 AEMEBRET X HE TR
Fig. 8 Influence of different formulations of
pheromone on sealing spleen

3 g

[ N Ah B T R e (R B R AR R
TN B S oy, FEEPFEEEFER
Mg R AF BRI (ESCH, 19965 EERSA,
1998 ; Winston et al., 1990; Hoover et al., 2003;
B IESE, 20105 K5 4F, 20105 XIRIESE, 2017,
2020; WK, 2020 ). AHFSEE RS
58 FE AL B LR B 2 A [ Eb i i —F
SRIEZE, WFSEAS [ AL BC 0 B B (5 8 X h AR g e
A B BB R RE RS

e T SRR B R AT T
INBITEERE b iz A% 3, T B-27 Wy T 2 ) 25
AR R AR (BSOS, 19965 He et al.,
2016 ). A T e T - 50 AR A B 2 A4l LR
FRERASREFN Z R, AR T —F It
AR, [T DL 0 Ay AR o] i i R EE
FEIEFTF AR SC U0, FRATTIE M0 | BERRLF 4
R FRCAE Ay i e 2R () AR, 245 L 3 T T o Mg e A
RER ARSI R A R BT R 4EsZ , MRS ER LT 4
SRR AR R AR s e K A B R HER AT,
R, ASHFIE R T M A by o e 2400, 24410
SR 2 HE R A SR b b P L, T ET D)
B g e T e TS 3 0 |
IRAE B, [ Tt n] 345 M 4% 2 HH 1Y) B-
19

TE P TOE Al ] 4 NS TR 4L A o e
K, P JC IR B 5 T A B BN R AE R
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[A)F2 B ) #EIR (0.83-2.17 d), iX Y5 Engels %
(1993) ffiff] 9-ODA ?fn—?ﬁIJU%@ EEXTES
R—F TR ERIMANT A B T F5IRE B
A, ?ﬁﬁ%ﬂ%é@ﬁ‘%\??ﬂ%tbmﬁé N 17.8%,
U 5 28 W 1) e 2 7 i O IR B4 T 21.7% ([ A
K945, 1998 ), i AS ) £H P 5 34 22 00 6 EAEAY A4
FEMERERISE I, A RE T HE— A

TEH A FREP R 4 SRR A e 2
W P AR RETE AN R R EE 3 (2.23%-30.18% ),

e 5% 1 L SR A B R TR m A T
BB (SRIESE, 2008), LUK B-Z kTR 4
TR 4E H 32T ( Maisonnasse ef al., 2010 ),
RIS 4 AN (] 20 P 5 0 2R RS [R) R B 4 e e
o s T RCRE AR XA REJE RN B-2 A Tl i
TRV RE 5178 (Heetal., 2016),
[ -2 A s A a2k 18 F 2R R 1) % B( Grozinger
etal., 2007 ), Mhnss 7IEREE J1.

M 4 PRI aR e 2 (T1-1 41, T1-2 40, T2-1
ZHFN T2-2 ) X AR A 7 K BTV RE Y
M4 SRk AT, T1-1 41, T1-2 41k T2-1 41, T2-2
AW, PHREZE S 9-HDA+10-HDA+HOB+
HVA 53 %F 9-ODA+B-Z ¥ A U EAVE T, (R
FHOC AT F LA A o ik — 25T .
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