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AERERREEEENSBEERIIBFUR

ZWAT TR W X ERE ELLT

(O IEEAR B, BRI A 7 11 536 PSR DR B DR e SR %, 471 832003)

B E [B8] W24 Protaetia brevitarsis Lewis AN B RIA RN, AL SIS
GRS R, [FiE] WS Ts kg[S aMd . Mg iR ALY, S ERE-
Jii% ( Gas chromatography-mass spectrometry, GC-MS ) BHBARXT WL LW t1T 0 de, A
fil i ( Electroantennogram, EAG) {1 Y RUMRLSEAGN E (A R AE S X 8 Fib& 9 il f s LA T
RN, [ER] AREEAMER . MR AR AR RS E D 828 15 k&Y, WG 6
el Zs . 2P . 2 RO EEZE . L FASS . L RIERESS | L RIS | FREEEA | MPERZE . EAG IRE0E
R, AEES X 8 Fb G WESH EAG RN, HAFELRYIN . [FFh & YA R H ) EAG S
FAEZESE . R RNIRIEE . 3.4- T E-6-Z KW . 2,3- " ER ZHIAT 2,6,10,14-PU UL L b 4
FER YN EAG ICVABXHETE | pg/ul BERIRAK, W2, AIJFuems | | BB IE U5 4 FERYr
EAG RV AHXMEAE 10 pg/pl BEAFIER K, 1N BER R, ARES G H . st 2,3- 3k
KA I R, SRR KT 70%, Xt 2,6,10,14-PUH bk, 25 AEIFuEME | ELEAIE 1
VUt 5 Rl 4y 2 B 2 3 oo (B 2 A BIRGRE SR | X 3,4- B E-6- 2 IR AR Be R R B T M L i 22
S, HERXT 3,4-TH3E-6- LR R WEE R M, XTIRBENE RIS 2 A IR, T RO X 2
MEEWHTHE RN, [ Eig ] 23-ZHF RN RS AR . MR 85 HBRUR,
2,6,10,14-PUH B -Hbe | 28, AFFwEmE | IE T VOGe R E B Bom i SRR R, DY 2,3- H BREOR 2
H ARG A REF BRI ARA .

KW HEMLBR; HRY; GC-MS; EAG; MUt Akt

| dentification and bioassay of components of the aggregation
pheromones of Protaetia brevitarsis L ewis

LI Ming-Jie” YU Hai-Yang HU An WANG Wei-Long WANG Shao-Shan”""

(College of Agronomy, Shihezi University, Key Laboratory for Oasis Agricultural Pest Management and Plant Resource

Utilization at Universities of Xinjiang Uygur Autonomous Region, Shihezi 832003, China)

Abstract [Objectives] Effective components of the aggregation pheromones of Protaetia brevitarsis Lewis were identified
to facilitate the development of green methods for the prevention and control of this pest. [Methods] Volatiles from females,
males and both sexes were collected using the dynamic headspace method and identified with GC-MS. An EAG and Y-type
olfactometer were used to test the EAG and behavioral responses of adults to 8 compounds. [Results] 15 compounds were
identified in the volatiles collected from females, males, and both sexes, the main components of which were 6 alkanes, 2
phenols, 2 aromatic hydrocarbons, 1 alkene, 1 pyridine, 1 amine, 1 alcohol and 1 ketone. EAG and behavioral responses of
females and males were significantly different to the same concentrations of different volatiles, and to different concentrations
of the same volatiles. Relative EAG values to (-)-Isopinocampheylamine, 3,4-Dimethyl-6-ethylphenol, 1-(2,3-Dimethylphenyl)
ethenone and 2,6,10,14-Tetramethylheptadecane peaked at 1 pg/pL, whereas relative EAG values to naphthalene, benzothiazole,

thymol and tetradecane peaked at 10 pg/uL. A choice experiment showed that >70% of females and males were attracted to
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1-(2,3-dimethylphenyl) ethenone, but that a significant, or very significant, number were repelled, by 2, 6, 10, 14-

tetramethylheptadecane, naphthalene, benzothiazole, thymol and tetradecane. Gender differences were apparent in the

responses to 3,4-dimethyl-6-ethylphenol and (-)-Isopinocampheylamine; males were significantly attracted by 3,4-Dimethyl-6-

ethylphenol and significantly repelled by (-)-Isopinocampheylamine, whereas females had no obvious response to these 2

volatiles. [Conclusion] 2,3-Dimethylacetophenone is attractive to both adult female and male P. brevitarsis, whereas

2,6,10,14-Tetramethylheptadecane, naphthalene, benzothiazole, thymol and tetradecane are strongly repellent to both sexes.

We suspect that 2,3-Dimethylacetophenone is the active component of the aggregation pheromones of this species.

Key words Protaetia brevitarsis Lewis; volatile; GC-MS; EAG; olfactory behavioral selective

H AL 48 Protaetia brevitarsis Lewis J&
# H Coleoptera 4 faFl Scarabaeidae 1£ 4 V. R}
Cetoniidae, ZH% . A, b FRFEZHMR
BRI EE AR ER, BNz, 758
Jeir AR TR BRVE . A A S A
EFRE N E P W . HA . sAEEAE E IR A
i (RPESE, 2015) o FEAESRLILHE N E
BARMAEY IR, FoAKZFERIK 50%, #HA
SZERIK 20%-40%, o HU A A= v W I AE A
SRS A, (G R A TR 2 5
SEORSAR R (P45, 2009) , FEWRD
RGN 5T, QARG H RS
SN E TSR

ERFEER, M FEERMREFEROH
FTZ 54 . RO R IR B H A 1] 1) 22 i
(Liu et al., 2020 ), fEEEEARRE, 74
BRI BT 6 B OB B AR, Sk
FORHGRIA L, 5B R AR X B T i A
( Sampson and Kirk, 2013 ) . S5¥E(5FEEMLL,
REFERNREZAE, Mid, M Ay fuifne
A TR H B R, ZEFEREFERH
M= A SPPEYIA WG T, FEE AR E
AT T EA RNy (5%, 2002) o F
HEREERMER BRI HE Sl 7 —F
B LR E IR ROR (RS €4, 2010) o FiE
SR 2013 )& BLLL =42\ 15 /INak Ips typographus
LA R A B R R B A 2-H JE-3-T ) -
2-FEAHOF O A B 15 A2\ i/ INak , PRI R B4
FEE R IA 200 m DL b, BRI 9 000 223k %
FREEE (2010 ) NIBILAA AR EES: Pissodes punctatus
T B J5 i AR 2 rh o3 B 5 i R i — P R
HEEEE W 2-FRGIE- A TR OB, 29

JoT B A |75 70 B XA 1L P R B A B Y
SIERCR , 52 EAEYHE R YR A AT RER]
R AR FAYAE LY A ROR AR KR4
4, Holotrichia oblita T J5 I7Hp %5 i ii-9-
N7 BE TN TR -9+ 7\ Jeis T 7 — 2 Wik B %) A
AU REHE 4 FlfE | B B A A B 5 A RCR (2%
T4, 2018) , R HE A RERF B REE N
—SORE BE.BEL TN OBR. RREMAY (LHE,
2002) , FEERE O AT RE B EY
YE A, BIIANERLE R 48 Oryctes rhinoceros
REMFEERN 4-WHERR . 4-WEEFER R
4-WILBERR 2.6 (Hallett er al., 1995) , LW
24 f8, Oryctes monoceros BHEAG B R Ny 4-H Kk
MR ( Gries et al., 1994 ) , FEf: FE 46 Oryctes
elegans RAEA(G B E N 4-H FL-£ R Rochat et al.,
2004) .

Hagxt 1 R AL & s Z4E A Y
FRE ( E 0%, 20115 EPEFI%E, 2018; ki
&, 2020 ) | A AP AR (SRESE, 2017
EHFHMED, 2018) | 250506 (R PHEE,
2015) | A EMEFEREIE (BN, 2020) . K
B ( EPEFTSE, 2014; XM, 2020 ) %%
DT, KT R AR A f R S B R 7 H M5 A
XFEE D o B R A A R AR R B R AL
g7, Rk GIERIR T & BA IR 2R SR
S AR R shB TS FRE A B IE S AR E
HRY), it GC-MS. EAG KA1 AR IE ,
SIS E AL R REIE LY ST, IRFENT
B A AR B TN ROV ARG, LA
WA R GRREFERY L, ARERFE
REGIER BT K& 57 FAEY R D
PEALHEIS SRR



+ 902 - R B 244k Chinese Journal of Applied Entomology 58 &

1 #REFE
11 #ilEHR

PR ACH A RS S H, RAAN TR
2R AR AR LRV Al ( 86°3'24"E, 44°18'45"N ),
W5 R AR R 2 S s e L S, Y [ S0 2 AUl
HTHEE (45 emx33 emx14em) N, FrH &
TS AJEEBE S 5 om 1408, L)y fef S SR
IR o BEHUECHE BR A B R T

12 AERGREBREZWESERSTERE

KBNS TS VA WUAR R A6 4 f ol e | e
BURFERY), BT, 0 R4 g |
BCRYUBRAR PR 24 h, BEH 30 SKHEHL L 30 Sk
WERRERSAS 15 Sk B A = fifH, SRR
TR =S RACRHAGE: , W R E 4
WARIE R Y s DAARBATE ] Z: V8 09 = FA R AE A %
M, BAMER 3K, S Pajares 5% (2010)
B, RANE R L 500 mL/min 33 B i g H
RN AR, RERTE] 4 h, W N PoraPak
Q (80-100 H ; & NI IR 200 mg ) it
HIFE R DI 99.5% ) — AW e ( KUK EAG A1

TAHBRAR ) ved 3 W, i 1.5 mL, & T
- 20 °CUKAA T

W AR W4 W >R AR 6803 - o 3 B
B0 HT. GC-MS TAESMF: GC @ikl HP-
S5MS B4 (30 mx250 pmx0.25 um, Agilent
Technologies ), #AEE 1 uL, Joorimdiee . JEFE
FHREE 250 °C, FHEBFANT : A 4G 50 °C,
14 5 min, S8R5 Lk 5 °C/min BHETFE 150 °C
{345 5 min, FFLL 15 °C/min BEEFFE 230 °C
{443 5 min, ZJ5 L 10 °C/min B3 T2 290 °C
P57 2 min, BB EL, BERERE N 70 eV,
IR 30-500 amu, AR HEA 1 mL/min.
3 REE, 1A (LL99.5%1) A kel
2 ERTIR ), Sl GC-MS B T B4 br, %@
W T R R 1A
1.3 #ik#ELZY

AR AR S L2 1, FIE S b @
Pl KT AR R AAR ) K e A 8 AR
WAL AL E N 3 DMRERE, 2008 0.1, 1
10 pg/ul, FHEAFT 4 CUKFERIH (K1
G RR 2B AR HES BRI, A Tk A A AL
AWy, HALECE 10 ug/ul ).

x1 ATNEBE#cRMARMRNMNIRELESY

Tablel Standard compounds used to determine the electroantennogram response of the Protaetia brevitarsis

Frs [aeg?] CAS 5 i g P31
Code Compound CAS number Purity (%) Source
I JRJEME(-)-Isopinocampheylamine 69460-11-3 950 KU
% Naphthalene 91-20-3 99.5 K AA AR
ZKIfWEME Benzothiazole 95-16-9 99.9  Sigma
3,4- " HH-6-Z 3K} 3,4-Dimethyl-6-ethylphenol 2219-78-5 99.9  Sigma

2
3
4
5 HHEE Thymol

6 2,3-"HHEIR LM 1-(2,3-Dimethylphenyl)ethanone
7 IETH%E Tetradecane

8

9

2,6,10,14-PUH FE4-E 4% 2,6,10,14-Tetramethylheptadecane 18344-37-1

JRHR 2 BE Ethyl valerate

§89-83-8 99.0  Dr. Ehrenstorfer
2142-71-4 98.0 N E AP RN
629-59-4 99.5 TCI
1 mg/mL HZE
539-82-2 99.5 Macklin

14 ffBANE

ST (2006) K2 R4aE (2013) 1)
D7k, VEBUEEREE R A H AL A R, B AR

filffy, WY RO, DIBR A R im A
SRJE R DI kg S B0 L [0 5 AR HLA L 4
UG, WE EAG (R 9ilRRHE, LR
ERAR GRS
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P 48T 40 mmx 5 mm ) 45K, I
PrEm v o, WP 10 pL AP &
YA e IR 4R A b, SRS 1 mL B2 AG
FESk N, FF 20 s J5 FFAR RS , A Sk BE 25 kA 1 em,
Freeihidras S 600 mL/min, S
500 mL/min, FELIE] 0.5 s, Al e P30 A]
1% 60 s FAR il ff 1 72 25 20 I WL e b 2
HE) J5 - XoF HEURE & - 157 I 2 00 - 4 5 L) o 14
U AT, DA i ff 220 2 25 15 R s R R

S, FRE & P IUT BEALA I . 27 LAIE O e
YERXTIR, 10 pg/ul SRR SRR MbrifE S IRy
BT, BEFERYIME . MERCRAES 7R, Bk
HOH 1 AR flA

EAG AHXT 5 b {5 0L A 2K

EAGHIXT [ MAE =

R DU &t S5 AR — S5k R o e i A

P2 [ S S AR — o HERE i S A

15 TARMME

SMAEEE (2018) Fik, H “Y” BRI
A AL A Xt 8 FELWIIAT RN o
VEARET IR AL 40 mmx5 mm FY T TR RS, 5 ) 4
KRB RN FERFEES 10 pL FHEIIELACSK
e TBCE TN — SRR s D — ik
A RARBUE bt (ilal ) mugtsqE Xt
W RIS AR R E O 500 mL/min, MIE
T3 em AR AR A BE . MR, BRRIE
AME A S E A 1 Sk, 2 R AT A P s
1 min UL, WK E Mo & mEEss; M
FFERTET 5 min NS B AE AL, DA TEiE
PERR o N T e sz MR 7 L R 7 vp
WA I SRS, BEA S SkoME el e, B
PRUR S BRI B AR 30 SkfE sl e, 8
Bopr Y B, RERMREINAE S AR R AR 4
. HERURA 60 Sk, AT (R AL AU DLk AL
B 24 h, B/ Z IREEIRE M, ARG A
MR AT, SR E 6W LED & 4T#4E .

PR ST IFIE: Viihriee 23 5a u - MI/AS:
( JEAESE, 2009) -

SRV =
PRI O + e
NIENEERSEA

x100%

x100%

SRR =
PRI A o0
PRI A + PR Ul
R R g =

DRI I S e - R R R
M RER R B R + e IRV R &
PFERBORT 0, Fon bl B fo e &
YAk, (EBOR, FonErEseg, PPt R0
KIEHR 15 sFERECE/NT 0, W R IR R
XA 5 YA HCREE o

1.6 HESH

IO KR K Excel 2019 Giit %3,
SPSS 20.0 #ATEMHE 54, AR 2R J7 2250 B
Duncan’s 2 5 RS0 R AL S M | TR R
XA LY Rl —$ R YA R E EAG U
AEXHELY) 22 57 3k, IS AR T-H 56437 11
FEAC A M | R R RO W] — 35 % 1 A TR e B
EAG SJS AN E R 22 S 8 0 2 s T
FURAE A falfE | s VAN R R WA T i £
W o

2 HRESHMH

21 BERSAEKREZWRS ST

FUR AR e R | e URIMERR S 45 A o
W BURSY B E B IR 2, 18 3 AR R Y
HER TS E 8 36 15 Mk G, Hirhhekesk
Yoot 6 Fl, EyZRMT 2 B, JFEREZRYIT 2 A,
MR | B, ERESRW I 1 Bh, MR 1 b
BEEMII 1 A, MBI 1 A [ — BB AN ]
R S AT 22 5, o I7 e e i
R, SERYESET 60%L .

22 BEUEEflE, HERHRXT 8 MIEZWH
EAG KRz

1AL A Fa A | R R O 8 Tl R 1)
EAG WAAEM 25, HFEFELYA R
JEMWAATE R 25 (£ 3), HELS AR
STHeE R 0.1, 1 110 pg/ul By 3,4-—H 3t-6-2,
FEORWY, 1 pg/ul A1 10 pg/ul 25, ZRIF-mEmE |
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Table2 Volatile components of Protaetia brevitasis

15 B4 Bt i) AR (%)
F%  (min) ¥R 2R Ab 25 CAS = Relative content
No. Retention Volatile Formula CASnumber gt ik MRS

time Male Female Mix
1 11.91 6-30 T 3-2,3.4,5-PU S ML CoH;7N  90949-17-0  3.67 3.74 4.48
2-tert-Butyl-3,4,5,6-tetrahydropyridine
2 1270 1,3,8-B-3 H A =4 1,3,8-p-Menthatriene CiHis  18368-95-1 4.46 3.78 3.50
3 1430  2,4,6- =A% %E Decane,2,4,6-trimethyl- Ci3Hyg  62108-27-4  1.31  0.85 1.40
4 1444  JR%EME (-)-Isopinocampheylamine CioHpoN  69460-11-3  1.54 2.24 2.40
5 16.82 %% Naphthalene CyoHs 91-20-3 28.38 22.75 2031
6 17.40  2,5,9-—=HHZLE 2.5,9-Trimethyldecane CisHyy  62108-22-9 592 4.64 2.82
7 17.57  1,1-Z 4B+ %8 —F% 1,1-Dodecanediol, diacetate C,¢H300, 56438-07-4 1.37 0.76 0.86
8 18.05 ZRKIFWEME Benzothiazole C;HsNS  95-16-9 31.72 4143 47.06
9 18.74  3.4-—Hi3t-6-2Z LI 3,4-Dimethyl-6-ethylphenol C;oH;,0 2219-78-5 1.17  0.90 0.87
10 18.99 HHH Thymol CyoH;4O 89-83-8 238 1.85 1.48
11 1923 2,3-"HIHIK LM 1-(2,3-Dimethylphenyl)ethanone CjoH;,0 2142-71-4 126 1.30 1.26
12 2026 2,6,8-—HHZELE 2,6,8-Trimethyldecane CisHpy  62108-26-3 256 2.46 1.87
13 22.92 1E+PU%E Tetradecane Ci4Hyy  629-59-4 795 7.47 5.25
14 9548 2,6,10,14- P4 H 3+ kx CyHyy 18344-37-1 4.66 4.20 5.06
2,6,10,14-Tetramethylheptadecane
15 28.53  6-£FE-2-HFEZEJE Decane, 6-ethyl-2-methyl C;3Hys  62108-21-8  1.65 1.62 1.37

2,3- " HILFE LT EAG KW 25 5% ( P<0.05 ),
IRLERE . A BBy . IEHUEER 2,6,10,14-0 H 5L
Bkt EAG OV AHXHMETE 3 R EE T o 52
55 AL AR X 3 MRER 2,6,10,14-
POH JE+-EdE, 0.1 pg/ul A1 1 pg/ul JREEHE |
FEFEEME | 3.4- T H F-6-ZFEFEWY, 1 pg/ul A
10 ug/ul 25, A HEY, 0.1 ug/ul £ 10 pg/uL 2,3-
THEIK TR EAG [N R B (P<0.05 ),

P AHEE | i B 0T IR A ) EAG U0,
TEVCE Y 3 MBIV R RE v, R ARG fa i 1k
HXF 3 AR ERY 2,6,10,14-PU B R E %
0.1 png/uL WITRBERE 25 . 3,4- — H FE-6- 2 FEIK W |
0.1 pg/uL Fl 10 pg/pL BYZAFFEEME | IE-FPUkERY
EAG W4 TRER; F R4 UERL T 3 4>
TG e B A T BLEY AN 2,3- I LR 2 | 1 pg/ul
10 pg/ul MITELERE . 250 3,4-—H Kk-6-2, 3
PR 1 pg/pl R FFEEMEFIIE + PUBER) EAG
VR i O

[ A5 A TEAR RN BE T, 1 AR 4 Fr e 1
W HERCRE EAG ROVAFTEER B 2R, H
B 4 f ME R A M R R YT 0.1 pg/ul 1Y
2,6,10,14- P4 B B + L &g ( F=4.72, df=14,
P<0.01), 1 pg/uL %5 ( F=0.96, df<14, P<0.01 ),
10 pg/pl 1Y 2,3- AR ( F=0.00, df=14,
P<0.01) 1 EAG W25 25 XF 0.1 pg/ul
1 3,4- " HEE-6- B Wy (F=2.01, df=14,
P=0.02). 1 pg/pL JEkifE (F=0.89, df=14, P=
0.04 ) FIAEFFmEME ( F=11.88, df=14, P=0.03).
10 pg/ul AHE (F=2.78, df<14, P=0.01) i
EAG 2503 FALS A, MR Xt
BIERYHAWER EAG RV ERARZE, 8
FHELEYIN EAG RN E5R BR, HEALLS B
B HERCHT 1 pg/ul BOYRBENE . 3,4- T k-
6-L Ry . 2,3- IR A . 2,6,10,14-P4H1
FeELER 10 pg/ul ZE . RIFEME | T
TE A PUBEA Fe e A ik P A B
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x3 BHENESAM. EREN SMIELYARREN EAG KA
Table3 EAG responses of female and male adults Protaetia brevitarsis of the 8 kinds volatiles

EAG HIX B HE (%) (mV)

PN e i
e W (ng/ul) Relative EAG values (%) (mV ) P
Compound Volatiles density ( pg/pL ) - -
HfEH Female HEH Male
0.1 99.78+4.43a 97.52+20.20Bb 0.916
WERER . 1 116.06:15.88a 162.03£12.55Aa  0.039*
(-)-Isopinocampheylamine
10 86.85+15.16a 118.86+9.10ab 0.092
0.1 114.21+£14.26ab 111.48+12.05B 0.886
P
- 1 80.76+7.96Bb 186.26+10.23A 0.000**
Naphthalene
10 145.36+15.48Aa 183.44+18.81A 0.140
0.1 123.88+17.67ab 96.91+12.88b 0.238
Kﬁ%% 1 80.76+6.16Bb 147.95+£25.07a 0.032*
Benzothiazole
10 144.73£14.46Aa 123.05+17.34ab 0.354
0.1 133.90+14.08ABa  87.40+10.27b 0.018*
— B T\
3,4-iﬁ3%-6-1%2&@5] 1 145.51£24.95Aa 161.88+32.00a 0.693
3,4-Dimethyl-6-ethylphenol
10 60.73+£18.01Bb 123.954+23.58ab 0.051
0.1 145.42+30.24a 164.43+34.06ab 0.683
AR 1 105.46+11.38a 131.07+7.75b 0.084
Thymol
10 104.42+19.61a 210.10+30.85a 0.012*
0.1 82.90+12.46ab 105.11+13.63b 0.249
2’3_*?%7";&@@ 1 109.93£13.04a 133.53+11.14ab 0.190
1-(2,3-Dimethylphenyl)ethanone
10 68.14+10.86b 154.43+11.40a 0.000%*
0.1 152.02+25.39a 104.66+13.42a 0.128
Pk 1 136.06+33.09a 143.94+11.74a 0.826
Tetradecane
10 149.98+16.00a 137.45421.20a 0.644
0.1 148.10+£18.49a 78.94+6.11Bb 0.007**
iz
2,6,10,14- P e 1 200.62+31.70a 189.51+15.89A 0.760
2,6,10,14-Tetramethylheptadecane
10 164.91+29.75a 123.03+15.24Ba 0.238

Fh EAG R AIHE A EARER 2 RIFVEER G RE R RN S K S 8550 5 38R R E & YA Rk
TE P<0.05 Fll P<0.01 /K- L2255 B3, *Hre43 0 R A BAC S e R . ME R O RIFE R YRl —R T 4 TR
1E P<0.05 F1 P<0.01 /K F2E R 2,

The EAG is meantSE. Data with different small letters and capital letters indicate significant difference of concentration of
the same volatile in P<0.05 and P<0.01 level, respectively. * and ** indicates significant difference in EAG response between
female and male adults of P. brevitarsis to the same concentration of the same volatile in P<0.05 and P<0.01 level by 7-test,
respectively.

T4 o duxt 2,3- IR 2B ( =9.62, df=1,
P<0.01 ) R B WA, BEEE I N Ik
70.91% (& 4), SXFHEAH 22 Sk B0 0 250K
ey Xt 3,4- T R-6-ZFEFEW (=179, df=1,
P=0.18 ) MRk (=0.29, df=1, P=0.59) K

23 BERSBNARBEZUNITHERERRE

VEFE 8 P K Wy v A B M A A A SR
FrfrhoniizE (1), SRR, HRAE
XX 8 R IR —E w1 R
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T AR, BRSO R 41.07%
F1 53.57%, 55 %F FEAH b 22 S A8 3 5 % 2,6,10,14-
PURASEBhe . 28, ROfFmEme | I DUke R B
Py 241 3¢ PR H A S BORE T | 5 0k HR M HE 22 Sk B i
B KO (2,6,10,14- P9 HE L+ L
1=5.40,df=1, P=0.02; %%, x*=7.48, df=1, P<0.01;
FIFWEM: =928, df=1, P<0.01; 1E+PUkz,
¥=16.67, df=1, P<0.01; T HB, y=22.27,
df=1, P<0.01) , BEEERFHIN 35.00%.
32.20%. 29.83%. 22.22%FH 18.18%. [ 24E4
e 2,3- T H K R (°=14.00, df=1,
P<0.01) F1 3,4-"H3E-6-2IEKE (=441,
df=1, P=0.04) PRI BRI, S5
A HE 25 57 38 3 6 3 mhop S KO, R R R

A
2,3-—FFIK M 1-(2,3-Dimethylphenyl)ethanone
3,4- " HI3-6-2. EE R 3,4-Dimethyl-6-ethylphenol
JEBERE (-)-Isopinocampheylamine
2,6,10,14- P4 F F~+H %% 2,6,10,14-Tetramethylheptadecane
Z% Naphthalene
I BEME Benzothiazole
IE+PU%E Tetradecane
‘B BB Thymol

33K 70.00%F1 63.79%; FFIEKERE | 2,6,10,14-
DU A-Ebe . 25, JRIFMERE | IE+ PUke AN E
FL T A B B ROk, 5 R A L 25 R ik
) g 2 b KO (YRkENE, 1*=6.33, df-1,
P=0.01;2,6,10,14-PU I 3L 4t , »°=10.59, df=1,
P < 0.01; Z%, =633, df=1, P=0.01; #JfuE
W, #=19.11, df=1, P<0.01; i+ DUkt, *=5.07,
df=1, P=0.02; 71 B 1, x*=10.67, df=1, P<0.01),
TR A3 50K 33.33% ., 28.81%. 33.33%.
21.05% . 35.09%F1 27.78%. %& FJrk, 2,3-
TR IR LR R A 4 M A R 3 A
WERGIEER, M 3,4-—H -6-2 HEHEEL
X R AR 4 o e AT P B S AR, HE X
N

1 A3 Treatment [ %fH#& Control
| 39116 | **
| 23133 |ns
| 3026 Ins
| 21139 |*
| 19140 | **
| 17740 | **
[ 12742 |**
[ 10[45 | **

1 1 1 1

50

B
2,3- —HEIKZ 0 1-(2,3-Dimethylphenyl)ethanone
3,4- " H1H-6-2. FK R 3,4-Dimethyl-6-ethylphenol
JELERE (-)-Isopinocampheylamine
2,6,10,14-P4 B F++ %% 2,6,10,14-Tetramethylheptadecane
Z% Naphthalene
K IFFEME Benzothiazole
1E+PU%E Tetradecane
‘B B Thymol

40 30 20 10 0 10 20 30 40 50
iR B E(E Number of test insects

1 AbFH Treatment [ X Control
[ 214 |**
| 37121 |*
I 19138 |*
| 17142 |**
I 1938 |*
[ 12745 | **
| 20]37 |*
| 15139 | **

1 1 1 1 ]

50

40 30 20 10 0 10 20 30 40 50
iR %5 Number of test insects

E1 BE%EflE (A) # (B) BHEX 8 MELMIITARER MK
Fig. 1 Behavioral selective responses of female (A) and male (B) adults of Protaetia brevitarsisto 8 kinds volatile
P B FoR 1B AR A U R B s+ R R A B S X IR Z ) 4 2 KRB AE P<0.05 I
P<0.01 /KF L2FBE, ns R FRBLSRERARE,
The numbers in the figure indicate the number of test insects selected by the P. brevitarsis. * and ** indicates

significant difference between the treatment and the control at the 0.05 and 0.01 level by »” test, respectively.
ns indicates no significant difference by the results of the y* test.
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*4 BEESRLE. ERRNAEELZWNITAEREREZE
Table4 Behavioral selective responserate of female and male adults of Protaetia brevitarsis to different volatiles

R el KR (% ) RN (%) HEEERE
Volatiles Sex Response rate Selection response rate  Selection coefficient
2.3-— HIEL 3 7. i I it Female 91.67 70.91 0.42
1-(2,3-Dimethylphenyl)ethanone T Male 93.33 70.00 0.50
3.4-— H Ho6-7, B B . Female 93.33 41.07 -0.18
3,4-Dimethyl-6-ethylphenol T Male 96.67 63.79 0.26
Jiff 1 Female 93.33 53.57 0.07
ﬁ‘E‘EHﬁ(-)-Isopinocampheylamine ‘
Jife 1 Male 95.00 33.33 -0.33
2,6,10,14-Tetramethylheptadecane  Jf: it Male 98.33 28.81 —0.42
o I i Female 98.33 32.20 -0.36
%% Naphthalene i
T L Male 95.00 33.33 -0.33
X M Female 95.00 29.83 ~0.40
JRFBEME Benzothiazole !
Jife 1 Male 95.00 21.05 —0.58
I i Female 90.00 22.22 -0.56
1E -+ PU%E Tetradecane .
JfE 1 Male 95.00 35.09 -0.30
B L Female 91.67 18.18 -0.64
H B Thymol )
JifE L Male 90.00 27.78 —0.44
3 it 2007) o EAG LKW, BRI, HEaL

BB SRR &R ZRER
FMREFEER . MEEER, 2RAMHTHAA
PRI A I P 0, FE R HUSSE . 7=
FHREYE RS EEEHNEIFE, 2018;
Serrano et al., 2019) . HEi% 4 TREBEEE
BRWFRED, RADEIUMgHE, A28
£E P TEJR 4t R Gries et al., 1994; Hallett et al.
1995; Rochat et al., 2004; ), Af5EiE 1+ GC-MS
X TR 1 AR A Ml | SR R A
MFER DT TS, M RILT 8 25 15 Ff
&Y, RIEERZE | B3E . RIS mE.
MEREZS | Wes | BEISRER2EY) 5, FLXsed) iire
O L ORI HOR A R R R B, A
SYTAE = H RS AR, P SRRk
Y Eae, GRS EER 60%L 1,

fi A A R HUBAZ A5 B B R AR R,
XTSRRI, B A A5 R S PR
s AR A SR EZ/E A AME B (Matsuo e al.,

Hoxt 8 PR LY 3 MREEYIA EAG )i, TE[F
—WREETS, RS RME . HER T R R )
MRV —E 255, XSRS RS
e R A S AZ AR RN G (BT,
2019 ), EHFHEHT, B HRXHE LY AFTE
VR BRMEL, XA (AR i A B B He %)
FERDIM RN R TR ( EEEAE, 2009; 2R
4, 2019) o FE 8 MR, HELE AR
filie . 3,4- "W IE-6-2 508 Wy . 2,3-—HIIEIK 2
FR A 2,6,10,14-P0 HH 3L 6 4 FH¥E LY EAG
SV ARHERE 1 pg/ul BFA R K, X258, Kt
WEME | E ELE RN IE - POGE 4 FhE AP EAG J
REAHSHEAE 10 pg/ul Bk A, LT 4
(2005 ) LA 1B A6 4 f i i UV S 5 A U 15
WA EIEA G, K LUME AT 0 PES 15 R
YIREA B A R S R, v W R A4
e E | B B R YA RE RO M B R ELA 5 1A
AP £ EAE (1999 ) MAEIL K BEAME 4> fa hi
J& W T oy B S — Rl b B —R S, ]
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A R R I R A A e B R A5
WERCR, HAEYE B3R 101, RS
MAl g2 A S AREFERNASZ — A
I ARTE A EAAES BIERY T RIR R, Bk
BT 23-THEER O, fTNPER BN, —
FEVRFERY 2,3- - FEL 2K R 54~ 4 43 B X &
164 fa e s A HAA B R 5 1A VE o Hh ]
23-HHER TR A EASRREFER
AR T, REIRIIT IS | . Bt . H RS
AN SRICREFEZTNARF R R, o f
O [ b RS HU™ AR BKGREVE FH RO 5T, X a3 A5
(2020 ) iB, H RS BRI E KPR
VL, WOSAE SRR b AT IR 3 BKkE g R A RICR o ARt
FEABEI, TRy 8 Mgk, HEEEf
ME L BERC AT 2,6,10,14-DUFISEFLkE . 28, 0K
FFuEME | IE T PUBERE BB 5 R B R
5 B S T SRR SR, RN T R X S B )
TEHARK E T R BIMEH, (BX LY BT fE
H A AR EZ R8s, HTHEER
SRS NI
5175350 B9 BB e 5 EEAE T () R KA Y
WA IR, TR X T R A
Fe A T IR EEAEAL o ARBIFFEANHI 00 0 AL 4
faRAEEEE N 23- "W 2, BRI
o3 B B A 4 f b . AR B AT HAEH, B
AR NS R, 07 gk i — 22 55
k. FFEMEYHELYESRAREFERC) ZH
TE R, PIE TR LS B IH 3 o 7% HSCR
( Nehme et al., 2009; Pajares et al., 2010) ,
H O A X T B AL 4 a5 FAEYE R YA
Kb, CfE th—2eX) 1 R AL S T 85 15
YER R IR ) (32856, 2017; Ehafh,
2019) , B RARM O EASRAREGERS
TIRE R AT AR L, L = AT ik
I B 5 15, 038 ) )5 OR RAr 5|
WA, BT iEm A pr = 1 B e e A E KR
A S e S

SE#k (References)

Cai HH, 2020. Movements among hosts and control technology of

Protaetia brevitarsis Lewis. Master dissertation. Shihezi: Shihezi
University. [ZEX0R, 2020. 244 A HUR) 37 BRI A
AFERIT AR, BLAAOSC AT TR ]

Gong J, Chen L, Wang SS, 2017. Electroantennogram responses of
female and male adults of Protaetia brevitasis Lewis to volatile
alcohols and aldehydes. Xinjiang Agricultural Sciences, 54(6):
1085-1092. [3E4k, Briz, £, 2017, FEAES TR
FADFEL R i BAL SN TSRO AR, 54(6): 1085-
1092.]

Gong XF, Xie SA, Che XR, Lu SJ, Lu N, 2018. Relationship between
insect pheromone and host volatiles in green control and research
progress review. Shaanxi Forest Science and Technology, 46(5):
91-98. [WEJF, WA%, S, RN, AE, 2018 Rt
HRRSH EHEEYTESR ORISR T, B
MolbRHE, 46(5): 91-98.]

Gries G, Gries R, Perez AL, Ochlschlager AC, Gonzales LM, Pierce
HD, 1994. Aggregation pheromone of the african rhinoceros
beetle, Oryctes monoceros (Olivier) (Coleoptera: Scarabaeidae).
Zeitschrift fur Naturforschung C, 49(5): 363-366.

Hallett RH, Perez AL, Gries G, Gries R, Pierce HD, Yue J,
Oehlschlager AC, Gonzalez LM, Borden JH, 1995. Aggregation
pheromone of coconut rhinoceros beetle, Oryctes rhinoceros (L.)
(Coleoptera: Scarabaeidae). Journal of Chemical Ecology, 21(10):
1549-1570.

Hao SH, Li GZ, Zhang T, Zhang Q, Feng JT, Zhang X, 2005. Behavior
of the scarab beetle, Protaetia brevitarsis and pheromone attraction
effects. Chinese Journal of Biological Contol, 21(2): 124-126.
DRRRLLL, Z8)7 8, okik, skilm, MR%E, k%, 2005. HELE
SOAT R FMEE R HAT BRI FE AR, P EEYHIR,
21(2): 124-126.]

Jiang Y, Lei CL, Zhang ZN, 2002. The aggregation pheromones of
insects. Acta Entomologica Sinica. 45(6): 822-832. [#255, T
S, kAT, 2002, BRAEUREFER. BAUCER, 45(6): 822-
832.]

Li JL, Chen L, Liu CM, 2019. Olfactory and behavioral responses of
Solenopsis invicta (Hymenoptera: Formicidae) workers to cotton
volatiles induced by cotton aphids. Acta Entomologica Sinica,
62(5): 594-601. [Z&Je, BRar, XIKHA, 2019. L1 KT
FRAFF S R ALFE R W IS AT SO, B IR2A3T, 62(5):
594-601.]

Liu P, Qin Z, Feng M, Zhang L, Huang X, Shi W, 2020. The male-
produced aggregation pheromone of the bean flower thrips
Megalurothrips usitatus in China: Identification and attraction of
conspecifics in the laboratory and field. Pest Management

Science, 76(9): 2986-2993.



434 RS ARESARER SR EEE LGIFRCR - 909 -

Lu PF, Huang LQ, Wang CZ, 2010. Semiochemicals used in chemical
communication in the oriental fruit moth, Grapholitha molesta
Busck (Lepidoptera: Tortricidae). Acta Entomologica Sinica,
53(12): 1390-1403. [KEMS &, #FTY, FHH, 2010. ZUNE
O AbEE T E BT, B, 53(12): 13901403 ]

Li WZ, Yang L, Shen XW, Yuan YH, Yuan GH, Luo MH, Guo XR,
2013. Electroantennographic and behavioural responses of scarab
beetles to Ricinus communis leaf volatiles. Acta Ecologica Sinica,
33(21): 6895-6903. (B N4, HTh, HI/NIL, Rl JFEE,
B, WA, 2013, 5 fa HOXT BRI A 0 ) fid A HL AL A
1T RN, HEZSAFH], 33(21): 6895-6903.]

Li X, LiJY, Cao YZ, Yin J, Lan JQ, Li KB, 2018. Identification and
bioassay of aggregation pheromone componentsof northern China
scarab beetle Holotrichia oblita. Journal of Plant Protection,
45(2): 257-265. [&E, ZEgE—, WHEE, JHE, 2R, 25
K, 2018, AL RN U RS B R 1y s M S HT 1
RO AR EIR, 45(2): 257-265.]

Liu YL, Lei JF, Bai GS, Yan ZH, Pang LX, 2020. Occurrence and
prevention of Protaetia brevitarsis in cherry orchard in Guanzhong
plain. Journal of Anhui Agricultural Sciences, 48(6): 122-126.
XUHaRS, 4%, FIRRe, MG, PEsrik, 2020, G )R
PEREDE H AL SR TS NG. LR R, 48(6):
122-126.]

Matsuo T, Sugaya S, Yasukawa J, Aigaki T, Fuyama Y, 2007.
Odorant-binding proteins OBP57d and OBPS57¢ affect taste
perception and host-plant preference in Drosophila sechellia.
PLoS Biology, 5(5): 985-996.

Nehme ME, Keena MA, Zhang A, Baker TC, Hoover K, 2009.
Attraction of Anoplophora glabripennis to male-produced
pheromone and plant volatiles. Environmental Entomology,
38(6): 1745-1755.

Ning T, Fan JT, Fang YL, Sun JH, 2006. Changes in contents of
host volatile terpenes under different damaged states and
electroantennogram response of Monochamus alternatus Hope to
these volatiles. Acta Entomologica Sinica, 49(2): 179-188. [ 7Bk,
BERERE, TV, FMNILAE, 2006. ARG FAIR N A FibhimE
KWy i AR A R R O AR X LA A3 ) i L S B B
2£4], 49(2): 179-188.]

Pajares JA, Alvarez G, Ibeas F, Gallego D, Hall DR, Farman DI,
2010. Identification and field activity of a male-produced
aggregation pheromone in the pine sawyer beetle, Monochamus
galloprovincialis. Journal of Chemical Ecology, 36(6): 570-583.

Rochat D, Mohammadpoor K, Malosse C, Avand-Faghih A, Lettere
M, Beauhaire J, Morin J, Pezier A, Renou M, Abdollahi GA,

2004. Male aggregation pheromone of date palm fruit stalk borer

Oryctes elegans. Journal of Chemical Ecology, 30(2): 387-407.

Sampson C, Kirk WDJ, 2013. Can mass trapping reduce thrips
damage and is it economically viable? Management of the
western flower thrips in strawberry. PLoS ONE, 8(11): e80787.

Serrano JM, McElfresh JS, Zou Y, Millar JG, 2019. Identification of
aggregation-sex pheromone components for a “living fossil”, the
false click beetle, Palaeoxenus dohrni Horn (Coleoptera:
Eucnemidae). Journal of Chemical Ecology, 45(4): 366-370.

Suo ZY, Bai M, Li S, Yang HD, Li T, Ma DY, 2015. A geometric
morphometric analysis of the morphological variations among
Chinese populations of Protaetia brevitarsis (Coleoptera:
Scarabaeidae) with an inference of the invading source of its
Xinjiang populations. Acta Entomologica Sinica, 58(4): 408-418.
[RE, BB, 2905, WifER, 206, S, 2015 HEEA
FEAE A L BEAR S ) LT 25 2 0 BOHGT SRR A £ 0K
URHREIT. B4R, 58(4): 408-418.]

Wang H, Hao SH, Wang ZM, 1999. Seperation ang identification of
a botanic aggregation pheromone of a scarab beetle. National
Symposium on Research and Development of Plant Pesticides.
Xi'an, 124-127. [FH, ML, FIEW, 1999. —FiE 4
I RERNIE SEE. 2EMEYERZGIITRSIT AR
PHES. PE%. 124-127.]

Wang PL, Li XW, Rao XJ, 2014. Comparison of effect of different
attractants on Protaetia brevitarsis. Heilongjiang Agricultural
Sciences, (12): 79-81. [E#HI, Z/NJT, BaHElH, 2014, AN[H]
SIGERIX RS RS BBCR IR BRI R, (12):
79-81.]

Wang PL, Li XW, Gao P, Wen JB, 2018. The emergence and mating
behavior of Protaetia brevitarsis Lewis. Plant Protection, 44(1):
174-178. [E#AL, 2207, &I, R, 2018, HEESR
BB K A BOAT R, MDY, 44(1): 174-178.]

Wang RD, Wang SS, 2018. Olfactory behavioral responses of
Protaetia brevitarsis Lewis to 10 kinds of host volatiles.
Xinjiang Agricultural Sciences, 55(9): 1656-1662. [ LEiH, L
i, 2018, FURIER MR 10 Fhdf EHE LW GET T
SN BB R, 55(9): 1656-1662.]

Wang RD, 2019. Behavioral responses of Protaetia brevitarsis
Lewis to different volatiles. Master dissertation. Shihezi: Shihezi
University. [TEq, 2019. H 2L S BIAFELZD 1T R
BB, B2 S0 AW AR

Wang SS, Zhou TY, Liu Z, Chen B, Mao JC, Cheng J, Li GY, 2011.
Investigation on occurrences and damages of Postosia brevitarsis
Lewis in Shihezi. Chinese Agricultural Science Bulletin, 27(18):
288-292. [E/01l, JAKER, XL, MRk, BEA, BEFE, 2=HE
B, 2011, AT BAES R A N IRADIY. hER A



-+ 910 - R B 244k Chinese Journal of Applied Entomology 58 &

R, 27(18): 288-292.]
Wang X, Xu J, Shen YL, Liu FY, Du YJ, 2009. Electroantennogram

Yang L, Zhang GJ, Xu T, Zhang LJ, Li JL, Zhang S, Qiang S, Ma
DY, Liu YS, 2020. The effects of different agricultural organic

responses of Maruca testulalis (Lepidoptera: Pyralidae) to plant
volatiles and sex pheromone. Chinese Journal of Applied Ecology,
20(8): 1973-1979. [F &R, ik, th4hid, XU, fhikis,
2009. 7 HFIE S Al A AP R AR SR AL A
FAHA RN, A AR 2E4], 20(8): 1973-1979.]

Wang ZB, Chen YQ, Wang FY, Wang HH, Xu HZ, Li XP, Song

LW, 2013. Research on the application technology of aggregation
pheromone of Ips typographus L. Journal of Jilin Forestry Science
and Technology, 42(3): 24-26. [ ¥k, MRE, L4846, £
W, AT, RS, KA, 2013, ZRAK/MERERER
R HBARSE. HMMOLEHE, 42(3): 24-26.]

Xu JJ, Yuan Z, Liu ZJ, Liu H, Guo WC, Tu EX-AHMT, He J, 2009.

A study on host, distribution and occurrence pattern of Protaetia
brevitarsis Lewis in Xinjiang. Xinjiang Agricultural Sciences,
46(5): 1042-1046. [VFEEZE, 2N, XIHZE, XI4L, S0,
JRAh- BB 34, ATVL, 2009. [ REAES e A HAES X
MR A RO AL BTERR L RL S, 46(5): 1042-
1046.]

wastes on the biological characteristics of Protaetia brevitarsis
Lewis. Chinese Journal of Applied Ecology, 57(4): 946-954. [#%
W, BRI, AREE, TRIER, a2, Kb, e, D, X
ETF, 2020. AR APUEF YR A LS04 A
SEMAETT. B R HU2A4H, 57(4): 946-954.]

Zhou LM, Ju Q, Qu MJ, Zhao ZQ, Dong SL, Han ZJ, Yu SL, 2009.

EAG and behavioral responses of the large black chafer, Holotrichia
parallela (Coleoptera: Scarabaeidae) to its sex pheromone. Acta
Entomologica Sinica, 52(2): 121-125. [J5mitg, ¥fl, Wl
BRER, UM, BEA %, Bk, 2009. WERELS A0 HEE
SRR MR o A B AT N SN (FES0). B AR, 52(2): 121
125.]

Ze SZ, Yan ZL, Zhang Z, Ma HF, 2010. Identification and bioassay

of aggregation pheromone components of Pissodes punctatus
(Coleoptera:Curculionidae). Acta Entomologica Sinica, 53(3):
293-297. [, FlFse, iRHE, DHOY, 2010. LINAAE
LREFDRSEEEMGIERCR. BRRF, 5303): 293-
297.]



