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FE : A4 E XA Anoplophora chinensis 5| %7, K R 20 TS R M E MR Bric f 2k 7 ki
b7 37 Ak P 4 2 R A S P4 A (MG Citrus reticulata .5 % Melia azedarach % 11 ZE 4% Koelreute-
ria bipinnata Kk Casuarina equisetifolia .2 * 5 #p Salixxaureo-pendula) ¥ 3% % % , % JA A48 &,
-t #% (gas chromatography-mass spectrometry , GC-MS ) & A H K 3t 3t 475 2 Fe 47, KA A48
&, 1% fik /4 ¥ 1% (gas chromatography-electroantennogram detection, GC-EAD ) 3 F) 3 K fi# 47 &AL 40
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BAB G| A B R RAG AL RIBER DT, i W R B & o (£) A7 p-An il M \ 2B B-16 44 M e
o~ AR T AL A B R A ik A R A AR B, () -AT AR A A AR R AR ROy B L AR
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B T AL IR M Yot BB WAL St 2T 4 B R A0 51 AR 3% TR0 E4 .
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Principal components of volatiles from five host plants and electrophysiological and
behavioral responses of citrus longhorned beetle Anoplophora chinensis

Xu Tong' He Mi' Li Han' Lu Pengfei” Qiao Haili*

(1. State Key Laboratory of Efficient Production of Forest Resources, College of Forestry, Beijing Forestry University,
Beijing 100083, China; 2. The Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences &
Peking Union Medical College, Beijing 100193, China)

Abstract: To develop attractants for citrus longhorned beetle Anoplophora chinensis, key active compo-
nents of volatiles from five main host plants (Citrus reticulata, Melia azedarach, Koelreuteria bipin-
nata, Casuarina equisetifolia and Salixxaureo-pendula) of A. chinensis in Cixi coastal protective forest
in Zhejiang Province were collected, their components were identified and analyzed using gas
chromatography-mass spectrometry (GC-MS) coupling technique, and their active components were
identified using gas chromatography-electroantennogram detection (GC-EAD) coupling technique, and
the behavioral response of A. chinensis to volatiles of the five plants and seven active substances was as-

sayed using Y-tube olfactometer. The results showed that a total of 75 compounds were identified in the

JEGUTH - ER AR A (32371889) , [EZH s WA 114 (2021YFD1400900,2017YFD0600103)
*JH{5VEH (Authors for correspondence) , E-mail: Ipengfei224@126.com, ghl193314@sina.com
Wk H 39 : 2022-04-08



1298 iR/ B A= S 1 504

volatile substances of the five plants, which were divided into eight chemical types and three groups.

The composition of volatiles in different groups was significantly different, and there were either com-

mon or special components between different plant species in the same group. Terpenes accounted for a

high proportion of volatiles in M. azedarach and C. reticulata, which attracted A. chinensis. (x)-limo-

nene, y-terpinene, nonanal, f-caryophyllene and a-farnesene caused GC-EAD response from A. chinen-

sis. ()-limonene was a unique active component in C. reticulata. No EAD-active components were

found in Salixxaureo-pendula. The volatiles of M. azedarach and C. reticulata had stronger attraction to

A. chinensis, which was significantly higher than that to K. bipinnata and C. equisetifolia. Salix xaureo-

pendula had no attraction to A. chinensis. Anoplophora chinensis was strongly attracted by f-caryophyl-

lene and y-terpinene. Compared with individual compounds, the mixed substances according to the pro-

portion of components in plant volatiles were more attractive.

Key words: citrus long horned beetle; host selection; plant volatile; GC-EAD; Y-tube olfactory
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Ji€-o- P A T ORIk AR AR X 5 RS
B — o R B A o AR 3R N, e rboxt BTk i R AR
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A7 IR T T e B2 A 1 mol/L AYVATTRE s RS T T
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1.3 EBSH

K FH Excel 2013 2 SPSS 22.0 % {4 % 16 B s
HATGEAT AT, B R 7 A 6 XA B R AR I e
RPEATRE I, i Tukey 325 % AS [a) 4 9 ¥5 % 9 )
B HEAT 25 53 B S AR 50

2 FER55H

2.1 HEXSFSHHFIEVIZELYHGC-MSETE
2,11  FEHMIEL DR

253 GC-MS Z3#r, M\ 5 Fh 35 AR 5645 %)
H LY TE T TS AL G LRSS S bRk
WIS AR S R R AT AL G Y o A
7.5.8.4.20.4 6 F121Fp (1), MAMEIE LY L
YE 25 b A, Hoh EE N (18)-(-)-0-TK
I D5 REIE CTE () -FrH 1, 2- IR B AT
i, R BN 60.37%, A1 B o 26.67%

11.08% .8.97% .5.28% .4.51% F1 3.86% ; M\ 75 1R 15 K&
Py seE 25 Ak S, Hoh FE R a1 e
95 o IR M TBE BT M - R  E SRR 2- 5
P BE-5-F L TR A ik, S 3 50 51.69% , A 35 HE 40
K 13.15% .8.85% .7.15% .6.75% .5.91% .4.96% F1l
4.92% ; WA RRE A Py rh L8 E H 37 Fiik &4, -
T E BN KR L (R)-(+)-Frihis (&8 H
B 23 R AR IR ARSI OR p-2 W
s AT, S i 44.21%, X & 4
10.67%.7.49%.6.21%.5.65%.5.16%.5.06% F13.97%;
AR L1 ZERHE e P 2 e 1 27 Fib S o
BT T L a- 1R WS SRR | y-FA T Az -
3-CiFE O TREE IE T —%e M 3-CFIR ST, B i
H 52.17% , AR 243 0 R 11.59% . 8.98% . 7.92%
7.66% .5.54% . 5.38% 11 5.10% ; M 45 22 T 4% % 1)
R B T 30 Rk G, Horh AL R a-1E R
Wi p-A T AT HOR 4- IR 4B 2 HEH
75 SRR BT IRE R B , BA E
52.38% , AR E £ 3 0 N 13.01% . 11.75% . 4.99%
4.79% 4.69% .4.66% .4.43% F14.06%(F 1) .

®1 LEXRFSHFTEEVEFELYE GC-MS 5317

Table 1 GC-MS analysis of the twigs from five host plants of Anoplophora chinensis %
\ 22 "
s BB , " Amere dE T sy
G ) CAS % L&Y : . Salix> . .
Retention Casuarina Citrus Koelreuteria  Melia F
No. . CAS no. Compound R . reo- .
time equisetifolia reticulata bipinnata  azedarach
endula
1 1.349  000078-78-4 %45 2-methyl-butane 0 0 0 0 2.14+0.37  23.01"
2 2.459 000108-88-3 H!ZK Toluene 2.37+£0.74 0 0 0 0 13.26"
3 3.237 000112-40-3 + —%in-dodecane 1.43+0.4 0 0 0 0 16.76"
4 3.388 001120-21-4 1E-T—%¢n-undecane 1.71+0.68 0 0 5.38+0.37 0 50.02°
5 3.455 018172-67-3 (18)-(-)-p-TRk 2.63+1.31 0 0 0.77+£0.16 0 15.02°
(18)-(-)-f-pinene
6 3.455 000589-38-8 3-C\[i 3-hexanone 0.76+£0.21 0 0 0 0 17.76"
7 3.523 000111-66-0 1-°=4% 1-octene 0 0 1.16+0.48 0 0 3.92°
8 3.708 007785-26-4 (1S)-(-)-o-JEMs 0 26.67+3.23 0 4.5+0.52  3.12+0.80  62.36"
(15)-(-)-o-pinene
9 3.767 000111-65-9 IFf45% n-octane 0 0 3.61+£1.85 0.95+0.20 0 12.45
10 3.943  000095-47-6 1,2-—H 7 o-xylene 0 4.51+1.37 0 0 0 7.50”
11 4.292  000079-92-5 M Camphene 0 1.17+0.55 0 0 0 541
12 4.497 000098-82-8 Hliff 0 0 0.93+1.65 0.74+0.08 3.18+1.07 1.87
(1-methylethyl)-benzene
13 4514 019549-87-2 2,4- " HHL-1-Pidi 0 0 0.38+0.10  0.69+0.04 0 25.76"
2,4-dimethyl-1-heptene
14 4.882 000928-96-1 JIiz-3-CL - 1-F% 0.66+0.19 0 0 4.74+1.15 0 17.35"
cis-3-hexen-1-ol
15 5.105 005989-27-5 (R)-(+)-Frks 7.49+5.88 0 3.87+0.88 0 0 2297

(R)-(+)-limonene
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252 ) CAS 5 EY 3 . Salixx . .
No. Rete.zntlon CAS 1o, Compound Ca;ua;fzna‘ Cztrus aureo- Koe:’lr.euterza Melia F
time equisetifolia reticulata bipinnata  azedarach
pendula
16 5.225 000623-37-0 3-C & 3-hexanol 2.79+2.22 0 0 0 0 2.00
17 5.244 000103-65-1 IENA n-propylbenzene  0.42+0.09 2.74+1.15 4.43+124 3.33+0.73 4.96+0.64 3277
18 5.561 000611-14-3 4BZ FLHIHE 5.65+2.17 0.6440.46 4.69+1.00 4.3+021  2.84+0.59  12.76
2-ethyltoluene
19 5.623  000620-14-4 [A] Z FH 2K 0 0 0 0 2.65+1.05 445
m-ethyltoluene
20 5.676  000617-29-8 4 FLAFESL — KRk 6.21+4.24 0 0 0 0 2.69
2-methyl-3-hexanol
21 6.220 000135-98-8 T HH 0 0 4.99+1.02 0 0 11.43"
(1-methylpropyl)-
benzene
22 6.417 000100-42-5 #<Z.Hi Styrene 1.2120.11 0 0 0 0 163.20"
23 6.498 000123-35-3 A k4 Myrcene 0 3.76+0.72  4.06+1.15 0 0 8.51"
24 6.672  000300-57-2 HSTHAR 0 0 1.67+0.71 0 0 3.25
2-propenyl-benzene
25 6.828 000099-87-6 XfA:fEfe 0 3.25+0.88 0 3.63+1.06 2.32+0.67 6.26"
p-isopropyltoluene
26 6.843  000527-84-4 ZBSFANFEH I 5.16+4.45 1.43+0.30 0 0 3.23£0.78  21.50'
0o-cymene
27 7.025 007785-70-8 (1R)-(+)-o-JR 1.39+0.28 0 0 2294036 1.65+0.46  20.32"
(1R)-(+)-a-pinene
28 7.098 013877-91-3 p-% #ili)ds p-ocimene 5.06+0.54 111.39”
29 7.435 013151-34-3 3-F L5845z 2.84+1.20 7.14"
3-methyldecane
30 7.435 000589-34-4 3-F LT k¢ 0 0 0 0 1.53+£0.10 149.78"
3-methyl-hexane
31 7.824  001195-32-0 4-FPNMGHLH &K 3.01+1.70 0 0 0 0 3.95
4-isopropenyltoluene
32 8.160 000105-05-5 X} .24 0 3.53+0.29 0 0 0 178.86™
1,4-diethyl-benzene
33 8.519 000127-91-3 B-JE f-pinene 0 2.78+0.59 3.98+1.70 0 6.34"
34 8.570 000135-01-3 1,2-—Z 7% 0.88+0.18 0 1.37+0.29 2.38+0.74  4.90°
1,2-diethyl-benzene
35 9.099 000138-86-3 (=)-fr i 0 5.28+0.81 0 0 0 49.88"
(+)-limonene
36 9.671 003681-71-8 Jizl-3-C 4k LR Es 0 0.36+0.12 0 5.54£0.34 3.33+1.19  11.62"
cis-3-hexenyl acetate
37 9.686 000874-41-9 1,3- " FiHL 4.7 L 0 0 3.86+1.58 0 0 4.15'
4-ethyl-m-xylene
38 10.465 000099-85-4 y-FiH /4 p-terpinene 33142.02  2.32+0.65 0 7.66+£0.71  5.91+0.91 9.66"
39 10.688 000496-11-7 Eiiifi Indane 0 0 4.01+0.91 0 3.65+0.92 6.77"
40  10.761 000124-19-6 T-J% Nonanal 3.9740.26 8.97+1.28 0 11.59+1.36  7.1542.25  49.06”
41 12.098 003454-07-7 ZFEH 0 0 2.53+0.42 0 2.21£0.59 8.33"
1-ethenyl-4-ethyl-
benzene
42 13.345 001686-14-2 a-HE IS 0 0.37+0.08 0 0 0 24.69"
2,3-epoxypinane
43 13.521 000078-70-6 F5HiME Linalool 3.33+0.49 11.08+1.05 0 7.9240.22 3.7240.66  51.61"
44 13.940 003856-25-5 a-JEHs a-pinene 0 0.66+0.28 0 3.82+1.10 8.85t1.01  29.34"
45 14.455 000112-31-2 %% Decanal 1.97+1.16 0 0 0 0 397
46 14911 000119-64-2 1,2,3,4-PU% % 0 0 1.59+0.42 0 0 7.66°

Tetrahydronaphthalene
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252 ) CAS 5 EY 3 . Salixx . .
No. Rete.zntlon CAS 1o, Compound Ca;ua;fzna‘ Cztrus aureo- Koe:’lr.euterza Melia F
time equisetifolia reticulata bipinnata  azedarach
pendula
47 15.840 011028-42-5 FHHA Cedrene 1.52+0.13 0 0 0 0 168.79™
48  15.846 000469-61-4 (-)-a-HHME 0.39+0.13 0 0 0 0 12.38"
(-)-a-cedrene
49 17.382 016491-36-4 (2)-THR-3-C4lE 0 0 0 3.28+0.11 0 1025217
cis-3-hexenyl butyrate
50  17.973 000827-54-3 2-ZJ#ZE 2.03+0.44 0 0 0 0 27.28"
2-vinylnaphthalene
51 19.473 001076-56-8 2-5¢NJE-5-HIJEEIAFlE  1.3240.15 1.56+£0.41 0 0 4924207 1322
Thymyl methyl ether
52 20.545 000475-20-7 M4 Longifolene 3.20+2.15 0 0 0 0 2.97
53 20.687 022699-70-3 3-Z HLHEZ 0.81+0.19 0 2.16£0.69 5.10+0.59 1.67+0.19  14.56"
1-(3-ethylphenyl)
ethanone
54 21.526 004748-78-1 4-Z KEHE s 2.03+0.86 0 4.79£0.96 2.96+1.18 0 3.61°
4-ethylbenzaldehyde
55 21.527 034246-54-3 3-ZFHAEMEE 3.20+0.20 0 0 0 0 322.05™
3-ethylbenzaldehyde
56 22.346 000275-51-4 T35 Azulene 0 0 1.23+1.25 0 2.07+0.35 2.99
57 22441 003290-53-7 2-F 3L 3-FE-1- TN #5 0 0 0 2.90+£0.44 0 4591
(2-methylallyl) benzene
58 22496 022927-13-5 2-ZFEAEHIE 0 0 2.33+0.75 0 0 3.78
2-ethylbenzaldehyde
59 24.817 000782-92-3 4-( L BEASHL) A F b 0.58+0.23 0 0 0 0 7.91"
4-phenylmethane
60  25.641 000937-30-4 4-ZFHH 3.37+1.78 0 1.80+0.44 0 0 4.11
4-ethylacetophenone
61  26.643 000087-44-5 p-A1ks 2.6140.34 3.86+0.65 11.75£2.79 1.38+0.76 6.75+0.81 9.36"
f-caryophyllene
62 27.027 339154-91-5 y-Hi#5Hi y-elemene 0 2.51+1.31 0 0 0 422"
63 27.315 000502-61-4 a-3%:W 4 a-farnesene 2314027 3.40+0.93 13.01£1.32 8.98+2.49 13.15+121 14.21"
64  27.721 000089-74-7 2,4-— W JEH Z H 0 0 2.67+0.57 0 2224041 14617
2,4-dimethylacetophe-
none
65  28.454 010208-80-7 o-AK %G 0 3.30+1.21 0 0 0 8.61"
o-muurolene
66  28.588 000536-60-7 X 5P Hh H i 0.55+0.23  2.59+0.64 4.66+1.05 2.30+0.38 0 535"
4-isopropylbenzyl
alcohol
67  29.814 004602-84-0 ;WP Farnesol 0 1.17+0.74 0 3.00
68  29.824 077171-55-2 HEilidfimE Spathulenol 0 2.10+£0.71 0 10.27"
69  29.917 001139-30-6 % AbA 7Tk 0 0 1.31+0.47 0 0 4.85"
Caryophyllene oxide
70 30.881 023676-09-7 Xf ZAEFEA R 21 0 0 1.36£0.62  1.77+0.54 0 4.06'
Ethyl 4-etoxybenzoate
71 32.474 001009-61-6 1,4-—-Z W% 1.08+0.64 0 2.43+0.67 0 0 8.55™
1,4-diacetylbenzene
72 32.828 000118-60-5 KA Mg 10.67+0.68 0 2.89+1.07 0.94+0.19 1.41+0.19 41.91"
2-ethylhexyl salicylate
73 35.651 000084-74-2 4FHE W T HE 0 0 0 1.83+0.64 0 8.42"
Dibutyl phthalate
74 36434 005466-77-3 X H AR L A AR g 0 0 0 0.70+0.12 0 34.15"

Octyl 4-methoxycin-
namate
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£E3R1 Continued
\ Gt -
. (B y . A wE T e
i ) CAS5 G . : Salixx . ;
Retention Casuarina Citrus Koelreuteria  Melia F
No. . CAS no. Compound R . aureo- L.
time equisetifolia reticulata bipinnata  azedarach
pendula
75 36.808 001075-38-3 3-f T IEHIIE 0 0 0.49+0.14 0 0 11.31"
3-tert-Butyltoluene
11 Total 100 100 100 100 100

TR YRR S o F I+ FOR 28 Tukey BERLIGAE P<0.05 F1 P<0.01 /K F-22 5 W35 . MK GC-EAD fifPE# ikt

Data are mean+SD. * or ** indicates significant difference by Tukey test at P<0.05 or P<0.01 level, respectively. Components in

bold are GC-EAD active substances.
212 FEZHMBER DN E RS DT

i IR B A vy LMD DA 25 22 S b v, e 2
MO R B LR A JRR B 1 4 22 T 5 Fifr g
FAEY R Rk 17 A, 43 50k p-R T
I ME-3- O BE CRER o-IRM L (R)-(+)-F7H620 |
B-AI TG ot K WRS KRR | 4- LR T AT
SENFEOR BB s T | (£)-Fr B 7 R |

© o~ We M o-farnesene

n-

Q=pmene.

1,2-H 7 (18)-(=)-a-J K A T HEFANE 2K
X 17 FAL A oK S Sl R S R B R R R
37.15%, T EL RO S5 & W0 1) i R 232 R 28.33% (K]
D), 17 AR N 341, Horp & 22 NI FR R 3
FER R R T2 5 0 L 2R R DR e ) 5l T4
MG E Y SR R T (B 1) .

RSy

p-caiyophyllene

& 22 M Salix < auieo-pendula ?_(e%;ufhiy] salicyate
KWK Casuarina équisg(if;

(L 38 0 -Hmongne
4-FE 2 I B¥4-ethylbenzaldehyd,

LTk

eNnzene

Nonapal

3 A 432 Principal component 2 (28.38%)

1‘8%4(—)-%%%

o
1L A 31 46y -terpinen
1l ﬂﬁﬁkwlrculcrfi

SR Melia azedarag

© 55 BiRE Linakool

11
MHAECitrus retic

E IN Ag—)-a-pinene

-2 ¥J p-ocimene

fiKicis-3-hexenyl acetate

ilata

-3 -2 -1

0 0 2

= B4 1 Principal component 1 (37.15%)

1 LB XG5TEEEYELWNER S5

Fig. 1 Principal component analysis of volatile organic compounds of five host plants of Anoplophora chinensis

213 FEMHAMBELDORENH
REIERE ER i ai R —3(K2) .,
KR R4 22 MR N T4, 3 &5 A MXT & B e
B (R) - (+) - B 45 (3.87%~7.49%) . - 41 A7 ¥
(2.61%~11.75%) . o- 15 WS (2.31%~13.01%) 7K #%
iR F i (2.89%~10.67% ) F1 4- £, 3k 28 1 i (2.03%~
4.79% ) s E AR BE HHORF X B 2 A8 e 0 48 S P R O
(5.16%) B-% 145 (5.06% ) -1 (3.97% ) FN75 i fit
(3.33% ) 1E 4z 22 T Th ANAFAE 5 4 22 Tl il 4 26
bGPy AR 1 2 e TR R Y (P<0.05)

AR S R AN AR X
T A s A (P<0.05,32) . WHFI BT 1L 28
W3R TLAL, ¥ 878 A 4 v ) T 1 (7.15%~
11.59%) . y-FA i 45 (5.91%~7.66% ) = -3- C 45 I
ZTRME (3.33%~5.54% ) Fl a- KM (3.829%~8.85% ) 5 1
BRI AL A A 0 T L AR
[ (P<0.05) , Hert g4 445 (6.75% ) 125 (AR X
R s AR RS RS A EALE YA X A
PIHZ 2R RE (R2) . HHEERNERERG:E
BAEY), B IR A LA, 5 oA 4 Fh2F A5 K
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WA AR 25 A TGS A R AExT (o) -FP I G A i 415y, A 5 2 5.28%,
Fm T A AR T YT (P<0.05, 3K DSREEEA L, 2- T HURTERTARG b AR X il
2), Hdr(18)- (=) -a-TRE W AEX S mEB . B 20 11.08% F4.51% (K 1),
26.67%, 3 {5 T HAb 4 Fh 25 =AY H ) (P<0.05) ,
0.7 09 1.1 1.3
' ' ' ' (19)-(-)-a- T84 . FSHERE, 1, 2- 3K, (+)- 1785

(15)-(-)-a-pinene, linalool, o-xylene, (+)-limonene

Citrus reticulata
et

Koelreuteria bipinnata o-T8HE . BT . AR-3-Z 55 Z MBS . - PAI% . THS

s o-pinene, n-propylbenzene, cis-3-hexenyl acetate
Melia azedara% y-terpinene, nonanal
YNE | IKRRFERE . (R)-(H)-#7480% . WRRET K, [- B
Salix xaureo-pendula BRI o-tEWRNE | 4- ZEERFEE T R
2-ethylhexyl salicylate, (R)-(+)-limonene, o-cymene
RERE p-ocimene, B-caryophyllene, a-farnesene,

Casuarinra equisetifolia 4-ethylbenzaldehyde, (1-methylpropyl)-benzene

B2 LERGSHETEMERMPIRES T

Fig. 2 Cluster analysis of volatile organic compounds from five host plants of Anoplophora chinensis

R2 RERFSHETEVRFERYNEE

Table 2 Contents of volatile organic compounds of the twigs from five host plants of Anoplophora chinensis %
% Y =S [IFES LEES LS bk ke [[22S %ﬁﬁ%
Host Aldehyde Terpene Ketone Ester Alkane Olefin Alcohol Aromatic
compound  compound  compound  compound  compound compound  compound compound

AL 11.16+£0.32a 30.0£0.25¢ 4.94+0.02 ab 10.67+0.01 a 3.72+0.21a 1.21£0.05b 13.54+0.04 a 24.76+3.05 ab
Casuarina
equisetifolia
% 8.9740.51 b 55.7#3.02a 0.00+£0.00c  0.36+0.02c 3.61+0.7l1a 0.00+0.00c 16.94+0.31 a 14.41+0.82 bc
Citrus
reticulata

4 22 AR 7.12+1.01 b 38.91+1.04b 6.63+0.0l1a  4.25+0.01 b 3.61+0.62a 1.54+0.08b 4.66+0.81b 33.28+4.04 a
Salixx

aureo-

pendula

HINASK  14.55+1.21a 30.13+1.03 ¢ 5.10£0.01 ab 14.06+0.01 a 9.96+0.01 ab 3.59+0.06a 14.96+2.01a 7.63%1.01a
Koelreuteria

bipinnata

T 7.15£0.92b 42.6+2.01b 3.89+0.58b  4.74+0.51b 5.99£1.01b 0.00£0.00c 3.72+0.31b 31.91+4.03 a
Melia

azedarach

Fe P B R bR . WIS NG R R R 42 Tukey A6 56 25 5+ G 3% (P<0.05) . Data are mean+SD. Different
lowercase letters in the same colomn indicate significant difference by Tukey test (P<0.05).
2.2 HEXGISHBFEEWIELZMNGC-EADRRE 51 8 L8R FIARR 5 4 Fh 37 AP L Py xr 46
R KRR MG LD 2 T SO RN, BRFA WBEMLIFEEH (P<0.05 5 P<0.01) , Hrp
W, 3l () -FP R0 - Rl I p-a PR A BRI 2 Fh A A5 R YR R R A5
a-IE WM TR (] 3-A) s AR LR AR X B B LM AT , SRR3R0 83.74% H1 75.81% (11 4) o
FURBRE B4R L Y 7 A 4 W SR, Bl 2.4 SRR RGINTAAREN SUE T HIT A%

y- RS I T B T I - 1 R 5 L Ak (5] 3- 1E 7 RBREAL A PIBC 5 | AR R AR X B
B~D) ; #E R R A X 4 22 e TG fik AR i A S 07 (181 BCRIRH ARG TR PG A i 3 vk (P<<0.01) , e 43543331
3-E)., o 77.37% F175.60% , %F - VT s p-Riv il Ay k2

2.3 HEXAEISTEFEYIER YRR F RTINS HPE(P<0.05) , P4 %5300 4 58.82% F161.67% ; Xf
G NIE R YRR R TS EER MG . HAb 3 e O (1 5) .
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A~E: M4 R RS B IR BT, 1~5: (2)-FPBHE | -G . B B- TR | e . A-E: Cir-
rus reticulata, Melia azedarach, Casuarina equisetifolia, Koelreuteria bipinnata, and SalixXaureo-pendula. 1-5: (£)-limo-

nene, y-terpinene, nonanal, f-caryophyllene, and a-farnesene.

B3 LEXGISHEEEYIELZYE GC-EAD R
Fig. 3 GC-EAD responses of Anoplophora chinensis to volatiles of five host plants

m HEYIERY) Plant volatile O &% % Clean air (CK)
| *

KIREE Casuarinra equisetifolia

S22 TN Salix Xaureo-pendula | ns
R Melia azedarach
B 1L ZEW Koelreuteria bipinnata *ok
G Citrus reticulata
100 80 60 40 20 0 20 40 60 80 100

HeFEH Selective rate/%

4 ERRG SMFTEEYIELZYAEER
Fig. 4 Selection rates of Anoplophora chinensis to volatiles of five host plants
TR R K R B K A A 55 7 P<0.05 Al P<0.01 7K F-22 57 3 5 ns F/R 225 AN . * or ** indicates

significant difference between host plant odors and CK by y* test at P<0.05 or P<0.01 level; ns indicates no significant difference.
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m EHAFERY) Test compound O SFHE CK

IR AT

Mixture in Melia azedarach proportion
MARIRA

Mixture in Citrus reticulata proportion
o-VEWe

o-farnesene

y-FA A

y-terpinene

3

Nonanal — | ns
P .
f-caryophyllene ——I

o E— B
(+)-limonene : : : . . . : : : : .
100 80 60 40 20 0 20 40 60 80 100
R Selective rate/%

E5 f£2R437 MirEL SR A RIEEER
Fig. 5 Selection rates of Anoplophora chinensis to seven standard compounds
IR AT R RN BRZE R T R EAG B0 7E P<0.05 F1 P<0.01 KF- 25 573 .35 5 ns FOR 225 AN W3 . * or ** indicates

significant difference between host plant odors and CK by »* test at P<0.05 or P<0.01 level; ns indicates no significant difference.

3 it

L M g R URR A W 2R G R 3 Y A4 R M
YA ARG B, 3 T 2 T B R T Y 3 (Bruce &
Pickett,2011) o ASBFFEEE A o, HEAR B L B 1L
ZERF AR R 23X 4 Fhay FAED5 R Wy ry A 20
y- RN TS B-A TR -1 ek, () -FrBde
R AR 4 5 Wy ) R S 2 93, X e AT 2 B S 2 )
BJ@ T2y, KL G2 Tons B dURCE
ol BRI A A ORI (ES0AE,2015) 0 Ya-
sui(2009) WFFE R MG R VI RED | 75 4R B R A4 M
TR I, PR A AT AR 4 40 15 8 i DR 2 W g g e %
AT ARG ) R ), G SR - A |
o-HEFLG P- ATV oYW | DRI AE S R 2 2 7
B B AR R R A B A T RE S N AR Bl R
AR B RIS T W o BEAh  ARBR B e
KA W51 R SO AE 22, X AT e S H & h
Wi 2 0 3-CL i N 4- LR ST 06 . BRI
(2016) X BAEARMREL . M Fraxinus chinensis . FEH)
Salix babylonica 7% B .3 K F#% Populus euramevi-
cana ‘1-214° 3 5 Fp 23 FAEY THERE & BB R, IFE
WA BR 25 X568 22 R4 Anoplophora glabripennis 5|
PEIE R 22 n] e 5 A% R W v R 268 5 i R A K
SRR B 22 B R v 4y
() -F7h , WANEL & AT 20 0 - A s F0 1
W, R R X 4 22 MIVRRE R ) TEA T R O

ARWIFEEIR TS, 5Py FAEYHE R 3 4,
A ) T S R W B R — 3, A T (18)- (=) -

o= YR AR O B i 2 e T A 4 AP A AR, B
i (18)-(=)-o-JM O HVE = M R EER T Pissodes
yunnanensis F1 5 ff1 1 K 4= Spondylis buprestoides i,
HAE AR (GRS, 2012 PR S FESE, 2013) , HXfE
BRA S B WA B ENSHEN (S5,
2019) . BLAh, ABFoE 25 F SR J5 s BEAE ARG v B A
XS i A MR AR A 1 () -0 DL RS
BRI AY 1, 2- 8 TR AR AL R A1)
OCEEY T, I 2 A B 5 5 4R B R AR A 3 AN
YEF ;% B 345 (2018) i 8 75 R B A AL R A ()
PP i X e R A A B AV, SAE T 45
R0 A (2021) 38 53 GC-MS i HL A 3Rk
U5 2R B AR & Wi MW 6 — R 5 R BT E R AR
Glenea cantor {7 A K. wBAE L ZEM 45 L W R
3, BRI 5y p-Fn i L TR - PR a-
BN, IE A  a- T M FIT -3 O 4 5 £ TR TR
X 3R T FUAR K, HEM HAE 517548 2 R A ik
AT AR A G E ] o AnHA S R4 Monochamus
alternatus FEYIIR 5 1500 LA a- IR K Ry 32 (AR I0RE
85,2017) , a- 9 XF == rd VI AS /N5 Tomicus yunna-
nensis WEA GIHEEH ()5 ,2021) ; 7EAk Prunus
persica 1 &) R I-3- L 4 £ TR B8 Be 121k R 2R
40 H Holotrichia oblita filff 7=z v A B RN (5K
4,2021) i-3- O 3 SRR VR M MR B R 3L
AT i 2 HE = X AL NED B Grapholita molesta 1Y)
BRCHR (FHEREE,2015) , I-3- O K B4 by B
FETE T3 L ZER b 4R R M) B2 = BER A Batoc-
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era horsfieldi T4 B R A= 2L 2 B AH R AE P 55 | 175
53 (K455 ,2016) o 4 22 FEMIATA RR s 442 A Wy v 1
T AR SRR 1 (R)-(+)-FrEl (4- LR
FEFKAG IR E TR, SR — 3 . FAg9E(2011) i
Y RURLGEASO 5 & B (R ) - () Ay A5 M X 5t ki i K
4= Apriona swainsoni W 1% B A7 5K 8 A H 5 S 05
(2011)BIFFE A B 4- L HZR XS H 7 H s Adelpho-
coris lineolatus Ji M A5 W .7 1A IR RE AR, 5 2 T U
(2016 I 45 R BR 4- LR I n] LIS [R5
H Mythimna separata W fil B 07 52 v, HAHXHE
K KA1 B A2 52 15 % Quercus mongolica 4% %
Y A3, X B R 4 Massicus raddei 47 51154
FHOREAE,2013) . ARIRBEXTHE R RAFALIHEH,
XG5 T AR B LY h & A — S G 1515
T, 40 g-% hlds AR ST EEH RN (IR) - (+) -0- TR M
o WA WEIE R B-2 Wi e B R A A5 A EH
(RT,2017; 4RI EE 5, 20185 ThH145,2019) ; I IR SF
(2015) & BRLAR 5 P AL B 28 X5 PG AL 8 5 Frankliniella
occidentalis F1 FaREVE H 5 JEMTE 55 (2013) W7 45
7R GJE B KA MR R ik A X (1R) - (+) -a- IR M
A WL LA N, IZ A BN R B R AR I Y
SlEAE H 5 B By 4 55 (2021) A& B0 BE S G i B
Pagria signata %A fil F X (1R) - (+) -o- YR H5 A L08R
() LA SN, T2 0 Sk Bk At 1 1 ot R A T el 1 iR sk
YEM

AL R B, G 2 R R AR 5 | A 2
KAl Al e A B O, AR B R AR5 B E AN
SR a-tEWME I B- A AT I 5 Fhar EAE Y R A
L0 3 A 4 22 TR R ) AR B e e ey, ARG
WRBE YK WeN RN B4 11 I T REXTAR B R AR 5 1A
FH 10T 5 R B -V W A B-A AT I P B X A2 B R A
AUREENEH] o AR Z W) B [l B2 i e FE AR FHAS
[7], 4Nz FE#A Pinus yunnanensis &5 A 55 o w19 B-Uk
WG | T AL REHE = R UIRS /NaE i Xt i
2 B3R AT G T B AR X 2 B IR /N A7 5 |
WVER ()45 ,2021) 5 O & FUR T Aquilaria si-
nensis W T — R GRCEE BCAY , FE m VR BE B AT LAAE
WEZA Y R JURSCE IR Heortia vites-
soides AR FEAR M BE W], 124 BT A v P M7 o7 IR 7Y
AR R A OCHEVE T, B ool O T s 2 P R g
WA TEAT N 35 [ AIK (Qiao et al., 2012) ; H 5T
1% Spodoptera frugiperda M i L XT 1 pg/ul AT
FRMSAT ] 50 R P O -, TR B XS 10 pg/pl LAk
Dy AR WY P HE R AT (Bl iGE 55 ,2020) s 475

R s 1T I AR FE R 0.6 umol/ul B, X H A7 A
JERA: Xylotrechus rusticus WE R HL A DR EERL A Fe 2,
VR BE R 0.12 pmol/ul s, XS i H R B R 51155
YERT s 27 B rh o5 —Fh ) oK b B AR T
0.95 pmol/uL B, HXF 5 4% 1% K 2F M i I P
8 ALV P (H 2252 T bk B sl DU X6 5 R R 4
WE S e I Ry KA ] (™35 545, 2006) o ASBIFSY
S5 R] () -FrE - P8I Tl B- A
a-IEWeM 235 AR B R AR il AR AL S S, A
f(2013) FIER I B2 (2018) BIFFE 45 S Bon A J 1
A7) /& GC-EAD G YW o, 5 A BT 4 2R — 2L,
EXIAHEA (2013) FIER T 45 (2018) B ST R W] L1 |
o- PR D7 AR | A-FA TR T A Y P AT R
B-TRM A FER T ORI G R I 10 R o3 a2 5 |
A B R A fish £ A W AN RO S P e, AR5
(R4 ) 70 P R a- DR FN D R I, 2010
KRR B R A il A 7 A v S SO, A — 7 T
HOPEAN ] A5 (A B R A L HORE R B BTSN
SER, PIA I FEN UR S 2% , ] RE S B RSE X—
SO R ANEURR 5 53— 7 T AT e R WA Ty i
NIRRT AR (2018) R FTAEYI R R D7 1, A
WFFER BT A Rk W DT AN ], RV s di
B [ (B AN ], T 5 | & 18 S A AN )
25 B JTIR TR WA T T 2R T U I B A bR
e B R Ay, AR B L R R A RR B
F G 22 T 5 P27 EAEY) 2 FHRR AR, X 5 HE
RSN o AT R B L 2R R SRR
4 T ¥ AV KW RER G 1 AR R R AR B p-HA T
I T -0 WA RN - R, 3% 4 R B AE 5 175
R R By R b 45 AR T2 A TR
IR KA 1A F 4 2 W v A AAE 3G 4 0y
y-FATH AR AN -, S0 BSR4 03 B-A0 AT A6 T a1
95 B 8 R vy, PR st AR B R AR AR AR ] FR R A Ry o 4
22 R (H 5 A 4 FhAF EAEYIAE L2 FH R R
Hansen et al. (2015) 7F 48 5L K A 1 il A T 25 482k )
R £1] 4- B AL T BRI 4- B T I L AR R R AR
O H 6T 4- RS T A 5 2 A A L S, A
FHIZA) oA E B A RE 6% 1 Hh 754 3] A B R 2F ME R
BT, R T (2017 KRR B R 58 HIE R WIR
o (4-PEETE T BE+4- PR L T BE+ 30+ -3- L 0 -
1B+ 2 b+ -0 0 ) il s 1750, LB AR ] XS
R RS HRBCR BB E 5 14
W, T 25 AT DL 3k S B AR 4 ) RN AR B R
AR R BATIRAEC, 7T AR ARFE R 5 AR . 7]
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BF, B W Ah , B A T I S B A P R, P A
Wi 2 1H 2540 JE SR I il 2 s B A 2
AT R, F— 0] N M ERF AR KA A F
VEBEAT N . TSCHS S Fh 5 EMLIIE K 0 0 S i o
1 ES Hfih Ffy b AR 45 G 2R 1 (odorant binding pro-
tein, OBP) 25, N7+ T )2 1 I 73 HT A [] OBP 55 2
FREYHE RN FAER 7= MR 2R g5 4%
BT A R ZE A BTN S5, R X 2L OBP &
HES A RO SR B , 308 D is P9 5 i) i
R (RS, 2021)
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