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Abstract: [ Aim] Anoplophora glabripennis and A. chinensis often coexist, endanger the common hosts
and share the same aggregation pheromones. The aim of this study is to evaluate the attractiveness of

aggregation pheromones and host plant volatiles to the two long-horned beetle species. [ Methods] The
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indoor feeding preference of A. glabripennis and A. chinensis adults on twigs of three host species, Acer
negundo , Salix babylonica and Melia azedarach, was assayed by using feeding area method, and the
components of host plant volatiles were analyzed by using dynamic headspace adsorption combined with
gas chromatography-mass spectrometry ( GC-MS). The trapping effects of aggregation pheromone and
plant volatiles on these two species were investigated by field trapping tests in Yuyao and Cixi, Zhejiang.
[ Results] The results of indoor choice and no-choice feeding experiments showed that the most preferred
host plant of A. glabripennis was A. negundo, followed by S. babylonica, and then M. azedarach, while
the preference order of A. chinensis to host plants was just opposite ; the most preferred host plant was M.
azedarach , followed by S. babylonica, and then A. negundo. In the host plant volatiles, there were many
terpenoids and aromatic compounds, and each host species had several unique volatile components and
there were significant differences in the volatile components among different host species. The results of
the field trapping tests showed that the mixed formula MK (4-( n-heptyloxy ) butan-1-ol +4-( n-heptyloxy)
butanal + camphene + cis-3-hexen-1-ol + ocimene + B-caryophyllene ) of the aggregation pheromones and
M. azedarach volatiles, aggregation pheromone formula M ( 4-( n-heptyloxy ) butan-1-ol + 4-( n-
heptyloxy ) butanal ), M. azedarach formula K ( camphene + cis-3-hexen-1-0l + ocimene + B-
caryophyllene) and S. babylonica formula L. (nonanal) all trapped A. glabripennis and A. chinensis
adults at the same time. Among them, the mixed formula MK of the aggregation pheromones and M.
azedarach volatiles showed the best trapping effect on A. glabripennis and A. chinensis adults, and
trapped more adults of both species than aggregation pheromones or plant volatiles alone. The proportion
of females trapped by aggregation pheromones was higher than the proportion of males, while the
proportion of males trapped by plant volatiles was higher than that of females. [ Conclusion] The study
further confirms that 4-( n-heptyloxy ) butan-1-ol and 4-( n-heptyloxy ) butanal are the common aggregation
pheromones shared by A. glabripennis and A. chinensis. Meanwhile, nonanal, camphene, cis-3-hexen-1-
ol, ocimene and B-caryophyllene are the common plant volatiles shared by A. glabripennis and A.
chinensis. The combination of aggregation pheromones and plant volatiles can be applied to the technology
for monitoring A. glabripennis and A. chinensis in forests.
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HH#RE EFH (Haack et al., 2010) . JGJH R RKAFIAE
RAFRERIN AL 5 [ 550 R T ARG 4, I 5]
[RI&F GG B 2% 53] ( Macleod et al., 2002 ; Gaag et al.,
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Table 1 Purity and manufacturer of

compounds used in this study

EY 4l (% ) 3
Compound Purity Manufacturer

Fi% Nonanal 95 Fluka
7K M Styrene 98 Aldrich
A HERS B-Myrcene 08 Fluka
LFRM S Cis-3-Hexenylacetate 98 Aldrich
4 2. Acetophenone 08 Fluka
#i# Camphene 97 Aldrich
-3 -2 451 -5 Cis-3-Hexen-1-ol 98 Acros
B #)J75 Ocimene 97 Fluka
B-7ifTHs B-Caryophyllene 90 Aldrich
4B T 4- (n-Heptyloxy ) butan-1-ol 08 Fluka
4-PHEE T R 4-( n-Heptyloxy) butanal 08 Fluka

F2 ABEXRFMEXRGEHHRFHIAREALEY
Table 2 Compounds employed in the trapping tests for Anoplophora glabripennis and A. chinensis adults

A EY A Bokt  4i(%) ®ER ROk
Treatment Compound Volume Ratio Purity Repeat Release device
I AN
L F-1% Nonanal 2 mL - >95 5 R
Polyethylene bag
0 O + AR + QTR ESG + 8 L 5 8:86: B 5 ZRAR
Styrene + [3-myrcene + cis-3-hexenylacetate + acetophenone ’ 5:10" Polyethylene bag
K B + Wi-3-CH-1-85 + BWIR + -1 TR 2 mL 14:26: B 5 ZRAR
Camphene + cis-3-hexen-1-ol + ocimene + 3-caryophyllene 27:45" Polyethylene bag
A-PRAEE T IE +4-PURIE T RE ) RN
M 300 pL 1:1 - 5
4-(n-Heptyloxy ) butan-1-ol +4-( n-heptyloxy ) butanal Polyethylene bag
IR AN
MK MK 300 pL + ~ ~ 5 GRAR
2 mL Polyethylene bag
I AN
CK 25 [ %} BB Blank control - - - 5 i

Polyethylene bag

* B[R 27 T AT A5 A MR LG, I IR e SR e v i e I EATC G . © Tt was prepared with the unique volatile components of different host

species according to the original ratio.
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Gk SPSS16. 0 #E 17854l 041 , ARl 2 3=
Z IR R 22 5 R Y B4R R Y 22 ) B [ ik
B B o 0 22 5 B AR B 7 25 (ANOVA)
5387, K FH Duncan [K FA:

2 #HR

2.1 ENERRRE

2.1.1 SERERFEARERE: JoH 2Kz H
= WBCEIRIR AR TR, JEE R X R 5 B
WA R 3 Fhar AR A AR i 1 L 2
PeZest . FEAREEPEICRIRE T LR R e
BRI, AR 8.9 em’/ 3k, 35 KM
Z, e iR/b 3 RhAy BRI N 25 5 B A
PRI s b, Ot e B R A e E A R A
B, 75 BRI 2, i i AR BCRL 4 O O, AN[R) 75
I A 2 RO i 22 S i ik B B /K (181 1)

m |EPEF P No-choice
o E#: Choice

Feeding area(cm?/ind.)

B (em?/3k)

T AR R

LI

Acer negundo  Salix babylonica Media azedarach

K1 SR R RA R 3 Fdy SRR
AR PP IR LR AN e R R 1
Fig. 1 No-choice and choice feeding assays of Anoplophora
glabripennis adults on the twigs of three host species
PR B P 3 = AR e BN IR] TR0 IR KA EA R A
R R 22 5 B3 (P <0.05, Duncan [RZHILED) ;K 2 [,
Data in the figure are mean = SE. Different letters above bars indicate
that the feeding areas of A. glabripennis on different host species are
significantly different (P <0.05, Duncan’s multiple range test). The

same for Fig. 2.

2.1.2 BREZHNRERE:. ERFHENRE
RIS RN, ALK AR B Bz A0 RN 25 B 3
25 EAE IR % ) R R A PR AP A 0 S 25 57 . HE
FEREPEMERCE R IR b, 2 R A B B U P A - 75 Bl
> T RN > 52 b, HLAS ) 37 35 AR 90 8] A 4% AR
AT EEES R R s, 2

KA B B BR, 77 B A 1l A AR
Ry 00 PSR IS0 A 25 SR AR L W, i DR
BRFRERNT Y (K 2) .

20 m JEEEENo-choice
O 13 Choice
a
~ 15 f
e
B3
= = 10
&
3 h
Zost
b
c
oL mm .
LR H Hz A0 B

Acer negundo Salix babylonica Melia azedarach

B2 BRRAXS3 Fhdy BAEPIACA iAR R
P AP IR
Fig. 2 No-choice and choice feeding assays of Anoplophora

chinensis adults on the twigs of three host species

2.2 HEHEWEEVES S

3 WoR, MR T R SRR 3 R AR
VI R4y IR 2] 12, 9 A1 11 Fifb &4, LA
IR RR R EYEZ . 3 FIdF EHEWEERY
HZ R A B 2 R, P IR O TR
SR B R FI R T A 52 AR ) 2 5 T X
FET B ARG TN 21, 52 iAot s A Ao 21 5
BM -3- 2 -1 -1 B W A - A A s A e ok
ORI 2 5 B- IR s L AE S BRI R A s I 2]
H B-JR M AE T B M i it 3 = T, 3-
B AE T R MR R ) B i B T A R
(o i, L7 B A MR R b ) A T 2
S o PRI AE TR ) W T TR R
SN A 7, TR S I AORT R A )
AW EE2E R 2- £ F-1- O FE7E & A R0 5 A
i E ST R S b T =R
TPaketE 3 Fhar A T RS A B E R
11 D-FEREAE 3 i 25 F2 4840 v 1) % AR AR B
S, Ho e i 0 R R
2.3 EFSMEHIAE

2015 AFAEWT VLA Wh AT (% B S5 1 00 25
R, 5 FECTER R R AR AR Hdr,
RA(F B Z M BUE LD IR A BT MK (4-5E 4
FETEE +4-PREE T + B + -3-C M- 1- +
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R3 IWMFEEVELYRSINEE(pe/L)

Table 3 Contents ( pg/L) of chemical components of volatiles from three host plants

&)
Compound

K I Styrene

3-#4 47 3-Carene

a-JEHM a-Pinene

M Camphene

JI5i-3- 245 -1 -fit. Cis-3-Hexen-1-ol
B-JEH B-Pinene

A B-Myrcene

LIRS Cis-3-Hexenylacetate
7K i Acetophenone

2-Z,3-1-C % 2-Ethyl-1-hexanol ,

B )k Ocimene

+—45% Undecane

T/ Nonanal

D-1#fi% D-Camphor

+ =% Tridecane

+ DU % Tetradecane

B-11 74 B-Caryophyllene

S GE R R
Acer negundo Salix babylonica Melia azedarach
8.49 +1.58 0 0
3.89+0.88 b 11.25+2.27 a 16.80 +6.86 a
74.36 £3.80 b 85.04 £1.66 b 99.65+7.16 a
0 0 14.06 +1.37
0 0 25.98 £2.80
9.20+0.75 b 26.96 £0.53 a 0
85.89 +5.65 0 0
5.44 +0.47 0 0
10.08 £2.02 0 0
129.45 +1.24 a 81.58 £1.60 b 115.83 £4.40 a
0 0 27.10 £16.60
27.41 £4.80 a 19.76 +4.29 a 19.35+5.21 a
0 19.04 +1.86 0
98.49 £5.98 a 73.98 +1.45 ¢ 89.29 £12.04 b
75.28 £15.20 a 67.43£12.59 a 70.72+7.83 a
57.52+3.78 a 50.45 £2.53 a 51.04 £6.02 a
0 0 45.49 +4.64

F BRI = BRiEnR, R — AT Bl 5 b A AN [ 5B FOR % S MRS FE AN 18] F AR 22 8] 25 52 1 B3 (P <0..05, Duncan [RZ H WAL o

The data in the table are mean + SE, and those in a row followed by different letters indicate that the volatile components are significantly different between

different host plants (P <0.05, Duncan’s multiple range test).

B + B AT ) R R AR R RICR B b
MG R - BE O 4. 6 Sk, T &2 i
RWCTT QORI + A + CIRMBERE + KL
B ) RS R B 2, % R R AR Y5 o 0,5
FREC X 2 R AR A5 AR : MK >M > K > L
> Q. RAEMFERAIT M(4-BE5EIE T +4-B 4 5
THE) VRN A R A b, Ml SR B L T A A
FEWIR R WO BC T MK (4-B s 28 Tl + 4-Ps L T
B + B0 + I-3-C W -1-5 + B s + B-A i) |
B 75 K (BRH + I-3-C4-1-B + % ¥ + B-A A7
J) FECTT LOEE) 3 FREC T B 200 AR 4B, 1
HOT 7 HL R R (1 3)

2015 AEFE W VL ZE R A7 19 B S il i e 25
WoR,FES TR A 4 AP S RIS E R TOLE
BEREMBERSY, XEERERFNMT, REGFER
BRI R IR G L MK (4-PE 458 T B +4-B8
FOE T + W + -3-C05-1-B8 + 2 Wi + B-A
Vrid ) X6 JE B R A4 5 AR s, SE 5
R AR 3.4 S, HIREREFE R
M(4-BE 52 T B +4-PR 2 T/ , AE 3 Fh 3 &
FEFE KBTS A A BT Q (R O +

AW + SR BERR + K S ) S dr , FuOE
By LOTRE) , d5cJa o BURL 7 K (B0 + -3-2
Ii-1-F + DG + B- AT L Je A ORE R R
(- Y75 o AT AR R 0.6 ko £ BT
w5 R %GR A K A B S AR HOR O - MK
>M>Q>L>K,CK(Xf ) &A1 245 ] K4
(E4),

XERREM S, BIHSCE RN EREGER
FIE PR R PITR G HC T MK (4- B4 8 T Y +4-B¢
AT EE + M + -3-CM-1-B2 + B8 + B-f1
W) FLER ) 35 B & L 7 K (4-BRAEIE T 1 +
4-BEAE TS B ARA AR R 1.6 3k,
Wi Z A 58 25 55 76 3 R ar R4 & WD
D7 TR T K (B0 + -3-C-1-5 + 2 0
+ B- AT M) Bl HUOR MR I L) i a
SR ML T QR + H MR + LRI FERR +
KOHR) , Ja8 X BRAFFHH RN 0, 25 1k, S
FIEC 7% B R AR AR IO MK =K > M > L
> Q, i CK(XHR) BEEA DS B R4 A 7
FRKSF,
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=1 8r
& o i 1 Female
Cé TF O i1 Male
=f
4z = L .
B2
L v
WET L 4l b
®Ec
H:”’S'g 3+ c
B
LIy N
H‘; cd
IRy
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Fig. 3 Trapping results of the mixed formulae of aggregation pheromones and plant volatiles
to Anoplophora chinensis in Yuyao, Zhejiang in 2015
MK : 4-BE4A T +4-FF A6 T EE + 3 + -3-2 45-1-52 + B 56 + B-A 174 4-(n-Heptyloxy ) butan-1-ol +4-( n-heptyloxy ) butanal + camphene
+ cis-3-hexen-1-ol + ocimene + B-caryophyllene; M. 4-FF4 5L T B2 +4-FF4( 5k T 1 4-(n-Heptyloxy ) butan-1-ol +4-(n-heptyloxy ) butanal ; K: M +
Jii-3 -2 45-1-1 + B {4 + B-FA 4745 Camphene + cis-3-hexen-1-ol + ocimene + B-caryophyllene; L: =/ Nonanal; Q: KM + H G + LR EE
Bk + 4 Z. M Styrene + B-myrcene + cis-3-hexenylacelate + acetophenone ; CK: AN IIAT AR 1k £ 4 i) 2% B 4% Polyethylene bags without any compound.
BFAMFEHIRNIE T 2015 465 7 22 AJTR, 8 12 HEW, ZERARE ] Bi—K, ERRA R, HANCRE MFEHESHEHE R R AR ek
W% 5 8. K4 6], The field trapping test lasted from May 22 to August 12, 2015. The polyethylene bags were replaced once a month. The species of
the long-horned beetles trapped in a trap and the ratio of females to males were investigated once a week. The same for Fig. 4. # AR FZ R EAE]
Jic 5 W) B R A A 45 S P + iR ) Z [\ 22 53 8.3 (P <0. 05, Duncan [CZ H HL#2) . Different letters above bars indicate that the trapping

results (mean = SE) of different formulae to A. chinesis are significantly different (P <0.05, Duncan’s multiple range test).

6r WG 2 KAA. glabripennis
O 2 K 4-A. chinensis

PR A R AR
Number of long-horned heetles trapped in
a trap per week

fic 77 Formula
Bl 4 2015 EREMG B R R WIR A WHOGE B R AR R ) BFIMERES R (WL ER)

Fig. 4 Trapping results of the mixed formulae of aggregation pheromones and plant volatiles to
Anoplophora glabripennis and A. chinensis in Cixi, Zhejiang in 2015
M AR FRAURA R BT A H B R AR R A BIFE AR (P = FRiEiR) 2257 2.3 (P <0.05, Duncan [RZHE LA o Different letters
above bars indicate that the trapping results (mean + SE) of different formulae to A. glabripennis and A. chinensis are significantly different (P <0.05,

Duncan’ s multiple range test) .
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428 B 2] Acta Entomologica Sinica 60 %

3-CUi-1-s + B G + B- 1T 0% A RN OLE 2
KA iR FEI 2R AR BRI 5
JE RN —E R 8, A RER BRI T 75
SHE PO o LA S oy, AL 4 A 5 A0 B A 1 L

B e, Herp S R R IR DT Q R M + AR
+ SR BEEE + K SR ) 754 2 2R R a2
HER(F4).
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Table 4 Female proportion of Anoplophora glabripennis and Anoplophora chinensis

trapped in the field in Cixi, Zhejiang in 2015

K4EFhZE Long-horned beetle species MK M Q K L CK
St R R4 A glabripennis 0.82 0.60 0.22 0 0.40 -
KA. chinensis 0.75 0.71 0 0.38 0.33 -

MK 4-BF4A TS +4-FF A6 T EE + 3506 + i-3-206-1-82 + P54 + B-A1 7745 4-(n-Heptyloxy ) butan-1-ol + 4-( n-heptyloxy ) butanal + camphene
+ cis-3-hexen-1-ol + ocimene + B-caryophyllene; M. 4-PF4E 3k T +4-PF4E KL T I 4-(n-Heptyloxy) butan-1-ol +4-(n-heptyloxy ) butanal; K. 3/ +
J-3-C Js-1-15 + 2 # + B-£117%% Camphene + cis-3-hexen-1-ol + ocimene + B-caryophyllene; L. F-f% Nonanal; Q: 24 + A H: + LR
T + 7K Zfi Styrene + B-myrcene + cis-3-hexenylacetate + acetophenone; CK: NI INAT A 1k 75 4 1) 28 FE 4% Polyethylene bags without any compound;
- R FIRA No beetles trapped. FFAMAEIRGE T 2015 45 H 22 HIFL4G, 8 H 12 HESH, BRASH H B if—k, BHHE—K, H4id
SRR IHT AT B A0 K 4 Fh2  MEHE L4 {5 B, The field trapping test lasted from May 22 to August 12, 2015. The polyethylene bags were
replaced once a month. The species of the long-horned beetles trapped in a trap and the ratio of females to males were investigated once a week. * B

L ] Sy I e 50 e A e S 8507 BT o L #91] The female proportion is the proportion of the number of females in the total number of males and females.
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