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Comparison of volatiles released from the host Juglans mandshurica in
different damaged states and the GC-EAD and behavioral responses of

Apriona germari ( Coleoptera; Cerambycidae) to these volatiles
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Abstract: [ Aim] This study aims to explore the volatiles from the host plant Juglans mandshurica,
which affect the behavioral response of the brown mulberry longhorn beetle Apriona germari, and to
provide a theoretical basis for screening plant-originated attractants or repellents of this insect.
[ Methods] Volatiles released from J. mandshurica in different damaged states [ healthy ( CK), and
feeding, oviposition and boring damage by A. germari] were collected by using dynamic headspace

adsorption, and those causing electrophysiological and behavioral responses in A. germari were identified
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by gas chromatography-mass spectrometry ( GC-MS) , gas chromatography-electrophysiological antennal
detecting system ( GC-EAD) and Y-tube olfactometer. [ Results] In different damaged states, the main
volatiles released from J. mandshurica included terpenes and aromatic compounds, and significant
differences existed in the relative contents of several components of them. There were one or several
unique volatile components in each damaged state. However, A. germari adults only had significant
electrophysiological responses to six volatiles, including ( 1R )-( + )-alpha-pinene, cis-3-hexenyl
acetate, nonanal, a-terpineol, 2-ethylhexyl acrylate and hexadecane, but had no responses to the other
volatiles. Female adults had the strongest electrophysiological responses to nonanal, while male adults
had the strongest electrophysiological responses to cis-3-hexenyl acetate. The olfactory reaction showed
that 2-ethylhexyl acrylate had a significant attractivity to the female adults of A. germari (P <0.05),
while cis-3-hexenyl acetate had an extremely significant attractivity to the male adults (P <0.01). And
nonanal had a significant attractivity to both female and male adults (P <0.05) , while a-terpineol had a
significant repellent activity to them (P <0.05). [Conclusion] These results indicate that cis-3-hexenyl
acetate , nonanal and 2-ethylhexyl acrylate show strong attractivity to A. germari adults, while a-terpineol
shows good repellent activity.

Key words: Apriona germari; Juglans mandshurica ; volatiles; GC-MS; GC-EAD; Y-tube olfactometer

Z K4 Apriona germari J& 553 H ( Coleoptera )
KA Fl( Cerambycidae ) VA2 K 4= WA} ( Lamiinae) , X
AR OBLE KA R HAETE AR 7 3 AR
AR, ALz, 2 BRI SR AR )
THE R CHRIRAE, 2011) o HE4RIE , 7R VLG 4 1A%
o X ZH R A e R R ER R BR
- Anoplophora chinensis #1 = B K = Batocera
horsfieldi , 1] H. 5% K 4 &) 4L JL-F-#B 43 41 76 1L A% Bk A%
FAROL (IR FE A, 2017) o R A4 B IBE AR
T TE LLAZ MR A% P Lol o A B B 3 e el 255
HRLRIYI B AL B A T AR S

WEFE R, AR ¥4 K 3 R A RE g ke 2]
5|75 B 3 9K 38 /E A ( Paré and Tumlinson, 1999,
Allison et al., 2004 ) . Y &Y= Z Pk 1
RS HBNE ARG, FERE L+
TE 100 ~ 200 g/mol 1Y KL EERK S AL & ¥ S HAT R
Y AAE RS IR (TR SR R 2R A HLE A
AW FHERMEY ARG EY)
(S5, 2003) o AR AR R o B
VoA ) 228 Al i U S A 27 A LR AR A, R
A 38 88 i ( chemical fingerprint ) ( Pichersky and
Gershenzon, 2002) , b #9540 K135 AT DL 4% B B
BTt N Y VLN Wi EE G S B B VS S G =1
PESEAT R (ELLARSE, 2014) o Gn = BERAXF2F F 1
%tk Carya cathayensis Fl [ M5 Fraxinus chinensis
FER b i - I E A B i A A B (k4 B
8, 2016) o REREYITE A SRR T B 0945 Kk

Y— A i 30 B (EAEYIH 232 Bk 2k B R
a0 5 A W 1) 1803 R ISR X 5
2577 A4 B I 2R ( Mulle and Hilker, 2000) , ft3
V53 MY HE A Wy nT DL R A v R A AT,
A B R 5 T U A 2 W 1) J o R e )
TR 0 A AR, S T AL AR 1) S (A e 45
2011) o 4% M Acer negundo 32 B HLARH 45 5l K
R B G X HGE B R4 Anoplophora glabripennis
PR T SR REVE £ A A T R T ) 45 2 2 )
BAWR A5 1EE R (245145, 2003) . RfiE L7
AR TG R R ] P A2 3 R R A RIAE ) 2 (]
R A5 Ik Bk B EE A, 5 RT LA 5 A 25 5 T )
AT AT B iR SR

H A LA R A 2, DU H R AR TR
HERRAEFE T H EINEBE Y BB A
B, I ELRIFE 5 R0 % v A 38 R A 300 5k mT AR o 42
KXt R R AT R0 ( Allison and Carde, 2008
Williams et al., 2008 ; Ngumbi et al., 2009) , SCAHF
FER TG AR ) 3h A T s B AE IR AN ) 18 R3S
N IR &Y, M GC-MS IR (GC-
EAD HOR K Y BUBLSEAEA , fif b B 555 T L%
MEA[F] 52 T B B A Wy 0 2H 53 284k, 0 B9 25 0E X
SR AR B AT O RS R A 5 W, S i e o
FRAHA A0S PR R A5 175 75) S0 skt 0] LA K
T 58 R A W D 1 s TR S e P 7 428 B R 43t
HFLBARYE
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1.1 #ifiEfn R

TR T ISR R AR R R LLAZ AR Sk 5 T
AT I I 2 DX % Bl 8 el AT 1240 LA BRI i
(119°38'E, 30°12'N, )4k 113 m) , iz X 1F
T 2 A 0T I 222 DX L AWk e 5 17 0 V81 A A 95
P LR PR IZ X RR AR Z . IRk
] 35 b, 248 S 53 2 e 22 1L A Bk, D B R Melia
azedarach , BN AT 22 FTC HAWAEBE , Mt 3o 35451
Mo HrAP IR E 5 ~20 4, 3 ~ 15 m, g
298 ~25 em ,MITEARHAIEELI R 0.5,

B A R R A B ERFE AT N AL
1.2 RAZEM=EREEFBE LZRIELZY

TELLAZ MR AR B AL IE AR B L R v B8 38 R4 B
B ARG A A LA R (R 5 ~ 10 48, g4z
10 ~ 15 em #4755 5 ~ 15 m) % 3 #RIfpric, Hrb &tk
FERMUAAAE—Fhfe 35 4R, R TR AR AR W) 3h B T &
AVEAE [F)— IS TSR AN ) fe IR ST LU A BAE A T
IR, KA 6 h(9:00 -16:00) , H 4 3 I,
TR A SRR SRAERE S 75 G, B AE 3
RSB XTI 2 3

Bt Tenax-TA RAEE (K x N =150 mm x 5
mm AN, NIE 200 mg 60 ~80 H Tenax M ff}
F) (bt 55 S QR4 B2 58 i ) %2 36 7F TDS-3410
Z Y REPR I B (b st AR A =3 A A IR ST
Al) b I A & AR EE 300°C, A4S 7R Ui
100 mL/min T, i% 4k 30 min, 5 J5 i A ATDS-3400
B A ShA W (st P AT R A R A D)
b, FH S 2B RE AR ] 0 2% A 480 e (RIS IE
B RS AT ), 2B AR 35 S T4
% BRI 5, ~7 BV F Parafilm S5t 11 RO G 9 05t 235 4, 5%
A B A4S IR e 4°CUKFE TR AR I o

FATCE IO B #E O R O R4S (K x 58 =
406 mm x 444 mm [ Bk ok L FH 48,
Richmond, VA, USA) B I MkAL 5% (A Ak B AL
SR TR R — 20 A8 T T im B
JEER B, o — SR A S i R B (K x N
£ =200 mm x5 mm FBEFEES, PNIE 100 mg 20 ~40
H 6 1 e W BE AR ) (B 5 57 Sh R 37 R 2 OF 52 i ) A1
5 — R SRR A I, Hi AT QC-1B R
FCRMAL (ALt o7 sh R R 2= RS ) Hh & 4, J5
HAHE R RERR 500 mL/min, SRAE S5 7 R

Reynolds,

PRASRAEAE IT I B 1 JRORE P i 2 B, e A B AR
BRI R S & DUIE + 88 (150 peg/L) K
AR EI5 46 E O BE Bl 3 Ik, 51K 500 L, H4 itk
VEWCEE T 4 mL RYARSCRE o b, IRAFTE - 5C K
FETEFT 2 RO, RpIR O 2 R S 2R T B35 530 #T o
1.3 Wi tkiER MM 5 EE

T Al Agilent 6890N-5975N 4 AR {2 - % 15 ]
¥ (' gas chromatography-mass spectrometry, GC-MS)
X AN A A RS T LA A% A W R I Wik A T 20 5 4
Bro e HP-SMS BAIEHE (K x NiE x J{E =
30 m x0.25 mm x0.25 pm) , FERIEEE2 wl, A5
HERE . AR IR THE AR F  40°CHE IR | min, SR )5 LA
4°C/min [ 3 B THE F] 220°C 1H i 3 min, HH547 49
min, JFHAEIR 3 min, &R 280°C , [ #EAE
PR 220°C, PUZRAT 150°C, & 1 IR EE 230°C, iy
B 7 CEL Bl i IR 70 eV, 14 R FLY
35 ~450 m/z,

SE PR 23 A T R ASE Bt BNLRY
NISTO8 1% 7ok F a6 2R 73 M4 o3 1) B i Eidle , OF 2
FARME RIS AT R EE R IEAT XA TR 5
ST SR FH UG THT R — Ak vk 1 A A B 43 1 AR X

it
14 RR4AMXTRGERS THELLHE
%411 GC-EAD [z iz

1Erh E RN B sh W pIFFE BT 52 50 28 04T S R 4 M
T SRS AN ] 6 3 RS LA BB SRR 45 )
VeI ) GC-EAD 528, #:AE IR Se HTE A
AR TR TR BRI A 3 A g e fih £ A RER 59, 1)
i 1 A VEARCR , K A A R 4 A S S il AT S LA
{18 SR F bR %) 7 it ik A TP 3 2 VT LS Y, e
JE ¥ SOIRHL AR A EAG ki, (55 ek e
(UN-06, Syntech) , 4228 IDAC #4083 ( Auto Spike,
IDAC2/3, Syntech) , e J5 4% BT H A ML RE R R
L AL (EAD RiUAS 2.3, Syntech ) SR8
oA .

GC-EAD 73#r% A Agilent 6890N S AH (43, {4,
TEHES HP-SMS, 800 4l AU, Tl 1 mL/ming;
PERER 2 L, ANk RE , BERE FHREE 220°C, &0k
S A0 g, A R 280°C . FHIR AR ) [
GC-MS X A4 i S A [ f TR ST I Ak R 2%
PRI 4 2 e IO RN o B OE e i 771 K e 3 o
TS FAE S Yk, GC-EAD (a3 & | i fb& i
UEE T DR B I TRT 2R A7 X6F B, DA S8 5 0 58 R 44 i
Tofe S fl £ 7 £ P A SN ) I
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1.5 RX4BERXT 6 TR R YRR 5 K M

P Z KA LA R A8 IR T A B R
TEIFE R ) GC-EAD S R, e 43 77 Az 5 1 e A B

R 6 FIERYI(F 1), 11 mL e iR v )
A5 B RS 1 mol/ L., Wk e 25 A
:(2017) .
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Table 1 Name, purity and source of six standard volatiles

L& Compounds 4l Purity

CAS ‘5 CAS No.

P Source of supply

JEHs (1R)-( + ) -alpha-Pinene 99%
LRSS Cis-3-hexenyl acetate 98%
T-I% Nonanal 96 %
o i B o-Terpineol =96%
RS HR-2- 2 C i 2-Ethylhexyl acrylate =99%
1IE+75%¢ Hexadecane 98%

7785-70-8 Far§ T Aladdin
3681-71-8 iz T Aladdin
124-19-6 Fr§ T Aladdin
sosss LA AR AT A
Shanghai Yuanye Bio-Technology Co., Ltd
103-11-7 fifz T Aladdin
544-76-3 B4 T Aladdin

Y ARG AL AR W E G 2 IR Bertschy 45
(1997) .Yang 45 (2010, 2011 ) Fl1E 58755 (2014 ) 2
PR, Y B R 35 em, N4 4 em; I
2925 em, NAE 3 em, Jeff 75° (1) o MHLET,
100 WL B AR IR 10 L A7 855 & FGS IR AR
AT ITEAE 2 5K 1 em® B PEIRAK I, O B F Bk
FEREBE b T e A S AR 9 A e s R R R
QC-1B BURFEAL  ZE R AR IR L BRIE B BF LA S Y
RUEAHIE o PR T 0 H B WA i K g T I 52 IE A
91, IR0 HETE % N 28°C Ao Ay kAT, A5 R M 4k HF
£ 500 mL/min, 4 30 kKA A Ny —4H , BHE

FUL Y AURSLGEASCAE Pl i 2 T 2 ]

Structure diagram of Y-tube olfactometer-based

Fig. 1
biometric device
1: 51 # 11 Entomorph; 2: & Main arm; 3 fil& Side arm; 4
FRIE [ BF Spherical trap; 5: 7% 1 7K fil i% i Distilled water
humidifying bottle; 6: QC-1B KAE{Y QC-1B sampling instrument ;
7. PRI g% B Activated carbon filtration unit.

53 W BIREG SRAFATAT ik dE, kR
A WEE S min ff i AZESEE 10 em DL IR BB
30 s WIC A PR, mIC ok dE, B2
SRR Y YA A A AL, LA B A LR B O R
BB R AR FEAT R A s, A5 fS
FHIE RS I Ve 1, BT 5 AT — 2 i
1.6 HESHH

RIGHHE R FH 881 84 SPSS19. 0 for Windows
HAT AT, ARG AT I BRI 45 2 W =2
IF) f4 22 5 . 3% 14 ] J7 22 (ANOVA) 3 #7125, Duncan
IR 2 H AR 0 BT &% 2 TA] A T X bl s, TR J7 A6 46
oK HEAE S R AR L H AN [R5 A AT oA SO 1Y) 26 5 ¥
ZH: (Hern and Dorn, 2004 ; Tooker et al., 2005)
I DA ARG 53 KRS 3

i) < SRR | o

I R e B
e (o) X AR PR U -
IKHEHR (% ) = SR B R x 100% ;
RNZFE(% ) =
BRI DY AR IURSC + X BB A A B 0
R A e R °
2 #R

2.1 AEBERSTLERRBERNEL DB S
FHENEE

2 F3 AR, ARG AR T AR
AR )i 42 1 45, 37, 35 Fil46 Ffk &4, 3k
7251 B, B LIS AT H R LA W EZ o T
2 33 PR YRILA I . A REFARE T I
BRI HE IR Rh A B 28 5 o (R LRk R i
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Table 2 Composition and relative contents of volatiles released from Juglans mandshurica in different damaged states

A% £ 1 Relative content (% )

[y CAS %5 N
. . fih REfEE TR E Btk faE
Compounds CAS No.
Healthy Feeding damage Oviposition damage Boring damage
T AL A Y Aromatic compounds

FfI 2K Toluene 108-88-3 0.276 +0.041 Bb  0.186 +0.022 Bc  0.428 £0.011 Aa  0.296 +0.010 Bb
2. Ethylbenzene 100414 0.418 +£0.019 Bb  0.259 +0.023 Bc  0.698 +0.098 Aa  0.496 +0.018 ABb
%t — F K p-Dimethylbenzene 106-42-3 0.959 £0.051 Cc 0.891 £0.026 Cc  2.504 £0.049 Aa  1.577 +0.043 Bb
Xif — 47K p-Dichlorobenzene 10646-7 0.830 £0.250 ABa ND ND 0.886 +0.228 Aa
ARSI BEHIOE

527-844 0.880 £0.448 Aa  0.258 £0.004 Aa  0.916 £0.083Aa  0.469 £0.049 Aa
1-Isopropyl-2-methylbenzene
Xt 2.7 p-Diethylbenzene 105-05-5 4.285+1.688 Aa  2.757 £0.181 Aa  4.406 £0.655 Aa  5.548 £0.628 Aa
4-2 748 — 2K 4-FEthyl-o-xylene 934-80-5 0.403 +0.057 Aa  0.114 +0.012 Aa  0.816 £0.566 Aa  0.616 £0.066 Aa
1-J P 3-2-FF 2 1-Allyl-2-methylbenzene  1587-04-8 ND ND ND 0.125 +0.005
4-F JL B3 4-Methylindan 824-22-6 ND ND ND 0.099 +0.022
2-FH -1 0-1- T

824-90-8 1.106 +0.005 Aa ND ND 0.184 +0.007 Bb
Benzene, 1-buten-1-yl-
3,4-C" R LI

27831-13-6 0.107 £0.009 ND ND ND
Styrene, 3,4-dimethyl-
- LA - (1-F R ) -

1595-16-0 ND ND ND 0.260 +0.008
Benzene, 1 -methyl-4-( 1-methylpropyl )
Z% Naphthalene 91-20-3 3.151 £0.334 BCb  1.298 £0.259 Cc  5.037 £0.040 ABb  7.828 +1.178 Aa
T H 3K Pentamethyl phenyl 700-12-9 2.469 £0.247 Aa 0.762 +0.117 Cb  1.312 +£0.100 BCb 1.487 £0.500 BCh
4,7-F FEEiH 4 ,7-Dimethylindan 6682-71-9 1.067 +0.014 Bb  0.293 £0.005 Cd  0.672 +0.108 BCc  1.684 +0.138 Aa
1-H %25 1-Methylnaphth 90-12-0 5.616 £0.630 BCa 1.047 £0.222 Cc  4.008 £0.135 Bb ~ 6.531 +0.224 Aa
K H R T TR Butyl benzoate 136-60-7 0.902 +0.015 Cc 0.826 £0.079 Cc  1.588 £0.167 Bb ~ 3.729 +0.056 Aa
2,6- 1 $LZ% 2 6-Dimethylnaphthalene 581420 5.429 +0.236 Bb  1.728 £0.255 Cd  4.563 +0.163 Bc  6.844 £0.279 Aa
TR 5 Diphenylmethane 101-81-5  0.288 +0.046 ABb ND ND 0.518 +0.107 Aa
3-F FLEE K 3-Phenyltoluene 643-93-6 0.304 +0.392 Aa ND 0.201 £0.012 Bb ~ 0.308 +0.010 Aa
2,3,5-= Ak

2245-38-7  1.063 £0.049 ABa 0.264 £0.011 Cb  0.939 £0.212 ABa  1.533 +0.308 Aa
2,3,5-Trimethylnaphthalene
2-FK 3 2,7 2-Ethylbiphenyl 1812-51-7 ND 0.146 +0.023 Bb ND 0.469 +0.026 Aa
T I L M Dicyclopentadiene 77-73-6 0.637 +0.104 Aa  0.253 +0.024 Bb  0.722 +£0.034 Aa  0.562 £0.047 Aa
7NEAE Hexachlorobenzene 118-74-1 0.176 £0.013 Aa  0.247 £0.062 Aa  0.360 £0.077 Aa  0.473 £0.220 Aa

[ Tetpenes

JRHMi (1R)-( + ) -alpha-Pinene 7785-70-8 0.786 +0.028 Aa  1.558 £0.021 Aa  1.838 £0.452 Aa  1.690 £0.590 Aa
B-7R ) Beta-Pinene 12791-3 16.655 +0.478 Aa  3.503 £0.072 Cc  5.589 +0.010 Bb ~ 5.788 +0.354 Bb
M Camphene 7992-5 0.466 +0.044 Aa  0.106 £0.006 Bc  0.204 £0.006 Bb ~ 0.175 +0.014 Bbc
HEEM Myrcene 123-35-3 13.335+0.352 Aa  4.656 £0.247 Cc  8.588 +0.806 Bb  8.122 +0.445 Bb
- i Jfi a-Terpinene 99-86-5 0.174 +0.030 Bb ND ND 1.672 +0.158 Aa
FiEME 5 ( +)-(4R) -Limonene 5989-27-5 2.697 £0.178 Ab  1.145+0.010 Bc ~ 3.278 £0.259 Aa  1.641 +0.143 Bc
(E)-p-F##i (E)-B-Ocimene 3779-61-1 0.856 £0.472 Cc 53.674 +0.044 Aa 2.411 +0.173 Bb  0.466 £0.025 Cc
B Ocimene 1387791-3  1.592 £0.017 Cc  6.526 +0.030 Aa 20.468 £2.258 Bb  2.906 +0.375 Cc
i 4 g-Terpinene 99-854 0.946 +0.425 ABa 0.603 £0.031 ABab 1.093 +0.030 Aa ND

3,4-C W2 ,4,6-7 =R
3,4-Dimethyl-2 ,4 ,6-octatriene
&k ( + ) -Camphor 46449-3 1.104 £0.028 Ab  0.961 £0.046 Ab  1.374 £0.533 Ab

57396-75-5 ND 0.870 £0.078 ND ND

(3]

.339 +0.211 Aa




5 5 % AESEFARETH E BT R Y U R M SR A4 X HAH 3 (19 GC-EAD FAT 24 KL 579
£53% 2 Table 2 continued
FE%F 4t Relative content (% )
oy CAS &=
Compounds CAS No. fa e WEfeE FROnfE Bl L
Healthy Feeding damage  Oviposition damage Boring damage

fiE2 Alcohols

(Z)4-CH5-1-lE( Z) -Hex4-en-1-ol 92891-6 0.296 +0.023 ND ND ND

2-Z,3£-1-C % 2-Ethylhexan-1-ol 104-76-7 1.618 £0.176 ABb  0.941 £0.049 Cc  2.124 +0.180 Aab  2.188 +£0.211 Aa

2-FR SN 2-Phenylisopropanol 617-94-7 ND ND ND 1.645 +0.486

a-Tif; i % a-Terpineol 98-55-5 1.654 £0.363 BCa 0.934+0.012 Cb  2.189 +0.005 Aa 1.817 £0.026 BCa
&2 Esters

LRSS Cis-3-hexenyl acetate 3681-71-8 12.135+0.720 Aa  3.356 +0.897 Bb  6.376 +1.036 Bb ~ 5.573 +1.722 Bb

IR -2- 2 3 CUfiE 2-FEthylhexyl acrylate 103-11-7 2.007 £0.438 BCh  1.583 +0.064 Cb  1.871 +£0.062 BCb ~ 3.009 +0.258 Aa

PikfZ — HIiE Dimethyl phthalate 131-11-3 0.331 £0.022 Bb ND ND 2.514 £0.074 Aa
2% Ketones

7 T Acetophenone 98-86-2 4.631 £0.007 bAB  1.931 £0.407 Cc  4.188 £0.621 BCb  6.919 +0.792 Aa

2-HI -6 F k-1, 7 -9 —f-3-

2 Methyl-6-methylene-1 . 7-octadien-3-one 41702-60-7  0.231 £0.063 Bb  0.530 +0.016 Aa ND ND

S /KA Isophorone 78-59-1 0.500 £0. 130 Bbe  0.357 +0.020 Be 1.408 £0.177 Aa  0.844 +0.079 Bb
#:3¢ Hydrocarbons

1E+—%¢ Undecane 1120214 0.166 +£0.266 Aa ND ND 0.201 £0.019 Aa

1E+ =% Tridecane 629-50-5 0.677 £0.200 Aab  0.324 +0.020 Ab  0.733 +0.058 Aab  0.803 +0.119 Aa

IE+ PU%sE Tetradecane 629-594 0.939 £0.086 Aab  0.734 £0.257 Ab 1.547 £0.230 Aa  1.127 £0.055 Aab

TE+7545% Hexadecane 544-76-3 1.403 £0.234 Aa 0.971 £0.190 Aab  0.643 £0.272 Ab  0.692 +0.053 Ab
fi52% Aldehydes

TF-[#% Nonanal 124-19-6 5.220 £0.048 Aa  3.327 £0.136 Aa  5.120 £0.715 Aa  4.244 +1.108 Aa

2,6- " EFH ¥ 2,6-Dichlorobenzaldehyde  83-38-5 0.197 £0.003 Ab ND ND 0.252 +0.025 Aa

ND: KA E] Undetectable. P8t e FIIME = i (n =3 ) s Bi 2041 R A Duncan [Q 2 HWELE, 7] — 17800 5 b AN R /NG S8k 53
SFTR RAEARIE FIRZS T 0 LR 4 2 W A A X 5 2 2 S B 38 (P < 0. 01) FI 22 57 b 2 (P <0.05) ;3% 3 [7], The data in the table are
mean = standard deviation (n=3). The data were analyzed using Duncan’ s multiple range test, and those in a row followed by different capital and small
letters indicate extremely significant difference (P <0.01) and significant difference (P <0.05) in the relative contents of volatile constituents released

from J. mandshurica in different damaged states, respectively. The same for Table 3.

®3 AEBERSTUZRBRHNEZELZELSYHEREEANEE(%)
Table 3 Number of volatile compounds released from Juglans mandshurica in different damaged states and
their relative contents ( % )

{5 e EE e E Bl £ 8
oW Healthy Feeding damage Oviposition damage Boring damage
Compounds MR pgdbEh KH MdER ORH MEER RH e
Number Relative content Number Relative content Number Relative content Number Relative content

i{fﬂiﬁ?ﬁxﬁounds 20 28.729 +0. 146 Bb 16 11.077 £0.528 Cc 16 28.450 +1.535 Bb 22 41.812 +1.778 Aa
MM Tetpenes 10 38.630 +0.240 Cc 10 73.601 £0.037 Aa 9 44.843 +1.729 Bb 10 24.799 +0.556 Dd
2% Alcohols 3 3.567 +0.562 ABb 2 1.876 £0.061 Cc 2 4.313 +0.177 Aab 3 5.650 £0.639 Aa
fig25 Esters 3 14.472 £1.127 Aa 2 4.939 +0.833 Be 2 8.247 £0.974 ABbc 3 11.096 +1.928 ABab
fifi2 Ketones 3 5.362 +0.174 ABb 3 3.079 £0.169 Be 2 5.596 +0.797 ABb 2 7.763 +0.870 Aa
$£3% Hydrocarbons 4 3.823 £0.594 Aa 3 2.094 £0.290 Ab 3 3.432 £0.477 Aab 4 3.385 £0.126 Aab
2% Aldehydes 2 5.418 +0.047 Aab 1 3.328 +0.136 Ab 1 5.120 £0.715 Aab 2 5.497 £1.000 Aa
A1t Total 45 100 37 100 35 100 46 100

RS @R LRI R, (BR AT AR ; %
BT A R PR A ™ B AE LA AR R i 0 4%

AR TR B-UR M A A 2 R I R 25 1 o o
42.125% o ZFNRA 4 BB AE E R LR R LAY
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s IE T —bE 2-H BE-1-R L -1- T 2, 6- 5 R H

T | R P e AR R — VP R S5 (A7 7 T {3 D s
i A ORISR b LA 18 RS 3 v T
FRRA 53 - HH LI IR AN FE B A8 35 R A 19 1L A% Bk
ORI HLAETE S 35 22 5 5 W M DO TE Bl b 18 3
REFNLER TR A R E 2 wq ,
7% 33 FhAb A WA (g AN R AR AN RS R AR 1A%
Berb 4 B H 25 e B R (R 2 M 3) .
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Fig. 2 Responses of female adults of Apriona germari to volatiles released from Juglans mandshurica

in different damaged states detected by GC-EAD

A {#FE Healthy; B: HUE /&5 Feeding damage; C: F=PRE 3 Oviposition damage; D: 44} /G F Boring damage. 1.

VM5 (1R)-( + ) -alpha-Pinene;

2. ZBERM RS Cis-3-hexenyl acetate; 3: T-f Nonanal; 4. «-iif i B% o-Terpineol; 5: N #ifiR-2-2 % C i 2-Ethylhexyl acrylate; 6. 1F + /N4t

Hexadecane. [&] 3 [f] The same for Fig. 3.
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Fig. 3 Responses of male adults of Apriona germari to volatiles released from Juglans mandshurica
in different damaged states detected by GC-EAD

2 7R, 58K MO AN R G RS T &
F IR R I GC-EAD Jpj A 225 . M
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(4 TR W T | T T e TR PR -2- £ O IR ™ AR R
O 5 S FAC LSO 72 B 6 PR ST Ll A B R 1) 3
Yyef i SRR RN R VR R-2- £ R SOk
7N A SO 5 E A LU Bl A IR TR L%
BORER 044 K 1y v 1) £ PR P I L TR oo 1 i
PIRIR-2- LHEC IR KA+ 7S Ke ™ R S o

B3 o, SRR AR AU A R 18 FARAS T &
E IR A5 K P GC-EAD [ A 2255 . M
A EEL PR fi £ SRS A B LR B BT A 4% 5 PP Y TR
P TR o o 2 B I 7o 7 A B 5 A o
HOHACR G T ARAS T IR 35 A i 2

i I B | TP B AE 7St 7 A O 5 Al s R AN
P RSN LA BE BT 2 W b IR I O TR
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B, T B RO T2 P P 2 0 K, o At 4%
P S 22 5N K
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MELE S I 485 R s, SR KA U X 6 Rk G
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26. 67% 5 HoA 3 Flgy oS 58 KA M i O 7 A
FG A SR B (2 5) o X RN TR AR
7 A BN I HE R A — S R R A
FAT BN, 1T ELERfE i e 2 [ SR B L R A ], 3
TR R A il A (M TR R B 22 57

R4 RREBERHEXT 6 FMERAEIZERWEIT AR

Table 4 Behavioral responses of female adults of Apriona germari to six standard volatiles

E FIFER(%) YRIHEAR (% ) ROk FRER (% )

Compounds Luring rate Repellent rate Chi-square test Response rate
&M (1R)-( + ) -alpha-Pinene 30.00 67.78 3.64"* 97.78
M TERE Cis-3-hexenyl acetate 66.67 33.33 2.70™* 100. 00
T/ Nonanal 73.33 26.67 5.63" 100. 00
- i a-Terpineol 27.78 64.44 4.06* 92.22
N IR-2- 2. 5 BV ik 2-Ethylhexyl acrylate 70.00 26.67 4.96" 96.67
1IE+75%E Hexadecane 34.44 60.00 1.62"™* 94.44

"> G i #7255 Non-significant defference (P >0.05); * #2257 Significant difference (P <0.05) ; ** H i 3 2% 5% Extremely significant difference

(P<0.01). %5 [d] The same for Table 5.

RS RRAMHER BT 6 MIREZERWEIT AR

Table 5 Behavioral responses of male adults of Apriona germari to six standard volatiles

EY IR (%) YRR (% ) R 7 6 5 BB (% )

Compounds Luring rate Repellent rate Chi-square test Response rate
JRHMS (1R) -( + ) -alpha-Pinene 36.67 63.33 2.42™ 100. 00
LR SE Cis-3-hexenyl acetate 72.22 21.11 7.40™ 93.34
T Nonanal 70. 00 30.00 4.03" 100. 00
o-1ifi A % a-Terpineol 26.67 66. 67 4.40" 93.34
PiTR2-2, 5T % 2-Fthylhexyl acrylate 64.44 34.44 2.16™* 98.88
1E+75%% Hexadecane 30.00 67.78 3.64™> 97.78

A DR E WX LR B B A R
2 IR R RRAHILACAE 470 4 PR 45 B 42 e ) 1 o3
(A ICARIE , U051 A5 (2016) B8 A Bl = BER A4
A AL BRI R 0 e 22 w2, T
B-UR My M R JE-B-IR M 45 5 R T4 (2017) A B
BERAHMOCIH B R IR a0 A ) 1%
I - AN A o AR A ) 3 B
WREY), X5 & H BT A RIS (A — Lk
U RN AP EROR 225 (BRACEAS, 2015;
KA B4R, 2016) . WFFEERASE A, Al fE 4%
SRR TR AL (ST [ 177 35 B 1) % 300 R0 37
FIPEA 25 (TR, 20065 {hiRdRaF, 2012)
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J3E e 454 5 ) 22 1) ) L A9 P R 2 582 ) B Hke S 7 4
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WELBE SN AR 7R - N TR -2- £ R AU 3¢
KA WE ST S35 1 5 AR 5 R e R 300 %
KA eI B 35 19 5 AR 5 RS 5 K A



534 oy AR ARG R % AR 800 B PO B S A 4L 70 (9 GC-EAD FIAT 9 [ )i 583

HE Sl SRS AT S 25 A LB 5 o i PR 0 38 K A4 MfE
TE R BT S35 RO HGREFE L 3X 5 GC-EAD Jz i 2%
SAHAT , HEAS SR 1 A H A 3 1 i A T R
PR ERIAT AN, 3 5 — 22 35 [ I 58 45 R
oL, BRI 1 45 (2017 ) 4108 , -1 NI R-2-2 42
BEAN Z- £ 1R-3-C IR eI Y 5 AR Y55 & )
KRG Y rhoRS 38 KA il He 3 7 AR B ) EAG RO
ML 51, Ho (Z) - 1R-3-C M B A 2 R
M BERE S R AR o ML 16 5% R A e 3 e X 42
RWFRIAIT R N A 22 5, Pl 1l 5 R A 1E -4k
AT B B A WL RS A8 0 A AR A SR
2% 4 0 PR B B 5050 ) 2 9 (Barata et al.,
2002) , I IX AT RE 5 5 0K A 0 A o e i £ b Rk
S g H A E o0 A A5 2 R B 1 22 A G, Tooker
ZE(2005) & PR A LI X W Antisrophus rufus %A
7 A B 0 5 5 sl A T, (E R 6 0% 1 i H A %
RS IR, Ul AR P45 R W i e — R YR
B ] REXIAE 1R B R B W W R AT AR E Y
FEAE T RE 231G 9 2 P ) HAB S A M/ o st
SN R B RAG TASKE , BARRT R R AR B Y
5175 B IGEE T  (H AR IR W] 2280

B ORI 45 R MR R — N R R
PN TR, B — 5 R W X 58 KA (AT R IR 3 AN
B VABC AR I8 5 | 35 70 s 00K s 1), TR 2 8 AN TR A7 2%
J3 4 RE R LU BRI EAT T — 2D BP Mg 1 2
A JEIFE R R, SR T 7 AN [R) A 2800 o ) ) e £
BiE A e A

S 3C#k (References)

Allison JD, Borden JH, Seybold SJ, 2004. A review of the chemical
ecology of the Cerambycidae ( Coleoptera). Chemoecology, 14(3 -
4). 123 - 150.

Allison JD, Carde RT, 2008. Male pheromone blend preference function
measured in choice and no-choice wind tunnel trials with almond
moths, Cadra cautella. Anim. Behav., 75(1) : 259 —266.

Barata EN, Mustaparta H, Pickentt JA, Wadhams LJ, Araujo J, 2002.
Encoding of host and non-host plant odours by receptor neurons in
the eucalyptus woodborer, Phoracantha semipunctata ( Coleoptera:
Cerambycidae). J. Comp. Physiol., 188(2): 121 - 133.

Bertschy C, Turlings TCJ, Bellotti AC, Dorn AS, 1997. Chemically-
mediated attraction of three parasitoid species to mealybug-infested
cassava leaves. Fla. Entomol., 80(3) : 383 —395.

Bi YG, Guo L, Wang ZG, Lv F, Yan AH, 2017. Electroantennogram
and behavioral responses of Apriona germari to five plant volatiles
and their mixtures. Sci. Sericult., 43(1): 32 -38. [ He4f[H, 56
i, THRR, B, BEE, 2017, FR4NS Py s &1

B RIR G R AT R . bR, 43(1)
32 -38]

Chen YW, Shen JJ, Ye HL, Zhu TJ, 2015. Comparison and analysis of
volatile substances in leaves of Carya illinoensis and C. cathayensis.
J. Zhejiang For. Sci. Technol., 35(2): 8 —=12. [ R A&, bt
A, MAERE, A%, 2015, e RS I EE M R R
W LA M. WML, 35(2) : 8 -12]

Hern A, Dorn S, 2004. A female-specific attractant for the codling
moth,  Cydia volatiles.
Naturwissenschaften, 91(2) . 77 - 80.

Li JQ, Fan H, Jin YJ, 2003. Behavior response of Anoplophora

pomonella,  from  apple  fruit

glabripennis (Motsh. ) to the mechanical-wounded and herbivore-fed
Acer negundo L. J. Beijing For. Univ., 25(5): 42 —46. [ Z=4k
S, BEE S4ha, 2003, OGJE BR AR X JE B AR Rk Y
TR RN JEmpoll K224, 25(5) : 42 -46]

Miiller C, Hilker M, 2000. The effect of a green leaf volatile on host
plant finding by larvae of herbivorous insect. Naturwissenschafen , 87
(5):216 -219.

Ngumbi E, Chen L, Fadamiro HY, 2009. Comparative GC-EAD
responses of a specialist ( Microplitis croceipes) and a generalist
( Cotesia marginiventris) parasitoid to cotton volatiles induced by two
caterpillar species. J. Chem. Ecol., 35(9) : 1009 —1020.

Ning T, Fan JT, Fang YL, Sun JH, 2006. Change incontent of host
volatile  terpene  under  different  damaged  states  and
eletroantennogram response of Monochamus alternatus Hope to these
volatiles. Acta Entomol. Sin., 49 (2): 179 — 188. [ 7Bk, ##zt
BE, J7 5, IMTAE, 2006, AIA M FRZS T 7 4R 281 &
e RN RN SN S BN R 5 T ER AT A e
M, 49(2): 179 -188]

Paré PW, Tumlinson JH, 1999. Plant volatiles as a defense against
insect herbivores. Plant Physiol., 121(2) : 325 -331.

Pichersky E, Gershenzon J, 2002. The formation and function of plant
volatiles: perfumes for pollinator attraction and defense. Curr.
Opin. Plant Biol., 5(3) : 237 —243.

Tooker JH, Crumrin AL, Hanks LM, 2005. Plant volatiles are behavioral
cues for adult females of the gall wasp Antistrophus rufus.
Chemoecology, 15(2) . 85 - 88.

Wang BX, Yang H, Yang W, Yang CP, Cai Y, Zhou M, He XH,
2014. EAG and behavioral responses of Batocera lineolata Chevrolat
( Coleoptera: Cerambycidae) to ten plant volatiles. Chin. J. Appl.
Entomol., 51(2) : 481 -489. [ F4&%r, ke, fh, HH¥, &
i, RS, fIpede, 2014, ZFERAFXF 10 FRIYITE L P9 EAG
FAT R0 DR AR, 51(2) : 481 -489]

Wang HW, Yang W, Yang H, Yang CP, Zhu XQ, Liu FJ, Jiang LH,
Shan CY, 2014. Electroantennogram and behavioral responses of
Tomicus minor ( Hartig) ( Coleoptera; Scolytidae) to plant volatiles.
Chin. J. Ecol., 33(5): 1260 —-1266. [ T.L145, fh, bikE, ¥
B, RBEDC, g, FEmE, INEM, 2014, MTUIRE/ N
XA S o vl A BORAT O R . AR A AR SRR, 33(5):
1260 - 1266 |

Williams L, Rodriguez-Saona C, Castle SC, Zhu S, 2008. EAG-active

herbivore-induced plant volatiles modify behavioral responses and



584 B 244k Acta Entomologica Sinica 61 &

host attack by an egg parasitoid. J. Chem. Ecol., 34(9): 1190 —
1201.

Wu SR, Zhang SY, Xiong GR, Hu CH, Xiao C, 2012. Analysis of
volatile constituents in pine logs from Pinus yunnanensis under
different physiological states. J. Northeast For. Univ., 40 (10):
115 - 119. [{LIpgR, skilGEt, selEln, $isife, KA, 2012. A
[) A= BLARZS 2 BN AR B R AL A o PR ZRAEMRlE R 2
#, 40(10) : 115 -119]

Yan SC, Zhang DD, Chi DF, 2003. Advances of studies on the effects of
plant volatiles on insect behavior. Chin. J. Appl. Ecol., 14(2) .
310 -313. [™3&%, FHPF, IBTEA, 2003, HEY#E RPN E
AR IERE. N A2, 14(2) @ 310 -313]

Yang H, Yang W, Yang MF, Yang CP, Yang LG, Xutang XK, 2011.
Diurnal rhythm of Viburnum odoratissinum and Betula luminifera
volatiles and electroantennogram response of Batocera horsfieldi.
Chin. J. Appl. Ecol., 22(2) : 357 -363. [#g#t, ffi, Bk,
W&, A E, EER, 2011, 3%k ELEHHOLEEE R Y
HATH S = 5K 0l f v Ar SR AR S 24i, 22(2) -
357 -363]

Yang H, Yang W, Liang XY, Yang MF, Yang CP, Zhu TH, Wu XL,
2011. The EAG and behavioral responses of Batocera horsfieldi
(Coleoptera: Cerambycidae ) to the composition of volatiles. J.
Kansas Entomol. Soc., 84(3): 217 -231.

Yang H, Yang W, Yang MF, Yang CP, Zhu TH, Huang Q, 2010.
Effects of plant volatiles on the EAG and behavioral responses of
Batocera horsfieldi Hope ( Coleopter: Cerambycidae). J. Agric.
Urban Entomol., 27(1) : 20 —32.

Zhang DY, Liu JD, Wang JY, Zhu N, Xu HC, Fan JT, 2016. Two

plant compound lures for trapping Batocera horsfieldi ( Hope) in the

field. Chin. J. Appl. Entomol., 53(4): 856 —863. [5k& 5, Hi
HE, EAHE, KT, RN, BEEEE, 2016, WIRhX SRR A
AR EHACR Y IR B N R A, 53(4) « 856 -
863 ]

Zhang DY, Zhou SY, Zhu N, Fan JT, 2017. Damage investigation and
an identification method for different species of Carya cathayensis
longhorned beetles. J. Zhejiang A&F Univ., 34(1) : 42 -49. [k
&5, A, T, BEEEE, 2017, IIAEBE R AF fE 2 i A K
FER ST WM 2741, 34(1) « 42 -49]

Zhang L., Wang BD, Xu ZC, 2011. Volatile constituents of four
moraceous host plants of Apriona germari. Acta Ecol. Sin., 31(24):
7479 -7485. [ 3KHk, Wang BD, V¥4, 2011, A4 Fig R
A9 EARY) I HE R W) BT RS AR, 31(24) : T4T9 -
7485 ]

Zhu N, Zhang DY, Wu LP, Hu Q, Fan JT, 2017. Attractiveness of
aggregation pheromones and host plant volatiles to Anoplophora
glabripennis and A. chinensis ( Coleoptera: Cerambycidae ). Acta
Entomol. Sin., 60(4) : 421 -430. [T, k&5, RHF, #
5, BEEEE, 2017, RAEF B R THYHE LY LR 2R
FRBERFMGHEEMN. BB, 60(4): 421 -430]

Zhuo ZH, Yang W, Xu DP, Yang CP, Yang H, Liu CS, 2016. Volatile
components in bark and leaf of host plants Juglans regia L. of
Batocera lineolata Chevrolat. J. Northwest A&F Univ. ( Nat. Sci.
Ed. ), 44(5): 205 -214. [5L35A0, @fh, #7118, BEF, &
He, XUELLL, 2016, = BEK A4 AF TR K Kb it i 45 % ).
PUALARAMBLER 24 (A IRBRARRD) , 44(5) @ 205 -214]

(SRS BRI



