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WE: [ 869 ] wWEERNDTT X dgrilus mali 375 L5 3R Malus sieversii BEMITAR N, [ Fk] RAHIZMEE
BREWERERRZERETHERELSHTHELY, WEERINETENFIHZLDMABCLEFRTAHARLE, [ &
R ] EFEF R AHAFELMEY, CRBE L, BE RBEE FHrE RE, BE BRERIWME SR
SRR BEL A, ZTERIDETTREATHLET R, TERRAASEEE M, THE, 2-FTARHE, Tk, =
Tt HEEN . RTE., o-Rk M. HPHEF S HELMAT S EATER, B A EAIR-3-THEE, T
B, REE, LB, (DATHEEF 145 2ERBERA Valsamali LEARS, t 2R, Tk, 3,7-2FEARR, =+
. a-RIAA A, —+—dn. KT, KEEH. HPHERTEBRY, Hmegb Atk HIR-3-THEE. T
BRT B, TBE. (D-a-dfili. (DAFHEMEE 24, SR-ERTHEZELSHAR, TERITTREFRT, R-3-TH
BE . a-RM . (O)-o-dRME . AR AN A, TEE. FREZM. B . H P UM S HIEK, Wineg s itk
SR A 3-FH2-BE, TERTHE., X8, TR, (HD-FEEHF 17/, FERBLERALERT T, THRAMATEEHM,
NR-3-THEE . AMEE. RTE ., ok M. (D)oMW, B-RM . H R EART ST, HAne b At £ R R T EE
FRI. BRI F 1A, RRIIRER DT T RMEM R R AR A T AR AR A R AR SR B4E (-)-a- TR . EEE
(H)-o-FH . RXPE, KB, RHRTE, TAMNEPLALGREGHRA (D-o-FH. o-FH . (D-B-RM . B-T-Mr.
BB, X8, [£#®)] S6ASETARBNEEREN.: (-o-TRH, T8, BB FERNETT R K ALALITN
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Electroantennogram and behavioral responses of Agrilus mali to the volatiles
from Malus sieversii trees induced by pest and disease

LIU Aihua'?, KONG Tingting’, ZHANG Jingwen”>, WEN Junbao', JIAO Shuping’

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China; 2. Institute of Forest Ecology, Xinjiang
Academy of Forestry Sciences, Urumqi 830063, Xinjiang, China)

Abstract: [Objective] This study aims to explore the electroantennogram and behavioral responses of Agrilus
mali to the volatiles from Malus sieversii trees in different damaged states to provide reference for the research
and development of highly effective attractants. [Method] The volatiles were collected by using dynamic
headspace adsorption from branches and limbs of M. sieversii trees. [Result] There are total of 46 volatile
compounds in 9 categories has been obtained, including alcohols, lipids, aldehydes, alkanes, alkenes, ketones,

terpenes, ethers and others. Compared with healthy branches, the relative contents of eicosane and pentadecane
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increased in 4. mali damaged branches, while the relative contents of 8 volatiles such as butenol, 2-
methylacrolein, heptadecane, heneicosane, cycloheptatriene, cyclohexanone, o-pinene and chamomile
decreased. Fourteen compounds were added such as cis-3-hexenol, hexanal, decanal, nonanal, (+)-limonene etc.
In Valsa mali damaged branches, pentadecane, heptadecane, 3,7-dimethyldecane, eicosane and o-pinene
increased, and heneicosane, cyclohexanone, cycloheptatriene, azulene decreased. Twelve compounds were
added such as cis-3-hexenol, butyl butyrate, hexanal, (+)-a-pinene, (+)-limonene, etc. Compared with the
volatilides released from healthy limbs, the relative contents of cis-3-hexenol, a-pinene, (—)-a-pinene and
camphene were increased in 4. mali damaged limbs, and hexanal, cycloheptane, B-pinene, cycloheptatriene,
azulene contents decreased. Seventeen compounds were added such as 3-octene-2-alcohol, butyl butyrate,
decanal pentadecane, (+)-aromadendrene, etc. In Valsa mali damaged limbs, hexanal increased, and cis-3-
hexenol, acrolein, cyclohexanone, a-pinene, (—)-a-pinene, B-pinene and azulene decreased. Eleven compounds
were added such as benzaldehyde, pentadecane, dipentene, etc. EAG responses and behaviour of A. mali
towards volatiles released by host were tested. The results showed that strong EAG reactants could be produced
in the antennae of male and female adults of A. mali, these compounds were (—)-a-pinene, nonanal, (+)-0-
pinene, benzaldehyde, decanal, butyl acrylate. 4. mali were attracted by (—)-a-pinene, a-pinene, (+)-p-pinene, -
pinene, decanal, nonanal in the behavior bioassay. [Conclusion] According to the results of EAG responses
and behavioral orientation, the (—)-a-pinene, nonanal and decanal had good attraction to the adult of Agrilus
mali.[Ch, 1 fig. 3 tab. 27 ref.]

Key words: forest protection; Agrilus mali; Valsa mali; plant volatiles; electroantennogram; behavioral

orientation

SER NG T W Agrilus mali J&¥53 H Coleoptera i T HUFl Buprestidae, &% £ £} Rosaceae 3 &
Malus W —FpEZ M TF &, HAY AR T KZNEE, BIRKS MRS SFH, FEEFHE,
115 3 ™ E I U R ARG SE . 2013 4F, SEXVINE T RS Dy e EMOl G A FEAEY . 1999 4F, 3
/T T HUTE TR 1L P ALn] 25 B bR e e IR T e, A R SRR e B S g A Sy i s S
R Malus sieversii, N2 %ERICER, A EERMAGE _HE SRR, E20ak, FERNET
A SERIE AT Valsa mali A FHAEWEE, FECHEPRN SRR ER . HTERNET
e B R, HASKEAES, MZE5 R X HIE R 4%, wRABIG T ARERE, HACR
A FEHNE T REA W Oy ik FER R E BEA R, 7 N TR ST R A%, 3% 19
o BRI, SRR ATEAEEASCR AR BG 5 W7, & YR VIR i e I, A 55 |
BRI, I REFSESRMGER NG T RS S PG R RS . SRS E NS S % B AR Y, R
dfsE AR R A EEAEH, i a R R SRR L . OSSR ST,
[FIEE, 25 B R D AEAE D a4 7 AR B f b, TBt e R A, CARZSIRRIAE, W
T R FEFE S SEBREDAE R R AN S dERAEARAR LG, B vk R AR BT aF I,
MBI D TE R 2N & i FACAEIR KR 22 R0 — Y2 F ISR R o in, 8 &) i
BT = T2 50, P25 2 s vk B s iR s U N A Ulmus pumila 75 52 i 55 - H
Ambrostoma quadriimpressum JE R EEF G, 9 FhY)BH) & & SEFAEMRA LA B8 25, St
AT RN, Hod a-ik e . DT . I-3-COM B . A P M X pf 25 it B i ol LA 5 [ RS,
Z M T Agrilus planipennis 16 WK Ml Fraxinus mandshurica B HE & WX FUBE 7555 T MRl R
BARESIER, MO0k 55 15 B i) fik 4 B3 437 (electroantennogram, EAG) W (K THER AL, 1y
BURXTCUEE . (B)-2-C . -3-Cfmis . 3-H L TG . 2-H L TR Fl e CL R EAG W (EE R T
WERCR®, BT, EWNSAIREURE ARG R R R SHEY) Z B EE R, i TR R S5HEY AR
U, RTINS RGP BoR T i . ERHAE WFG L B0 . MU . SR FTR P R A P % 3 A PR A%
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SR 2 S ECH SR R R N L RS 4Ly, Fe S AR LA AW B k. 7EBF R AR, S
HUNE T RS EEE RSB R R R AT I A SEE . AWTFTR I IR TG E S T PSR A A
SESR/IN T HULE AT O BN SN, DU XSRS T B S A R RG], R
FUNE T B A -5 I AR B S

WL ERE

1.1 ##

111 Aot B TRmLE B /R AR X BrIR BRIt & | D8R B /R FlE = P S S b Ty
8 & P A A IR 1 296.0~1 395.0 m, MEIRIE, XBRE ., FFHAE 7.7 C, 1 AFHE
-8.1°C, 7 A P33 204 °C, FE/KE 580 mm, ZZFEMERELA 1.0 m, LEHREAZAE . LR
Mo BAR OB, BN A RAESSM M DIEFSER N E, Wik 30~55a, W& 6~12m, H
£ 17~28 cm, PAFHL S FALE 6.7 hm® DL o FE/RTE T8 A HE MBI 4K 1 237.0~1 380.0 m, 24E-F-3
SR 7.4°C, HREAIR 37.0~39.0 °C, WA IE-36.0~-38.0 °C, TCFEW] 150d 247, 4EREIKE 200~
780 mm. FEHELLEFSER R A, MY 25~40 a, B 3~12 m, MR 8~35 em, VEAFEHLE IR ALE 10 hm?
DL b o AR S A B U B ARG I, SR INE T A fE AR 72 B 8 %, SRR RN R L
R BELE B BB SRR IR, R . MR ER AR IXHTIR S . U B boh, SRAEZ SR
AN T RS FE I RARE A I, BB AR

1.1.2 A4 TA WK (8RR A RAR, EE), BT, mkR, BN (EHEEIH T
A, SEE), RERE .

113 MHEEE QC-1B MR At i o5 s A4 W52 i), TurboMatrix 650 4 H ShFAB Y (A4
BRIREREA A TR ], SE[E), 7890A Network UM {111%/5975C Network [ i Bk FHAY (SR A R A,
FKE), BCA NIST 2.0 5 b H R4 (LR E AR AR, £E). filff #7142 (Electroantennogram,
EAG) Hifaf 2 Syntech AR A/, EEAFE MP-15 M sh#4E & (Syntech A F], fif2%), CS-55 flFIE 6244
(Syntech A, %), IDAC-4 Btdli KRR HI %S (Syntech 24 H], fi2%), BiA EAGPro {4, PSM4-150 Y
T RRLBEA (R 5 AR AR A A BRA A

114 XA WA (PR A BRA R, il fh e AR L3 1,

R 1 RhFRANE SR AR S WA E R KR

Table 1 Source and purity of standard chemicals used in EAG testing

WEL A Bt U % IR LAY B 34U % IR
(H)-a-kH (+)-0-pinene 95 iy %4 decanal 97 (TP TR
(-)-a-JEH (-)-o-pinene 98 BeFHR (H-F7 (+)-limonene 99 T
o-JRH% a-pinene 98 B A 2-H B PI M methacrolein 95 B 5 Fd 7
(+)-B-JR% (+)-B-pinene 95 EeFER T-f#% nonanal 95 Bl L 2y
N2 T T8 butyl acrylate 99 TR 2y ~+ %% pentadecane 99 i
Z R FERR leaf acetate 97 i 2 (—)-B-JE) (-)-B-pinene 99 EJeFHR
KB benzaldehyde 99 [Gpr L JIji-3-2 4% leaf alcohol 98 PR 2y

1.2 FHik

12,1 FFRRBAMAE BT REETELTTE . R ER LT RXHAIF 2 4L, Sk
JE A AR, JF IO 9 5K o R DN P S R SR R SR AR TE B, ORAEAR S 11 A 55 15 I S 25 41 B Ak el £
UZBUIRHR , JFFARARAEIRN ™ 5E o SeM R CRAEDCRAR N AE A s Ui TR AR BB T4 (N
PG PEDG) — ¥ SR ERAE T DR AN, 55— I 9 RACRHEACE AIE . AR5 R ORI R B
THRIE R R AR e . TR A AT KT ), R RE R A 5 R AR AN, 5 RTR
FEACGHE S A A, TS & el WP RF I AL 25 LA 100 mLe min™" B930S AT HIER RAE . SRAE I (] Rp 252
30 min. K EARHN 3~5 em BB, #0830 em KB, R 4 RRBORACREELRN, SRIDFERERY 7 ik R AR
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THELEY o A3 SRR . SERUINE T R fEE | SRRSO R aF MBS AR TR, Lhas e
M, A EEE AT 3 kP, R A €S- BHSE AL (GC-MS) 43 Ml ik FHAE P 25 45 &0 53
122 ATD-GC/MS o #&4 4 H sh#UB Y (Auto Thermal Desorber, ATD) TAE 5. — 3 FFHR
FE 260 °C, ¥WBFREH-30 C, f&%F 3 mine ZHA PR 300 C, ff¥F 5 min, DU RIRE 230 C,
ek 250 °C. SRESME: DB-5Sms (A% B4 (60 m x 0.25 mmx0.25 pm, ZHEERHARA R, 3£
[E); THEREF: 40 °C f£4F 2 min, LA 6 C-min”' FF2 130 °C, FLL 8 C-min”' J}Z 280 C 4% 5 min. %%
SNAA, W 0.4 mL-min'. FFFEEREEE 250 °C; Uit 1001 #E6E . DLEGEIECR BT e, DI
T A . S AF: B R B, AR 70 eV, B TFIRIRE 250 C, LR 250 C.
AT LEREE (m/z) 45~500,

123 FRDFTERANFERELMGARA VAR L FFER/NG T HESLETT, FRH S o K50
uig FH- S FLJE (Spectra 360, £ EIR LI E AR BE T “Y” B EBmle B b, kifiEESHH
o HLARAE A GBI HAE G 3K N T % 4% Syntech £04E R A4 M (Type IDAC-4);  [A] B 3% 42 315 HL3d &of
EAGPro ZX/FiCE (. St AT aE, kil 13 A FEA FERY), YeBbrke, s b it
BER 107, 1072, 107, 107%, 10° f110° g-g ™' 6 N EHE . K —/ N igd 4 Frli Kk %, JEA
CUDT A AR, 7RI AR L 20 uL FEfb2ebrdt, IR SRR IR AR e 2, DL 107 g- g OIE-3-C 4
AR R B v, SR AR A 8 B S g %ot R LX) il R A T30 . BB ORI, s B A A i 422 AL PR
CS-55 Jl A #8774 A BRI RFLE 1 s PRI A, AR AER A E T 5 IER MRS,
VERI T Ml ffr o AP 4 0 A0 45 58 00 43 BOB6 T EAG SO 50 4% DU R IUF 2047 A I« A o 9 i )
B 10°~107" g- g™ FURRAE L FRAERIIEL . RS . BRI CZ ), Ml A 1 min A A ] ) B R PR
5o BRI AR S BB EAG 43 B e MEME R il i, HEADER SR, hifERfE L EAG
I, A YRR Bk A A SR 1 AN S B VB R RE R

124 FRDFTENFEIHERBELEDFATARRE  HFIRE PAHE 35 L Wbekt, % TG
W, RL107 g gt SR A B I SR/ N T T HOG SR SR O R W AT O R . i 4 IR
AHE R AT R A o AR R ) ol 25 3 52 1 AN BYUB B FABE, N BE LA R 1 AR A5 A a8 A A
IR UEAR, HohERE | ANBUE B A BEVE AR B, HAY 3 AMEA X RE . AU D) — s i 4
K uE AL SRR SR 48 DA —BOhRFEHE A i R 200 mLeminT A, ZERRLEAYL
Ui T HYUER 24 h SERUNE T W, BRUEE I IRTTHE, BUGRIRHr S 15 min, PRIV T dUik
ABGBIF sk AR A E NS A RO N, RN TR . BUGREE e, RN TR
MIRSEAL AL, BRIIRRE A, FREAT IS R T ™ 1 ANER; BAEENEY KRG, HIKs
A 4 U X K B, K 5 B U 180 C HLA B, 15 min FHRE T . T N FELR
RIS B S5 N AT IR R 24~26 C, MXIR A 40%+10%. B F0 4 K& PIAREE 53 500 0 5 M Al g
%20 K, HE 3, THRERNR, SRR N R R B SN R =R A R B R R R )/
DS B < 100% ., P 207 =1 R i R 250/ O Y5 3t 0o RV 1 U880 < 100% . 18 8F R B=(R U5
i HOR RAE b HUBO/(BR TR h OB IR T D . Horbs IERERBORT 0, i O BRI B
ek, BEMA, R, RRMERN 1 EEREE/NT 0, MR HRIEA st (H)
HEPE)

125 HAEARZ TG OFFSEIREEYEIEA I Tk S ERR LR %€ i ATD-GC/MS /BR324
R i B TR R %o 2 2 R R BB T I (total don current, TIC), *f TIC i &4 e R ML AE R, F
FH LK R B4 TurboMass 5.4.2 FIARE TS NISTOS5, 454 20 L A0kH (5 335 15 B o 1) 0 0 I AH 56 Ak 22 45
5, % WP AT R WAL s Ak eE gy, I T RUE — Ak R A A B e S R
Ay R ARS E . QAT T . BANEZ N EAG RN ETFE AR T . R=(T-C)/
(D-C), Hrp. R SEF/NG T difib f X e 5 EAG SOV AIXHE, T 4B FRAEE TS 8 EAG K20
{5 (mV), C MR—RMARREZ R A B2 R A A i 2 YR BRI AR EAG SUWAR B9 418 (mV), D HKlal—
FRMAREEZEE ARER 2 ITAR Y BAG KN (E X E (mv)RY,
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AT AN BT 3 B 6] 4 EAG SO BT XA 2R J7 22 93 B (Two-way ANOVA) DK £ [ #it
gt E MRS L

2 HRGH

21 AEBEXUHTHEREEBRMIEELZYAS RENESE

WS AN ) £ T A5 PR R A A L RY) ., FIH GC-MS i %, L R L&
31, I AR AR AL SR PR SE R W) 14 B, DSER/INE T Hufa A S P AR B H R ) 24 B, A
SESLE LI R G ARSI A R R 21 Bl SRR 31 FELRYIAT ok 8 25, QPRS2 B, RS
SHP, BEERT RN, BORRIE 108, MRS 1 RN, EEZE 2R, WE2E 3, HAZE 1 Rh (R 2).

R FRAEMRAS SR A R A 3 R, A3 BN I . ke . BRBEkE . SESRU/INE T RUE FER AR RE
HHTERDA SF, 0l hi-3-CofmE . S5E. T, 244-—WI-Cbe. 24-ZH LR, SERIF N
WG ERRREA LA 3R, H5ANEIR TEE . KO (H)-a IR AR SR 32 35N
THfEERZIA, MZPEREEREGER P EAEREDNWIELYA 28, 500 T, 2-F 3
VT o TEEERRA R A RS2 R e B fe A AT, T2 RN T R fe E AR A RERIE LY
A LR, R 3, 7- TR G, AESZERY/ NG T RS R DA S R A AT, T R % T AT R A
FERYIA 9T, A0 RI-3-CoamE . AR T e . A4ESEE . CFRMBENE . TR TR, OB, RHEE. 2-
HILBRGE . (DI . 3 4 PP R R IL AR Y R 8 B, 43l +HbE . TEke. =+
B, b, BB, RO, o-URM . H A

MIER YA E vl AR 3 FhAb B (¥ R AN & A R 2R . SRR AL,
RN T UG FER AR R YR IS I o -3-C s RE . IR TR . TR Tl . A4ElE . &R
MR . W-3-CUMEEE . CUE . ZSEE . TEE. RWIEE . 2-WILBRLE . 244-—HI-CObe . 2.4- I ERGE
(HFFERSE 14 ML B, T hbE. PR SR, T, 2-HERNmE. HEk. =1+ —
Bi . PRBE=G . RO, o-URME . HA IS S MR YA FTREAL, HOFEE . 3,7-H R .
Bt . RPEREARRIE S SR RS G FE AT R DR RN A I -3-C M . R Tl . TR T
B, PUMSIR THR . BLMSE . MRt BsfE . O, RHEE . 2-HIEBE . RO, (H)-a KM . (DR
FRMERY, TR, Bk, 37-ZH IR, k. o-IREHXT S ER I, = —ki. O
i PP H D, TR, -SRI . M . DUk . B RER]. Bk L,
5 R R S5 R R SRR X Bt A LA, A2/ INGE T HURISE S B RS0 TR 1S TR R HE R AR 2B
PRI-3-CLGRE . IR THR. TR T HR. MR THE. Z4EEhs . St mlg . I0-3-CmmE. o, %8
B, TR, RHEE. WP, 244 = WOt 24- WP, KL, (H-0 K. (H-FE
555
22 ARBELUTHERETEEEZELZYR S RENESE

WA [F) 6 5 S5 T BPSE IR T R Y, IR T GC-MS 7 Hr 5 . 8 E 2R M E Y
32 F, o AEERRAE AR TP AR B R Y 12 B, DOERVNE T RS EA T8RRI LY 25 Fh,
SER A TR F AT AR B R W) 19 B, ARSI 32 PRI 4ol 9 25, QUFERESE 3 B, R
TP, BER 6 RN, BEIEIEIFh, MRS VR, B2 A, WEIS 7 RR, EESE 2 A, HAMZE 1 AP R 2).

(R AR TR A AR LA 2 8, 2000 (0)-Feda . T e, SRV T iU HECT R 5k
WA 1080, 5300k 100 -3-l . -2-C0-1-0 . TR THE. BUBEls . CmRntrsps . 2-H TR IR .
ZEWE . 2-H L2 E . 228 . (H)-A R . SRR RS E AT REA R WA 4 R, R TT R
THR. UM TR -3-CUImE . SO o RS T A2 3 3N T R fe F AT I04T, S22 ik
i DG AT B RAE RN R WA 2 70, 43R ERBE =0 . S0 o FEf@ BRI R TR0 32 35 S B R 1A
fEFERTIA, W2 PERINE T RS ER T A RERN IR LA 20, S5 RNERE . RO, 2
SERUNE T UG FBT RS2SR e W e E AT, @ R R SR R LA 7R, 4
FR 3-E-2-I . TRRIGTNER . R, Thbe. Thbe. b, RHEE, 3 FPEE AT R
TIHERY R 6 Flr, 40 -3-CEEE . O/ adRIE . (-0 08K . B-IRM . HAHE .
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Table 2 Composition and relative contents of main volatiles released from the branch and limb of the wild apple in different damaged states

CAS%

B R IREXT 5 /%

TR PIAR RS &1/ %

FH) LassZids ppy TR R ERRNE SR
THAEE REAE THEE  REGE
Ji-3- 24 (Z)-3-hexenol 928-96-1 - 1.82 0.90 2.46 6.70 1.67
T 2-buten-1-ol 6117-91-5 1.62 0.61 - - - -
fi¥2kalcohols 1-/%-3-B 1-penten-3-ol 616-25-1 — — - _ 1.00 _
Jji-2-CL 45~ 1- B (Z)-2-hexenol 928-94-9 - - - 11.86 -
3-34%-2-F% 3-octen-2-ol 76649-14-4 - - - - 0.77 2.86
AR T T butyl propionate 590-01-2 - 2.18 3.29 - - 1.50
T2 1B butyl butyrate 109-21-7 - 0.93 2.44 - 2.53 -
NFR TR butyl acrylate 141-32-2 - - 1636 - - 19.59
6% esters  ALEEME prenyl acetate 1191-16-8 - 0.75 0.75 - 1.65 -
Z. TR EET leaf acetate 3681-71-8 - 7.00 4.68 - 10.63 -
2-HF I TR LT ethyl 2-methylbutyrate  7452-79-1 - - - _ 297 _
THRIFTIE allyl butanoate 2051-78-7 - - - - 1.18 0.85
Ji-3- 24T (Z)-3-hexenal 6789-80-6 - 3.70 - - - 1.02
CL#% hexanal 66-25-1 - 1.21 1.49 4.60 0.67 13.40
2-F FEPN A% methacrolein 78-85-3 521 0.77 - - - -
_— 24T decanal 112-31-2 - 0.90 - - 1.29 -
al dj:hy des T nonanal 124-19-6 - 2.00 - - - -
#HIEE benzaldehyde 100-52-7 - 1.30 3.09 - 2.49 1.34
T leaf aldehyde 6728-26-3 231 - - - - -
P acrolein 107-02-8 - - - 10.16 - 7.12
2-F -2 M T 2-methyl-2-pentenal 623-36-9 - — _ _ 1.42 _
2-HIFEPEE 2-methylheptane 592-27-8 - 6.29 0.75 - - -
2,4,4-= 3O Bt 2,4,4-trimethylhexane  16747-30-1 — 0.68 - - - —
2,4- B FEPEs5E 2,4-dimethylheptane 2213-23-2 - 20.22 - - - -
1% pentadecane 629-62-9 0.52 2.04 6.42 - 1.85 0.72
SRS - 4¢ heptadecane 629-78-7 1.64 1.09 261 - 3.84 1.71
alkanes 3,7- - H 325 3,7-dimethyldecane 17312-54-8 1.25 - 3.42 - - -
%% eicosane 112-95-8 1.51 2.69 474 - 2.57 4.92
%t heneicosane 629-94-7 1.51 0.63 1.34 - - -
DUk tetracosane 646-31-1 1.87 - - _ _ _
P cycloheptane 291-64-5 1.14 _ _ _ _ _
WA =g yelohetatriene 544252 16.53 6.64 467 495 132 -
alkenes : : : : :
PR cyclohexanone 108-94-1 4545 2.83 7.39 17.63 - 6.22
filiZketones 4% [l acetophenone 98-86-2 - — 0.94 _ _ _
2-Z4[f] 2-decanone 693-54-9 _ _ _ _ 0.55 _
o-JEM a-pinene 80-56-8 0.86 0.81 0.98 9.85 10.96 3.68
(H)-afM (+)-o-pinene 7785-70-8 - - 2.42 - - -
(-)-0-JE) (-)-a-pinene 7785-26-4 - - - 1.66 8.96 1.23
(1S (+)-Fr5 M (+)-limonene 5989-27-5 - 0.76 7.74 1.11 - -
terpendoids XU/ dipentene 138-86-3 - - - _ _ 114
B-JEM B-pinene 127-91-3 - - - 4.92 1.68 1.04
M camphene 79-92-5 - - - 0.47 2.17 -
(+)-FHE M (+)-aromandendrene 489-39-4 - - - - 0.85 -
Bk cthers ARk fmisole 100-66-3 - - - - 3.18 1.56
T EE isobutyl ether 628-55-7 - - - 1.20 - -
HAtb 251 azulene 275-51-4 3.43 0.94 2.12 2.68 0.84 2.16

will: -
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N T G ERCT B B R RN O -0 -3 -2-C M- 1B 32l TIRT
Fig . ZLEElG . 2-WIETRROKE . TRIGINER . IR ERNR . 2SIE . RWRE ., 2-WE-2-I0ammE . +Tike
ke, —ke. 2-%8 . (D-FEM . RTEE D3-CREE . o IRE . (O)-anTRIE L BRI X A Y
L CEEL R Bk . HAGE AR S A PTRRAR, UM RO (DR . T RERR
B, SRR RAE TR ARG 3 4-2-B . R TR . NMRTR TR . TR NI . -
3-CUMmMmE . RHIEE . boke. bbke. Tobke . BUNME . RREESE 11 AL S Y, CREMIXS SRS,
J-3-CLAMME . NIGEE . BRI, kM . (D)-o-RME . B-URMG . H AR SRR R L, SRR
B R Yy P MRIRS S AR FUL, 23 2RI T HUMISE SRR R0 B 8 5 A 5 A Rh i o 1-1%
Mii-3-0E . W-2-CoM- 102, 3-Mi-2-B . NIRRT e TR T M5, MR T lia . B4Mls . ZmRmt il . 2-1
FTIROES . TRIGNEE . D-3-Clmme . SSME . SRR | 2-FJE-2-00ame . +oike . HEke. k.
2-55M . BUSHM (- REM . R RESE 21 B
23 ARBEFGTHERKZERTEEZERERYASRENSEILR

ARG F 2 E T EFERAAS S BT R O RN TR] o B B SR S R B B SRR I
A EFERY) 3B, AR =0 oM . HAEE . SRRV T HUE T PSR AR A A RS AT A 1
Y3 R, rRI-3-CMEE . TRRT Be . AUEENE . SPRMAENG . CREE. ZSE. RWEE. toke. HE
Be. “be. BREE=UE . oM HAHE . R 2 TR SRR NE T IREFE AT T, -
3-CUmE . TIRT MR, BUBEME . CMRMWENE . 2SME. AWM. b, o-IRIGEMN &2 m TR
ANE T IR E E RS A AR

SR I TR G T RO AR SR B R G F AR T IR R Yy 11 B, 2050 D -3-C A EE . N
MRTHR. WM T B, O, RPRE, +oke. bt ke, OB, o-dRM. H2WE. h&k20
VAT H e SESRIE RSN T G AR A SRR o 16 T iR T LA R X SR NIRRTl . NIRTR T
Fe. Ol KHEE. TIbe. o-URMSF 6 RS BCRAN, HABJLAFHE A DA & 225 A K
24 FRNET BT EEYIERWARER R AR

13 FhAF EAERWARAEAE 107 g ' (SR 0N, PGSR/ T HOMERE A A i Ay, 297 AR ORI
EAG SC R, Herb o o fish £ 08 -1 7 AR 19 EAG ROVAE IR KR, HA5 (H-F7B 22 57 3 Mk HL fl oy X
()-o-URM L B EAG SN fE B K o MEHL il M0 1 . (H)-a-DR M . PNRTR Tl SSIE L 2-HT RN MR
S5 5 MALE Y AR B EAG SON{ELR TR S i Ffy T A B SONEAEL . U AT (2)-0- TR0 L aniRH L (4)-
Bk . ARHEE . (HD-FPEE . T Ik ZRRMERENG . (0)-B-URMEAE 8 ALY AR EAG SNL{E R T ME
il f BT AR RN o TR BRI R T 25 0, ERE SRR RS P AR AR AEAE 107 g g TR MR
A0 BEAG JBE, 225 A3 (K 1).

25 ERNETRNEYERYRERRES BEEMARGRE (EAG)

SPESRL /NG T RME FRORVERE HOGH AT SR A b R B ROAE 107°~107 g g JERIA, Bl BB T
fe, MEHURIME AU A 2 R, BAG ROVAEZHIE K. AFRPIRAE 107 g g ' Fid o BCR RIBCEER/ N T
M SRR Sk 387 A B K EAG OB . £E 107 gr g N, TR (H)-o-TRME . ()-a- TR IS
T T HUME SR b A AR YOS A BRI EAG; (D)-a-TikM . e L ARG /N T OB SR fik £ AR A
BRI EAG. 1EDZE M 13 FAEWE LW ArkErh . oIRGB0 R iy, BEE BRE 0 E0
EAG N B A W35 22 595 JoAh 11 R BOROE s fik o, B i 0 BT, BAG OB 28 52 A B 35
(D)-o-JRME . ()-o-JRME . TRERBOME R Ay, BEE BUR BTN E, BAG ROV BA %S, HAb 10 Ff
Yy JSORIHOME SR Ay, B RO 2RO R, BEAG W22 A 3

XA [ A ) i 3 50 EAG OBEREA T XUN 3R T7 2200 MT o SR s« e EHORVERE Kb o £ Xk AN [] Ao 2
Yy I R0 () ot o KAl & 1 BT 7 AR B BAG W B 3 22 S o 13 Bl R A0 AR 5 R B (107°~10°°
g g ) MR /INT T o e SR A A 7 A 1 EAG RN 22 S AN 3 (P>0.05), DA/ NG T sl
SR ik A ARG 5 0 KA A~ ) o S S AN B . JE ] LSD 2 H HU B, SESR /N T RUME AR
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.a, b: MEHRXTAYIR EAG OV Z 0] 8 2 50 (P<<0.05);
2.¢c: HEHXTEYIE BEAG by Z 8] i B 35 22 5P (P<<0.05)
Bl ¥FRIFTERESGFEELELMAFAFE 10" g g RESHKT EAG LB

Figure 1 EAG responses of adults of 4. mali to synthetic monomers at dose 10" g+ g™

filk £ X5 (0)-0-9R M . o-VR M . R HE ()R A 0 O™ A2 EAG I S H A 9 B BT 25 R
(P<<0.05) SFEHFE/INE T HURE B il A X ()~ 98 M 0 AR EAG B 5 A 13 R T 25 S B
(P<<0.05), H: EAG WV HEWAIXTEK,
26 ERNETHMNFEHFERTEZELZYNITAHRNK

H12¢ 3 PTLAE s SESR /NG T O ol e ) 27 P S SR R AR AE (-)-o-R0 . 23 . T . o-JRM
SV RN R T A LA, IR RBCYRT 0, BEHISER/INE T HUERE R A X LR
RYbRFEERA —E Rk

x3 EFRNEFTHEERT 13MFEELYEL0" gg” TITARMK

Table 3 Behavior orientation responses of male and female 4. mali to 13 synthetic monomers at dose 10™" g-g™'

T A W
BRI AW

% BERE LI %/ % PEREREL ) BERE LI /% PEREREL
(+)-o-JRH 28.33+4.74 59.05+1.35 0.1810.027 25.00+7.07 47.62+3.37 —0.048+0.067
()-0-TiR N 50.008.16 83.61+3.07 0.6720.061 51.67+4.71 77.44+3.72 0.549+0.074
o- VR M 43.33+4.71 52.50+13.39 0.0500.268 45.00+4.08 58.98+10.73 0.180+0.215
(+)-B-TR M 43.33+10.27 52.69+8.06 0.054+0.161 46.67+14.34 49.43+3.86 ~0.011+0.077
PR T TR 36.67£2.36 32.14+7.72 —0.357+0.154 38.33£2.36 30.36+5.26 —0.393£0.105
AR 38.33+6.24 31.02+6.45 —0.380£0.129 43.33+6.24 34.34+7.17 —0.313+0.143
ZEE 45.00+7.07 67.05+5.64 0.341+0.113 43.33+10.27 65.66+1.43 0.313+0.029
(H)-FriEek 31.67£2.36 42.06:6.83 —0.159+0.137 30.00+4.08 38.73+3.99 —0.225+0.080
pREE NP3 30.00+10.80 28.97+3.41 —0.421£0.068 26.67+8.50 31.7542.24 —0.365+0.045
TR 41.67+6.24 71.3147.14 0.426+0.143 43.3349.43 65.56+4.16 0.311+0.083
+ Tk 28.33+2.36 41.11+6.85 —0.178+0.137 31.67£6.24 36.94+2.75 ~0.261+0.055
LR B 36.67+4.71 44 44+12.88 —0.111£0.258 43.33+9.43 41.11+£6.85 —0.178+0.137
(-)-B-TE M 40.00+7.07 56.67+11.09 0.133+0.222 43.33+4.71 52.50+13.39 0.050+0.268

3 Zib 5t
FELYIRENS & WL B 2 A% K A WL (volatile organic compounds, VOCs), EL4H Lo ikiA,
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HWR K. AT T Agrilus planipennis T B fil ff EG ME A fh A7 B8 B0RKE,  F BT -3- 0 06 2 19 2 107 e it
7T G- 3- 2 4 TS 6T 1 8 7 35 T e e R AR S A AR A IS0 AR B2 BRGS0 R /Nt T e e o o fh
FRIRAS IS A 255, X AT BEE B NPT FHE A Y) EAG IOVAEEE R THER R Z —.
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