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¥ 10 mg/mL A 100 mg/mL #(1S)—(=)—a=7&k M, (1IR)—(+)—a—JR i ¥ LA1E 4 K AR/ 2 A % ok 5135 7 i 4, 10 mg/mL B9 (-) -B-
TR 7T A A K AR/ B R sk BR3BE FR RK 2

KR K AN E E KA GC-MS; B A (4T RN

hE 4% E.S763.38; S791.256 XERFRIRAD ;A XEHS.1006-8023(2024)03-0101-14

Electrophysiological and Behavioral Responses of Hylurgus ligniperda
to Pinus thunbergii Volatiles

XU Jianjiao, ZHANG Hanwen, CHEN Huanwen, ZHOU Junhua, WANG Meihui, SHI Peng,
YANG Qingshan, XIANG Jiajian, YU Jia®
(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract: To explore the selectivity of the H. ligniperda to volatiles from Pinus thunbergii in different physiological states, the dy-
namic headspace adsorption was used to collect volatiles from healthy and harmed main trunks and roots of P. thunbergii in different
damage degrees. The collected volatile samples were identified and analyzed by gas chromatography —mass spectrometry (GC-MS) ,
and the electrophysiological and behavioral responses of H. ligniperda to the main volatiles identified in this paper (or published pa-
per) from P. thunbergii were analyzed by electroantennography (EAG) recording system and Y—type olfactory apparatus. The results
showed that there were significant differences (P<0.05) in the composition and content of volatiles in trunks and roots of P. thunbergii
with different degrees of damage between healthy and different degree of damage. The relative content of the main compound ( 1R) -
(+)—a—=Pinene in the trunk decreased from healthy to wilted tree, and increased slightly in the wilted to dead standing tree stage. The
relative content of (—)—B—Pinene increased significantly from the healthy stage to weakened tree, and gradually decreased in the weak-
ened stage to dead standing tree. The relative content of (1R)~—(+)-a—Pinene in the roots gradually decreased during the transition
from healthy tree to dying tree stage, and its relative content increased in the dead standing tree. EAG test results showed that among
those 10 tested volatiles, there were 9 substances triggered significant different EAG response values between female and male adults of

H. ligniperda. Females had the highest response value to (1S)—(~=)—a—Pinene at 0. 1 mg/mL, and males had the highest response
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value to 0. 01 mg/mL Ocimene. The behavioral response results of Y—type olfactory apparatus showed that different concentrations of
volatiles had different effects on male and female H. ligniperda. 0.01 — 100 mg/mL a—Pinene, 100 mg/mL a—Terpinene, 10 mg/mL
and 100 mg/mL (1S)-(-)-a-Pinene, (1R)~=(+)—-a-Pinene had a strong attractive effect on both male and female adults H. lig-
niperda, and 10 mg/mL(—)—B-Pinene had a strong repellent effect on both male and female adulis H. ligniperda. Thus, 0.01-100 mg/mL
a—-Pinene, 100 mg/mL of a—Terpinene, 10 mg/mL and 100 mg/mL of (1S)—(~-)—-a—Pinene, (1R)—-(+)—-a-Pinene could be used

as an attractant component for male and female adults H. ligniperda, and 10 mg/mL of (=) —B—Pinene could be used as an repellent

component for adults H. ligniperda.

Keywords : Hylurgus ligniperda Fabricius; volatile compounds; GC—-MS; antennal potential ; behavioral responses
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Tab. 1 Grading criteria for the damage degrees

of Pinus thunbergii
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KARIEALI H A 2 5 RAEAR A S 5 I
FIRFEAE TN T — 6 KRR # ST AE
mE 1(c) iR, BETTIFRFEMA#HEID 5HS
FUIITT, [RES ) 205 70 I 1T B KRG T
PEIR RS, TEHERYIRE S h G B REE RG],
SR P W A TG BT O TR S AR RN ) 1 B A
P, IR P %, FERE NI 14 3 I
0.5 mL B9 0 3% g0 0E O ke oE 47 U6 M, 1k 0 W28 A
2 mL RE G T AU PRI S5 CE -4 °C vKAE
g,

FIFHAAR TS - BTS04, i 2k
T PR R AR E oot R S5 1 A6 S 0 B
g3 AR — BT I R A Sk 1 SR R IR R R
250 °C,LL 5 C/min FHEZE 120 °C, L4 15 °C/min
T+ 280 C , FA54E 5 min, B A B SME WS, A
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Fig. 1 Diagram of the volatile collection device

1.5 BAEBIURITHNE (1S)=(=) —a=JEM . (1R) = (+) —a—JE M WA B 5%
1.5.1 {4 kY BB R R v BT S 5 B ), R M AL B0 A

ARG R R 10 FhEEMME & B2 b A at R R R AR N S rp S g 15 3
Frfinfa B FnAT Ry il ae, W 2, Hh o- 98K . DAV AT W R 5 75 5 45 FE 2 B 0. 01,0, 1,
(=) -B-VR M . a— P B M . H M 3 — B 0 1.0.10.100 mg/mlL F#) 5 /> 5+ e 5 0 BE A VA AR
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Tab. 2 Volatile standards for testing

sty 43 F 4 (%) P 3
Compound Molecular formula Purity Source

_3E
@ Uﬁkfﬁ CioHg 98 Macklin Biochemical Technology Co. , Lid
a—Pinene
I — .

. CoHye 98 Macklin Biochemical Technology Co. , Ltd
Sabinene
(=) =Bk CroHye 98 Aladdin Chemistry Co. ,Ltd
(=) —B~-Pinene

ey
o=t {m;% CoHye 95 Macklin Biochemical Technology Co. , Lid
a—Terpinene

. CoHye >90(GC) Aladdin Chemistry Co. ,Ltd
Camphene
SRR CioHyg >91(GC) Aladdin Chemistry Co. ,Ltd
Laurene
3 _%%’ CioHg >90( GC) Aladdin Chemistry Co. ,Ltd
3-Carene
ﬂ}]%‘}#ﬁ CioHye =90 Macklin Biochemical Technology Co. , Lid
Ocimene
(1) ~(-) - -

C,oH = hemical T -

(18) = (=) ~a—Pinene 1woHig 99(GC) Macklin Biochemical Technology Co. , Ltd

IR) - (+) —a-7&
(IR) =(+) —a—iihfs CioHy 98 Macklin Biochemical Technology Co. , Ltd

(1IR)—(+)-a—Pinene

1.5.2 filoffy B E ERUE R R R B R R E R
FEOIT B fi fry i T ARBEE A IR A AR b, T, BRI 6 U 2 IR TR R
e UL P84S vh 43 R WD AR IR i 10 W B L A2 00K 2 min, RADBUZD SR 2311 fih £ BT 3
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I DLV B0 SRy e HR A [R5 32 o e Mk
I 1) = AT ARG
1.5.3 Y JERUeA AT i e

FIIAHY T LG8 S 2 4 AR/ 3 6 4 % 1 4 il
FIESETE . SRIEN 2 emx0. 5 em BITELR, T N
10 L BES, IR ARA BEVEXT IR, LY TR LS8R 32
B DG AGR A IR AE Y T 7 XA ok 4,
AN R O, A Sk e o 13 B
1 min DL Eid X P8 A AR Y A 8, R Z
WCRHIIZIRTC RS, 10 Ly —4 R FEH 3
W 15 KR Y TR R e, IR EE R
TR EACSE , LATH BR R A0 8 R & ) o 5% B %
HAT R AT RE A R
1.6 HIBESH

FIHH SPSS Statistics 25. 0 DA 8K & 7 2001 K
MONEER) EAG O AFXHE , A FHXE 15 K5 ( Duncan s

test) K0 H 22 5 W 25 1k, DI ol AR S REAS o A
By, kA IR MEMERE A [B] Y 22 S . X Y R IRUE A
H I Z R AL S AT R OTRLR

2 gERE54

2.1 ARAZEZERERBEEVRHSREMNESE
7%

WL GC—-MS 434, B AR T AR AR G
W 25 iR AL &8, B 2Rk &, B2
F ERLAE A G 2 R, BT R A 12 Fh
FlE 8 ARSI 3 AR WA 11 A
it , 8 TP, WA 4, FRE EZN (IR) - (+) —a-
WM (=) —B-TR M B A B- H REMS L4y, fi5 2k
il E LA | (+) KR (+) —a— K IR
(+)-HEE RS,
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Tab. 3 Volatile composition and relative content of different grades of Pinus thunbergii trunk

A% F E YA T RN S H T (%)

e CAS e Relative percentage of volatiles in trunks of different damage grades

No. CAS number Compound AR EHAR EEA WisEAR HiZEAR
Healthy wood ~ Faltering wood Wilted wood Dying wood Dead wood

1 007785-70-8  (1R)—(+)- a-JEK  81.52%£1.20a  77.14%2.23a  70.79%4.62a  74.76+9.31a  76.14%5.93a

2 007785-26-4  (1S)-(-)- a—JEM  0.21£0.0la 0. 63=0. 56a 0.2220. 11a — —

3 000079-92-5 W 3.00+0. 20a 5.10+3. 76a 5.14x0.95a 7.1124. 65a 11.98+8. 44a

4 018172-67-3 (=) -B-IRM 8.39+1.67a  29.55%15.96a  23.98+7.40a  9.16%6.05a 6. 64£2. 85a

5 000123-35-3 B- AR 1.31£0. 68a — 5.5742.27a — —

6 000099-86-5 a—HATIE 0.42+0.03a 0. 17+0. 09b 0.09=+0. 01hc — —

7 013466-78-9 3-E I 1.95+2. 25a 0. 40+0. 29a 0.3920. 09a 0. 09+0. 06a 0.4620. 32a

8 000099-85-4 y- PG 0. 08+0. 05a 0.520. 35a 0. 38+0. 08a 0.3720. 24a 0.2620. 14a

9 000464-49-3  D(+)—ffiki (KR) 0.28+0. 09a 0. 64+0. 65a 0.70+0. 20a 0.31=0. 36a 1.52+0. 82a

10 000098-55-5 o= AT 0.02+0.01a — 0. 19x0. 10a 4.56+4.90a 0.21+0.25a

11 007216-56-0 e — — 0. 50+0. 20a 0.09=0. 14a —

12 029050-33-7 4- 0 — 2.10£1.52a 1.69+0. 40a — —

13 005989-08-2 (+) —a— KR 0.15+0.01a 0.45+0.43a 0.58=0. 14a — 0.1720. 07a

14 022469-52-9 (+)-WETE R 0. 05+0. 00a 0. 16+0. 16a 0. 1620. 06a 0.0720. 11a 0.120. 13a

15 001137-12-8 (+) - K 3R4 0.2520. 02a 0. 80+0. 70a 0.7620. 26a 0.4320. 57a 0.4920.27a

16 001135-66-6 S I 0.10+0. 02a 0.270. 26a 0.27+0. 08a — —

17 003650-28-0 (+)-H1EM 0. 11+0. 02a 0.36+0.27a 0.6520. 17a — 0.2320. 17a

18 000475-20-7 Ko 2.06+0. 10a 6.47+5.52a 7.52%1.97a 3.02£0.17a 1.7720. 00a

19 000087-44-5 () -G 0.09=0. 04a 0.15+0. 12a 0.17+0.03a — —

20 003856-25-5 () —a—JEH — — 0.18+0. 07a — —

I R PR R P B AR ERE ARG FRRR R RE F R Rl — 8 BUR X & A7 75 B 3F 22 57 (P<0. 05) , “—" 378 R M 5 B %

Yo, T,

Note: The data in the table are mean + standard deviation, different lowercase letters indicate significant differences in the relative content of the

same substance at different damage level ( P<0.05), and "—

indicates that the substance has not been identified. The same below.
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Tab. 4 Volatile composition and relative content of different grades of Pinus thunbergii roots
AN 32 SRR AR AR i A L (%)
e CAS oy Relative percentage of volatiles in trunks of different damage grades
No. CAS number Compound fE A EHAR EHEA WiFEAR HHEEAR
Healthy wood Faltering wood Wilted wood Dying wood Dead wood
1 007785-70-8  (1R)—(+)-a-J&M  82.88%1.74a  78.92%4.7la  75.95+4.74a  65.63+22.85a  67.11x7.46a
2 007785-26-4  (1S)-(-)- a-J&Mi  0.190.02a 0. 16+0. 04a 0.21+0.03a 0.1520. 06a 0.24x0. 06a
3 000514-14-7 ER — — — — 0.08+0. 22a
4 000079-92-5 B3 2.25+0. 06b 2.04+0.19b  3.28+1.42ab  2.29+1.06b 5.51x1.22a
5 018172-67-3 (=) -B-TkME 6.66+2. 62a 11.18+4.30a  8.47+2.56a 8.49+1.22a 10. 36%3. 32a
6 000498-15-7 (+)-3-E — — 0. 84+0. 63a — —
7 000099-86-5 o~ AN 0.74+0. 16a 0.110.07a 0. 13+0. 09a 0.99+0. 67a —
8 000099-85-4 =R 0.14+0. 11a 0.29+0. 03a 0.32+0. 14a 0.40+0. 41a 0. 46+0. 08a
9 029050-33-7 4-TEN — 1.49+0. 31ab 2.02+1.07a — 2.59+0. 55a
10 000464-49-3  D(+) -l (KK) 0. 16+0. 05b 0.15+0. 17b 0. 15+0. 04b 0. 08=0. 06b 1.5620. 41a
11 000098-55-5 oA THIEE — — 0.19+0. 11ab  0.04x0.03h 0.47+0.27a
12 001137-12-8 (+) K34 0.1320.19b  0.3720.14ab  0.49+0.25ab  0.30+0. 13ab 0.98+0. 33a
13 005989-08-2 (+) —oa—K MR 0.100. 07a 0.29+0. 20a 0.16=0. 13a 0.20=0. 10a —
14 022469-52-9 (+) - E TR 0.44+0.33a 0.08+0. 07a 0. 15+0. 08a 0.06=0. 05a 0.29+0. 22a
15 003650-28-0 (+) BT 0.44+0. 05a 0.37+0. 11a 0.36+0. 17a 0.23+0. 09ab —
16 000475-20-7 N 5.79+0. 95a 4.45+1.98a 7.00+4. 00a 4.26%1.54a —
17 025246-27-9 F W — — — 0.01x0. 00a —
18 000489-40-7 (=)~ 2= — — — — 0.50=+0. 45a
19 010219-75-7 AN — — — — 9.74+8. 26a

1% 3 M1 4 w1, R b £ B B AN SE AR A 5
Wik R b AR T R AR 442 R 0 1 1 DA B AR )
B|YRAE T WA, P (1R) -(+) —a—TRM N
TERAR TR AR 4 32 B4 2 ), A AR b LA X
oL 80% WEE 2 EREERINE, (1IR)-(+) —a-
TRAGATY R FIARE AR 22 S 0 10 =5 2 B G, L AR
RS G EFRE MM T MR TR LS
(P>0.05) ; (—) =B—T& N Jy v I SR A B T FREAR 44
KW — Ry, KA S &8 (1R) - (+) —a-
I, (=) -B-IRMAER T H K Prh, DA A %)
TG AR B XS & f 4G, I AE 5 55 R AR X B
TR N 29. 55% £ 15. 96% , 1T 7 55 A 15 2
FEARB B ILARNT F i B W /b (BT 3 25 & (P>
0.05) ; (=) —B-IRM 7E R AR5 A 4y v [l A 52 0 ol £kt
JREAR B 55 K B BEH AR G 2 i 3, IR BE TR R 5 A
AR R B o 11, 18% +4. 30% , 55 K
FIWAFEA B BOAHXS F5 /N | 2E AR FEA By B

AR B /b a b T s ZE R T R AR 44k W rh B A A
Bl , FORERT B i B A SRR N AR B
BESE N, ARG FEA s B0 5 R AE, AR X & 2 A A
FHRTLLM 3. 00% +0. 20% T+ 2 11. 98% +8. 44% , #
AT LA 2. 25%+0. 06% T+ % 5. 51%+1. 22% ; Kt
IEAER T AR B i AR AR B 258 R B 2
/NI HE TN A R e | i 25 5 R SIS JE AR By BOAE X 5 4
TR ARARE K v R i R X R A (R 3
AR B /IMIE T [, R 55 K B 2 5 R B B AR
X T R R B WS By B AR & 1R
W TEARFEARB B 58 A2 TH 2k o K I A T 5 2 TE A
TR AR 38 7 2235 A Pk BIEAE, 7300k 7. 52% +
1.97%H1 7. 00% 4. 00% ; HoAh 5 % Py A X & 21
BN R TR T, (1) - (-) —a- TR K WA i
i TR (- -REATTERN(-) —a-TRIE I TE
WIFEAFIRGZEA TR 2%, 2 s 4—8H  (-) —a-
I 32 F 5 7= A I 2 R FER AR ¥ & v
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AT () —a— KR | (+) — B & A 4 1
TERBEAR TN, (+) -3 — 880 R W0 Ry 52 e
PRI IRZAE R () —a— Tl M BRI AR 2
FEMFEARAEALE
2.2 K#/PhES 10 WARREREEYELZYHN
EAG &R

AT 10 PSR B it vk B 45 R Ak &
YHEAT EAG W E . Hrb (1IR) = (+) —a— TR M |
(—) —B-TRM B 2 PR E TR R Y, 53 A W5
KM AEZ FG LT - HHE M 3-8, H
WANZ E G a- PG B I 0 LT BT
WK X S R WA S AR 5T 5 Bk 2 AR i Pk T
BEER o 2 Bl NEE I TGP AR I - TR LA
K (18) =( =) —a-JR M AT IR K AR/ NG I
BT BT RE R #5347 e — B R B EAG U
i, W3 5, KM/NEEMEARXT 10 mg/mL 79 % 814
1 mg/mL [ (-) -B-JE M .0. 01 mg/mL ¥ B— HH:
45 .0. 01 mg/mL %) a—J&H 0. 01 mg/mL i 0. 01
mg/mL 3-E4% 0. 1 mg/mL 1Y (1S) —(-) —a- KM
N AE 8 g, H W AE 4 51 R (1. 156 £0. 488) |
(0.937+0.217) .(0.935+0. 675) . (1. 041+0. 645) .
(1.450+0. 423) . (1. 040+0. 324) . (2. 778+0. 709) mV
KtV i B %5 0. 01 me/mlL 1Y% #5145 0. 01 mg/mL
(=) —B-TEM .10 mg/mL AR Y S W (8 2 88 5
H S RAESY 34 (1. 921£0. 458) (0. 879+0. 227) |
(0.752+0.437) mV, i H X5 44 5 B e B 1 8-
BEM = PATHIR | o JR I R 1) S WA 43K

KA INGEHEHOT 10 mg/mL (92§15 0. 01 mg/ml
1 mg/mL P kA LA B3 225 (P<0.05),
HWAE M (1. 156+0. 488) mV ; HE 4T 0. 01 mg/mlL
(1) 2 I A, 4 A BB VR B A LA 3 25 5 (P<
0.05) , H R WAE M (1. 921+0. 458) mV ; Kbk/Nag M
HX 1 mg/mL 1Y (=) -B-IRHE 5 0.01,10,100 mg/mL
(4 (=) -B-TRMi AH LU A i 35 25 5 (P<0.05) , H
4 (0. 937+0. 217) mV ; HE 2 XF 0.01 mg/mL 1Y
(=) -B-IRMH A 4 AR A A B =S
(P<0.05) , H WA K (0. 879+0. 227 ) mV ; K Hk/)N
FEME O B— AR B9 EAG J5 0 (LR o7 8 v JE £
T THE , 3F7E 0. 01 mg/mL 3k 5 KAl , Ho R W AE
7(0.935+0. 675) mV ; HEHXF 1 mg/mL 110 mg/mL (%)
B- A5 0.01.0. 1,100 mg/mL 4 8- H B4 4
b B 25% (P<0.05), H N 4 (0. 329 +
0.070)mV F1(0. 317£0. 067 ) mV ; K AR/ NEE HE i %of

1 mg/mL 1 a4 5 0. 01 mg/mL F1 100 mg/mL
1) o= AV A AT B 35 25 7 (P<0. 05) , Ho S B AE
J5(0.513+0. 092) mV, HE 1 %F 100 mg/mL ) a—#4
M5 01,1, 10 mg/mL (1) a—-FA AT LA B3
2 5(P<0.05) , H W AE A (0. 289+0. 074) mV ;
MNGEHE XS 0. 01 mg/mL B a—JR M EHAD 4 4~
AR LA 3 22 % (P<0.05) , H W AE N
(1.041+0. 645) mV , I H X} 10 mg/mL ) a—JgM 5
0.01 mg/mL 1100 mg/mL ) a—JR KA A B3 2
5 (P<0.05) , H W H 2 (0. 407+0. 255) mV ; Kk
/NG 0. 01 mg/mL AR B At 4 AR vk
FEEM A B 2257 (P<0.05) , H W AE N (0. 602+
0.230) mV; #EH%F 10 mg/mlL FIAHE 5 0. 01 mg/mL
A1 100 mg/ml. ARSI AH HL A B 3 25 5% (P<0.05)
H WA (0. 752£0.437) mV ; K AR /NG HE
0.01 mg/mL MY EME A 4 > 07 v B2 AH LU A
FHEH(P<0.05) , HJZ NiAE N (1.450+0. 423) mV;
HER X 10 mg/mL BI¥IES 0. 01 mg/ml 1 mg/mL
A LA B % 22 7 (P<0.05), H W B Ky
(0.540£0.139) mV ; KA/ EEHE B XF 0. 01 mg/mlL
(1) 3 — 8 M 5 LAt 4 /> Jo o vk B A LU AT B 26 25 R
(P<0.05) , H W AE M (1. 040+0. 324 ) mV ; e H X}
0.1 mg/mL 1 3- M HAt 4 AP e BEAH LU A 2
FX5(P<0.05), HZ B{E M (0. 610+0.227) mV
KAR/NEEMER XS 0.1 mg/mL B9 (18) —( =) - a- TR
A 4 SR A A W 22 5 (P<0.05) , 3
KRB M (2. 778+0.709) mV , it L%} 100 mg/mL F)
(18) (=) —a-TEM 5 1 mg/mL 19(18) —(-) —a—JE
WA A B35 25 5 (P<0.05) , W H M (0. 218+
0.044)mV , KAM/NEEMERERXT(IR) = (+) —a-TR )
JITHE B 5 AN o R B A R AR B A 2 A 38 TG 25 5
(P>0.05)

Tt RIS R MU NEHERE T 0. 01 mg/mL
B, 1 mg/mL 1Y (=) —B-IRHME .o~ PRI .o~ T
Ji (18) = (=) —a-J-M Az LA S 0. 1 mg/mL A9
JFN 10 mg/mL Y #0651 35 19 EAG M 25 7
(P<0.01), %} 0.01 mg/mL () -B-TEH 2K .
WM 3-EE M, 0. 1 mg/mL ) a— AN T M 3 — B M
(1S) =(-) —a—JEM, 1 mg/mL 1Y - H B 3-8
110 mg/mL B9 Z 4  B— H A | a—Fa s LA &
100 mg/mL [ B4 A B 35 19 EAG M0 22 57 (P<
0.05) . BRILZAM, KAM/NEE R R — b5 P e S
—HFE R E R0 EAG SN ATEAEME 22 50k
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RS KM/NES 10 IELZWH EAG R
Tab. 5 EAG reaction of H. ligniperda to 10 volatiles

KAM/NEI EAG SV {H/mV

%540 &
gRs
KM/NEER EAG ROBI{E/ mV
e PR i
Compound Concentration Wi Ik
Female Male
0.01 0.4010.335b  0.0970. 084ab
(18)-(-)- 0.1 2.778+0.709a*  0.116+0.027ab *
?;Z;UE%( - 1 0.203+0.038b™  0.038+0.023b**
a—Pinene 10 0.262+0.133b  0.038+0.033ab
100 0. 254+0. 052b 0.218+0. 044a
0.01 0.385+0. 191a 0. 11720. 020a
(IFL)—( +) - 0.1 0.483+0. 691a 0. 122+0. 053a
?;;J{E)h:%( - 1 0.098+0. 107a 0. 065+0. 029a
a—Pinene 10 0. 066+0. 046a 0. 088+0. 055a
100 0.117+0. 072a 0.216%0. 076a

feam PR S s
Compﬂund Concentration >
W 1 T iy
Female Male
0.01 0.053+0.079b™  1.921+0.458a™
0.1 0.446+0. 463ab 0.213+0. 100b
ifﬁﬁe 1 0.291=+0. 106b 0. 125+0. 054b
10 1. 156+0. 488a " 0.221+0.264b "
100 0.318=+0. 158ab 0.151+0.253b
0.01 0.111£0.022b " 0.879+0.227a "
s’_—) -B- 0.1 0.341+0.421ab 0. 154+0. 089b
7()&_‘}3)%_[3_ 1 0.937£0.217a™  0.200£0. 070b ™
Pinene 10 0.204+0. 270b 0.223+0. 353b
100 0. 177+0. 170b 0. 159+0. 162b
0.01 0.935+0. 675a 0. 127+0. 066b
0.1 0. 151+0. 173ab 0. 086+0. 000b
g:iﬁeﬁi 1 0.117£0.062ab™  0.329+0.070a”
10 0.110+0.067ab™  0.317+0.067a"
100 0.073+0. 070b 0. 126+0. 103b
0.01 0. 147+0. 052b 0.237+0. 030ab
) 0.1 0.330£0. 129ab™  0.038%0.019¢ "
z:ff};ﬁzﬁle 1 0.513£0.092a™  0.071x0. 103bc ™
10 0.236+0.039ab™  0.0871+0. 07bc *
100 0. 134+0. 118b 0.289+0. 074a
0.01 1. 041+0. 645a 0.073+0. 073b
s 0.1 0. 156+0. 107b 0. 181+0. 021ab
Z:?E;iﬁne 1 0.052+0.031b™  0.367+0. 066ab "
10 0.089+0. 079b 0.407x0. 255a
100 0.201+0. 093b 0. 046+0. 037b
0.01 0.602+0. 230a * 0.094+0. 105b ™
0.1 0.197£0.031b™  0.599+0. 078ab ™
ﬁﬁlene 1 0.104£0.035b™  0.512+0.013ab ™
10 0. 046+0. 020b 0.752+0.437a
100 0. 177+0. 065b 0.074+0. 052b
0.01 1.450£0.423a " 0.068+0. 028b *
0.1 0.493+0. 296b 0.268+0. 186ab
?ﬁihene 1 0. 086+0. 053b 0. 160+0. 034b
10 0.0640.077b™  0.540+0. 139a ™
100 0.097+0.089b "  0.302+0. 024ab *
0.01 1.040£0. 324a " 0.156+0.031b "
0.1 0. 162+0. 096b * 0.610+0.227a"
i:zi‘iﬁne 1 0.318+0. 154b ™ 0.073+0. 060b
10 0.070+0. 033b 0. 172+0. 148b
100 0. 100+0. 066b 0. 105+0. 029b

TE B g A E AR UE2E” |+ Fom KM N E He A 1R 2 1]
25 WE(P<0.05), == F7m M HUA0ME d 2 8] 22 Sl ik 2% (P<
0.01) , [A)—FAIR/ NG T 7R A [7] — A5 W) AN [7) J5 94 J32
) EAG SV fHZE 5 3% (P<0.05) .

Nate: The data in the table are " mean + standard deviation", =*
indicating significant differences between females and males of H. lig-
niperda( P<0. 05), #*# indicating very significant differences between
females and males ( P<0. 01). Different lowercase letters in the same
column indicate that the adult EAG reaction to different concentrations of

the same compound with significant differences ( P<0.05).

2.3 K#H/PMEI 10 HARREREEVELDHN
178 KR

ABIFERA 5 F R B 10 e iifb & 4 it
1Y T AR A il . FH L 2 AT, 100 mg/mL
(1R) =(+) —a=JRHMRH A NET I USRI 2 25 05 135
ER(P<0.01), 513K 86. 7%;0. 1,10, 100 mg/ml.
(1R) = (+) —o— RN %o Ik o 2 B0+ W I8 25 5 15 4
(P<0.01) , 51K 551k 76. 7% .73. 3% .83. 3%
10 mg/mL( P<0.05) (18) =( =) —a—JEM X K AR/ NG
WM R Y R B WS EER, BIIE RN
80. 0% ;100 mg/mL( P<0.01) (18) —( =) —a—JEH %}
FAR/INGE I B W B S ATE R, 515
39 83. 3% K1 86. 7% ;1 mg/mL ()% ks %t K Ak
INGEME RO A 3 5 AR I (P<0.01) B 1755
K 76.7%;0. 01 mg/ ml B iyl XoJ fle He 1) 3 0L 1 A Sk 2
FHEER (P<0.01) , 51534 86. 7% ;0. 01 mg/mL
F110 mg/mL 1) 3— g4 Xof s i 35 SR 0 2 5 |54
F(P<0.05) , 51153504 80. 0% .70.0%;0. 1 mg/mL
(1) 3= I R AN I HR R B S S A
(P<0.05) ,5[i/E% K 70. 0% ;100 mg/mL B- H HEH:
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WEFER(%)  O9RRER(%) W55 (%) OKREER(%)
Attractive rate Repellent rate Attractive rate Repellent rate

1 [ — . . I ns

2 [ — 5 D s —

3 [ — ;  (—

4 e e B [ —

5 [ — T 5 I (s

6 T e— ) 6 | — T

7 L [e— 7 I ns

8 I s 8 Y

9 [ e— 9 ]

10 I ) ek 10 I ]

O 00 N AN R W N =

—_
(=]

Nl e LY L B S U R S R

100 80 60 40 20 O

20 40 60 80
SRR /(0.01 mg'mL’l)

Concentration

100

(a) HEHLXT 0.01 mg/mL A ST T 0 L)

(a) Behavioral response of female to 0.01 mg/mL volatiles

W55 (%)

Attractive rate

D 9RRE (%)

Repellent rate

L J—
I I ns

100 80 60 40 20 O

20 40 60 80
FE A E /(0.01 mg+ml™)

Concentration

100

() KA/NEEMERXT 0.1 me/mlL A% L VD) BT S

(¢) Behavioral response of female to 0.1 mg/mL volatiles

W55 (%)

Attractive rate

CI9KRE (% )
Repellent rate

L —
I ]
L ——
I s
L —
I ]

100 80 60 40 20 O

20 40 60 80
e /(0.01 mg-mL™)

Concentration

100

(e) KAMANEEHE RS 1T mg/mlL R AT 95T S

(e) Behavioral response of female to 1 mg/mL volatiles

O 0 N N N R W N =

—
o

(d) KA/ INEE I H X 0.1 me/mL 4% K M R4 T g SO

O N S

O 0 N

100 80 60 40 20 O

100 80 60 40 20 O

20 40 60 80 100
JFEAE /(0.01 mgemT™)

Concentration

(h) HEHXT 0.01 mg/mL ¥R AEYI R0 S

(b) Behavioral response of male to 0.01 mg/mL volatiles

W 5154 (%)

Attractive rate

O SRR (%)

Repellent rate

s
L j—
I ns
I ]
I ns

100 80 60 40 20 O 20 40 60 80 100

JFARE /(0.01 mgemL™)

Concentration

(d) Behavioral response of male to 0.1 mg/mL volatiles

O 9KRER (%)

Repellent rate

W51 (%)

Attractive rate

L —
I s
I | s
I ns
[
L —
L |S—
I ns
]
I ]

20 40 60 80 100
SRR RE /(0.01 mg-ml")

Concentration

(F) KMV KT T mg/mL #E R T T2 )0

(f) Behavioral response of male to 1 mg/mL volatiles
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W5|if%(%)  DIREER(%)

Attractive rate Repellent rate

1 I s
2 ]
3 L — T
4 L [—
5 | m hIT}
6 I |5
7 [ — Y
8 [ —
9 |
10 ]

100 80 60 40 20 O 20 40 60 80 100
JREHE /(0.01 mg-mL™)

Concentration

(g) KM INERMEHG 10 mg/mL #2977 R S

(g) Behavioral response of female to 10 mg/mL volatiles

W5ER(%) DIRKEER(%)

Attractive rate  Repellent rate

1 I |
2 I ]
3 I s
4 | — T
5 ]
6 L —
7 ]
8 L |— )t
9 I s
10

_:I ek

100 80 60 40 20 0 20 40 60 80 100

JEAEHE /(0.01 mgemL™)

Concentration

(i) KA/ NEEHEHXT 100 mg/mlL 35 K MY AT A SO

(i) Behavioral response of female to 100 mg/mL volatiles

B[R (%) THRERR(%)

Attractive rate  Repellent rate

I S
I ] ¢
[ |e— it
[ ——
]
L —
| s N
| —
| "
_:I ol
100 80 60 40 20 O 20 40 60 80 100
TR E /(0.01 mgeml™)

Concentration

(h) KAMNEEHE X 10 mg/mL E & VEV AT Ry L

(h) Behavioral response of male to 10 mg/mL volatiles

O 00 N N W B W N =

—
(=]

W5ER(%) OUWEEE(%)

Attractive rate ~ Repellent rate

I | ik
L EemEy
I ns
I s
I I ns
I ]
|
| [E—m—m
_:l ><>k

100 80 60 40 20 0 20 40 60 80 100
JEAEAE /(0.01 mgemL™)

Concentration

() KMANEE R LK 100 me/mL 34 KW 97 7R 07

(]) Behavioral response of male to 100 mg/mL volatiles

O 0 N AN R W N =

—_
o

L (1R) =(+) —a=JRMi5;2. (18) =(=) —a—TEHMi ;3. B W 4. 3-8 M0 ;5. B—VALMG ;6. 35 ;7. a- BN ;8. (=) B3N ;9. A2 5 10. o=
# Al e FIR 10 FREYHE W05 T KMV NER AT 9 28 RIOTRLRAE P<0. 05 Fll P<0. 01 /K-F- 225 3 ns FR 22508 3
1. (1R) =(+)—a-Pinene;2. (1S) —( =) —a—Pinene; 3. Ocimene ;4. 3—Carene ; 5. B—Laurene ;6. Camphene ;7. a=Terpinene ;8. ( —) =B—Pinene ;9.

Sabinene ;10. a—Pinene, * and * * indicates significant difference of H. ligniperda to the 10 plant volatiles at P<0. 05 or P<0. 01 levels by X test; ns

indicates that the difference is not significant

B2 Ktk ERUERE R BT 10 FARE

REREEXYNITARN

Fig. 2 Behavioral responses of H. ligniperda adults to 10 kinds of volatiles with different concentrations

XM /N 2 R 2 IR A W 2 RSB E R (P<
0.01) , 51554 90.0%;1 mg/mL F1 10 mg/mL fY 8-
IR X R A /Il e o, 6 B0+ R 8 3 1 5 1A
(P<0.01) ,55%5%) 4 76. 7% .80. 0% ;1 mg/mL
(P<0.01) B v ife dL R B B 5 AR, 515
N 73.3% ;100 mg/ml. [ 3 M5 X i H ¢ 80 HH A i
F5AEH (P<0.01) ,BIi5% K 83.3%;100 mg/mlL ()

o= TR X AR /N B M P R B I 3 0 B A
(P<0.05),51i%% K 86.7% ;0. 1 mg/mL(P<0.05)
F1 100 mg/mL( P<0. 01 ) o= A 45 X e i e PRSI
F W ESEAE M, 5115 %50 51 60.0%
73.3%; 0.1 mg/mL 1Y ( =) =B - TR % AR /INEE HE
HR B W S EE R (P<0.01), 515 RN
76.7% 310 mg/mL [ ( =) =B~ xf K AR/ G HE L
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VR, 45 RO/ NG Xk R 2 6 HL A T AT S 111

T B IKORAE T (P<0.05) , 3K 3R 66. 7%
0.1 mg/mL 1 (=) =B— IR M5 T+ b/ G e 2 B 14
BEMTIEEM (P<0.05), 5185 % J 70. 0%;
0.1 mg/mL F1 10 mg/mL 424 XJ e Bt 3% B0 HH A% 5
2B EMEFH (P<0.01) , 5155458 5°h 76. 7% Fi
83.3%;0.01.0.1.1.100 mg/mL ARSI K AR/ Va
M HERIL AR W2 095 EVE R (P<0. 01) , 515351
4 83.3% .76. 7% 86. 7% .80. 0% ;10 mg/mL fJ a-
T XM N A e Rl B B R A E T (P<
0.05),0.01.0.1.1.100 mg/mL ¥ a—JRKE XA/
B B AR R E S 1EEH (P<0.01) , 515
RAH1R 77.30% . 83. 30% .96. 70% .93. 30% ;0. 01
mg/mL( P<0.01) 100 mg/mL( P<0.01) i a—-JEH
XM INEL I RIS B, 51 R
3N 73. 3% .90. 0%,

3 e

TRIGAE A | BAME 2 W) 2 2L R PRE AR L
PR, T SRR T FEZAER YA (1IR) - (+) —a-
M B L (—) BRI B R 3B M AT
I Y s o D Y VN R 5 B A VN 3 11 1 G U R L
B, (1R) —(+) —a— &M B | (-) -B-TR M B-
JURERRS Y A B e e il ) ER A
AR LA R R X R 4 4 S 43 A AE I
225, ARBRIER TR K R 20 FRiE AL S
Yy, 10 T T Y S A B e SR ARG Y
95 FfLA W, K 43 2 b5 M 25 A A 4, [ B3 A
WS FPEESS S FRERISLL R 1 RRER IS AN 2 Pk
T A1 ] FH 7K 25 A R M 2 A SR i B R v
SEHT 27 ALy, Bk E BN a-IRMS B-TRMS K
W B-K W o= SR IIG SF 00, A e s 2N
SR SRR AN R - AT R AL Sy T A
AR —EAT e R BURE A7 CRARR ] 3RECT 20 (&
T 2% A A B o U RN AR 49 T Ak BA 5% 4 22 T i TR R T
WA, IMREP IR KL, = M EE SRS
T - JRM AR T R T
5 AR TR0 4 B AR/ NG f 5 I 1 SR A T o
(IR = (+) —a— VRS HH X 7 B 7E 255 A B B L fit
FREARBY B S AL, X UEB T (1R) = (+) — a—JRM 1Y
FRX e 5 B 2 22 R R T B, 1 (1R) -
(+) —a— TR 76 25 75 AR 2R FEA By B A X & -
T, X B T R AR INEE fE S R A T

PEAE BHSON T B . TEASBIE TR v AR TN 1Y
(=) —B— TR s A A It 1) 32 55 AR By B L AR ) 5
KMESE I 302 T B-IRMAE AR B B A
KA WL AT e B A2 B MO N B e E
W, A BB B2 0 (-) -B- TR X H AT By
T TR SGARIE 10 AFEAR B B L (-) -B- TR M A8
X B RIS, X T e TN S E T O
) B R AN o 8 i 2L 2 D, s e B A A
HEIT BB AG ALA AHXT E E RRAIK, (RN 2R
SOV ST S B 2 T S P R A 1) 3 5 o R R LR
975 00 TR AT I 0 5 T AR B 5 R T P 1 350 A £t
JREA B [l i B A 1) B B v LA X 5t 2 25 38
PRI BX A T R 2 5 ) bR /) 2k U R B O
HEWT, AUTERI, (=) —a-TRME RAETETES
KRBEE, M (18) —(-) —a—VRH AN SR A
(=) =R AT R A BAE WAL A RS SE A B B,
FR R IX LBy o % e AR ARG AH A AN R B 2 B/ I
S B B3 EL 81 A8 1 A K bR/ Nk 1 7 2 BE R I
B PR R T A E B T RN AR Y 32 B
WA TR T (H LAt B AR 26 1) Al ST AR 11 3 2 v
YIS A R AR A — B 22 R0, BHR A 2K
SR (IR) =(+) —a—JRM IR (=) -B-T M AN
IR s . PR AR AR pl At 2 R B B 1) A AE K
B (1R) = (+) —a— PR s (R AF X 55 S 3 s /b | 7E Al
FEA B B A B A BT LT 1 (—) -B-IR M A AH
X} Er PR AR R AR 0] 2 55 R A B b BTt B s
A ) 55 A1 3k P R R B, TR S S K
B A FEA A 1 AR AT B A T AT
(+) —a— MR | (+) — B i M A i S AR AE
ARBIARPIE G BT BEAR 5 & W 08 B 43 RN AR R 57
AR AR AT RE A R T T AL AR S F R
FESRAFTE LR o /NGRS E U WA R AR HE My
SOTERABII UG, il ar 2P scE A 58 H
A FAEYA W7 A R K R 25,
TR LR AR WiFgE & B, A R
RITTEZEEAR PGS YR IS 2, SO b
THAM/INGE B A AR 1 B A A B 2 85 R B By R
WL REFEAEY, Wl THEZN KM/ NG
& Bl A7 22 5 R 0 N, AT K A FE A
B B SR AN A0 42 55, T R 1) 5 0 R 2 RN B
FEAIR

TRHBRAE BRI & B, L KNG I R fih £ X
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F40 &

TRFI A% 21 R Y0 EAG 2wl 35 s T i e
=4 2 A ISR K/ INGE AT 7 the 2 WA E SR X -
M 3R EAG RS Z = THER , WA
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