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Abstract: In order to determine the olfactory-behavioral mechanisms underlying the host-finding of Cydia zebeana and to
explore environmentally sound IPM control methods, the behavioral responses of C. zebeana adults ( virgin females and
males) and its two parasitic wasps, Ascogaster olethreuti and Macrocentrus sp. to different concentrations of nine larch
volatiles ( Larix gmelinii, both bark and needle volatiles) were tested in the laboratory using Y-tube olfactomter. The results
showed that females of C. zebeana were significantly atiracted to ( +)-3-carene and (R)-( —)-a-phellandrene, and were
strongly repelled by myrcene, ocimene, and camphene. (R) -a-pinene was attractive at low concentrations, but repellent at
high concentrations. In contrast, C. zebeana males were attracted to (S)-B-pinene, and repelled by myrcene, (+)-3-
carene, (S)-a-pinene and camphene. A. olethreuti adults were atiracted to (S)-B-pinene, (S)-a-pinene and phytol,

while they were repelled by ocimene, camphene, and (R)-( —)-a-phellandrene. Macrocenirus sp. were attracted to (.S) -B-
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pinene, (S)-a-pinene, phytol and (R)-a-pinene. They were also repelled by ocimene and ( R)-( =) -a-phellandrene. As a
part of push-pull control strategies against C. zebeana, myrcene, phytol, and (S)-a-pinene can be applied to the target
forests to repel the moths, and to attract their parasitoid wasps, whereas ( R)-( —)-a-phellandrene can be applied to the

bait trees in combination with insecticide sprays to attract the moths and to repel parasitoid wasps.

Key Words: Cydia zebeana ; parasitoids; larch volatiles; behavioral response
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Table 1 Names, purity and sources of larch volatiles

YERY Volatiles 4lifE Purity/ % HeJR Sources
JH:SF myrcene 90 Sigma
3-BEME (+) -3-carene 90 Sigma
S-B-7EHi (1S)—=( =) -B-pinene 99 Sigma
S-a-JEHM (1S)=( =) -a-pinene >99.5 Sigma
R-a-JEM (1R)-(+) -a-pinene =99 Sigma
HEE phytol 97 Sigma
B ocimene 70 cis-ocimene and 25 limonene Fluka
M camphene 95 Aldrich
KF R (=) -a-phellandrene =95 Sigma

OB PR AR S BC A B/ N M S L, ST TR RS LA AR AT e PR AR IE DA  £E 5 min PYARHUR
A 2.5em, I BRI Tmin, WDA SRS BE N W) A B ) SN, A5 UIA R JE e g 150 A el gy o e o e 0
30 H A fobg R AR AT BEE AL 22, R 3 IR — R Y BUAE AR T 1, AT ) TR R B
DEAR (R e e S 2 AR g WP R AT o SN [R] 0 o O DN RS 50 Y R4, A R Bl DA
PRI TR

X AR o 2 A A TS /N R e R M A e Y A I D7k [R] L AN 73 eI
L4 Blgeit kit

PR S (B R B 1R B SRR A I

iRl = (O REEF AR, HUR0 AR R0 x100%
G157 = (Ab P P HO0 M R ) x1009%
SRR = (g R DAY Al SR R+ Ak R AL OB /0 LK< 100%
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2.1 FAJE/ N I R RN R R ) A LA T Ry B

PPN U S ROV I 1 O 4 K W 38 R e A MR A T R RN, EL R SRR AE 85% LA b, ELI Ji ¢
PR L PRI PR BE T 5 ( WL 2-3) . iR 2 AT, AN M B e, AR | 2 0 Y AN vk
JER 4x 10" mol/L I} FR B Atk 25 (1) BIK kA T, ELBIKRE R 53 31 5 115440 4.80 ,2.22 %, T 3- B M AE 1% Mk FE ) 3R
Bk S 1EVER 5 R 0Kk 3R 1Y 3.14 4%, S0 (UAEVR FE Sl 4% 107 mol/ L B 30y Bk 35 11 0K sl
HLBK R T EFRIN 2.33 47 K TRALTEWR BE ] 4x10 mol/L I A = A= S 1B i, RILN S ERM B E S T
OKEER | R UKRER [ 4.60 5 (P<0.05) o (R)-a-JRIEGTEIRE A 4x10™ mol /L I & BIA I8 35 1 3K BE 1 FH , 9Kkt R
FERIERAY 2.22 4% MAE 4x107° mol/L BRI K W2 5 1iAEMEH , 51753 2 Kk 4 1Y 3.37 1% (P<0.05) , H:
RV R B P KRN NS R ol ROSA A 7 A e 2 i R a1 VEFH (P>0.05)

26 3 AT, KA IN g b R R B A 4% 107° mol/L 1Y A REMS AN 3- 854, L K2 R 4% 1072 mol/LL )
S-o-PR M AN F5 9 B kg 8 A BV ), L3RR RAR I R 5 153811 3.29 ,4.80,3.67 i1 2.33 f%; 7RV H 4x
107 mol/L B}, (S) -B-JEM IR W2 5 1 5AE T, B 53 20Kk 2 1Y 3.14 £% (P<0.05) ; HoARHE R ) B
X AR/ INA S T P R S A = A B 3 I VR (P>0.05)
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Table 2 Olfactory responses of C. zebeana female moths to the nine volatiles

FERY) WL/ (mol/L) SR/ % 15/ % IR ER /% X250 (5
Volatiles Concentration Response rate Luring rate Repellent rate X2 test
H i myrcene 4x107" 90.00 36.67 53.33 0.571ns
4x1072 96.67 16.67 80.00 12.448 "~
4x1073 96.67 43.33 53.33 0.310ns
4x107* 100.00 46.67 53.33 0.133ns
3-¥ s 3-carene 4x107"! 100.00 36.67 63.33 2.133ns
4x1072 96.67 73.33 23.33 7.757**
4x1073 93.33 46.67 46.67 0.000ns
4x107* 96.67 50.00 46.67 0.034ns
(S)-B-IRM 4x107! 90.00 40.00 50.00 1.111ns
(S)-B-pinene 4x1072 96.67 50.00 46.67 0.034ns
4x1073 96.67 50.00 46.67 0.034ns
4x107* 96.67 40.00 56.67 0.862ns
(S)-o-TRM 4x107! 86.67 36.67 50.00 1.111ns
(S)-a-pinene 4x1072 93.33 33.33 60.00 2.286ns
4x1073 100.00 53.33 46.67 0.133ns
4x107* 96.67 50.00 46.67 0.034ns
(R) -a-JR M 4x107! 96.67 30.00 66.67 4.172 %
(R) -a-pinene 4x1072 96.67 50.00 46.67 0.034ns
4x1073 96.67 50.00 46.67 0.034ns
4x107* 90.00 63.33 26.67 4.481 =
M phytol 4x107! 96.67 46.67 50.00 0.034ns
4x1072 100.00 60.00 40.00 1.200ns
4x1073 100.00 53.33 46.67 0.133ns
4x107* 93.33 46.67 46.67 0.000ns
B #1475 ocimene 4x107! 100.00 46.67 53.33 0.133ns
4x1072 96.67 30.00 66.67 4.172 =
4x1073 96.67 43.33 53.33 0.311ns
4x107* 100.00 53.33 46.67 0.133ns
M myrcene 4x107! 100.00 46.67 53.33 0.133ns
4x1072 93.33 36.67 56.67 1.286ns
4x1073 100.00 30.00 70.00 4.800 "
4x107* 93.33 46.67 46.67 0.000ns
KW 4x107! 100.00 53.33 46.67 0.133ns
(R) (=) -a-phellandrene 4x107? 96.67 43.33 53.33 0.311ns
4x1073 93.33 76.67 16.67 11.571**
4x1074 100.00 53.33 46.67 0.133ns

H“ns” FR P>0.05,¢ # 7 IR P<0.05,“ % = 7 /R P<0.01

R3 OME/NSEIER BRI 9 FHER YA S IR BT A = R

Table 3 Olfactory responses of C. zebeana male moths to the nine volatiles

) W E/ (mol/L) SR/ % IR/ % KR/ % XA

Volatiles Concentration Response rate Luring rate Repellent rate Xtest

H 4 myrcene 4x107! 86.67 40.00 46.67 0.154ns
4x107? 100.00 43.33 56.67 0.533ns
4x1073 100.00 23.33 76.67 8.53*"
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2] WS/ (mol/L) B ER/ % 51/ % K/ % X B AH
Volatiles Concentration Response rate Luring rate Repellent rate X2test
4x107* 100.00 50.00 50.00 0.000ns
3-¥ )5 3-carene 4x10-" 100.00 36.67 63.33 2.13ns
4x1072 90.00 36.67 53.33 0.571ns
4x1073 96.67 16.67 80.00 12.45**
4x107* 100.00 40.00 60.00 1.200ns
(S)-B-IRM 4x107! 93.33 43.33 50.00 0.143ns
(S)-B-pinene 4x1072 100.00 50.00 50.00 0.000ns
4x1073 96.67 50.00 46.67 0.034ns
4x107* 96.67 73.33 23.33 7.759**
(S)-o-TR M 4x107! 96.67 33.33 63.33 2.793ns
(S)-a-pinene 4x1072 93.33 20.00 73.33 9.143**
4x1073 100.00 50.00 50.00 0.000ns
4x107* 96.67 43.33 53.33 0.310ns
(R) -o-JR MG 4x107! 90.00 40.00 50.00 1.111ns
(R) -a-pinene 4x1072 96.67 50.00 46.67 0.034ns
4x1073 93.33 46.67 46.67 0.000ns
4x107* 96.67 56.67 40.00 0.862ns
I phytol 4x107! 93.33 50.00 43.33 0.143ns
4x1072 96.67 53.33 43.33 0.310ns
4x1073 96.67 50.00 46.67 0.034ns
4x107* 93.33 50.00 43.33 0.143ns
B #1475 ocimene 4x107! 96.67 46.67 50.00 0.034ns
4x1072 93.33 36.67 56.67 1.286ns
4x1073 100.00 43.33 56.67 0.530ns
4x107* 96.67 50.00 46.67 0.034ns
M myrcene 4x107! 96.67 43.33 53.33 0.310ns
4x107? 96.67 30.00 66.67 4.172 =
4x107? 93.33 33.33 60.00 2.286ns
4x107* 100.00 50.00 50.00 0.000ns
KW 4x107! 96.67 53.33 43.33 0.310ns
(R) (=) -a-phellandrene 4x107? 100.00 50.00 50.00 0.000ns
4x1073 93.33 53.33 40.00 0.571ns
4x107* 96.67 56.67 40.00 0.862ns

“ns” FIN P>0.05,“ * " FI/R P<0.05, ¢

x % " FIR P<0.01

2.2 FAPE/INASIRPIR A A XS AR R MR IR SE AT R SO

ZINE B R R 0 A e o R GV AU ) O P & 0 38 R 7 A MRLE I, I IV R AR TE 85% LA I,
{EL ] 17 A A R K RIS RN BE AN [R) M S (64— 5) 0 P 4 mTJ0, X /N 0 o Y e vk By 4x 1077
mol/L [ (S) -B-Tk My, LAS 4x107* mol/L (4 (S) -ce- PR M A it 15 3R 30y 12 28 5 1A T, 51375 384U Sy K
1) 2.37 .4.60 F1 2.33 £i5; MR BE R 4x107° mol/L [ 5 8l F/K Frdds , LA B 4x 107 mol/L (1) B0 #4) 2 804 I
SRR ELIKORERAK IR 5135 R Y 2.86 .4.60 F1 2.33 155 ( P<0.05) ; HATE K1) Ko e 5 XoF /N 3 0 ¥ i ot
WA 7 A i 2 R VR (P>0.05)

H1 26 5 AT, X R A A e TR EE R 4% 1077 mol/L [ (S) -B-TE M . (S) -a- TR M I (R) - M , LA Bk g
K 4x107* mol/L MM B4R I W 2 1 5 1EAE T, 5 1R AR U SRk 3 1) 2.50 ,2.86,2.50 i1 2.86 1if; Mk A
4x107" mol/L M) % #yldi LA K 4x107° mol/L 7K M5 3R 0 A tnb 2 0k T, H 3Kk SRR IR 5 11558 1 2.22 Fl
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3.67 171 (P<0.05) 3 HAH% Ky B e JBE o A5 AR e oK ™ A R 2 BB 10 /1 T (P>0.05)

R4 DEWEREREN 9 MERYA S HIREITH R

Table 4 Olfactory responses of A. olethreuti to the nine volatiles

R e/ (mol/1.) SR/ % 15/ % KR/ % X2 A
Volatiles Concentration Response rate Luring rate Repellent rate X2 test
H #EJ# myrcene 4x107! 90.00 50.00 40.00 1.111ns
4x1072 93.33 40.00 53.33 0.571ns
4x107? 90.00 53.33 36.67 0.926 ns
4x107 93.33 53.33 40.00 0.571 ns
3-EE 0 3-carene 4x107" 93.33 53.33 40.00 0.571 ns
4x1072 90.00 33.33 56.67 1.815 ns
4x107? 86.67 36.67 50.00 0.615 ns
4x107* 86.67 40.00 46.67 0.154 ns
(S)-B-IEM 4x107" 96.67 53.33 43.33 0.310 ns
(S)-B-pinene 4x107? 90.00 63.33 26.67 4.481 =
4x107? 100.00 53.33 46.67 0.133ns
4x107* 93.33 46.67 46.67 0.000ns
(S)-a-TRMS 4x107! 93.33 60.00 33.33 2.286ns
(S)-a-pinene 4x1072 96.67 53.33 43.33 0.310ns
4x107? 83.33 46.67 36.67 0.360ns
4x107* 93.33 76.67 16.67 11.571 =
(R) -a-TEM 4x10-1 96.67 53.33 43.33 0.310ns
(R) -a-pinene 4%x10-2 100.00 56.67 43.33 0.533ns
4x107? 100.00 53.33 46.67 0.133ns
4x107* 93.33 46.67 46.67 0.000ns
M phytol 4x107! 93.33 53.33 40.00 0.571ns
4x107? 96.67 46.67 50.00 0.034ns
4x107? 93.33 40.00 53.33 0.571ns
4x107 100.00 70.00 30.00 4.800 *
T ¥4 ocimene 4x107! 93.33 33.33 60.00 2.286ns
4x1072 100.00 43.33 56.67 0.533ns
4x107? 90.00 23.33 66.67 6.259 *
4x107* 93.33 43.33 50.00 0.143ns
HNs myrcene 4x107! 93.33 40.00 53.33 0.571ns
4x1072 90.00 20.00 70.00 8.330 "
4x107? 100.00 46.67 53.33 0.133ns
4x107* 83.33 30.00 53.33 1.960ns
KT 4x107" 100.00 53.33 46.67 0.133ns
(R) (=) -a-phellandrene 4x1072 93.33 50.00 43.33 0.143ns
4x107? 93.33 16.67 76.67 11.571 =
4x107* 93.33 46.67 46.67 0.000ns

“ns” R P>0.05,“ * " FIR P<0.05,“ * = " F/R P<0.01

F5 BHEKEREST 9 MIEL YA BIRE R K

Table 5 Olfactory responses of Macrocentrus sp. to the nine volatiles

Y 2] W HE/ (mol/L) R/ % SR % ke % XA g f

Volatiles Concentration Response rate Luring rate Repellent rate Xtest

HHM myrcene 4x107! 93.33 46.67 46.67 0.000ns
4x1072 86.67 40.00 46.67 0.154ns
4x1073 90.00 50.00 40.00 1.111ns
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2] WS/ (mol/L) B ER/ % 51/ % K/ % X B AH
Volatiles Concentration Response rate Luring rate Repellent rate X2test
4x107* 100.00 53.33 46.67 0.133ns
3-B5 4% 3-carene 4x107! 90.00 56.67 33.33 1.815ns
4x1072 90.00 30.00 60.00 3.000ns
4x1073 90.00 40.00 50.00 1.111ns
4x107* 86.67 40.00 46.67 0.154ns
(S)-B-IRM 4x107! 83.33 56.67 26.67 3.240ns
(S)-B-pinene 4x1072 93.33 66.67 26.67 5.143 =
4x1073 86.67 56.67 30.00 2.462ns
4x107* 93.33 50.00 43.33 0.143ns
(S)-o-TR M 4x107! 100.00 56.67 43.33 0.533ns
(S)-a-pinene 4x1072 90.00 66.67 23.33 6.259 =
4x1073 96.67 50.00 46.67 0.034ns
4x107* 90.00 46.67 43.33 0.037ns
(R) -o-JR MG 4x107! 83.33 56.67 26.67 3.240ns
(R) -a-pinene 4x1072 93.33 66.67 26.67 5.143 =
4x1073 86.67 56.67 30.00 2.462ns
4x107* 93.33 50.00 43.33 0.143ns
I phytol 4x107! 90.00 40.00 50.00 1.111ns
4x1072 100.00 50.00 50.00 0.000ns
4x1073 93.33 46.67 46.67 0.000ns
4x107* 90.00 66.67 23.33 6.259 =
B #1475 ocimene 4x107! 96.67 30.00 66.67 4,172 =
4x1072 100.00 46.67 53.33 0.133ns
4x1073 96.67 53.33 43.33 0.310ns
4x107* 90.00 43.33 46.67 0.037ns
M myrcene 4x107! 96.67 46.67 50.00 0.034ns
4x107? 96.67 60.00 36.67 1.690ns
4x107? 90.00 53.33 36.67 0.571ns
4x107* 100.00 56.67 43.33 0.533ns
KW 4x107! 90.00 50.00 40.00 1.111ns
(R) (=) -a-phellandrene 4x107? 100.00 56.67 43.33 0.533ns
4x1073 93.33 20.00 73.33 9.143 **
4x107* 96.67 46.67 50.00 0.034ns

“ns” FIR P>0.05,“ # " FIR P<0.05,“ = = " FI/R P<0.01

3 Fig5itie

A AR ) TR e BE RN ORI, T R0 5 R H R B 6] 7 A 5 | sl Gl P 7, LR — bt 4 4%
KT Re A ZFhIae ™ o AREST R, WY i A R £ T 4 W S R B R0 3- B AR
eI 5 AR 1 (R) -oc- s 2 B A ARG J3E 5 | 7 v 0 2 Sl 5 M XA e 7= A B GREA FH 90 422 42 90 O A
i 3-E5 M L (S) -o-TiRM M . KT PIRP AR (S) -3k R B 51 VE T, 2 W 2 B O SR 1, ) AR
JeRE AR, R B 5 17 P AR BN IR [V 2000 ) 6 o o e A IRV T (R 6)
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Table 6 Summary on olfactory responses of C. zebeana adults and wasps to the nine volatiles from larch
5 _ _ 2 Insects
Velatilos P25 M A FA I M 4 A Kk
C.zebeana female moths C.zebeana male moths A. olethreutt Macrocentrus sp.
A HI myrcene - -
3-E M 3-carene + -
(S)-B-?)ﬁ‘kﬁi (S) -B-pinene + + +
(S)-a-JEM (S)-a-pinene - + +
(R)-a-J&M (R)-a-pinene -/+ +
- phytol + +

B #)d ocimene - B B

B myrcene - - _

KW (R) (-) -a-phellandrene + - _
“+" FKRGIE, -7 RAAIREE, Note: “+” mean attractive “—" mean repellent

SRR R B 1 125 Y B A I SR A AT S R R 3R o 7t 4 2 mlps 7 R P Rl O Xk, [+
I AR A T Ay s R 20 5 ol < o SR IR K AT R AR e e I TR A S R G,
SR HHER SR R B B B3R IR A0 | 75 7RI 5 T BE A8 8 3R T BIA AR, I Hon] K B AR 25 14
il A, 2 IPM B —F AT R, ol b FIHIREE B R (E) -B-1LJe s (EBF) F/KAZ IR G (MeSA ) 2545, Bl
1AW 52 ( Pisum sativum ) F1/NZZ ( Triticum aestivum ) 932 W HL ( Acyrthosiphon pisum, Metopolophum dirhodum ,
Sitobion avenae, Rhopalosiphum padi) 1 3% B\ iS22 e A, i SR W R B 1A R AR e ( Helicoverpa
armigera) 41 g ( Riptortus pedestris’) (IR 2 R ( Ectropis grisescens) 200 ZE et BLAT W O T
Fio HRTTEMOY b HERE SRS B 165G — 7 iR, (E R A ARYEAWT ISR, L AR (S) -a-3R
SRR HERLIRME B A rh e 47 SREWG O3, 17 I ) 2 26 WA 5 [V T, XS P B/ N 0 TE A T, T 5 < ™ SR
BT ES AN T AR, Sk 2 S A BIARCR o KT R BN A 5 1 T, X8 T b 27 A= i A Bk
VERT, ATAE Ry B W 53, 55 A6 A DA T AOMK , LAE ¢ 3 e SR OR 7 KL, 4107 mol/L i (S) -a-
TRM R AR I v — R 4R Hh T L, SR R RN A AR ) e R s v A AR R B U
AL

AT KA AT W B XS AR A R0 1 S2 07 2 H R A G DR 42§14, 428 iy A DG PR i 8 3K 1 AR 45
BB FURABRAZ A 5 RH L A T A B0 AR 43 - 45 6, AT 0 B SR A Rt il 2285 K T 25 i AR Ak £ A I 2
IO T A AT A T ATy ARG v AT L DA BN Al e e e 2 A R S 1) BB 7
DRANZE MR A BBy, WA 22 53000, X n] BB 5 A S DI ] 2 Ak B AH I DA 28 1) UMRAH DG A T Y 57
() G, XS T+ [l Ffr 4y 5 14 S5 oy 3k FEEAN ), AT B2 55 R DG 2 1 Y e 3k o M U A5 O
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