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I nfochemicals used by parasitoidsto find mates and hosts and
their application in pest control
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Abstract Parasitoids are important biological control agents for many agricultural pests. Mating and parasitizing hosts are
the two most prominent behaviors of parasitoids and are essential for their reproduction and survival. Therefore, the
identification of the infochemicals involved in mating and parasitizing is an important first step to understanding the chemical
ecology of these species. In recent decades, state-of-the-art chemical analysis techniques, such as gas chromatography-
electroantennographic detection (GC-EAD), has resulted in the identification of an increasing number of infochemicals that
regulate parasitoid behavior. Herbivore-induced plant volatiles (HIPVs) and host-derived kairomones are two major categories
of chemical cues guiding host detection. Based on this, the concept of “tritrophic” (plant-pest-parasitoid) interactions has been
developed, significantly deepening our understanding of the mechanisms underlying host identification by parasitoids.
Identification of parasitoid sex pheromones has been challenging due to their small body size and the correspondingly small

amounts of sex pheromones released. The sex pheromone communication mechanism in a parasitoid, Campoletis chlorideae,
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has recently been elucidated. The results indicate that sex pheromones can enhance the parasitizing capacity of parasitoids by

facilitating mating. In this review we summarize the infochemicals that regulate parasitoid behaviors and discuss the prospects

and challenges of applying these infochemicals to control insect pests.

Key words parasitoids; infochemicals; parasitism; mating; pest management

AR B (Parasitoids ) ¥R FE, #Hid 10
Jift, 25 78% Y E THG#H H ( Hymenoptera ),
20%J8 T X# H ( Diptera ), HEHFEEHRET
M H ( Coleoptera ), f§# H ( Lepidoptera ).
fik# H ( Neuroptera )( Heyneman, 1972; Eggleton
and Belshaw, 1992; Feener and Brown, 1997; ).
AU, 2F AR R R R TE AT AR B b i RZHL
J A E L NEEZTARY)E M, LA A I P0A
R — R E B A Y BE B, 15302 O

( EERFEFEARAE, 2007; BREHIE, 2017; B
55, 2020 ), #i4n, FRHR S Trichogramma spp.
AR, AT AR E AR DN, Rl 2 H
B A on, XF e G B
(Zangetal., 2021 ), 7EFE R BAH LR
B H R, £3k 40% 94548 1 Helicoverpa
armigera 4 Lo H A4S ik S ili i Campoletis
chlorideae A/ JF A SE (H/MIL, 1990 ), 27k
W) TR AR A 2 A, R IALE, T
WA (B TERF 1AM ) FMohEA: (BR=7EaF
FARFE ); AR A AE R 2T 300 & B R BT 4 Ry B
3 2 SO ) [ £ 0 o 1 e e 5 e s ]
R (RIS A ) ML e (F
A E DB LR ) A (R BRI,
1997 ),

AR FAE B AL ( Semiochemicals
3¢ Infochemicals ) PRHUE [9] . € {7 53 I TC A1
2 SRS FL AT A BT Y DG . AS L RN A A AR 2
BEAXAT N RO R, RIS E SR D %
o AEEES BRI ( Detectability ) FlA]
SEPE (Reliability ) A2 27 A= B ZE T (9 [ ( Vet
and Dicke, 1992), SHECMHEH A7 FRIEAHCH)
5T, WHYELRYS, M, AT S
EZ AT REPEAS; SR ek aF 207 B A OCHY B
B, MEABHNERER, &0 HBEXY HL,
RIS, (HE R SEER (Vetetal., 1991;

Fernandez-Grandon and Poppy, 2015 ), ZF FEH
WO 5 S A ™ A 2 4 0 e R AG: T P 56 A
(RS ARE AR, R A Y T EE LR
W RIUHAF, 595 A e ) ME 7 75 EAH G H
BAL AP AW 5 7 H ok o A SORF R 5 3 4R
WA WM AF A AT ARG AR BAL A B, X E L
A5 W AT D 5 BE g 0N i SR R AT B A
ZIRIE

1 EEENR

PEAS B R D Fh R e 5 12 B U e A8 1Y
K, HAE—FE AR B R — IR E s
ZELIK (Butenandtetal., 1959), RHMEFEER
U T8 A DGR AZ AL A9 — R A7 AR AR 4
SRR o iR A 22 Y R R H R R
MR R, 402k 10-18 BRIGARAMEE | B,
fie ( Ando and Yamakawa, 2011 ), T 2344
W E BN, BHONPEE B R EIR, AR
BEWNEE TAEMXTEE, AN HGE b= 5
F A FRZ T A SE SRR (Ayasse etal., 2001 ),
AR VRS B R — e MR R, IR AT

( Godfray et al., 1994 ), ZF A=W (1 #5 L HEE(E B
RALHEWE . M. MR, WG, 2R
ZRE, AR B R 0 A R AR R 25 A

(F 1), £, +PUEE Tetradecanal Fl+-L %%
fii] 2-heptadecanone (1 : 4.6 ) #{ % AR H
TR W e M R M fE R R, RS
W Lo S N 2Bk 1E O e T e Ik 0 i B AR T
Ji T DA 32 5% T 0 vy WA 75 | 7 9 15 | e e 4 5
—Z MRS (1) (Guoetal., 2022),
TE5r PR R, FIRTEARES HU s e I 1
fisk £ H PSSR 3Z A& CchlOR18 il CchlOR47 J&
O3 BB+ DU AL e B B 324, XA~ A2
TR0 B R B S WA AR R R R B R 2K

(1) (Guoetal., 2022), BT HEMEMESEEE
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Mo BN, TR 4 /N R BRI (4R, 5R) -5 -5 Fk-
4- % N 5 (4R,5R)-5-hydroxy-4-decanolide 7/l
(4R,5S)-5- £ FE -4- 3% [N fi§ (4R,55)-5-hydroxy-4-
decanolide M5 MEME, XPIMEA Y E KB
YT 1 ¥ AR M RV AR 2.3 ( Ruther et al., 2007 )
(% 1)

B TR PERPER BRI, R B Cuticle
hydrocarbons, CHCs ) #{IA A /2 2 A 15 1 2 fi
FEZE. i, 7EME/NE Dibrachys cavus H,
AL AR 3-H3E =+ JULE 3-methylnonacosane
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BefbtE(s B 414> (Ruther et al., 2011), 7-Ff
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etal., 2013; Wirfetal., 2020), %L LM
25, ¥R MR B R CHCs 1] BEAERAB A H]
W BRI AR R R FEA a4 K
PR BS SECAE, 1 CHCs D)7 3T B8 B AL i
GREERSCHE B 185 N1k, RV R R
il M A7 B R R WA R B E— > B A e W A 1
RGBT, AR AT RE A& B T ik 1 s PR
PEFIAS ] ) I i S B o PRI, TR R 1Y
SR TAE, FRATIN Y [R5 45 e B fl £
BERVEN, XA 758 b E B R E LR
A2,
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2-+-E 42 2-heptadecanone
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Fig. 1 Schematic representation of sex pheromone communication
in Campoletis chorideae (Guo et al., 2022)
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Tablel Reported airborne sex pheromones of parasitoids
oaet =3 PEfE R RH KU SEER T I 275 K
Parasitoids Sex pheromones Resources Methods References
WALEF AL s A% Geranial; MEPEAARITK CBEHERY)  GC-MS; Robacker and
Itoplectis FEEERE Neral Anhydrous ether extracts g ot yk gt Hendry, 1977
conquisitor of female bodies
Cage preference
WA e -9 MEMEA R IECKERE ) GC-MS; Kainoh et al.,
Ascogaster (2)-9-hexadecenal Hexane extracts of female %35 148 5505 1991
reticulatus bodies Host localization in a
Petri dish
Macrocentrus — Jiji-4-- = MEFER R TEC LRI GC-MS; Swedenborg
grandii (2)-4-tridecenal Hexane extracts of female X524 Wind tunnel; and Jones, 1992
bodies HHE]SEE Field test
VU 14 i A e G 5T-9,12--F /\ Bk — T Wit Porapak Q U4Ed)  GC-EAD; GC-MS;  DeLuryetal.,
Ascogaster (Z,2)-9,12-octadecadienal Porapak Q collection of Y B4 1999

guadridentata

Melittobia
digitata

[EEAETE SV o
Nasonia
vitripennis

1B S H e i e
Cephalonomia
tarsalis

LGN

Spalangia endius

Leptopilina
heterotoma

Leptopilina
ryukyuensis

Leptopilina
japonica

AR

(E)-bergamotene

(4R,5R)-5-F2 %L -4-35 N iR
(4R,5R)-5-hydroxy-4-decanolide;
(4R,58)-5-F5 K -4-3% N Fig
(4R,5S)-5-hydroxy-4-decanolide;;
4 YL s et o
4-methylquinazoline

+ T

Dodecanal

6- 1 HL /K 7 12 1 i
Methyl 6-methylsalicylate

T N R

(=) -iridomyrmecin

LA i

(=) -iridomyrmecin

DI g

(=) -iridomyrmecin

female body volatiles

HEpE R 3R — Z Bk By
Diethyl ether extracts of
male bodies;

TPt SPME W44
SPME collection of male
volatiles

TPt R — S PR e R B
Dichloromethane extracts
of male abdomens

1 — S R e U
Dichloromethane extracts
of female bodies

WM SPME, SuperQ WY
SPME and SuperQ collection
of female volatiles

WEPE (AR — S e f
Dichloromethane extracts
of female bodies

EPE (AR — S e f
Dichloromethane extracts
of female bodies

WP (R — S e SR LY
Dichloromethane extracts
of female bodies

Y-tube olfactometer;
HH L5 Field test

GC-MS;
HEHE S
Preference test

GC-MS;

VY s ML AL
Four-chamber
olfactometer

GC-MS;
P
Four-chamber
olfactometer

GC-MS; GC-EAD;

B SR A 550

Host localization in a

Petri dish
GC-MS;
Y-AUE

Y-tube olfactometer;
LS Mating assay

GC-MS;
Fi IR AL S 5

Mating assay in a Petri

dish
GC-MS;
R 7% M AE e 52 50

Mating assay in a Petri

dish

Consoli et al.,
2002

Ruther et al.,
2007

Collatz et al.,
2009

Nichols et al.,
2010

Weiss et al.,
2013; Bottinger
etal., 2019

Bottinger et al.,
2019

Bottinger et al.,
2019
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43R 1 (Table 1 continued)

2 e s B RA P 3l S T S SR
Parasitoids Sex pheromones Resources Methods References
AL TR WERE (AR — S a2 GC-EAD; Xuetal., 2019
Cotesia glomerata Nonanal Dichloromethane extracts P i3 {Y
of female and male bodies Foyr-arm olfactometer
NERGEE R MEPE SuperQ WS GC-EAD; GC-PFC; Xuetal., 2020
Cotesia Heptanal SuperQ collection of female P/ B3¢ (Y
marginiventris volatiles; Four-arm olfactometer
WP AR — S H S SR L)
Dichloromethane extracts
of female bodies
P TmE /g (6S,108)-(2E,4E,8E)-4,6,8,10- i HayeSep-Q WiEH  GC-MS; NMR; Cossé et al.,

Tetrastichus tetramethyltrideca-2,4,8-triene HayeSep-Q collection of  JXJl{/ 528 Wind tunnel; 2020
planipennisi female volatiles M523 Field test
Hi4s G JE % |- PURE Tetradecanal; MEVEIR R IECLede Y GC-EAD; GC-MS;  Guo etal., 2022
Campoletis 2-+-E Hexane extraction of EAG;
chlorideae 2-heptadecanone female bodies Y A

Y-tube olfactometer;

S 31| R S

Mating assay in a Petri

dish

KA -FiE R H GC-MS: Gas chromatography coupled with mass spectrometry; filt £ B v - A 2,35 5 ] GC-EAD:
Gas chromatography coupled with electroantennogram detection; filtffi ./ EAG: Electroantennogram; —Z.fi%k-2% 2
T KB T 2 fL/NER PorapakQ; S AH €43 il & 18 4 UK B2 4% GC-PFC: Gas chromatography-preparative fraction
collector; [EAAfHZEHL SPME: Solid phase micro extraction; #%#;3:4k NMR: Nuclear magnetic resonance.

1 HFIFHEF
1.1 FEWEEES ( Host habitat localization )

TEHAR A, BB g A AR e e b —
SUHTIERER TR )R] AR A AR A
T3AN, MR R R BOE AT A D R L
T, A SR PR P M5 (French and
Travis, 2001 ). 7EEP4h, 7F FHWEE AR B MY
WU ) ZFh Z PR Y, X SR Y5 L Pt 2F
A W ELBE ZR G0 1T T AT R R, AT A B Y
G A A ) A ENESEE (Read et al.,
1970 ), {ERAEYFE K Y) K ieda s 75 L I e oF
FATER T RENE, AT REMEAIR, 7527 At 1) 2F
FAER SRR, BRI AT RSl R A A
53 10 BRARE S AN 7 TR A AN [R) R 2 ik — L
Bif5 B (Mackauer, 1965 ), {H M5 Pk
B VR o ZESLIE AR, O e AR A e ] LA

P37 ER R E AL 3 RIS, (A 3 X
AT, s R R TR, MM R
A TR A AL P A MR A T A

1.2 FFEESL ( Host localization )

A AR IR AT ENGEEIS , MEE AT S
SERENL AT F o T R AIWGEE 2R AL IR L,
A e SR T ETER A R 1-2 em AT
-, FH i A 2R B A8 BV AF B A A
ZUHATIE, SRR R, RE KR Bk
BEES 2% E (Vinson, 1975, 1976 ), i
A EMEG, T BB E S 2R £
B, REEAT A2, SR RHF ERENE
WIRERLE) KRBT, R A G R
AR, BrlaeedF ENHEEE R RERGE
B Rl AR AT K b ) R I A
XHRAG, (P H A BB RS, X2k
15 PRI, (EEnTSavEm o Rk 2 A e



- 380 - o B 3244 Chinese Journal of Applied Entomology 60 %

MR AT, BT DLz HIPV R 32 A4
FAUBETIoR, TN 0 B AZ e TR AL o

121 HEFSEVSKELZY Yt
BAB e, MY S RB— & Ll kb 59
R IAF £ 5 1) R R 2 2R e, X S fb S Wl FR oy
HEHEFIEY KE LY ( Herbivore-
induced plant volatiles, HIPVs ), F-7£ 20 {42 80
SRR BL 27 SO 4 A ) B AR S S BRI
SRAC G Wk 4 55 27 R i A TR 4 B 48 ( Price
etal., 1980), M 20 22 80 4FA3 90 4F4X, i
IR =JE TR (Y- - REH
AR ) TR IR Y R R B R S Y A
ARER R, ARG AT ENREGES
Ik, 20 k22 90 /X4, HIPVs HE S B E 4
BWUCH RN T =GOS R XA EBE Y
Jit (Dicke etal., 1990; Turlings etal., 1990 ),
RNIRFEYIFE L B HIPVs 4% A, i HIH
FAEYA R 3 B 5 B HIPVs 0] G
AJA] ( Guo and Wang, 2019 ; Takabayashi, 2022 ),
HIPVs F2 435 6 PRk ( Green leaf
volatiles, GLVs ). Hg Wi %4k &% ( Aliphatic
compounds ), 52 ILEY) ( Terpenoids ) K J5
FEALEY) ( Aromatic compounds ) %5 ( Guo and
Wang, 2019), i ZJLH4E, i B Al b
fa R B AR AN L e A 3 AL, £
YR HIPV 2015380 585E , A $EH4E( Loughrin
etal., 1994, 1995; McCall et al., 1994; Rosec et al.,
1996; Rése and Tumlinson, 2004 ), K ( Turlings
etal., 1990, 1991;Turlings and Tumlinson, 1992;
Yan and Wang, 2006a, 2006b ), /% ( De Moraes
etal., 1998,2001; Yan et al., 2005 ), 2% 5.( Birkett
etal., 2003 ) FIPGLLAl (Silvaetal., 2017) 4§,
Horr, gt BRI-3-C M B (2)-3-hexen-1-ol Fl
Ji-3-C 4 £ BR TG (Z)-3-hexenyl acetate . HLii251k
G W I -B- % 81 M (E)-B-ocimene  Fl J5 5 i
Linalool . f5F it &Y o1 W (EE)-a-
farnesene F1J-B-£1 17/ (E)-B-caryophyllene . il
I 7] R W I -4,8- — W1 KL -1,3,7-F = M (E)-4.8-
dimethyl-1,3,7-nonatriene ( DMNT ) Hl J2 , X -
4,8,12- = W 3t -1,3,7,11- + = % I 4 (E,E)-4,8,
12-trimethyl-1,3,7,11-tridecatetraene ( TMTT ) J&

# ULAY HIPV 443 ( McCormick et al., 2012; Guo
and Wang, 2019 ), H5k HIPVs &4 ZFheH 57,

HZ A7 A e AT g R T — 8B ok 7
JIT LA M HIPV 20 43 2 X 2 1 2 A e B i 3
PR Z ST, SR, DA A 98 S ARl 2
T HIPVs Afb2% %508 R 25 AR S Sk HIPVs (1)
AT RN, W5 B —2H 53 Kb 2F AR AT o i 9
AR o 32 2 5128 T CRGE B9 T A e 2
B RS | s v LA S m A AR 5CR i HIPV 4
g o REEHFFEEA R AL GE AT R 2= 550, X
T Y B ERSLAE, B — 04t HIPV 41
O3RN EF A AT R B, FERAE DT L ARk
Bl DU R AR N T, R o 2 2B M b 2% 8%z A
KIEAF RS, AFH “RmfbpAsss” %
E HIPV {G PR 4t 7 5L ah . Flan, 7efisd s
VTR A v 2 SR 2 I I 5 ) — > LA 1
i IR K 2 A&A——CchlOR62 (Sun et al.,
2019 ). HAEMFFT LB CchlOR62 AYHL A& —Fh
FRAEFAR ) HIPV 21 50——i- i Z)-jasmone ;
A7 Ay S 5 2R W L - 4 717 T o e A i 20 g W 5 |
J7, 10T FLFE A Sk bt v e 0o A A8 LRI 4 LY
AR, R A SRS E HIPV i
P28 o3 i —Fp e AT SE 1 F7 7% (Sun et al.,

2019), AR, LA HIPV 453
HRXTAF AR A S T, BIAn4 R ST R ) HIPV
A KAHIR G Methyl salicylate %2 4 25 i
¥ Diadegma semiclausum 7 ##E4F H ( Snoeren
etal., 2010), Uil T EFRB I HEAERE FE,
122 FEMUEEE MHAEEEERHKMM
e tEE S, BAREYRR T, XA T
RE AR Z A" o 47 R LG UL A FF AR e AT L) <l
W 25 = B PEAR B R 3 3 TR SE e
SAIRL g ER e Leptopilina heterotoma HF i i#4 i)
2 £ %08 Drosophila melanogaster FPE(S H %
Jiit 11-+ )\ Z.BRHEE(Z)-11-vaccenyl acetate(cVA),

ERELE PO EEESA cVA MiFIE
( Wertheim et al., 2003 ), W& % iR 8
Trichogramma chilonis FIZ¢ik44:1 % Cotesia
plutellae /)i Plutella xylostella K7
A, EATE Y BISEA O NSRS B
M 11-+ 75 (Z)-11-hexadecenal | Jlil 11-+75 2,
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*2 BEIFEENATFSENSKIELZYAS
Table2 Active components of herbivore-induced plant volatiles

SHEFRKLR AR YTk ROR Z7 30k
Tritrophic interactions Effective volatiles Methods Effects References
MR -Hn s - JWi-3- 2 45 £, BR TR Y-8 Y-tube WM Loughrin et al.,
MR T 1A s L e (2)-3-hexenyl acetate; olfactometer; Attracting females; 1995; Sun et al.,
Cotton-Helicoverpa JI5i -5 i i (Z)-jasmone T B Sy REadR 2019, 2020

armigera-Campoletis
chlorideae

=E-Hkral-

LN

Phaseolus vulgaris-
Trialeurodes vaporariorum-
Encarsia formosa
FAR-ZRTH He -
Likadisguay =g il

Maize- Mythinma separ ata-
Campoletis chlorideae
SLRHE Y- 5 BT g -
T i P e

Fabaceae spp.-Liriomyza
huidobrensis-Opius dissitus
AL % HL-

HrZLA VA

Cotton-Helicoverpa armigera-

Microplitis mediator

TR LR R -

A IR AR MR 0
Maize-Chilo partellus-
Trichogramma bournieri
Hi -7 -
Litchi-Tessaratoma

papillosa-Anastatus
japonicus

JI5i-3- 2 4 85(2)-3-hexen-1-ol;
3-%M 3-octanone; DMNT

JIL-3- L s LR T (2)-3-
hexenyl acetate;
J5FERE Linalool

Jii-3- 2 45 % (Z)-3-hexen-ol

T-1#% Nonanal; DMNT;
Ji-3-C 45 L BRBR(2)-3-

hexenyl acetate

JZ-(1R,98)-£1 ¥ 47
(E)-(1R,9S)-caryophyllene;
DMNT; TMTT

B-F 11 B-caryophyllene;
+—4¥5% Undecane;

2 -a-12 Je Ji (E)-o-farnesene ;
(+H)- HHRES
(+)-aromadendrene;;

Jii-3- 2, 4515 (Z)-3-hexen-ol

Cage experiment Enhancing parasitism

GC-MS; W2 53| hf e Birkett et al.,
IR 52 56 Attracting females 2003

Wind tunnel

GC-MS; 15 | e Yan and Wang,
Y %1% Y-tube  Attracting females  2006b; Sunetal.,
olfactometer 2020

GC-MS; M 15 | M i Wei et al., 2007
Y #I4& Y-tube  Attracting females

olfactometer

GC-EAD; M 5 | M 3 Yuetal., 2010
Y B (+)-; Attracting females;

Cage experiment Enhancing parasitism

GC-MS; e 75 | e e Tamiru et al.,
Y #14¥ Y-tube Attracting females 2011
olfactometer

GC-MS; W2 7 | e e Wang et al.,
VRS Attracting females; 2017
Preference test; £ A 3 F I

Oviposition Facilitating host egg

choice localization

SAREIE-FTiER:H GC-MS: Gas chromatography coupled with mass spectrometry; f-4,8- - H %k-1,3,7-F =45 DMNT:

(E)-4,8-dimethyl-1,3,7-nonatriene ;

1,3,7,11-tridecatetraene.

&, -4,8,12- = W 3 -1,3,7,11- + = % MU 4 TMTT .

% lig (Z)-11-hexadecenyl acetate . i 11--1 7<%
(2)-9-hexadecenol ( 1 : 1 :0.01 ) A B 1 #&1H) J2
i (Reddy et al., 2002 ), H[RIGIIELR LB
7 15k 241 #% Telenomus euproctidis B . # i) H: 7%
F A ETEN Euproctis taiwana 1Y 35 Z (S
2 H o3 -16- 1 BL-9- L B M i 5 TR TR
(2)-16-methyl-9-heptadecenyl isobutyrate( Arakaki
etal., 1996 ), [FIFE, HIE]5 [155285 & 3 Wroughtonia

(E,E)-4,8,12-trimethyl-

ligator W] W ¥k &5 A HHF ERIE IR K 4F
Neoclytus acuminatus P15 B 414> 2,3- “H %
IR CLEE(2,3)-hexanediol {4 # ( Johnson et al.,

2021 ), ZMZZHME Bracon hebetor J&—Fh4haF
A, DIESRRR 1P 32, GC-EAD fil Y #Y
WLt S S 2 HH A2 TE A (EL T AT 2 A 28 9 1 e 12
A7 MR I XTSI Galleria mellonella Ay e
= B &£ T Nonanal fl+— Undecanal (7 : 3)
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A B AR BRI T R ) SO ( Dweck et al.,
2010 ), 7E Y BIMRag{r, FOPEE Telenomus
busseolae X 4b T M S 1Y H i #E L Sesamia
nonagrioides BMMERE B &R, I 11-+75 418
g 11-oSEE. I 11-REEM R+
Dodecyl acetate ( 8.5 : 1 : 1 :2) 4 B g A
M ( Colazza etal., 1997 ), 7E—"RWNMHEIE (24
cm X 24 cm x 8cm) H, ZFEEIIEE Telenomus
podisi HBH i [m 77 F45 %% Euschistus heros HEfH:
B (5 B & 2,6,10- = F 5L+ = 2 Y g
methyl 2,6,10-trimethyltridecanoate ( Silva et al.,
2006 ), VU IRGEAAT AL g AN, L1 4 i/ Vi
Chrysonotomyia ruforum 17 A #4 [1] 7 #3 I
Diprion pini FI#AZ5H 1% Neodiprion sertifer f%
B {E B K 450 (2S,3R,7R)-3,7- {1 3 2-+
= keIt 2 FRIE(2S,3R, 7R)-3,7-dimethyl-2- tridecyl
acetate M AN 5 0 M W M F B R 4
(28,38,78)-3,7- — W K& -2- + H ki B £ W BR
(2S,3S,7S)-3,7-dimethyl-2-pentadecyl acetate, H.
AT REBEAZ ARSI (Hilker et
al., 2000 ), HHH]5[7H% NERESLER & M TCIE
F ¥ Planococcus ficus 115 E 2 (S)-(+)-
lavandulyl senecioate FJ W75 | KELAF A1 Anagyrus
pseudococci ( Franco et al., 2008 ), BkiF Myzus
persicae FPE(E B 2 453 (4aS,7S,7aR ) -FAIFF
fi5(4aS,7S,7aR )-nepetalactone RJ DLl H K B 7
A% Aphidius colemani () filff 7= A 5k Z1 G H A=
PR, T HA KRR IT A (Fernandez-
Grandon and Poppy, 2015), ItAb, filiff A4
Bt 4 IR S LA Jrs Q0 w4 ) A 45 U ME A B R 4
G311~ 7S TR O~ 75 T A7 5 1) v A 3
BN, 16 AR 8 HUk s i i T LA AZ 2F A
BRI (BIOLA., 2006 ), flt, Shan %
(2019 )id kS 1 fb 2 A= A2 5 e B 211
HlE Microplitis mediator 1975 7132 {& IR64a2
XA R PR B R A5 9-- U (Z)-9-
tetradecenal ¢ N7 , 15 BH HP 210 7) B e vl DL JER 37
BERCI IS ¥ N R Wk A = o
AR ZAE HUORIG BN, A AR e aF £ 270
WIE SN, BUE . SRABFIASHD, X har A= e F H
A E G B RN AF 1 RME, B4, X PR

() 2 23 AN 25 3 BR0AF A M AR MR 122 Al 21 27 = MR
BER? HSIAR, A5 R a7 F R 7ER A
M (Calling ) B BRI MEAR B2 34 i A 41
ZI [ (Wall et al., 1981; Noldus etal., 1991 ),
Jhh, FELEIES, FA s SHEEERR
PR S, 235t B BB 0 VAR B R R IR S )
HA L XIFR AN T T FEHFEER
oy R A i It T 2 E A9 B ( Poivet  etal.,
2012 ),

123 FHEREKEEREE FTIEMREFER
( Aggregation pheromone ) & A A= 18 5 v 77 32
ME SRz — N, 24 Riptortus clavatus
T P ORE B (B2, I )-2- © M R -3- & B PR iR
(E)-2-hexenyl (Z)-3-hexenoate /F N B (5 B EH
53, XA YT LIRS e b G2 30 X} 2F
A e ML R Bk /N Ooencyrtus nezarae A 5
MW 51 77, i ReAE FH ] dnb 25 2 g s B Bk /)N e Xof
S GAER N4 R (Masuta et al., 2001;
Son etal., 2009; Alim and Taek Lim, 2011 ), %
Hh, TR RSEAA T o SE S R W 45 4 Rhyzopertha
dominica Y% (5 E 2 Dominicalure ¥ K54
/N Lariophagus distinguendus 4 5 & 114 12 5|
41 (Steidle et al., 2003 ),

124 FHERHBR REFAEEDEEHER
HAEREF E, W 5 R ek 5 it ST ek
TFAMER AR EN A FE, BAE 1972 4F, Lewis
25 (1972) FI FHTE R (8] 47 R SEI6: & BROMS BRE d
1§ Cadra cautella B MU F 1) 1F & b ey al LA
BB HEE ) AR Trichogramma evanescens X
53 REUE B B 10 23 A R0, 58— YR 27 285
BT EN T EE S, FSTE 1973 4,
I T7E L IR 4S HL Helicoverpa zea A HUE F 11y
IEC B R4 B 3] 4 ARG L 430lh
—+J¢ Docosane. .+ =/ Tricosane. 1
PU%E Tetracosane A1 . Fi%E Pentacosane, HJ LA
PE1E ) R IR e T SE PN AR 4% IR A PR AR R0, Horp
=R i i (Jones etal., 1973),
1.25 FHEHEE 2022 70 54, Sy
KR FE W FEE Y 2T AR T HED
FEIRZ—. 16 1971 4, Jones 5§ (1971) FIH
FEFREIL (9 em AR ) BEHRSLES A AL LM
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#i#% Microplitis croceipes [ H2y 38 AR 4%
Mgy h e, =W =15
13-methylhentriacontane , X~k & Y& 5 — -9k
fRIER 5 RS R R R, M5,
Hendry 5% (1973 ) F|H R #1720 5246 % B
Orgilus lepidus A i th 5 £ & 4% S b 25 ik
Phthorimaea operculella %l 1t fit) 2% i £ /) 55 iR
n-heptanoic acid [PELL R o 3 1 XT HUIAT B8
¥ Cotesia rubecula X & B35 132k Pieris
rapae. YK F RSN Pieris brassicae il
A FREIKCRA R Pieris napi 2 #¥4)) U ZE{E 1) fi
U, WFFE N B3k PRAET f o0 o e A Bl B Xk 2 L
A EM RO EE , BRI R S, (H
SRR A A B VR RN, 3 LU
HAF TR A R A FE N5 ( Agelopoulos et
al., 1995), MM Periplaneta americana A9
FAFA I, Mi-6,9-+ Lk M (ZZ) -6,9-
heptacosadiene 1 X 3 U Mk /N B Aprostocetus
hagenowii A B i 151 J1 ( Suiter et al., 1996 ),
AR, DA 2 88 /IR A 245 432 o 1Y) S SRR T
/i Big  Allyl isothiocyanate Xf BE ¥ 7K R
Trichogramma chilonis F1 3% ik 4§ #5{ #% Cotesia
plutellae G W] WA 51 7, Fon sl N MR 2 1
FACRHE R AR e G4, UL AF 2 X
ARG 15K A TAEY) (Reddy etal.,
2002 ).

126 HEFIEMES HLUFEBFEM
HEAE R LU , H2 27 A 45 1A ) R X A Ay
PRPERAE S 5E M E . FAEM Pseudacteon
tricuspis LA 41 KL, BT LURRSZ T ORS L
TR B R ) FUE 2%+ (Morrison and
King, 2004 ), %34k, P.tricuspis %41 ki
HAEIIREH 53 2,6- —BEHEIRIE 2,6-dialkylpiperideines
A Sl 1 fik £ P A SN FNA T SR T, I 2Tk
W AR A YT SE P tricuspis & (4T AR IR
Y55 22— (Chenetal., 2009 ), AL, @#H
B o4y 5 ( Mandibular gland ) 2 43t /&
A AR LAY E RS AE S BN, Hb iR R
Ephestia kuehniella 5 #44) Hu (%) b 50 AR 4155 2k
FEI O BE-1,3- "] 2-acylcyclohexane-1,3-diones

AJ DL 2 gk WO Bracon hebetor 1 fiil £ H 37
FR A= B I ERTT A (Strand et al., 1989 ).
[, 45 ZF 1 ik Heliothis virescens 4y it 5l
(32 B . 33 Bk . 34 B FIBRAK AL & Wy vt 8 k3
Jik 4 Cardiochiles nigriceps A W51 11, BEWEHH
S 154 o e i 7 R A X A S IR AR
fI K ( Vinson et al., 1975), B4, Kifis
Galleria mellonella FlJifi JLIR 18 K1 Celerio
euphorbiae Ik B3 A 4 AT LR 2H 4 7] U
R A A Itoplectis conquisitor 11 77 A
17~ (Hegdekar and Arthur, 1973 ),

2 ERUEYRELEDE LRI
HEh

13 WA i 7, A5 BAR2E Y B
FEALTIU W (1) AF AR R sh 4
RN TR A ISR BERL 224K Y5 ( Suckling et al.,
2002 ); (2) PLAbsZme &A%, FIHESE B R AT
T bf 2 A eSS ML 2S L A AT R A A B 1) ]
FEREEA — A LR AR AR L, (2 32F 5 PN KRR
WH M (Ruther, 2013); (3) fEiE2F A4
SE [0 FIE 25 JE BYRCR, AR o A A I i 2 AR
%% ( Pefiaflor and Bento, 2013 ).

R T A e - 2F TR H A5 B AR
JoT PR AR B 2R X AT 7R 3 e R B 06 S s b R
YEH . B2, BB BR B ALY B 77 A= A 7k
)3 5 A FH 3 B A5 B AE =5 N B0 B A /N
UERT B, SEBRI HAAE R AR . FEASK, oA
T 2 E B RAT A Y [, e SE e 2= 45
BN A o FESE T H R SCa RS, B T IS
B BN B A e A AR ORI S R A, 856
LA R, 55—, AEY)-35 R-25 AR i 2 (Rl Y B
YERT B L RN TR I E 2 BN, FOKSEHEY)
BRI HIPV 2H 4315w Indole $73 Z2 21 18 ) 74 i
Microplitis rufiventris f4 [] Bt nf DL i 2s 77 325
JKIMP gk Spodoptera littoralis 4/ HUARFE A% &
Y, iR X 2R A e e ) g, BRI
T AN A AR (Yeetal., 2018), Fi4k,
T IE O T TR IR I 4y H ks g | > 7 A
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WEAFAERT AN P skt , AP &R HIPV
Hr e T HIRBI (Yeetal., 2018), £, {5
BALEY) T 2 A e RS BUAE ] o 762 N B B 5L 00
w6 R -3 - 0 2 R B B fel FH S35
AE BH I 2 A A 0T TR A e 2 A A AR L &y Ly
BB HNIRG Y ABR (Sunetal.,
2020 ). 5=, 17 B BT B AL A ROR o
M (] PR3 25 1 5 = NSRBI, 3 A 80
A YEHA—Z AR, A NEL T el 2
ARk ) T A VR, AR AERCE TR (Guo
etal., 2022 ), 55U, H7F4E ( Hyperparasitoid )
. AR HIPV R (a7 AR ek AT 252, AT
11 55 7 A 0 X AR RE A 45 ] 1 (Poelman
etal., 2012; Lietal., 2020), Tfi 5 2¢4: 1500
AATE SR BT I B FRAT T Z 40 .

3 RE

i RILAF, 52404 25 AR AH DG I E Bk
YL, G ZAE IR SRS R A R R
HRREMB LS, RO TR E dBhiR S . 4
W, 28 P S S 2 B - S R R AN A B AT
A3 S 5 R A4 ke 4 s A o e 1 e e A T 4
o S 6 2 = R 0 o7 LA O 350%, — K )
Aol FH T LA B A i A HL O TS 0 e 11 A A
%% (Sun et al., 2019; Guo etal., 2022), {H
&, BNIAT RS A LRIR T, AR E R &
55 ) S 4 1) B2 2% BE A 25 30K o FEAR R I 5%
W, IRATFEE AT 2B B3 at L, R R
BT[] 244 , A3 A5 R R FH B SIEAR ) RN R 2 [
T R B 5 25 AR WA T R T VE AT, X
FEAR B A5 SR S AT & SEBRIE L. S340, AT
o 0 Y HF & RS B A S ik . 1%
ST AR RSN I R R AT, B A
WikESh LR, HAHR Y5 Bk Ve . R
o 3L PR W ok B S S AL 2 A5 B W o mT BE S R
M BT ) 22—, Rl e 5 R G B R A )
A AN T Tl AL TR Z AT BEME: ( Brillada
et al., 2013 ), fEfbpAEAnditeg, ok
AFF 5 308 S BIF 9 SO 32 AR 1 D) e R S5 8 T AL &
B a R AIUE S R S AU NS

R, T X S A A AR R AU L2 4K, DIRERA
THRSEE , DRI A A 8 SR AZ AR B DI RERIE ST 2 —
AR (Zhou et al., 2015), i, HLE2:
(' Quantitative-structure-activity —relationship ,
QSAR ) BRI Mg . ey Fisis H B =
R Z R ECIA , BLTIRAE 70%L4 I ( Boyle et al.,
2013; Tauxe etal., 2013; Caballero-Vidal et al.,
2021 ), % T AF LM PRI TR Z AR, A
QSAR PR Tl A7 A e R 32 AR Y L AR - 45
B D RE R IE W] BE A — R PR AT R % 5 TG VA
BAC =Y 7k
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