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WE : A FFEFIE LY (herbivore-induced plant volatiles, HIPVs) EARY) % F M il J5 B i 1 & VW B, —AE Y 5 A B 3R 8
TR BATEES o PR R B T BFAE Y 3 B HIPVs BT #8705 i (5 8., X4 B BAT o A JLAE £ SO A0 AH R B9 98
B, MATERYOMELEZNEDE GRS TRRMXEIKSE HIPVs I35 EMBEYHEBRRR, SR TXRER
P O B R R A R B BT N B R, A4 T A bR A T R 4032 T JE R R M R B B A R W, IHE T
FHRINE FFEYE X REE I EWREF TN B AN BE S, HIPVs i 8875 S R MRAEYI R 32 F AL M4BT AE
PREGBIBIR L BJ& , % HIPVs 723 R BiE s R A BUR K AT RAE T A A e

R EFFIERY) ;LSRRG M AR R 5 K SR 5 B UL

Ecologically regulating functions of herbivore-induced plant volatiles
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Abstract: Plants could release herbivore-induced plant volatiles ( HIPVs) into atmosphere or soil when they are damaged
by herbivore insects. These volatiles serve as a language that plants use for their communication and interaction with the
surrounding environment. HIPVs are mainly represented by terpenoids, fatty acid derivatives including lipoxygenase
pathway products, benzenoids and phenylpropanoids, and various nitrogen and sulfur containing compounds. These
chemical compounds have been demonstrated to act as indirect defenses to protect the emitting plant from herbivores and as
direct defenses by repelling herbivores or deterring oviposition. That is, the signaling plant can recruit natural enemies of
pests by the defensive strategy, thus minimizing further damage to it. Some factors including plant varieties, insect instars,
and natural enemy’ s learning and experience, influence natural enemies to locate their hosts or prey. In fact, most plants
are commonly attacked by more than one herbivore. Understanding on natural enemy responses to volatile blends induced by
multi-species vs. single-species herbivore is essential to get more realistic situation in volatile composition in an ecological
context. The chemical signals also mean that the plant has produced toxic metabolites and proteins, there are more enemies
in the vicinity, and the food is scarce and falling, so HIPVs may serve as direct defenses by repelling herbivores or deterring
oviposition. On the contrary, Herbivores might also exploit these chemical signals, either to locate suitable food plants or
mating partners or to avoid competition, parasitoids, or predators. Generally, roots are attacked by as many, if not more
herbivores than above-ground parts. Recent studies have shown that HIPVs emitted from below-ground plant parts could also
attract natural enemies of root herbivores, and also to affect aboveground indirect defense and vice versa. Therefore, HIPVs
have important ecological roles in intraplant or interplant communication. HIPVs as internal signals allow damaged tissues to

warn their neighbors about the presence of herbivores, and trigger an increase in direct and indirect defenses in undamaged
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tissues. Simultaneously, the neighboring plants could “eavesdrop” the intraplant messages to elicit their own defenses. As
an alternative mechanism, the chemical signal might not induce defenses immediately but rather sensitize or  prime’ the
neighboring plants for a quick and intense response when damaged by herbivores. Recent published studies suggest that
green leaf volatiles, terpenes, MeJA, and MeSA are good candidates for the real airborne signals. The mechanisms
responsible for priming against herbivores and ecological function of priming are reviewed. In addition, the main ways that
applied volatiles to control pests, their merits and demerits, and some considerable problems in the practical application are

discussed.

Key Words: herbivore-induced plant volatiles ; ecologically regulating functions ; phytophagous insects; natural enemies;

neighboring plants ; priming

TTER A A TE s R v, A R i S Z B &M SR A Y R R R rh s EE W —
XK, sHHEEER BGEE  EYBEE R R T TS F SUEE KB EALE, o FE R R
TR E R, A A BB AR L B A Ak 2 A 5 R B A, B PR B SR A i
PAREREER, BEE R GHESMRAERETYE. HEEER RESBERNWEYERY
(herbivore-induced plant volatiles, HIPVs) B] IVE N B FIZE , BB R EEMSE Y , NI RE R WG ERE?,
Bribz 4, HIPVs iR A SR AERIIGE . ASCEEMERS T HIPVs A5 IhEEMBFIT ot , Xt E R BRI 72 1Y
LM E A E R R AT T H5R
1 EYEZWHERRFE
1.1 BEYHMESEY G R

R IRA Y& R AR AN R AT AR K W) 73 3 R 52K (terpenoids ) | Co-%f P45 & ) ( Cg-green
leaf volatiles, GLVs) FIF5 75 & ¥ (aromatic volatiles)

TR EYNZIRAET BAR D O FRN R BB REE RHGAY, 2R HERE
o FHERFVERTESE EB 2 B0 A0 30 w5 R ENT AT A Y. 5% £ B R (isopentenyl
diphosphate, TPP) 1 — FI &P 3 — B8R ( dimethylallyl diphosphate, DMAPP) 7£— R %I -& B F AL T 4 i 24
Rk, B , LRI 7E B 4 & B (terpene synthases/cyclases, TPSs) H4E I F 43 5] A B R AOE RS
GLVs FZAUHE Co-BE . Co-BE N HER , HE R NN/ 6 R, MYHLERBINE LI
PR iR A K B 99 O JR BR RN W Y R, 3X T & i 7 BR 7E iR 4 & 8 (lipoxygenase ) il fig & A 1L ) 2L G
(hydroperoxide lyase, HPL) FfEALIEF TG A GLVs, SEREMEER MMM BB AR D & 19 GLVs, Z %
faF G, HE Y RETE LN 8] N TE BURVBE R B GLVs,

FEBRERY EEAERAE(C-C)) FEWREMEY (Cs-C;) FHARAEY (C-C,) , FEVR A
PIBERE R R I E I WHERE RS M. WHRZE — R 5 KR I/ A B 3R, B A AE SN B
EERITER T & RN RRER Y . WHEREKE T Z B A 1 p-A LSBT Z BE4Ee A 13 B-
FAb, BE BT X PR R RER, A RERED . Co-C, 4% & W1 W 215 % 2 BE 4 U ( phenylacetalde-
hyde synthase) L T B3l L-2ERNERAE REZEE' , 2K 2 BEAE 2-58 Z BE A JE #§ ( 2-phenylacetaldehyde re-
ductase ) fEFl AR IR Z B o

SRABEHMVER YK BFEER/ AARBRE, LN, 2B T4 05I%-3-H MM B2 (indole-3-glycerol
phosphate ) 2235 5W-3 - H- Mk R4 MG IO AL, , B A A % HE R ms I
1.2 RV

HRAE 12 & W) BURIRE IO B 1] o 2E BUPE AR SR PR 3 R ) , 2 R H8 R W R AR A7 SRR R T 4 M B
R (1) VOCs , M8 32 45 A5 B BE TV BRI, Lh AN GLVs, 35 5 F s LA A ER T LA | R B R W
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Bk, I AR R 52 MOREHIMX ., XEER YRS SRR,

FESPEVE R W) B TEBOR FAAER A RE & BT BRI, RB R M ARME , W WA BIEw
5 51 K AR i (MeSA) 12 ZEFTER F G (MeJA) ), 5340, — R AMBE I FUR TR RMEZE " o o LAY
FEREERY . EBEZHRABEMEREERYIFE—BRAZE, [l —FE R WX T —FE Y2 4 s
f , T T A AR U T BE R AR, T 4 et i
2 HIPVs X B A B¥ R0 R = Th Bk
2.1 HIPVs X KB EEIIRE

MR B A MR BT AR R 225 B B BE B A8 A 3 32, E T R4 F R R B E, X
SefhaafE B RIE B T PSR ER R SEHF FANE A,

RBEFHELZYIRELNIBISZIZHER MmN, XhaEEY s, KFEZE
Nilaparvata lugens {53 )5 , 75 7] S Fh %t RS EVZR /N Anagrus nilaparvatae {5 1R A BE 2", FEER I
SR LA T oK AR AR s BRI R R S MR R ) S R A AL, XA AR (b & T I R B 1
F70 , Jo A T2 A PR B, B B[R] s i 2 3 7 2 I o DA VA S8 LB R 2 1 5 A, TEE A i), R
B2 2 A Z it RBAE T, AP IR [ I Tetranychus kanzawai 3 Y153 BITEASHI AR & 1A 34
B3 Neoseiulus womersleyi , Bij—Fh B F5 5 F T W & i (5T (E) -B-ocimene . DMNT FI( E, E ) -a-farnesene )R
B BEEE, MR —FEL T, A DMNT MeSA , B-caryophyllene F1 TMTT4 Fh#% & ¥y [ i 7778 4 RE M
C1E -y S

HYIEEZ ZMEE R REFN, R YA 5 R AR &R A 508, T 20 R B 3 3 558 P i
Fo EHHUSZ ZBEM U Terranychus urticae FIBESF Myzus persicae [RI 165 J5 , ¥ & VIR CE W& 1 0, 7% HLBE L
W R B B Y, S BB % Macrolophus caliginosus % 5 VE FI Bl B 3488 46 %, B S2 48 Eurosta
solidaginis W] LAINHI b3 — AL B E Solidago altissima &R HIPVs, Bl 55 T 2F 3 X M ZE 7% 8k Heliothis virescens [
e N . AT, BiRhE B R RS, BERE R EE , FRES T YK SA 55
SR  F— B AT R, BESCIRIE S SA (5518 SRAMH T HERIRFEF N IA F51%F
B>,

ISR R B, B U 7 B0 BE U R A Ay RO &, X R AR AL BB B 5 B LA IR A R R
B VER IR B A . RA ARG Nezara viridula BUEFIF =005 , & ZRMIER VI BB S | L FE S5 1
Y8 Trissoleus basalis IFT R ™ o Meiners SEHiIA T Xt 018 27 : # Oomyzus gallerucae 4 W5 15 F 945 % 4)
U5 B #rH- B Xanthogaleruca luteola F=5R g B J, FEERA T 8 & 71726 T O 1 20k b 272 Wk e
TERPFINHEFAEYERDE=ZRERRRZPETMER.
2.2 HIPVs X EMER R RED B

A UAE AR SRR R Yok TR A 3 IR U B ROV T O X AT O S R R T R
FI 2 A FRE TR , 3 T S 0P A B 1 B R ) 37 2 AT R P A s
2.2.1 HIPVs IR &R B

SHEBEWHREM S HIPVs BREF FEY LEEFERFENHEE MEtRERSEAEYRET
M FEYC & 0a3h T BB R NS E N T ekt R EL, Tm 2 52 A4 , B HIPVs Xt 3 i IKEE A . filn,
RIS K Spodoptera littoralis 755 FI/K REHE K W48 WEE B3 IEBEVE R, 300U Pieris rapae B {8 T
TERERERE =50, F il Rk Manduca quinguemaculata (B AR/ HLGR 776 2 BUET B, MeJ A Ab 35 (94
'S
2.2.2 HIPVs 5| EHRE SR

HWBER HIPVs FER BR1EZ E YIRS, A Chrysomela populi™ | =14 Bl Chrysomela
populi™ Fi {455 Nassophasis sp. * 25 HIUAE S MM & Yt AP BB A 5IEE M. R EEDH

hitp : //www. ecologica. cn
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W EAEYIXT EHBIR S. frugiperda RSN HBCEA RS/ . HFRAE TR AR S L@ HIPVs 5
HREEE MRS, B HIPVs A REFERSMEGERB RS, R, e rER R A fiTh o
DIFEAE B 5 F1E RO S B3 A4 B SR, 4k HIPVs IR S RIFP B i E 2 ek T Y 0 B R4

HIPVs W 5| B B 7 BN LR WA B THESE . 78 H R AISE I 2 4 R B/ IR Plutella xylostella Ji H B H4K
BN H L R F W HE LB R, UE IR A AR N BB S A B, (H /N
MK BERIRGLHHE Cotesia plutellae 18 F-77 i, RZAEMRS2 FE R AL K I, 0050 Z 50 P16 52 E 4
PR BRI T IR AT A MR 3R TR AR FOTE TS 2R, B I8 A R 15 (the encounter-dilution effect) "7,
[IRE R BRG th & AR AR R Z 0 Y o R, 3540 U= BT o & 2 B 52 E R B ORI T R 32
it B 5 AR Y B 7 B 5 7 B 2 o B DU TR AT B A B | B O s AT O 25 RUR T HIPVs FRETiK
SREE SN ERERUMEX, B ERRAST FEY T S E TR, W ERENERE T EZHREL,
2.2.3 HIPVs ZEAE Y3 T 530 L B e

[ B3Ry — M, Y R T MR EG WA UBREFESDRBNIELY. UEIT Arabidopsis
thaliana §{3 SR Diuraphis noxia f& % 5 R T BEUHL AL e 25 4UIL ) 1, 8-cineole™™ ™ ZAGAT IR &
Otiorhynchus sulcatus %) B 16, % J5 , LR Thuja occidentalis 3T H BT M4 K& W) BE 51 = /DA &
Heterohabditis megidis , X245 5% HIPVs A AT EY -1 T HH- KB =FEHF X RWRBRE . (E)-8-
caryophyllene M 245 —FBA A F F b T E B SR AA S B BERHER B,

T E RIES AN R YR B Y N L E R B . MR E S i R ARSI E R
(extrafloral nectar, EFN) 4} @FH I 328 T HAXS A EHER B 51" o JBIF Brassica nigra B
WHEE S, BRI B & Bk Phyllotreta spp. H Ws'¥F Brevicoryne brassicae FIE{E FIKRSENME Pieris brassicae 7=
PRESY . AN, HF F S A S A A R A RE 1 o A S b S T R A Ay T
G B BRI T IR R O , A3, W TARFEE R W) TR T F AR BORUL, — B b F M EEFRAE T HIPVs
HIZE 5T PRI, P RE S AR B8 FRCR , Rt Sk, XA o v] B2 AR 1) , S AR R AR BE L B FAE W) -
FH-RPWHAE

X FAEYp 53T B Z 8] B9 5% &R R NaE 3 A J5 T BIBTST : B 5, BT ] 0 3 B R e S 3h Ak
M55SR, TR R FE R, AT SE A T A b A e > o IR, BB sE Xt R ARk,
MPTEH AR S BRR] E REZ PR E R R, B R0 E BREE O € S WA R Y R, I T
FEYI R E R o 55 =, A B T AR b FR 2 [ B 52 28 ik, AR ) Y B 1 B R Ss anAeT Rt B 3k SR
J A ] R —FR Ay R AT .

3 HIPVs EEYZRPHITIGESHIE

HIPVs B , [RIMRAE YD (0 A 450 5 243 0 Ja B R AL A R SRR ™ B B 0 7 B 5 R, IR A% 5
YRR NE Y o R X DT T BT S  SAFFEAR R GRS (B HEE ST 7 B AT 5T T B i ke 2, R A 28 1) AIE
YRR W] HIPVs TEMYSC I R HE (5 53 DB .

3.1 HIPVs 358 T <FHEY B BE

TR R W TEMAR G S5 3 D RE AR R iR T 20 tH4E 80 R0, R A R AL@ R G 1EH Populus x
euroamericana F[FFHGFEMRBCEE—R)S , R 5 W B Y) 5T 1) & B0 & SOE B B B B I SR 4s
TRIG , BRI Acer saccharum & Py R IEY) R B T VWK AR BB IR o G SR MIBFST & L HIPVs 3K RE
e AR A AR B H S B A i MY R KR ZH SRS . BRI TE LY
RESR = AR A ) LB A BE 7, J5 SR ) R R 5 e o IR T AR AR o A8 IR A B8 H BT RS R A g o
K|, BEESEBRENELZYMHIRE, G TEHEEY S RN FRELY S ]
4, MeJA " il MeSA' )t A MUIVE A o 2RI KRB BT ST 45 AR WAL 1 i SC A7 AR 48 R I S B
5 Bf5 , XMAURGS BRI Y PR R W RA , I8 FMR R B AR iR AR B BCE R Y, 3 I T 48

hitp : //www. ecologica. cn
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Yo%t REHIR S| S7 AR TR 9 5 R
3.2 HIPVs R A Y B AR AL (Priming)

“ B BURR AL ( Priming ) " RARY) 49— Fh AR BT AR , SERT 271 A Wy s AR AR W0 038 A A , 538 P R i
P, RS BBk | B3 R s b R DAY I Xl A A e DR 3R 2 b Bl A S L, RIVAEL ) AL T B A URR S
(primed state) " '™ XFIR B AHINEET Y -REMAED Z 1™ Bk RS M TR Y- R
PR L 2 (8] A 7R AR A BLGR , A T LA e in o | B %3 B B AV BE 70, ELdn, 22 HIPVs A BRE K EOK
AEMERFE B &, IRl , 2R B F I BRI S | BIE 2 RE™ o 5 R A8 o B A UL P A
oL, — 2 BUE R ARAE Y AR O R, R BIESRIE A b SR — R 0L T (5 515 SIKEE B R 4E B R B
# HIPVs, 55 — R B oL 24K T4 2
3.2.1 HIPVs iR RMRAEYA RIS G

Y2 BG5S 20 TR BT O 5 S @ B AR, (R AR Y 4 T B B R S S B
SRIEE R B TR E S B S F A 10 2 L, 1 R G B i B A M bR R Y R 2
S H A SEATR (jasmonic acid, JA) RHILHEYHHEE EEA G (LR, XME I RZ MY
&3 RGEM R, JLHIR 0 4 TR % 32 B S B R A5 B AL i R R AL ™ FEARAR AR I 5 A 4
X — R NS A B B AR R A AR B R B AR B S A AR BT K 2 A TEAL
TR B 2 A PR B 2R, BIVE R R 10 B BB A BGR , A (5 5 20 Fimis B BCE O A b, iR AT
TEHAD L @ AR IRAN X — A R o HIPVs 3 FREGE SR 55, XY 19 KA H RN A & 1R
o FERHERIERIYIIR, HIPVs BEAN 3225 8] A9 1 29, SCRETE 55 — i 8] P9 E A 4T 15 8 12 3 45 40k i A 4 4
G2 R AR HIPVs BV RAEHRNFE B R AN E S o W3E G2 E R B A HIPVs fEfi [
— bk EIARAR G SR B R E AT 4 W ) EFNY) ) 28 (E) 2-hexenal FiI(Z)-3-hexenyl acetate 4-3
J& , 2AEA 3% B AR REOE 2 AR
3.2.2  HIPVs 4RI AR AU L

SPIARMRAL AT AR 2 ) #5035 15 5, 18 B B 3R 8 2 B 3 OBOIR 2, LR Xt ¥ A6 Y
R MR PRI A1 5 MeJA'™ MeJA IR 7EE T I EFB R EYER Y &, AT
HIPVs 7 340 B BURL IR BA TR . 7350, MY TE 2L B F R G , R R
FHEL R G HBERL GLVs™ B B T M bk, BV LA RIF I “ (55435 b, IR, GLVs A R &k
WREYBGES Z ", LREROIIFTX WA, F (Z)-3-hexenal, (Z)-3-hexen-1-ol Fl(Z)-3-
hexenyl acetate XLERJG , FEFIBUARI U5 70 35 He g St A0 B, W7 AR FORIA N JA (98 8, I3 I 1A w0
FORERC T o A A SR B 25 SR DAV BURRAL " P FEAESR AL T F1UESR , L 3L Artemisia tridentata 1535 J5
B R YU REVS IR R O B A UL , 3275 T MR B R IR Manduca sexta {4 BFE T3 X YERT AL T
B BB AIR S AR IR T B B R E B RE ST, F AR B UL B G o m] LA BUEAS [ A R 2
b 118
3.2.3 HMYBIAEER YL

A 5% HIPVs 75 S [RIRRAEY) A0SR ALY 7™ A2 B A BURAL LB EZLEI/PA T . 5 S, A2 ] Jak
AP RAG S YR o BORMZ BIIESE R I, FEY) 928 52 (RSB P REFE IR A SRS S 20 BEAT R N
fE S IR PR A AR A ORI AR & AR B TR X GLV 2 e ! s 45 it
BN EAAEER KK, —BEfNTES 275 MY RTS8 BB B BURIL K . 24 M1k, & 8H —1
ST RE T AR S BB SR AR SR O B R T A B R R BB 1 R, (B FT DU 5, BRI S B A RS
155 1 SRBMK ML E LB BRI —E 4™ o 72 HIPVs IVEFT , AT BE S BB 5 B AL 8 R 4
o W= AR 1k, H AN B R A R 2 T AR A G R o (R, RN M (5 BN T R A
WA i ) 4k B A ABUBOR S  ZEXT B ST BT S R B, 22 (E) -2-hexenal ALBJG herl RABIANE) v-RET

hitp : //www. ecologica. cn
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M4 (y-amino butyric acid, GABA) & @ 3 3 1", HARA L HZEF Ca® " We ¥ A AL ITS T 48 BRI JR
( glutamate decarboxylase, GAD) , 7] GAD 24 i, GABA [¥)3658HE , B, Ca® " B M 224y BRI 4L & 1 B
(MAPKs) {5 5324 B YIBC R , T MAPKs 76835 HAHT R EE A JA (H S RBE A B EEHA . R
TPTERA 2 3 F SUE LA AR HIPVs 235 B A= 25 A A A 6 B A, G B (¥ HIPVs R RBAR
FAEY) A VB SE RS , SR SRR B T 37 FaE W a3, MR, InFAE AR HE HIPVs 3% B 4
SR, 5 B AT B A BURCRE , 2 B IE B 23 o ol B P PR 5 2 b B R 7 2T XA A B T DABR
B 5 KIBERE ST, XA R AR A b AR o SRR AR B A U AR AR S 2 W ST R (B IR D 2 B
/b, BRTITSE 42 B HIPVs i SAE 4 B A AU b B BE B A PR, 38 3 A LR S S B s 4 K A 1
HAELIR K ] F 0 BoK Rl EAMER S, ZEERA S E R EEERGES, FRI A e
XNIAK : ZE[Rl—FERR N HIPVs ARHH £330 & /R A, T 4R AR AR R o 27 07 7 15 B 3R = B 5 W B A
BEJT.
4 HIPVs &£ ZiR2ThEERY H 8 Rz FH Kl =

H X T HIPVs FSERRR 84 3 Fr 2 BEF A LS B BRI R R 5 RE a5 Ay ™
AR R W EIACZE Y I AR ML ER S A X R 5 155 B8 7 5 76 push-pull ” SEHE o B , BRI A AL 24 3522 1 £ B
R, A B E A B EE EESRIER R FEEY
4.1 ANTEBEERYHHEER

20t 20 ZERPI, CAEZSHEY SR R R RPN T HIPVs KR ABINEE, XS, 2
R#EEYR EEZEY MR N GBS, & EEEEEHELERE ., 7EHEEEM 4 #ALTE RN
ERYSIHBREL, 45 R FE MeSA B8R W 5| 5 H 8 Chrysopa nigricornis FIEEF 48 , (E) -3-hexenyl acetate I
51T R At 2 R RN 25 P P MeSA 2R, B B AR T 5 R bk K EE M A
MEFENS B RIE T MeSA Xt REMIEEIEM . BE/E 8N T 48 & W R 205256 A IR, 15 Fhig
RYHA 13 FbAxt 11 FREcE BESIFBERT . EREGITR T X7 mRB5T, s B E LY
BEREL, 45 R B~ (Z) 3-hexenyl acetate Xf -+ B Z[ 1 Coccinella Septempunctata ., ¥ [8] /N B Wk Erigonidium
graminicolum . J5/WAEWR Orius similis 3 T RECA B B 19515 4E T, nonanal BEBA 47 51 B8]/ R K AIEG J7 /)
1605 | octanal Xt B W B ¥ Deraeocoris punctulatus 11U 2% /N WF 18 Paragus quadrifasciatus W)W 5| 171 &% 5%,
nonanal + ( Z) -3-hexen-1-ol [JIR-& 473 BEHH . 7 | 7 5 /N AL i AR TG 2% /)N B M AG , MeS A U B W 77| B[] /)N B ik
Y4 /NE i1 , Dimethyl octatriene H Xt P4 4 /N iF i BH B 51 /E F , decanal F1( Z) -3-hexen-1-ol 5 X} fft
B AEZRDT ) o, B (Z) -3-hexenyl acetate I a-farnesene BE 5. 22 2 5 2 /N & Anaphes iole X2 3
e R

DA ER AL & B R WSS T 528 (GLVs IS FIRINIE LY , X S8 R W) A [R AR B g fn 1 R BAE
FH ) 19 = B BEFMEE BRI, B 8 T AL BUEE R WVE AW Bia ML R 1o (H2, % T A L& BIER W
HH E] 1 AR SR D REIR B Z IR A R TH T i . 855, RECGE & B A REE SRR E s m , %51
IR FLRE A R R R B RIS 58—, I F RS S BEHA W 24 T EHFRK, 5
ZAEXS L, THEA BT EREL, X B A KRR W5 e AR UM R Wi 3L RVE R, AT -& B &
YR E AR AR A S b R G A MR B R 5 =, RSN HEER ] DUKEEEY
FRAEE W EYIIE JEF SN E, A 1 H A SERAEE 2 MERE R T KRR, T2 TR E
HIVETERZ IR 5 5 IO, &) BB P 5 v R SR BRI R AR 2t 32 i B4 R ) IR TR S8R
4.2 ESHEYB HIPVs

BV BEBEER YR FARE , FEARER RE B0 ROR RS MR EEY R T 0
T2 RiR.CO, REAMIFITEFENERE T ; 751, L LLAE MBI ST & B — L SME L5 ) St 7T LA AR R
R, h & BN R MR EE T B &z,
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JA SA MIZIHE 5 & 2R BEMYE BT EEEEIMEM, AKX 3 MM E YA Y R LR T
R FIA RB)S, BATVEBE R Y W 5| TSR M S. exigua Huebner 48 5 4 3 Hyposoter
exiguae , Y215 T ZRBOGHSERRI A 4R o % A1 ] SE IR A TE I 22 ( Z) -jasmone 4385 9440, A5 (L
B S HE R DU AE R I 5 ) B R 4 f-b 2 o R U Aphadius erit'® , FERMERY BRI SR R Z M,
LIRS0k Prays oleae HIfE % , I H R B R SA i ma " . HIPVs VR 7778 30 4+ % MR B
5% , R BHLAL J5 Sk 3 s XA A ; Rl R RBAE 0 i AR B 5 5. 40, 7636 B RIBRI , BB H
W Leptinotarsa decemlineata J& GREW EBERZ — AREFEW SR EFHEH P B EAH (Z)-3-hexenyl
acetate, (R, S) -linalool I MeSA FZEREH| , BEAE FE4R B TE 22 i B L 4 BRI BB , 51258 Bl VA J7 Va A L B SR
T B A 4 4 B, IR, SR SRR O P BB T 44% 1) 0 I MeJ A b Bk i g ot B0 ol PR 5 | i
ALzl R

F R SR 5 A R R H ) o R PR B, TR AR BT Rl L B A S B 7= &
BT ARG Y P ]t 0 TR, X ML B A ) - - R B R E o
4.3  “push-pull” ZEHE M

1987 4F, Pyke 2 \ 15 YR 32 H4 2 push-pull” /£ Jg IPM f—Fhsgmg ™ “push-pull” 35 m% 5% % “ SDD ( Stimulo-
deterrent diversion) ” Sl , JE48 38 1t iz FI & BRI , — 5 T HEF SRR E B, DR B R VEY) , IRl AR SR AR
F RS | BIGEEMEY ;5 — 07 T, W5 | #EARE B 3R, DT ZE R FH (] 5 BRI R 285 B2 1 [ B 1 fim K %
M B B BRI B o push-pull”™ 55 5@ iof 55 kPR BE ) B A 38 AP R AR B0, o2 oy
IR RS . “ push” F1° pull” B4 USRS AT FRE RIS Z 2 T0H , BRI push-pull” SRS BB A7 & FH MRS
TR ZSR R RS, “push-pull” 50 RIS GIER 2K, MY L Y E R H P EEN—F,

Y41k AT push-pull” W B FAF 95 o 25 & BE R, 2648 B A HR T 9 2 26 15 JB W %4 KU Chilo
partellus F1 F K254 48 B IK Busseola fusca KIFHIA" . BFFE AR E ol E T@&A1E“pull” MY A G 5
Pennisetum purpureum ., 7 7+ KL Sorghum wvulgare sudanense Stapf. , B] YE & “ push” [ 18 ¥ B ¥ B B Melinis
minutiflora SR 28 B Desmodium uncinamum Jacq. 1M A48 D. intortum Urb. M7V vl 88 B0 5 K ]
VEFPHER , AMER] DLk 25 55 2O 7= 01, JE P LAS | G5 RIR 4 3 Cotesia sesamiae, J5 R 7E T W2 B F] Lh$7
SeRE DMNTH S BT 4R 5 B2 B A AR ) BE TR K B B 4% P45 % #) : hexanal | (E) 2-hexenal, (Z)-3-
hexen-1-ol F1( Z) -3-hexenyl-acetate""®! | H JF 2 dt 7= 5 F10K 5| K EAE Y £ B Bk K& 19 (E) -ocimene | a-

[119]
o

terpinolene | B-caryophyllene .humulene a-cedrene FI DMNT

“push-pull” SIS B0 R BT 2 W, B R PR BE HOF T HE 0 #  W ) AE 28 TR P2 T B 5 MR BE A RRAIR T k2
A 9 PR R RO P TR s BERE BB 1 R OB 2 1™ o 7 push-pull” S & B8R PR P 48 K 84T
B AR IR, R ERG A EHNA AT B ATE E MU S I A 52 B3R 5 20 0L, FOR F T I A
FFIZHE o 12" push-pull” S I, HAR R BOXERUTE T 3G E M VR , B N 7t 8 R MW BR T & A
“push” B “ pull” BTN RESD , ;B MBI — € BIZHTYYE 5 [RIRRT, 18] FF A4 B 2 5 K R F) 26 4% push” B pull” )
YER , B E A H A R iR /M o
5 B&

HIPVs 7EARY) [AI4E B8 P ) A S Th BE At A2 © 2 AE Z Y B2 T Z %k, B2, ME ABTRAELL,
TE HARIME H BIDT TSR GR =, BN T8 AR R W L T B R AR R 42, 308 7 708 T 1k FO0 000 ARl LA 42 o A4 45
Fo BAPIR P, AATREEIRS| B AR XS HIPVs A BIBEA M IA E R, A L E R ke S N
HI BB, HIPVs Hp BREEE s AT S5 RIS TS Yo ) & AR AL 2 R 2, B HIPVs 2R R HLFUR A Th Bk,
Pk, 7E 8L HIPVs AT A 25 R, il HIPVs 7225 R R Sh B B RE 2 R Y L BE B t R A%
B R . FEFTREER Y HI SRR, B R ELC SR 45 2 W) 0 #E A B R VR R A Zh B , T 2 W T X RSB AR
HEYIHIRE , HAN James 2 T N L& B R PX RERFEEMEM, P RAREEL Y ER TR RK A
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A A3 A A S AR M, B T 2 ORI B R R R I, T A S AR R HIPVs 721 51 K B HY 7]
i, AR AR ) SR A e R R, R R . FEI LA HIPYs B 3B RS AR
B BT o ] 8, R K 5 | 2 [R] R Bk = A R R AF B , A AT R R A R SR Yl
PRAIFIIE R Y BeAh, SRTRIBTTEX QR — T L, TAE ARSI T R S E MR A&, 4R
2% HIPVs (RO AREIOR 2™ AR S, 0 F3X 77 T BT SR AR ikt . B R 5 S [ AR SR 50 38
VIR AR E B A RHEY A S H 225, BRL 8 BN HIPVs , 5 3 2 A TSR 7598 2 0 126 H H Hh v
PR o
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