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Plant defense responses induced by insect herbivory

QIN Qiu-Ju» GAO Xi-Wu" (Department of Entomology» China Agricultural University> Beijing 100094 China’
Abstract: Plants respond to insect herbivory with a myriad of inducible responsess broadly categorized as direct defenses
and indirect defenses. Herbivore-induced plant direct defenses include the production of toxic metabolites and proteins.
Direct defenses can negatively affect a hethivore”s physiology. but exact large resource demands on plant metabolism.
Plants can also defend themselves against herbivores indirectly by emitting specific blends of volatiles that attract
camivorous natural enemies. Herbivore-induced plant volatiles can be triggered by some insect specific elicitors. Multiple
signaling transduction pathways are involved in plant defense responses to insect hetbivores. and they can interact with

each other. either synergistically or antagonistically. Understanding herbivore-induced plant responses can provide

important information for the complement of integrated pest management tacties.
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Table 1 Defensive enzymes and proteins induced by herbivory

BRER HY RERR SE 30
Enzymes or proteins Plant Herbivore References
HE E B30 % 9 Protease inhibitors
#EZEREBEABIPHN A Lycopersicon esculentum L3RR UL::S Farmer and Ryan, 1992

Serine protease inhibitor

LM Solanum tuberosum
KE Glycine max EXK Zea mays ¥

Larvae of Lepidoptera

#1LBE Oxidative enzymes
Z i ELEE Polyphenol oxidase

i E ALY B Peroxidase

FH L. esculentum

B L. esculentum

R H gl
Larvae of Lepidoptera
¥ B\ Bemisia argentifolii

Constabel et al . ,1996

Duffey and Felton, 1991

Felton et al., 1994; Bi e«

al., 1997

Bi et al., 1997

Ch et al., 2003; ZiE

B & &8 Lipoxygenase B L. esculentum K& G. max. B30 H & &
26 Gossypium hirsutum Larvae of Lepidoptera
PR i BE B AL 8§ Ascorbate oxidase B 6. hirsuum %ﬂﬂﬁ%‘}ﬁ
Helicoverpa zea

ERRERBERLSE
Phenylpropanoid enzymes

FRERFBAS K # Hordeum vulgare Mk G. hirsuum B 5 Schizaphis g

Phenylalanine ammonia-lyase Y Aphis gossypii
R B BB Terpenoid enzyme

B A& B Terpene synthase

BESER
Carbohydrate-binding proteins
JUT i B8 Chitinase
[ {15 1% ¢ Reduced activity
F 8 Increased activity
B-1,3 W EVERE B-1,3 glucanase

EXK Z. mays

B I8 Cucurbita pepo

F L. esculentum VINE Thticum aestivum

HEERR
Spodoptera exigua

WA B. argentifolii
¥ S, graminum

BB Sorghum bicolor . = W B Fifolium

A%, 1998

Degenhardt and Gershenzon,
2000

Jimenez et al., 1995; Mayer
et al., 1995; van Dam and
Baldwin, 1998

R H%E E (PR) subterraneum
Pathogensis-related protein
PR-1 A L. esculentum BME B. argensifolii Mayer et al., 1995
PR-10 TR=ME - £1 B8 + 4% Brooderick et al ., 1997
T. subterraneum Halotydeus destructor
F2 BANKMGOSEINEMRELESY
Table 2 Phytochemicals induced by herbivory and wounding
HYREYE HY BHE X#R
Phytochemicals Plant Herbivore References
M35 454 Phenolics
BEi BR Phenolic acids #RAE Gossypium hirsutum RY&E Anomis flava Kranthi et al., 2003
555 % § &K Furanocoumarins  BR¥ B K& Parsnip # 01 Wounding Zangerl e ol ., 1997
#EF S & Coumarins ¥ B ¥ Helianthus annuus FHERR
Zygogramma excalmationis Olson and Reseland, 1991
#.5 Tannin ’%’g g“’;:"mm Ocneria dispake Schultz and Baldwin, 1982
HEW Betula lenta FER Quercus YWEH HEEF

S B} Total phenolics

W 24 A Y Terpenoids
B35 Monoterpenes
8B Gossypol
EMBEE Oleoresin
£ YW Alkaloids
YW, Nicotine
£ 58 Hydroxamic acids

WAE 6. hirsuum

¥ 42 Abies grandis
WAL G. hirsutum
I A. grandis

ME Nicotiana tabacum

/NE Triticum aestivum

Lepidoptera, Coleoptera, etc.

BB EE K Coleoptera
R R Helicoverpa armigera
! 8 Bark beetle

4 0 Wounding
$F B Diuraphis noxia

Matison and Palmer, 1988

Litvak and Monson, 1998
R %, 1997
Raffa , 1991

Baldwin et al., 1997
Niemeyer et al., 1989
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B, e RMFEE Lib e g iR e B R E A e
ArscE fF R A Hreia . Eitk, R
B & s B, UK e E 0 1 R R B AN Y.

2 RERIKRESAEY B 5
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BRBER M B MEER LA NE RS
¥, PR 5] — B ol ) 3 B P 88 C Dicke er ol > 19900;
EKZREEROR AN G E G B TR 35 BIEF1 BR
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Table 3 Carnivorous natural enemies attracted by herbivore-induced plant volatiles

ikl HEEESR F e B

Plant Phytophagous insects Natural enemy References
FIS G Phaseolus luncus TR EE Teanychus urticee R Phyroseinlus persimilis Dicke, 1990: Dicke et al., 1990
EXK Zea mays AT Spodoptera exigua B IR Cotesia marginiventris Turlings et af., 1990
BN Cucumis saitivus TR Teranychus urticee R Phaseshts lunatus Takabayashi et al., 1994
1818 Gossypinm hirsutum. EWRE B Helicoverpe zea B LI R Cardiochiles nigriceps De Moraes et al., 1998
EK Zea mays
MHE Nicotiana tabacum

WA ZFTCEE Heliothis virescens

E R

Manduca quinquemactlata
ENESE Dieyphus minimus
AR T Epitric hirtipennis
FHATE Spadaptera exigua
FAARB, Peylle pyri

W2 F Xanthogaleruon uteola

BLATRE MR Cardiochiles nigriceps De Moraes et af.» 1998

B Nicotiana tabacum PR RER AR Gescoris pallens Kessler and Baldwin, 2001

Thaler et of ., 1906
Scutareanu et al .. 1997
Meiners and Hilkers 2000

& Lyeopersicon esculentum 2T e Hyposter exigua
1E88 Anthocoris nemorum

OB Qomyas gallerucne

BUR R B R —FE WA R CTudings and

BB Pyrus commamis
W Ubmus pumila
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EEEEHEDIES WNE RS Golatiles,
VOCY, HamuEien A3 2. 5 1| BRENERY,
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WK AR DR A 5 B AL R SR R
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&Y -E AIERE T RIBE ) B E ) FRIE CArimura et
al .» 20000, JREEREFE A FIETT 35 AR M ORF B
WS AR E TR Ty L B RSB S T E E
ARG LB E ) RIE, WHATRF B ERS
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R RIE T BRI S e A A K B 1E
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Rk SREE ST, RF R 208 s L K
BREFASEREMRXERERNFRL. WER
ARFREEER, RIHEAT KR FEEERE,
X TMV FEERH B AR B 2R 45 3R AT 00 A RO
Heliothis virescens S HALIEIE N, & R RN F M
AR B R E MR TMY B E TR I 1 T
X 3 MO MR 2 H B I M T B (Felton and
Eichenseer- 1999, FIF Z# KB HEE S Y BTH
AbTR 2 At SHSE VO U PR, IR FT BE R BTH
FIHZRFTRE B)-& R EE AR R & . SRFTEE A
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SR, — R FIVUE G F MR E R IE L, FE T B
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BEAERENERESIHBRETE, FEYR
BEdBRF—ERFE. ZHENHTHORKARE
SH A A R NaPMT R FR XS HY A EHED
8 JZ B (Winz and Baldwin, 2001) , {8 R i %] B3 voc
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% (B #2 B B AT IE 1 R 9, BBOR S RE ML A
Y. BT B RE B B K AT A IR A M R R
SHAF A EY R, Nt EETREE R FRE
AL fn (] B2 B B AT U R B

4 HEWMRE

X A A 38 B BT AR U - MY

MARFRERBRIEANR A2 AR, 4
—FEEHA AR ARAF BN EY R
REHEAT BRI, A S — R E N E A B E LR
(MERE-WERRELET). HYBR KGR *
HRMZBEEYHRENESKRREERTEE
FEEM, ZEZENESRRATUAHELER, &F
Br B R BT, B AT U R IR B S AR B
REFERESYR, ERAFFRHEHRGHR
PIRERGBMENFHESYRE 1), B, &
B % BB R P A R K A BR R A B B R R A
RERMUAENRIFTE—ENRRE. kB
REMBRMZEZHNEEIERAIREED ZR
PLE R AL BE - F AT RE Y — R R SR EE
AT —-MESER, NEEARKNEYRMR
BB APLE] o AR X B H i ] 42 By A HL 3 72 0 A
REYHAEBEA N WAEY-FR-XEEEH
Y- Z B EXR, M EYERD, O KEE
MEE . B, 5% 8 E 558 RN IR A YA
b, FIREY &R R R ERR
SN R E LR AT R

REZER G RNE FERERRRE R & HE (AR R)
(—& KW, FSAK BEE (¥R, EHHE. BES) BOET (30 volicitin)
#418)  Pathogen Herbivore o ‘
infection (some fungi, and s Pathogen infection or Herbivores (e.g. caterpillars
non SA-dependent) wounding herbivores (aphids, 25~ | and licitors {e.g. volicitin)
whiteflies and leafminers) Tetranychus
l l urticae
A 4 / \i
P JAFET JAFET =4 SA = JA. ZiRE 7 A
JA and ET production JA and ET production SA production JA, ethylene and ? production
EeHk SAR Gk 40
A4 ¥ __Induced resistance \ 4 Indirect defense y
3k SA HRIRIRMX PI. PPO. WAEHEY SA BSMPRESD ERELSY
Y. BB % (HniEw%) PL PPO, SA-inducible Volatiles
SA-non-inducible secondary compounds PR-proteins
PR-proteins thionins, etc (e.g. alkaloids, etc.)

B1 HYBHRMTHESER
Fig. 1 Signaling pathways involved in plant defense responses

SA: K BR Salicylic acid; JA: FF M Jasmonic acid; ET: Z5 Ethylene; SAR: RHRBH# Sy

ic acquired resi H

PI: % S B30 Proteinase inhibitors; PPO: X B E {LB Polyphenol oxidase; PR: $3 B X & [ Pathogenesis-related protein;
?: REBFES Y An unknown endogenous signal.



132 B R Adcta Entomologica Sinica 48 %

Z % W #t (References)

Agrawal AA, Karban R, 1997. Domatia mediate plant-arthropod mmrualism.
Nature» 387: 562 - 563.

Alborn Ts Turlings TCJ» Jones TH: Stenhagen G» Loughrin JH> Tumlinson
JH, 1997. An elicitor of plant volatiles from beet armyworm oral
secretion. Science, 276: 945 — 949,

Arinura G: Ozawa R» Shimoda T: Nishioka T» Boland W: Takabayashi J»
2000. Herhivory-induced volatiles elicit defence genes in lima bean
leaves. Nature, 406: 512 - 514.

Baker B: Zambryski P» Staskawicz Bs Dinesh- Kumar SP» 1997 Signaling in
plant-microbe interactions. Sciences 276: 726 - 733.

Baldwin IT, 2001. An ecologically motivated analysis of plant-herbivore
interactions in native tobacco. Plant Physiol.» 127: 1 449 — 1 458,

Baldwin IT» Zhang 7P, Diab N, Ohnmeiss TE; McCloud ES, Lynds GY.
Schmelz EA, 1997, Quantification correlations and manipulations of
wound-induced changes in jasmonic acid and nicotine in Meotiana
sylvestris . Planta, 201: 397 — 404.

Berenbaum MR, Zanger] AR, 1993, Furanocoumarin metabolism in Papilio
polyxenes:  biochemistry,  genetic  variability, and  ecological
significance. QOecologia, 95: 370 - 375.

Bi JL» Muwphy JB, Felton GW, 1997. Antinutritive and oxidative
components mechanisms of induced resistance in cotton to Helicoverpa
zea. J. Chem. Ecol., 23: 97 - 117.

Brooderick K> Pittock C» Arioli T» Creaser EH. Weinman JJ- Rolfe BG»
1997. Pathogenesis-related proteins in  Frifolium  subterraneum: A
general suvey and subsequent charactenization of aprotein inducible by
ethephon and redlegged earth mite attack. Aust. J. Plani Physiol .»
24: 819 - 820.

Chaman ME, Copaja S5V, Argandona VH. 2003. Relationships between
salicylic acid content, phenylalaning ammonia-lyase (PALD activitys
and resistance of barley to aphid infestation. J. Agric. Food Chem.,
51: 2227-12231.

Constabel CP» Berzey DR. Ryna CA. 1996. Polyphenol oxidase as a
component of the inducible defense response in tomato against
herhivores. Rec. Adv. Photochem ., 30: 231 - 252.

Degenhardt J» Gershenzon J» 2000. Demonstration and characterization of
CE J-nerolidel synthase from maize: a herbivore-inducible terpene
synthase participating in (3K )4, 8-dimethyl-1, 3, 7-nonatriene
biosynthesis. Planta,210: 815 — 822,

De Moraes CM, Lewis W], Pare PW, Alborm HT, Tumlinson JH, 1998.
Herhivore-infested plants selectively attract parasitoid. Nature. 303:
570 - 573.

Dicke Ms 1990. Evolution of induced indirect defence of plants. In: The
Ecology and Evolution of Inducible Defenses. Princeton University
Press. 62— 88.

Dicke M» Subelis MW, Takabayashi J» Bruin J» Posthumus MA, 1990. Plant
strategies  of manipulating  predator-prey  interactions  through
dllelochemicals: prospects for application in pest conwol. J. Chem.
Ecol .y 16: 3001 -3 118.

Doss RP, Oliver JE, Proebsting WM, Potter SW, Kuy 3. Clement SL.
Williamson RT» Camey JR, DeVilbiss ED, 2000. Bruchins: insect-

derivesd plant regulators that stinmlate neoplasm formation. Proc.
Natl. Acad. Sei. USA, 97: 6 218 -6 223,

Duffey 55, Felton GW. 1991, Enzymatic antinutritive defenses of the tomato
plant against insects. In: Hedin PA ed. Nawrally Occurring Pest
Bioregulators . Washington DC: ACS Press. 167 - 197.

Engelberth J; Koch T: Schueler G» Bachmann N: Rechtenbach J: Boland
W 2000. lon channel-forming alamethicin is a potent elicitor of volatile
biosynthesis and tendril coiling. Crosstalk between jasmonate and
salicylate signaling in lima bean. Plam Physiol .5 125: 369 —377.

Farmer EE; Ryan CA, 1992. Octadecanoid precursor of jasmonic acid
activate the synthesis of wound-inducible proteinase inhibitors. Plant
Cell, 4: 129 - 134.

Farmer EE, 2001. Surface-to-air signal. Nature, 411: 854 — 856.

Felton GW. Eichenseer H. 1999. Hetbivore saliva and its effects on plant
defense against herbivores and pathogens. In: Induced Planmt Defenses
against Pathogens and Herbivores: Ecology and Agriculture. St. Paul,
MN: Am Phytopahral Soc Press. 19 - 36.

Felton GW, Summers CB, Mueller AJ, 1994, Oxidative response in soybean
foliage to herbivory by bean leal beetle and three comered alfalfa
hopper. J. Chem. Eeol..20: 639 —6350.

Funk CJ> 2001. Alkaline phosphatase activity in whitefly salivary glands and
saliva. Arch. Insect Biochem. Physiol ., 46: 165 - 174.

Giri AP, Harsulkar AM. Deshpande VV, Sainani MN, Gupta V3. Ranjekar
PK, 1998 Chickpea defensive proteinase inhibitors can be inactivated by
podborer gut proteinases. Plant Physiol > 116: 393 — 401.

Gui LY Liu 33» Chen ZM> 2004. Plant resistance to insects induced by
application of exogenous jasmonic acid and methyl jasmonate. Acea
Entamal . Sin_» 47(47: 507 - s14. [ &, WL, s,
2004. FHEFFIE K FE FEA S EYIREAREIE.
AR, 47040 507 - 514]

Halitschke R, Schitlko U, Polmert Gs Boland W, Baldwin 1T, 2001.
Molecular interactions between the specialist herbivone Manduca sexta
(Lepidoptera: Sphingidae) and its natural host Mieotiana attermata |||
Fatty acid-amino acid conjugates in herbivore oral secretions are
necessary and sufficient for herbivore-specific plant responses. Plant
Phystol .» 125: 711 -717.

Howell CR: Hanson LE, Stipanivic RDs Puckhaber LS, 2000. Induction of
terpenoid synthesis in cotton rocts and contrd of Rhizoctonia silani by
seed treatment with Trichoderma virens. Phytopathology: 90: 248 —
252.

Jimenez DRs Yokomi RK. Mayer RT: Shapiro JP» 1995. Cytology and
physiology of silverleaf whitefly-induced squash silverleaf. Physiol.
Mol. Plant Path.» 46: 227 - 242,

Jongsma MA, Boter €, 1997. The adaption of insects to plant protease
ihibitors. J. Insect Physiol.» 43: 885-805.

Karban Rs Baldwin IT: 1997. Induced Response to Herbivory. Chicago:
Chicago University Press.

Kessler A, Baldwin IT, 2001. Defensive function of herbivore-induced plant
volatile emissions in namre. Science. 291: 2 141 -2 144

Koiwa H. Bressan RA. Hasegawa PM, 1997. Regulation of protease
inhibiters and plant defense. Trends Plamt Sei.. 2: 379 - 383,

Kranthi S, Krannthi KR, Wanjari RR, 2003. Influence of semilooper damage



1 A =S BAIE S SRR R R 133

on cotton hogt-plant resistance to Helicoverpa armigera(Hub. ). Plant
Sci.» 164: 157 - 163.

Li RZ, Mao X, Li €X; Gao LF, 1998. The relationship between secondary
metabolic enzyme activity and induced resistance to cotton aphids in
cotton. J. Shanxi Agric. Uniw., 18(2): 165 - 168.[ 27848, £F,
ERE. mE, 1008, WMAER FAFHS R ERGEMARER T
BIEE TR RS, 18020 165 - 168 ]

Li XC; Schuler MA, Berenhaum MR, 2002. Jasmonate and salicylate induce
expression of herbivore cytochrome P450 genes. Nature, 419: 712 -
715.

Liechti Rs Farmer EE, 2001. The jasmonate pathway. Sciences 296: 1 649
-1754.

Litvak ME, Monson RK, 1998. Patterns of induced and constitutive
monoterpene  production in  conifer needles in relation to insect
herbivery. Oecologia, 114: 531 —540.

Lin 5, Nomius DM, Li J» 1993. Peroxidase activity is correlated with stress
inducible insect resistances in Glyaine max . Trends Agric. Sei.» 1: 75
-84,

Liu XPs Ge F» Chen CP» Wang GH, Li ZY, 2004. Progress in induced
resistance of pines. Scientia Silvae Sinten, 39(5): 119 — 128.[X1]3¢
¥, %02, BEF, EEL, FEF, 2000, RERHES AR
MR FRAER . Mol 30050 119 -128]

Lou YG» Cheng JA, 1997, Induced plant resistance to phytophagous insects .
Acta Entomol . Sin.» 4003): 320 - 331 LEAGR, BHZ 1907 B
PIETHE SR, B AR, 4003): 320-331]

Lou YG: Cheng JA. 2000. Herbivore-induced plant volatiles: primary
characteristicss ecological functions and its release mechanisms. Acta
FEeologica Sinica, 2006): 1007 — 1 106. [ KR, FBBE %, 2000. B
EFRSHEPERY. EARE.EEEURARENA. £
L 2006): 1097 -1 106]

Loughrin JH: Manukian A» Heath RR» Turlings TCJ» Tumlinson JH, 1994.
Diumal cycle of emission of induced volatile terpencids by herbivore-
injured coton plants. Proc. Natl. Acad. Se. USA. 91: 11 836 -
11 840.

Maleck K. Dietrid RA, 1999. Defense on multiple fronts: how do plants
cope with diverse enemies? Trends Plant Sci.» 4: 215 -219.

Mattiacci L, Dicke M, Posthurmus MA. 1995, Beta-glucosidase-an elicitor of
herbivore-induced plant order that attracts host-searching parasitic
wasps. Proc. Natl. Aead. Sc. US4, 92: 2036 -2 040.

Mattson W], Palmer SRs 1988. Changes in levels of foliar minerals and
phenolics in trembling aspens Populus tremuloides in response to
artificial defoliation. In: Mattson W], Levieux J» Bemard-Dagan C
eds. Mechanisms of Woody Plant Defenses against Insects. New York:
Springer Vealag. 157 - 169.

Mauricio R Rausher MD: Burdick DS, 1997. Variation in the defense
strategies of plant: are resistance or tolerance mutually exclusive?
Ecology, 78: 1301 -1 311.

Mayer RT: McCollum TGs McDonald RE, Polston JE: Doostdar Hs 1995.
Bemisia feeding induces pathogenesis-related proteins in tomato. In:
Gerling D» Mayer RT eds. Bemisin: Taxonomy, Biology: Damage,
Control and Management. Andover: Intercept Lid. 179 — 188.

Meiners T» Hilker M, 2000. Induction of plant synomones by oviposition of a

phytophagous insect. J. Chem. Ecol .. 261 221 - 232,

Miles PW, 1999. Aphid saliva. Biol. Rev., 74: 41 - 85.

Niemeyer HM, Pesel E, Copaja 5V. Bravo HR. Franke 5, Francke W,
1989, Changes in hydroxamic acid levels of wheat plants induced by
aphid feeding. Phytochemistry, 28: 447 — 449,

O’ Donnell DJ» 1996. Ethylene as a signal mediating the wound response of
tomato plants. Sciences 274: 1914 -1 917.

Olson MM: Roseland CR, 1991. Induction of the coumaring scopoletin and
ayapin in sunflower by insect-feeding stress and effects of cournaring on
the feeding of suoflower beetle ( Coleoptera: Chrysomelidae ).
Environmental Entornology, 20: 1 166 -1 172,

Pena-Cortes H, Prat 3. Albrecht T» Weiler E, Willmitzer L, 1993. Aspirin
prevents wound-induced gene expression in tomato leaves by blocking
jasmonic acid biosynthesis. Plante, 191: 123 — 128,

Piel J: Donath J. Bendemer K. Boland W, 1998. Mevalonate-independent
biogynthesis of terpencid wvolatiles in plants induced and constitutive
emission of volatiles. Angew. Chem. Clu. Edn. English), 37:
2 478 - 2 481.

Pohnert G Jung V. Haukioja E. Lempa K, Boland W, 1999. New fatty acid
amides from regurgitant o lepidopteran ( Nocmidae, Geometridae )
caterpillars. Tewrahedron Lew.» 55: 11 275 - 11 280.

Preston CA, Lewandowski C, Enyedi AJ, Baldwin IT. 1999. Tobaceco
mosaic viras inoculation inhibits wound induced jasmonic acid-mediated
responses within but not between plants. Plante, 209: 87 - 95.

Raffa KF» 1991. Induced defensive reactions in conifer-bark beetle systems.
In: Tallamy DW. Raupp MJ eds. Phytochemical Induction by
Herbivores. New York: John Wiley. 245 - 276.

Schittko Us Preston CA, Baldwin IT» 2000. Eating the evidence? Manduca
sexta cannot distupt specific jasmonate induction in Nicstiana attenuata
by rapid consumption. Planta, 210: 343 - 346.

Schmelz EA, Alborn HT, Banchio E. Tumlinson JH. 2003. Quantitive
relationships between induced jasmonic acid levels and volatile emission
in Zea mays during Spodoptera exigua herbivory. Planta, 216: 665 -
673.

Schultz JC; Baldwin IT, 1982. Oak leal quality declines in response to
defoliation by gypsy moth larvae. Science, 217: 149 - 151.

Scutareanu P Drukker Bs Bruin J» Posthurms MA, Sabelis MW, 1907,
Volatiles from Psylla-infested pear trees and their possible involvement in
attraction of anthocorid predators. J. Chem. Eeol.» 23 (10): 2 241
—-2260.

Snyder MJ: Glendnning JI. 1996. Causul comection between detoxification
enzyme activity and consumption of a toxic plant compound. J. Comp.
Physiol . A — Sensory Neural . Behav. Physiol . 179(2): 255 - 261.

Spiteller D» Dettmer Ks Boland W, 2000. Gut bacteria may be involved in
interactions between plantss herbivares and their predators: microbial
biosynthesis of N-acylghttamine surfactants as elicitors of plant volatiles.
Biol. Chem.» 381: 755 - 7762.

Stotz HU» Pittendrigh BR, Kroymann J» Weniger K, Fritsche J» Bauke A.
Mitchell-Olds T» 2000. Induced plant defense responses against chewing
insects. FEthylene signaling reduces resistance of Arabidopsis against
Egyptian cotton worm but not diamondback moth. Plant Physiol ., 124:
1007-1017.



134 B R Adcta Entomologica Sinica 48 %

Stout MJ, Workman KV, Bostock RM. Duffey 33, 1998. Specificity of
induced resistance in the tomato Lycopersicon esculentum . Oecologias
113: 74 -81.

Takabayshi J. Dicke M. Posthumas MA, 1994. Volatile herbivore-induced
terpenoids in plant-mite interactions: variation caused by biotic and
abiotic factors. J. Chem. Ecol., 20: 1320-1354.

Tang DL, Wang WG, Tan W], Guo YY, 1997. Changes of contents of some
substances in cotton leaves induced by cotton bolhworm Helicoverpa
armigera(Hitbner ) attack . Acta Ensomsl. Sin., 40(3): 332 - 333.
AR, ERA B8R, 75, 1997, RSN ATEFIRE
MRS R, BREFH, 003): 332-333]

Thaler J3, Stout MJ, Karban R. Duffey 33, 1996. Exogenous jasmonates
girmilate insect wounding in tomato plants ( Lacopersicon esculentum ) in
the laboratory and field. J. Chem. Eeol.» 22: 1767 -1779.

Thipyapong P> Steffens JC, 1997. Tomato polyphenol oxidase-differential
response of the polyphenol oxidase F promoter to injimies and wound
signal. Plant Physiol ., 115: 409 — 418.

Turlings TCJ> Benrey B, 1998. Effects of plant metabolites on the behavior
and development of parasitic wasps. EcoSciences 5: 321 - 333,

Tirlings TCJ, Tumlinson JH. Lewis W], 1990. Exploitation of herbivore-
induced plant orders by host-seeking parasitic wasps. Sciences 250:
12511233,

van Dam NM, Baldwin IT» 1998. Costs of jasmonate-induced response in
plants competing for limited resources. Eeol. Lewr.. 1: 30-33.

Winz RA, Baldwin IT, 2001. Molecular interactions between the specialist
herbivore Manduca sexta( Lepidoptera, Sphingidae) and its namral host
Nicotiana attenuato |V insect-induced ethylene reduces jasmonate-
induced nicotine accumulation by regulating putrescine N-
methyltransferase transeripts. Plant Physiol ., 125: 2 189 -2 202.

Xu T> Zhou Q> Chen W» Zhang GR» He GF: Gu DX. Zhang W¢). 2003.
Jasmonic acid signaling pathway is involved in herbivore induced plamt
defense in tice. Chinese Science Bulletin, 48 (13): 1442 -1 447.[#%
P B OB, BB, K T AT 7T [, AR, K O0ER, 2003, SRFIER
EEHFBREEST KENREHFSWEITE. H2ER, 4
(13): 14421 447]

Zangerl A7, Arntz AM, Berenaum MR 1997. Physiological price of an
induced chemical defense — photosynthesiss respirations biosynthesis
and growth. Qecologia, 109: 433 — 447,

Zong N» Yan YH, Wang CZ, 2003. Plant proteinase inhibitor: induction
and adaptation in insects. Acta Enomol. Sin., 46(4): 533 - 530,
L=, Bl=fe. EEE, 2003, RENEYESHENHFOE
FRIERANE. RAFHR.4604): 533 - 530]

(M. £37)



