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1 ~3 Z£(
K S

579 11 1 2

3

1988;2004 2001) 1.1

1.1

Acrolepiidae

Acrolepopsis assectella

Sanninoidea exitiosa

Synanthedon pietipes

Arctiidae

Holomelina aurantiace

Hyphantria cunea

Estigmene acraea

Isia isaebella

Utetheisa ornatrix

Bombycidae

Bombyx mori

Bombyx mandarina

Rondotia menciana

( IIZ) - 14:Ald

(3Z,13Z) - 18:0Ac

(3£,13Z) - 18:0Ac

2 -

(9Z,12Z) - 9Z12Z15Z) -
326295,10/?) -9,10- - 1
36-'32,629510/?) -9,10 -

- 36 - ' 3Z,6_Z9S, lOft) -
-1,36 - '
(9Z,12Z) - 18 Aid; (9Z, 12Z, 15Z) - 18 Aid;

(3Z,6Z,9Z) --- 1:6: 27)

2-

(3Z,6Z,9Z) -

( \0E,\2Z) - 16:OH;(10£\12Z) - 16 Aid

( WEJ2Z) - 16:0H

( WE, 12Z, 16Z) OAc; ( lOE, 12E, 16E) OAc;

( 12E,16E) :OAc

Carposinidae

Carposina niponensis
(7Z) — -11 - 7Z7£)--

11 -'



S Cossidae

Cossus mongolicua (5Z) - 12 Ac

Cossus cossus (5Z) - 12 Ac;(3Z) - 10:OAc(8:2)

Gelechiidae

Phthorimaea operculella (4£,7Z,10Z) -13:OAc;(4£,7Z) — 13:Ac(l:l)

Pectinophora gossypiella {1Z,\\E) 16:0Ac

Brachmia macroscopa ( 11£) - 16:0Ac

Anarsia lineatella (5£) -10:Ac;(l£) - 10:OH(5: 1)

Sitotroga cerealella {1Z,\\E) - 16:0Ac

Coleophoridae

Coleophora sinensis (5Z) - 10:OH

Coleophora dahurica (5Z) - 10:OH

Geometridae

Operophtera brumata i3E,6Z,9Z) - 19:0Ac

Graciliariidae

Caloprilia theivora (HE) - 16 Aid

Lasiocampidae

Dendrolimus punclatus (5Z,7E) -12:OAc;(5Z,7£) -12:0H

Dendrolimus spectabilis (5Z,7£) - 12:0H

Dendrolimus superans {5Z,1E) - 12:Ald;(5Z,7£) - 12:0H

Dendrolimus kikuchii (5Z,1E) - 12:OAc;(5Z,7£) -12:0H

Malacosoma californicus {5E,1Z) - 12:Ald

Malacosoma disstria (5E,7Z) - 12:Ald;(5£',7Z) - 12:OH(1:10)

Lymantriidae

Euproctis xanthocampa
(6Z, 18Z) Pe; (6Z, 18Z) iso - Pe; (7Z, 18Z)

iso - Pe;(9Z,18Z) -Jso - Pe

Lymantria dispar (7Z) 8- -2-

Lymantria monacha (7Z) —8— -2 - /V

Orgyia pseudotsugata
(6Z) -' - 11 - Z) - 16 -' -11 -



Noctuidae

Naranga aenescens

Busseola fusca

Diparopsis castanes

Gortyna xanthenes

Sesamia inferens

Spodoptera eridamia

Spodoptera exempta

Spodoptera exigua

Spodoptera frugiperda

Anticarsia gemmatalis

Leucania loreyi

Mamestra brassica

Mamestra configurata

Mamestra oleracea

Mamestra pisi

Mamestra suasa

Pseudaletia unipuncta

Scotogramma trifolii

Helicoverpa armigera

Helicoverpa zea

Heliothis virescens

Agrotis ypsilon

Agrotis segetum

Amathes cnigrum

(9Z) - 14 OAc; (9Z) - 16:0Ac; ( IIZ) - 16

OAc(l: 1:4)

(IIZ) - 14:0Ac; ( 11£) - 14:0Ac; (9Z) - 14

OAc(10:2:2)

E9. 11 -12: OAc; 11 -12:OAc(16:5)

( IIZ) - 16:0Ac

(9Z) - 14:OAc;(9Z,12£) - 14:0Ac(4:l)

(9Z) - 14:OAc;(9Z,12£) - 14:0Ac

(9Z,12E) - 14:OAc;(9Z) - 14:0H

(9Z,12Z) - 14:0Ac

(9Z) - 12:OAc;(9Z) - 14:OAc(9: 1

)

(3Z,6Z,9Z) - 3Z6Z92r) -
5:3)

(11Z) -16:OH(8: 1)

( IIZ) - 16:0H

(9Z) - 14:0Ac(19: 1

)

( IIZ) - 16:0H( 1 1 )

(9Z) - 14:OAc(l:3)

( IIZ) - 16:0Ac;

( IIZ) - 16:0Ac;

( IIZ) - 16:0Ac;

( IIZ) - 16:0Ac;

( IIZ) - 16:0Ac;

(IIZ) - 16 Aid

( IIZ) - 16 OAc

(IIZ) -16:0Ac;(llZ) -16:OH(19: 1)

16:Ald;(9Z) -16:Ald;(llZ) - 16:Ald

16:Ald;(9Z) - 16:Ald;( IIZ) - 16:Ald;(7Z)

-

16 Aid

16:Ald;(9Z) - 16 Ald;( IIZ) - 16:AId;(7Z)

-

16:Ald;14:Ald;(9Z) - 14:Ald;( IIZ) - 16:0H

(7Z) - 12:OAc;(9Z) - 14:OAc(5: 1 )

(5Z) - 10:OAc;(7Z) - 12:OAc;(9Z) - 14:0Ac

(7Z) - 14:OAc;(5Z) - 12:0Ac

5



Euxoa ochrogaster (5Z) - 12:OAc;(7Z) -12:OAc;(9Z) - 12:0Ac

A ncylis saliva {9E) -12:OAc;(9Z) - 12:OAc(8:2)

Scotia exclamationis (5Z) - 14:OAc;(9Z) - 14:0Ac

Autographa California (7Z) - 12:0Ac

Plusia chalicites (7Z) - 12:OAc;(9Z) - 14:0Ac

Pseudoplusia includens (7Z) - 12:0Ac

Trichoplusia ni

12:OAc;(5Z) - 12:0Ac; (7Z) - 12 OAc; 11 -

12:OAc;(7Z) - 14:OAc;(9Z) - 14:0Ac

Earias insulana ( 10£12£) - 16:Ald

Motodontidae

Thaumetopoea pityocampa ( 13Z) - hexadecen -11- ynyl

Pterophoridae

Platyptilia carduidactyla ( IIZ) - 16:0Ac

Pyralidae

Paradoxecia pieli (3E,\3Z,\SZ) :OAc

Chilo suppressalis (IIZ) - 16:Ald;( 13Z) -18:Ald(5: 1)

i Chilo infuscatellus ( IIZ) - 16:0H

Chilo venosatus
(13Z) - 18:0Ac; ( 13Z) - 18:0H; ( IIZ) - 16:

OAc(4:2:4)

Chilo sacchariphagus (13Z) -18:Ald;(13Z) - 18:OAc(7: 1)

Chilo partellus (IIZ) -16:Ald

Chrysoteuchia topiaria (WZ) - 16:Ald

Chilo infuseateelus ( 11Z,16Z) :0H

Anagasta kuehniella (9Z,12£) - 14:0Ac

Cadra cautella (9Z,12£) - 14:0Ac

Ephestia elutella {9Z,\2E) - 14:0Ac

Homoeosona electellum (9Z,12£) - 14:OH;(9Z) _14:0H

Plodia interpunctella (9Z,\2E) - 14:0Ac

t Dichocrocis punctiferalis ( iOE) - 16:OAc;(10Z) - 16:Ald(9: 1

)

Hellula undalis {]\E,\3E) - 16:Ald



Ostrinia furnacalis ( 12Z) - 14:OAc;(12£) - 14:0Ac;14:0Ac

Ostrinia nubilalis ( IIZ) - 14:0Ac;(ll£) - 14:Ald

Tryporyza incertulas 16:Ald;(9Z) - 16:Ald;(llZ) - 16:Ald

Loxostege sticticalis (HE) - 14:0Ac

Susumia exigna (7Z,11Z) - 16:OAc;(7Z,ll£) -16:0Ac

Saturniidae

Antheraea polyphemus i6E,UZ) - 16:OAc;(6£',llZ) -16:Ald(9:l)

Sesiidae

Paranthrene tabaniformis i3E,\3Z) - 18:0H

Sphingidae

Manaduca sexta ( \OE,nZ) - 16 Aid

Tineidae

Clania variegata

(IE) -18:Ald;(2£,13f ) - 18:Ald( 12)

Tortricidae

Cryptophlebia leucotreta (SE) - 12:Ald;(8Z) - 12:Ald( 1 1 )

Cravitarmata margarotana
(9£, 12Z) OAc; (9Z, 12Z) OAc; (9£, 14Z)

OAc;(9Z,14Z) :0Ac;12:0Ac

Cydia nigricana {SE,\OE) - 12 Aid

Grapholitha molesta
(8Z) - 12:OAc;(8£) - 12:OAc;(8£) - 12:0H;

12:0H

Hedya nubiferana 12:OH;(8Z) - 12:OAc;(8£10£) - 12:0Ac

Holcocerus insularis (3Z,14Z) :OAc;(3£,14£) :OH;(3Z,14Z) :0H

S Laspeyresia pomonella (8£,10£) - 12:0Ac

Lobesia botrana ilE,9Z) - 12:0Ac

Pralobesia viteana (9Z) - 12:0Ac

Rhyacionia buoliana (9£) - 12:0Ac

Rhyacionia frustrana (9^) - 12:0Ac

Rhyacionia rigidana (SEJOE) - 12:0Ac

^Rhyacionia subtropica (9£) - 12:0Ac



Spilonota ocellana '8Z) - 14:0Ac

Zeiraphera diniana 11£) - 14:0Ac

Sparganothis directana
14

9E,\\E) - 12:0Ac; ( 11£) - 14 : OAc
; ( 1 IZ)

-

OAc(35: 19:28)

Acleris minuta IIE.UE) - 14 Aid

Adoxophyes orana 9Z) - 14:0Ac;(llZ) - 14:OAc(9: 1)

Adoxophyes fasciata 9Z) -14:0Ac;(llZ) _14:OAc(9:l)

Amorbia cuneana \0E,\2E) - 14:OAc;(10£,12Z) - 14 OAc

Archips argyrospilus IIZ) - 14:0Ac;(ll£:) - 14:OAc;12:OAc

Archips cerasivoranus IIZ) - 14:0Ac;(ll£) - 14:0Ac

Archips semiferanus IIZ) 14:0Ac;(ll£) - 14 OAc

Archips podnus IIZ) - 14:0Ac;(ll£) -14:0Ac(l:l)

Archips rosanus IIZ) - 14:0H;( IIZ) - 14:OAc(l:9)

Argyrotaenia velutinana
12

4:0Ac;(llZ) 14:0Ac; ( 11£) —14:0Ac;ll -

0Ac;(9Z) - 12:OAc;(9£) - 12:0Ac

Argyroploce schistaceyana 9Z) - 12:0Ac

Argyroploce citrana IIZ) - 14:Ald;( IIZ) - 14:0Ac( 1: 100)

Choristoneura fumiferana IIZ) - 14:Ald;( llf) — 14:Ald(4:96)

Choristoneura murinana 9Z) - 12:0Ac

Choristoneura occidentalis IIZ) -14:Ald;(ll£) - 14:Ald(8:92)

Choristoneura rosaceana
14

\\Z) - 14 OAc (ME) - 14 OAc; (ME)

-

OH

Clepsis spectrana IIZ) - 14:OAc;(9Z) - 14:OAc(90: 10)

Cnephasia pumicana 9£) - 12:OAc;(9Z) _12:0Ac(l:l)

Homona coffearia 9£) - 12:OAc;12:OAc;12:OH(36:49: 15)

Homona maganima
( IIZ) - 14 OAc; (9Z) - 12:0Ac; 11 - 12:0Ac

(30 3 1 )

Pandemis heparana
OH

IIZ) - 14:0Ac; (9Z) - 14 OAc; ( IIZ) - 14

12:OAc(90:5:5: 1)

Pandemis limitana IIZ) - 14:OAc;(9Z) - 14 OAc



Pandemis cerasana ( IIZ) - 14:0Ac;(ll£') - 14:OAc(64: 21 )

Croesia semipurpurana (WE) - 14:Ald;(llZ) - 14:Ald(85: 15)

Croesia curcalan
(HE) -14:Ald;(llZ) - 14:Ald(85: 15)(11£)

-

14:0Ac;(llZ) - 14:OAc(76.5: 13.58.5 1.5)

Yponomeutidae

Prays oleae (7Z) - 14 Aid

Yponomeuta padella
16:0Ac; (9Z) - 16:0Ac; (HZ) - 16 OAc; 14

OAc;(ll£) - 14:0Ac;(llZ) -14:0Ac

Plutella xylostella (UZ) - 16:Ald;( IIZ) - 16:OAc(2: 3)

£( (Ac( 0H( Ald(
11Z) - 14:0Ac -11 -

C. fransie/is C. gangis

/?) - ( - )-
500 jjLg /?) - ( - )-

P. isa-

0~ 10 ng 1 ~10 fig

~30 ng

0.3 ~3 jjLg



PAs)

1.2)

Hadeninae Cuculliinae

Amphipyrinae

Stobbe's

c

n

Phlogophora meticulosa 6 -- 5-

-

2-6-- 5-- 2 - 2 -

3Z6Z9Z) - Heliothinae

2- 2 -

1.2

( Agaristidae

)

Phalae-

noides glycinae )

2 2-

Geometridae)

a/>fa te-

merata )

Hepialidae)

6- -2 -- 3, 4 - 1

(

Hepialus hecta

)

8 -

3,1

-3 -- 2,9 - _

]m-7 1 8 -

- [3,

-3-

-

2,9 - - [3,31 ] - 7 -- 6-
10



Pyralidae)

dl^ (fas tCjI / ^c>ll<kriiii£)p \'IK ^ Vrd CI 11 I<tC JBiln'J XZi ^fPr np rvr^ flp'j

(/Ic/iroia grisella) iE,E) -

(Cbrcyra cephalonica ) (Z,E) -

Eldana

saccharina )

Hr ijg /' (ln}]prin mpl-
j; UUtfrC/ tU iCt

lonella )

£) -3 - 4 — ——-

T

Paralipsa

gularis )

- r- £) " -26- -4 -

Phycitinae)

Ephestia

elutella )

2- n -26 -

(E) - r-

r

'

-

- 4 -

^

Tortricidae)

Gmpholi-

tha molesta )

2 --
6-- 2-- 3 4- 18- -3-- 29-

-[331] -7-

y - decalactone y - undecalactone

Nishida 1985)

-

11



//eZi'ofropium) Sene-

PA) PA

3 -

10 000

( Creatonotus gangis) C. tranciens ) 1/2

3 ~4 h

Utetheisa

f/. totrix ) f/. pulchella ) f/.

o/7mr;;0

f/fe/ie;5a

12



[( +) -)]
1.4 M-go Conner 1990)

] ( P/iragmaZo6;a fuliginosa ) ffl Pyrrharcttia Isabella

3/4 1/5

Corcym cep/iaZom'm )

lumen) hair-pencil scale socket) „

Ki'^uZa edmandsae

C. figulilella Vitula edma-

ndsae ^'^^^ ^Ephestiodes gilvescentella Sosipatra rZ/eyeZZa

Galleria mellonella ) "
"" "

UZ) -

13



Nishida 1985)

Nishida 1985)

Pivnick 1992)

r/iymeZkus Zineo/a )

Aplin Birch ( 1970) Phlogophora meticulosa

:6- -5- '- 2- 6-- 5-- 2 - 2 -

38%

33% 30

meficuZosa

Hendricks 1975 )

Szentesi 1975 )

P. meticulosa, Toih{\9S2)

14



3Z6Z9Z) -

Hirai 1978)

Fitzpatrick 1989) Hirai

Pliske( 1975)

9Z12 -
Cadra figulilella

Baker Canle( 1979) "
"

Grapholitha G. prunivora )

15



yponomeufa)

2.

Dac"s spp. ) C"Ze;c spp. )

DrosoM^Za

meZtmogasfer)

i?/mgoZe«" cemsO 2 m

Sarcop/mga /mZZam) 45 cm

(G/ossirm)

43 17

Blomquist el al. ,1987)

1,7- [5, 5]

Sarcop/mga ) 6

40 1.3)

Cmifi«is

capifafa) gp(6£) - 6E) -'
/lAms«re/>/is sjmpemsa )

196

1.3

Muscidae

Fannia canicularis - 9 - '

Fannia femoralis -11 -
Fannia pusio — 11 -
Haematobia irritans -9 - " _5 —

16



Musca autumnalis
- 14 - -13 -

-13 -

Musca domestica
-9 - ;48 -- 13-

Stomoxyidae

13 — 1 - 13— — 1 -

Stomoxys calcitrans -9 - -9 -

'

Trypetidae

Dacus oleae 17- [55]

3.

(1)

1985

20 8

5 9

1993 56

1 ~2

Silverstein 16

' - ) -2-- 6- -7- '- 4-
( +) — +) — 2 —— 6 — —2,7 —'— 4 —

1997)

17



1.4)

1.4

S Anobiidae

Lasioderma serricorne

Stegobium paniceum

Bruchidae

Callosobruchus chinensis

Acanthoscelides obtectus

Chrysomelidae

D. undecimpunctata

D. virgifera

Scarabaeidae

C. zealandica

Popillia japanica

Anomala rufocuprea

Anomala cuprea

Anomala schonfeldti

Anomala daimiana

TO Anomala orientalis

Fllil A nomala octiescostata

Anomala albopilosa sakishi-

man

4,6 _ — 7 — _3 —

23 - - 2,3,5 - -6- (1 -- 2- 4H-- 4-

(£) - 3,7 - _2 -' -1 ,8 -

(-)-(£) — 2,45 -

10-- 2-

8- -2-

{R,Z) — 5 _ (- -- 1 -'

-2 - ft

(Z) - 5 -

{R,Z) -5 - ( - ) - ( -1-
-2-

{E) 2- -1 -
{R,Z) -5- 2 -

(-- -1 -

(7Z) - - 2-
- - -- 1

-'

Anomala azakada

(R,Z) -

5

-2 -

(R,Z) -

5

-2-
-5 -

2

-
( - ) - ( - 1

-

(+)-(! -

18



Anomala albopilosa albopi-

losa

H. parallela

S

S

Heptophylla picea

Scolytidae

1^^ D. brevicomis

Tennebrionidae

Tribolium confusum

Dermestidae

Trogoderma glabrum

T. granarium

T. inclusum

S Anthrenus Jlavipes

Attagenus megatoma

Elateridae

Limonius californicus

Limonius canus

S Lymexylonidae

Hylecoetus dermestoides

iR,Z) - 5 - ( - ) - (- 1-- 2- £) - 2 - ' m - 2 _

10:3:3: 1)

2- 6 -- 2, 5 -

- 2 -

(R,Z) - 715- '- 4-

( ± ) — exo - brevicomin 7 - 5 —

- 68 - [3.2. 1]

'
1 - 1 -'

— 14— —8 -

-14 - -8 - '- 14- —8 -

14-— 8-

-3 -

-3 - 5 -

25 - - 2 - -2. .

10 '
- 2 - /?Z) -5 - (-

(- 1 -' - 2- SZ) -5 -( +) - (1 -' -2

19



2£)- -1 -

WZ) -7,15 - -4 -

Mnz/icmcmus gmmfi's)

+) -(Z) -2- - 1- Z) - 3
3- - Z) - 33- -
(E) - 3,3- - ^'"-

/^"rc""o mryae) Z) — 3 3 - - A''^ -

Dermestes maculatus )

Z) - 9 - Z) - 9 -

(Z) -9-'
- - - 245 -

' - -2- -6-— 7— 4— + ) — (Z)— + )— 2 — -6-—
27- - 4-

±) - exo - brevicomin

-

7-- 5-- 6,8 - [3. 2.1] ± ) - exo -

brevicomin- -
(2)

aggregation pheromone)

2002;Chou et al. ,1990)

1.5)

20



'
' ' '

1.5

Dictyoptera

Blattellide

Blattella germanica

1 1- -2- -2-
V 3

Orthoptera

Acrididae

Schistocerca gregaria 6

Locusta migratoria

Hemiptera

Coreidae

Leptoglossus - 2 - a - lilg

6
occidentalis -4-

Pentatomidae

Plautia stall Scott

-2,4- —6- 6

(3/?,4s r) -3 4- r)- 2-
6

QQQQ

Reduviidae

-3 - '- /?) —2 -- 3 -

Pristhesancus plagipennis 3- 2 - — 3- ' -1-- 2-
d

Diptera

Drosophilidae

Drosophila busckii (S) -2- 2- S

D, buzzatii

D. martensis -10- - 2- S

D. serido

21



D. mulleri

Glossinaidae

Glossina

morsitans mors itans W.

G. morsitans

centralis M.

Coleoptera

Bostrychidae

Prostephanus truncatus

Rhyzopertha dominiea

Cucujidae

Cryptolestes ferrugineus

C. pusillus

Cosmopolites sordidus

Dynamis borassi

Metamasius hemipterus

Rhynchophorus bilineatus

R. cruentatus

R. ferrugineus

R. palmarum L.

ft. phoenicis

(S) -2- lOZ)-— 2-

1 — -(2£) - 2-— 2 —'

(5) -( +) -1 — -(2£) - 2- —2—

S) -(+)-! - - (2£) -2 4 -

-2-

(4£,8£) -- 4 8 - - 10 -

(3Z ,115) — 3 - - 11-
(3Z) - 5Z)- - 13 -

3Z,6Z) -
(IS ,3R ,5R ,1S) -2 ,8 - -1 —— 3 ,5

7 - - [3. 2 . 1]

(4S,5S) -4 — 5 -

2- - 4 -

4 - _5 -

(4S ,55) —4-- 5-

5- -4 -

4- -5 -

4 - -5 -

6 _- 2£) — 2 - - 4 -

3- -4 -

S

9 3

6

6

6

d

6

6

22



Sitona lineatus

Nitidulidae

Carpophilus antiquus

C. brachypterus

C. davidsoni

4 -— 3 ,5 - -3 -'- 1-
- 3 -- 1 -

3--5--(2£4£6£)-'
3 5- - 7 -- (2£4£,6£8£) -

'
4 —— 6 -— OE,5E,lE) -

3 ,5 7 - — 2£4£6£8£) -
3 ,5 7 - - 2£4£,6£8£)-'
3 5 - -7 — - 2£4£6£8£)-'
4 6 8 — — 3£5£7£9£)—'
3 5- - 7 -- 2£4£6£8£) -

3--5--(2£46£) - 4 -

- 6 - -(3£5£7£) - 357 -

- 2£4£6£8£)-' 3 5 - -7 -

-(2£4£6£8£)-

C. dimidiatus

C. hemipterus

C. mutilatus

Rhynchophoridae

4 - -6 ,8 -

9 -- 5 ,7 -

3 ,5 ,7 -

-

3 5 7 -

'

- (3 E 5 E ,7 E 9 E) -
— 3 £• 5 £ 7 £ 9 —

(2E,4E,6E,8E) -
- (2 £ ,4 £ ,6 £ ,8 £) -

- (2 £ 4 £ 6 £ 8 E) -
— (2 E ,4 E 6 E 8 E) -

3 5 — -7

'
3 ,5 - -7

'
3 -- 5 -- 2 £ ,4 £ 6 £) -
7.- -5 -- 3 £ 5 £ 7 - ;
4- -6-- 3E5£,7/0 -
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Sitophilus granaries L.

S • oryzae

Scarabaeidae

Oryctes rhinoceros L.

Scolytidae

Dendroctonus adjunctus

D. brevicomis

D. frontalis

D. pseudotsugae

Dryocoetes affaber M.

Ips duplicatus

/ . grandicollis

/ . avalsus

/ . paraconfusus

/ . pini S.

(2S) -- 3/?)-- 1 -
—4 —— 3-

4- 4- 4 -

[(5/0 -1 ,5- -6 ,8-
[3.2. 1] ];-'
- [(1/?) - -7 - -5 - -

6 8 - [3.2. 1] ]

' 3 -

1- -2 -

-1-3- -2- -1 -

( + ) -- + ) --
2- -6- -2 7- -

4 -

' 2— -6- -7- -4-

/

(«) - (2) -' 5) - (2) -

/

/

/ 2 - -4 4
6- - 2,5- - 1-

9 <5

9 .6

6

5
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/ ' * 2 -

/. typographus - 3- -2-
2 —— 1 6-[4.4]2£42) -2,4 -

$
P. chalcographus L. 2)2a/0- '

Pityokteines elegans

/ S) - (2) - /| - ( + ) — _ ) - it

-

S

E 1- 5- - 24- -6
6

Scolytus multistriatus 8 - [3.2. 1]

12 —

4 - _3 - S

a . scolytus 4 J—B^; _B^;0(- 4 "fi- 6 9

[(1«) -1 ,3 ,3- -4 6 -

6
Trypodendron lineatum L3.3. 1.0 5' a - mm
vn TT Tm 'pf Oil VdlllUae

Oryzaephilus

surinamensis L.

JZ. ,OZ, ) —
\ „.tg^ ^11— g 1

6

(5Z ,8Z)- -13-
Staphylinidae

Aleochara curtula
(9Z)- S

Tenebrionidae

Tenebrio molitor

Tribolium castaneum
4 8 - 3

T. freemani H. 4 8 - 6

4.

35 000
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2 -

/^o^iisus macuZ;"enfrW

Aldrich et al. ,1984)

1 mg

-2 -

' a- 1:2

i?"sc/u'sfus sert;"5)

4

1:1 1: (2 ~4)

Euschistus 60

(2£4Z)-'
2i?4Z)-'

2610-
3- - 4 - '

-2 -

1.6) —1 -'
1.6

Euschistus heros
2610- 2£,4Z) -

Eurygaster integriceps 3 - - 4 -

Eurydema pulchra - 2-

Eurydema rugosa - 2-

Podisus maculiventris (2E) - a-

Sphaerodema rustica 2 -

5.

(1)

10

7 ~ 10
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1.7) /^wuf/ococcus a>m"och) 2,6- -1,5-
-3 - ^^r 46

1012 - - (2E4E)- - 7 - 1999)

20 70 Petters-

son ;^ Marsh

i|? 4? ^
+ ) - (4aS,7S,7aR) - - - 1/?

4aS,7SJaR) - 4 ~6) 1 1:1^
il? 4ai 7S7a>S) - 1 . 7 )( 2001 Daw-

son et al. ,1990 Pickett et al. ,1992)

1.7

Diaspididae

Anonidiella aurantii

Anonidiella citrana

Quadraspidiotus perhiciosus

Pseudaulacaspis pentagona

^^^ Pseudococcidae

Pseudococcus comstocki

$ft Matsucoccus matsumurae

Matsucoccus resinosae

(3S,6/?) -3 —— 6 — — 9-

— 1 — 3S6K) -3- - 6-

-39 - -1 -
- 3,9-- 6- -5, 8-

-1 -
3— —7 —— 7 - -1 —

-37- - 2,7-
- 3 7- - 2,7-

(35,6/0 _39 - -6 - -
39 - - 1 -

26 - - 15 - — 3 -

461012 - - 2£4£) -- 7-
4,6,10,12 - - 2£\4£) -
-"7-

27



Matsucoccus thunbergianae

4fr

!65

!^

1©

Matsucoccus feytaudi

4^)^ Matsucoccus josephi

Planococcus citri

Aphis fabae

© Megoura viciae

Acyrthosiphon pisum

Sitobion avenae

Myzus persicae

Sitobion fragariae

Schizaphis graminum

Phorodon hamuli

Brevicoryne brassicae

© Cryptomyzus mautamanti

© Cryptomyzus galeopsidis

Rhopalosiphum padi

4 6 ,10 12 - - (2£,4£) -

m-1 -m

(8Z,10£) - 3 7,9 - -8 ,10-

' - 6 - 8£10Z) - 3,7,9- -8,

10 - -6-
(2E,6E,SE) - 5,7 - —26 8 —

-4 —2£628£) — 5,7 - —2
6,8 - - 4 -

(1/?- +) -2,2 - -3 -

(1 -

( + ) - (4aS,7S,7aR) -
(

-

) ;(\RAaS,7S,7aR) - 29: 1 )

( + ) - {4aS,7S,laR) -
( - ) - (lR,4aS,fS,laR) - 4 ~6 1)

( + ) -
( 4aS,lS,7aR ) -

( -

)

-i\RAaS,7S,7aR) - 1:1)

( + ) - {4aS,7S,7aR) -
( + ) - (4aS,7S,7aR) -

( -

)

- (\R,4aS,7S,7aR) - 1:2)

( +) -(4aS,7S,7aR) -
( +) -(4aS,7S,laR) -
( -

)

- i\R,4aS,lS,7aR) - 1:8)

(\R,4aR,7S,7aS)-
(ISMRJSJaS) -
( + ) - {4aSJSJaR) -
( + )

- (4aS,lS,7aR) -
( - ) -

(

lR,4aS,lS,7aR) - 1 25 ~

50)

( + ) - (4aS,7S,7a/?) -

( - ) -

(

\R,4aS,7S,7aR) - 1 25 ~

50)

( -

)

- (IRAaSJSJaR) -
28



(2)

Bowers 20 70

-P -' [ (£) -P Farnesene,EBF]

1 h '
/Vasutifmnes) a -

Dre/m/ioterm" 4mZfermes

6.

10 m

E) - 9 -- 2 -' Lensky et al. ,1981 1985 1987)

37 - - 2 -

3 7 - -2 -

( 1.8)

1.8

Apidae

Apis cerana (£)

-

-9 -- 2- '
Apis dorsata (£)

-

-9- -2 -

Apis florea (£)

-

-9 -- 2 -

Apis mellifera

(E)

-

-9 -- 2- £) —9 —- 2-

Tenthredinidae

Neodiprion sertifer 3,7 - - 2 -

Neodiprion lecontei 3,7 - -2 -

Neodiprion pinetum 3,7 - - 2 -

Neodiprion nanuliis 3,7 - -2-

Diprion similis -2 -
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1.9) Gnamp^gemys pZeurodon) 6 -

2 - - -2 - 1 - -3 -

,2-

Balderrama et

al. ,2002)

3 — methyl -2 - buten - 1 ylacetate( Hunt et al. ,2003 )

1.9

51^^ Dolichodennae Iridomyrmes 2 -

Dolichoderus 4 -- 2 -

Tapinoma 2 -- 4 -

y ro -(=*- c t-\— L3< am
6- _5 _

Formicinae Acanthomyops

Formica

Camponotus

Myrmicinae Myrmica 3-
Pogonomyrmex 3 -

Crematogaster 4 - _3-
6 - -3 -

Manica 2-
4 —3 -

4,6 - - 4 - - 3 -

3 -

Messor

Mycocepurus

Ponerinae Poltothyreys

Odontomachus 25 - - 3 -

26 - -3 -

26 - - 3-
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7.

4 6 13

1. 10

/VipZanefa 3

B A

Oxyhaloinae

Nauphoeta dnerm)

1.10

Periplaneta

americana )

B

P. fuliginosa)

D

(/^ japonica )

J

Supella long-

palpa )

Blattella ger- 3,11 -- 2 -

manica ) ( I )
29- _311 - -2 -

n)

(P. americana )

{B. germanica ) 7.77 X ~

8.2 X 10'

(B. germanica) 1 - -2 - -2 -

2 1. 10)

4
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Bdiscoidalis^$t

1-- 2-- 2- 1 - -2-
2 -

1.

(Z)em/""mus/m"cams) 5Z7E)-' [ ( 7£ ) - 12

0H] A5Z,1E)-' [(5Z7£) -12:0Ac] 5Z,7£) -
[(5Z7£) - 12:Pr]

Linn et

al. ,1986 1988 Ashraf et al. ,1999)

Miller al. ,1997)

2.

-7 -

80% ~90% 7

9 5 3

(7Z) — 8-- 2 --
5%

11Z)-
[ (11Z) -16:0Ac] S. eridania,S. sunia S./higipmia

9Z) - 11Z) -' 9Z) -
32



' 9Z12£:) -

Toth 1989) 4 3Z6Z9Z) -' 6Z9Z)- -3,4- 3/?4S

3/?4S /l6mMS grossularia-

fa) 6Z9Z)- - 3,4 -

3S4/? /Ifenzxas syZmfa)

62:9Z)- - 34 - ' 3S4/?

Spo^fopem Z&oraZi's)

9Z11E)- 1)9Z) -
2) 11£) -' 3) 4)

1 ) 2 ) 3 ) 33% 46% 9% 1 1Z) - 14 OAc

(5) 7%1)2)3)4)4)2) + (3)

(1) 4) 9Z12£) -14 OAc

4)
5Z, 7 - - 1 -

if^

10—9

1.

' EBF) EBF

EI^F

1988; Dawson et al. ,1982; 1988)

2003) EBF— EBF
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Z/^:) - 7 - Struble( 1983 )

{Z/E)-'] -4 -

2.

- 11 -
1) 1) 2) 10 14 9 -

(2- 3) 3) 1)

1.1) 3) 4) 5)
- ( - ) -9- (2-' 4)

/0 -( + )

S) -( - ) /?) - ( +)

- 78- -2 -
( +) - 1988)

1.1 -11 -

3.

-7 - '
-7 -

-7 - '

-7 -

-11 - '- -7,11 - '
34



/^""^65 /t'mZmfa) - 9 -- 11- 6:94) 6% - 11 -'
1988)

4.

1997) 31

F88

F88 60

10—9

20 60

- GC -MS)

60

=
'

''',..,. 1988. . 1-221.

.2004. // . .
45-54.
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It t

^
1.

Altner, 1977)

(
Altner, 1977)

3

2.

1 4

olfactory receptor neurons, ORNs)( 2. 1 )

Stocker, 1994)

(V:

40



Stocker, 1994)

antennal lobes, ALs)

Yao et al. 2005)

2.1 Frazier, 1992)

3.

Kvello aZ. ,2006) ( 2. 2)

Bernays aZ. 1994)

1

4 ~6 2 Frazier, 1992;Bernays et

al. 1994)

II

Drosophila melanogaster )

!!1 ( Phormia regina ) # ( Zacharuk ,
1980 Murata et al. 2006 Lee et al. 2009)

taste hairs) taste pegs)

31

Falk et al. ,1976)
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2.2 Frazier, 1992)

amiloride) DEG/

ENaC Meunier et al. 2003 ) DEG/ENaC ——
Pickpocket! \ PkA/>ocAefl9

Liu et al. 2003)

Meunier aZ. 2003)

Liscia et al. 2004 )^
1.

odorant-binding protein, OBP)

early olfactory processing, EOP)

perireceptor events) ( Jacquin - Joly e aZ. 2004 )

olfactory receptors Ors )

3 2.3)

(1) IP3
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2. 3 Korsching, 2004 Ruebenbauer, 2006)

CSPs( chemosensory proteins) SNMPs( sensory neuron membrane proteins)

G C ( phospholipase

C PLC) 4,5- inositol biphosphate, IP^

145- inositol triphosphate
,

IP3 ) diacylglycerol, DAG)( 2001; Campanacci et al. 2003) IP;

Ca2 + Ca
2
+ r: Ca2 +

Ca
2
+

Ca
2

+ K +

2005;Jacquin - Joly et al. 2004)

(2) cAMP

G GPCR)

G G a p 7 3 G

a a CX G

adenylate cyclase, AC ) adeno-

sine triphosphate
,
ATP) ( cyclic adenosine monophosphate

,
cAMP)

|

cyclic nucleotide-gated) Ca2+ Na+

cr ca
2
+ cr

C1 — Korsching, 2004)

(3)

G

G G a

C

( PLC) 'AC) PLC 4,5- IP2)

145 - IPJ DAG)AC ATP

cAMP cAMP IP;

Ruebenbauer, 2006)
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"" ""
4m)/)/ieZes

G

G

2 Or83b

outside-out patch-clatnp) HEK293T

Or

Sato et al.
, 2008)

central nervous system, CNS)

( antennal lobe , AL ) ( antennal mechanosensory and

motor centre
,
AMMC) ( Rostelien et al. 2005)

Couto et al. 2005)

glomeruli)

convergence)

(Hildebrand, 1995) molec-

ular receptive range, MRR)

Smith, 2007)

Hil-

debrand, 1995)

Barnea et al. 2004 Feinstein et al. 2004)

Visser, 1986)
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mushroom body) Heisenberg, 2003)

Periplaneta americana Linnaeus )

Homberg et

al. 1989 Hildebrand
,
1995 Hildebrand et al.

, 1997)

2005; 2006; Rospars et

al. 2003 )

2.

(1)

OBPs)

Li et al. 2008) Vogt Riddiford(1981)^^/1^1^ poZyp/iemuO

pheromone-binding protein, PBP) 1990

Breer general odorant-binding protein

GOBP) 2009 7 Pfam 107

617 http:pfam. Sanger, ac. uk/family? PF01395)

OBPs

PBPs) GOBPs)(Vogt et al. 1991;Stein-

brecht, 1996) X ( antennal binding protein X ABPX ) ( Krieger et

al.
,
1996 Vogt et al.

, 1999) PBPs GOBPs

G0BP1 G0BP2

OBPs 15 ~17) X103

N 20 6

OBPs

OBPs

OBPs OBPs

OBPs OBPs

OBPs

1995)
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OBPs

1^31351101986;?6108 et

al. 1995)

(2)

OS- D( olfactory specific -D) ( McKen-

na et al. , 1994 ) A - 10 ( Pikielny et al. , 1994 )

10 -15) X 103

100 -115 6 a 4

2 Lartigue et al.
, 2002)

chemosensory

proteins, CSPs)

Tomaselli et al. 2006)

Jacquin - Joly et

al. 2001) Vogt et al. 2002 Wanner et al.

2005) Sabatier et al. 2003) ;@

McDonald et al. 2001);

Peripaneta americana) CSPs

Kitabayashi et al. ,1998)

(3)

20 80

1991 Buck

olfactory receptors Ors ) Troemel 1 995 )

Caenorhabditis elegans ) Or

Or OBP

2.4) Or

Or G G-protein-coupled receptor, GPCR)

Or

Or

Or ligand-ga-

ted ion channels, LGIC ) LGIC

G

Pellegrino et al.
, 2009)
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C 1
1

2.4 OBP) Or) Vogt et al. 1999)

20 90 Clyne Vosshall

Or

100 Or

Clyne et al. 1999; Vosshall et al. 1999)

60 Or 62

5 2. 5)
Or83 Robertson et al. 2003 ) Or

12

Sakurai et al.

2004 Krieger et al. 2005 Nakagawa et al. 2005 Wanner et al. 2007)

( Krieger et al. 2002 2004)

Or Or Buck et al. 1991 )

300 -500 N Or GPCR

7 a 3 3 1

2.6) G Gaillard et al.

2004) Or ""
Or "" Gether et al.
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20 80

Gouinguene and

Turlings,2002; Schmelz et al. 2003 Choudhary et al. 2008)

herbivore induced plant volatiles, HIPVs)

HIPVs

HIPVs --
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HIPVs

HIPVs
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HIPVs 2 ~3

HIPVs HIPVs HIPVs

HIPVs
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1 7Q0 ~3 000 Dudareva et al. 2006 Kundsen and Gersh-
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' ""
" "

Degenhardt and

Lincoln 2006): (constitutive): 5t; induced):

;
(novel):

HIPVs elicitor)

Turl.ngs 1990)

HIPVs

—— volicitin

Pars et al. , 1997 )
Koch et al.

,
1999)

(Halitschke et al. 2001 )
--

- E"ro/)i5 obliqia)

Empoasca "if

2000) ""
Fehon, 2008) -

(FACs)

Alborn ( 1 997 ) volicitin

ATP y

(Inceplin) Schmelz et al. 2006

2007)

( Matliacci et al. 1994) glucose oxidase ,
GOX) (Musser et

al. , 20022005 Zong and Wang, 2004 2007 ;Hu et al. 2008) 1

n]" 0. 4 ~ 0. 7 |xg GOX ( Peiffer and Felton 2005 )

HIPVs HIPVs' Cipollini el al. 2003 Steppuha and Baldwin , 2008)
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HIPVs |xg/h(Dicke1990; Turlings et al. 1995)

2.5 Kolopainen, 2004) HIPVs

HIPVs

4

0. 65 ~ 1. 3 ) X 10—3%
( Dicke and Sabelis

, 1989)

HIPVs

Hoballah et al. 2004 Hulten et al. 2006) Hulten

(2006) P do-

monasyZizorescens ""
(Cipollini, 2002 2007 Dietrich et al. 2005) Baldwin 1998)

( Le/)ic?Z"m virginicum) ( Brassicaceae) ( Agrawal, 2000) ( Agraw-

al et al. 1999 )

HIPVs ^

Lou and Baldwin, 2003 ) ( 5. 1 )

HIPVs

Quiroz et

al. 1997) o

, Visser, 1986)

HIPVs
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5. 1
Dicke and Hilker, 2003

HIPVs

5. 1) Bernasconi 1998)

]^ 4? ——- /8-

-2 - ' -3 - '
3 Bate and Rothstein,

1998) -2 -

-2- '
Avdiushko et al. 1997 Bolter et al. 1997)

5.1 HIPVs 9 --
Phorodon hu-

muli

Hamulus lupulus

Rhopalosiphum mai-

dis Fitch

Zea mays L.

Heliolhis virescens

Nicoliana tabacum

- )8-

- 3 - '

-

1 —3 -

-

3 -

- 3 -

Z) -3 -

hexenyl tiglate

Campbell et al. 1993

Losel et al. 1996

Ninkovic et al. 2003

4? Bernasconi et al.

1998

De Moraes et al.

2001

Manduca quin-

quemaculata &

M. sexta

A', attenuate

-3 -

1 -

- a-

Kessler and Baldwin

2001
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Myzus persicae

Solarium tuberosum cv,

Desiree

Empoasca

flavescens ( Fabricius)

Melaleuac alternifolia

4? Toxoptera aurantii

Af. alternifolia

Heliothis virescens

Nicotiana tabacum

Chrysomelidae

Phaseolus lunatus L.

3-
26 - - 3,7 -

' -26 -

- 2 - ':
MeSA

]^

Frankliniella oc-

cidentalis

Cerotoma ru-

ficonds GyTian-

drobrotica guerre-

Vancanneyt et al.

2001

2001

,
2004

Delphia et al. 2007

Heil, 2004

HIPVs

HIPVs //. zm)-
3 - -3 - ' -3 - 5

-2 - 4

De Moraes et

al. 2001)

Shiojirief aZ. 2006) HIPVs

HIPVs

HIPVs Campbell 1993)

-2 - /3-' 3 HIPVs;^ -2 -

)3- Carroll 2006 ) [ Spo-

c^ptem/hzg—rc/a(Smith)]

Lepti-
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notarsa decemlineata Coleoptera scarabaeidae Oreina cacaliae

HIPVs
Bolter et al.

1997 Loughrin et al. 1996 Kalberer et al. 2001 )
PZue/Za xylostella)

{Cotesia 1 ~2

Shiojiri aZ. 2002 2003)

Heil 2004) HIPVs

HIPVs

Bolter et al. 1997)

HIPVs

HIPVs HIPVs

Pallini et al. 1997) HIPVs

( 2001)

HIPVs

HIPVs Bolter al. 1997);

; HIPVs

HIPVs

HIPVs) Turlings and

Benrey, 1998 Dicke and van Loon 2000 )( 5. 1 )

signal-transduction pathway )

Price 1980)

HIPVs)

H Vet and Dicke, 1992)
HIPVs

(Turlings el al. 1990 McCall et al. 1993 Steinberg et al. 1993 Geervliet et al.

1 994 ) HIPVs

Steinberg 1992) Mattiacci 1994 ) P^m's brassi-

',if Co^sZa gZomemm)
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Heit 2008) HIPVs Cycloneda sanguinea'
i^ipr^n pini)

- /8-'
Mumm et al. 2003 2005),

( Loughrin et al. 1994 Turlings et al. 1995 Arimura et al. 2004 Arimura et al.

2007) HIPVs

HIPVs

HIPVs

Phytoseiulus persimilis ) Tetranychus urticae

Koch)( HIPVs HIPVs

De Boer et al. 2004)

3lC(X^^l'oc/^;Zes n;grice/M)

De Moraes et al. 1998)

(Xartf/iogaZeruca ZwfeoZa) ( f/Zmus minor)

Oomyzus

gaWerume) Meiners and Hilker, 2000 Wegener et al. 2001)

Dicke and

van Poecke, 2002)

13- allene oxide alien oxide cyclase- ' 12 -- ' OPDA)

3 /3 Liechi and Farmer,

2002) 13 -

" " green leafy volatiles
,
GLVs) Q

OPDA ' Weber et al.
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2004) 20 90

2007 JAZ ( Jasmonate

ZIM - domain) Chini et al. 2007 Thines et al. 2007)

Thaler,

1999 Lou et a/.,2005)o

Sanchez- Hernandez et al. 2006)

Wegener (2001)

5.2)HIPVs

MeJA) MeSA) [

-2 - -3 -

Shiojiri et al.

2006) HIPVs

HIPVs MeSA

- Dicke et al.

1990) - Agrawal et al. 2002) - Bolter et

al. , 1997) 10 De Boer

(2004) MeSA

MeSA

Scutareanu et al. , 1997 James,

2003 De Boer and Dicke, 2004)

HIPVs 16 --
-

Ml Psyllids

Pyurs spp.

-a-
Anthocoris spp.

Scutareanu et al.

1997

Si""iopt-

era exigua Hubner

Gossypium hir-

suium I'.

Tenany-

rhus urticae Koch TMTT;- /3 -

C"aimi.s mti- E) - a -

Cotesia kariyai

Phytoseiulus per-

similis Athinas

Henriot

Pare and Tumlin-

son, 1997 Fuku-

shima et al. 2002

Takabayashi et

al. 1994 Agra-

wal et al. 2002
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Uroleucon jaceae

Ceruau-

rea nigra

© Acyrthosi-

phon pisum

Vicia faba

Mythimno

separata ( Walker)

Zea mays

^& quin-

quemaculata &

A/, sexta

Nicotiana at-

-3 - 6 -

-5 -mm - 2-

6 —— 5 - - —2—
- 3 -- 1 -

- - 3 -

- 1 - -
48- - 137-
» 1^;3 - -2 - 2 -

-1 -

- 3 -- 1
-

-2 -

-3 - '- 1 -

-3 - ' - 1 -
cis - a - bergamotene

Aphidius funebris

Aphidius ervi

Exorista japonica

Geocoris pallens

Pareja et al.

2007

Du et al. , 1998

Ryoko

2008

al.

Kessler and Bald-

win , 2001

Pieris rapae

Linnaeus

Arabidopsis

thaliana

Co-

tesia rubecula

Van Poecke

al. 2001

$^ Toxoptera au-

rantii

M. alternifolia

Toxoptera au-

rantii

Af. alternifolia

abrotica virgifera

gifera

Zea mays

Di-

2 -

- )3- Entomopathogenic

nematode

Han and Chen

,

2002

2004

Rasmann et al.

2005
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a- ill - Tfl^

EmpoascQ flavescens
2,6 - -3,7-m - (±1 m Jfg fct Euar-

2001
( Fabricius)

Z ,0 _~. ^ cha albaria

Melaleuac al-

ternifolia

De Boer et al.

Tetrany- /1'J ,J T <5C 2004

chus urticae Koch
-p- Phytoseiulus per- Dicke et al. ,

1990a;

Phaseolus
similis 1990b; 1999 Oza-

lunatus wa et al. , 2000a

-2 - - 3 - Co- Shiojiri et al.

2006'4 R
all84)

Kappers et al.

,

(35)-- Phytoseiulus per-
2005

TPS) similis

- )8-' Schnee et al.
,Cotesia margini-

-a - ventris 2006
TPS10)

MeJA MeSA

Leitner, 2005 ) 120 jxg

(Heil, 2007) De Vos 2005 ) :5

n n 3

I-.

W Rojo et al. 2003) Engel-

berth 200
1 ) alamethicin;1^

'; ' Schmelz et al.

2003) ,f[l Win/. Bal (lwin(2001)
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van Tol 2001)

0«Zor/iyric/ms

suZmfus) 77m> occidentalis Linn)

//e«m)/m/Hi;«" //legi^ft's)

DeZt'a radicum L. )

TVyWiograp/m rapae

Westwood) Neveu et al. 2002)

Amtchige

2004) /Iceria tulipae) /Veosei'uZus cucumeris)

HIPVs

Rasman 2005)

/)m6rofK:a virgifera)

-)3-'
- /3-'

Rasmann Turlings ( 2007 )

S/jo^fopfera littoralis Fabricius)(
( Cotesia marginiventris )

(

Heterorhabditis megidis ) I

-

)8-' HIPVs

Vet and Dicke, 1992)

Turlings 1993 Dicke, 1999 )

HIPVs HIPVs

- 4, 8 12- -1,3 7 11-

(TMTT) -p- E, E) - a-

Takabayashi et al. 1994 Agrawal et al. 2002)'
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Dicke 1990) -P - -P -

90%

60% Ulland 2006) 0.05 j^^g

(/?)-(-)- S) - ( - ) -

0.5 jjLg 10 HIPVs

HIPVs

Kappers 2005) TPS) 3S)

-

-
7V^S7(? -

-

a - Cotoi^ margim'venm's)rps/^
Schnee aZ. 2006)

5.3)

5. 3 10 Pichersky Wat 2002)

{S) -
/

-fi-

m

-

SI

:i

•> |« - 3 - s!j ir

mm

^W flg If!

C. breweri

:k

C. brewer

/

-0-

-
13-
9 - oxononanoate

-

3 - ' - 1 -

1- -3-
-1 -

n

Dudareva et al. 1996

Bohlmann et al. 2000

Crock et al. , 1997

Bouwmeester et al.

1999 Degenhardt and

Gershenzon 2000

Leon et al. 2002

Tijet et al. 2001

Vancanneyt et al.

2001

Frey et al. 2000

Ross et al. , 1999

Seo et al. . 2001
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HIPVs

Baldwin Schultz

( 1983) ""
HIPVs

Raupp and Denno, 1984 Dicke et al.

1990 Farmer, 2001 Arimura et al. 2000 Guerrieri et al. 2002) HIPVs

P

"" ""
Baldwin 2006 ) " "

HIPVs ""
Arimura et al. 2000a; 2000b;2001 2002

Choh et al. 2006) ^1/"^^^1/^0 56*;0)
HIPVs GeocorZs paZZens)

HIPVs

Kessler and Baldwin, 2001 )

M̂eJA

Farmer et al. 1990 Tscharntke et al. 2001 Ruther and Kleier,

2005 ) o

HIPVs

Baldwin et al.
, 2006) Arimura 2000 )

HIPVs Engelberth 2004 )

HIPVs GLVs

Ton 2007)

HIPVs

HIPVs

1969 Rovira
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Nasonovia ribisnigri )

HIPVs

Dicke and Dijkman, 2001 Chamberlain et al. 2001) Guerri-

eri 2002 )
Acyrthosiphon pisum )

HIPVs

4

4

1.

MeJA) MeSA) 3

Farmer et al.

1990 Miksch and Boland
, 1996 Shulaev et al. 1997 Farmer et al. 1998 Lu et

al. 2006 ) o

- -

-
-

Birkett et al.

2000)

van Poecke and Dicke, 2002 )!li ra 2004)

Farmer and Ryan,

1990;Cipollini and Redman
, 1999 Siqueira et al. 2002 Thaler et al. 1996)

h-
—

1< Birkett et al. 2000)

f!i MeSA

MeSA
Shulaev 1997)

f^P/—
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2008 )

'
Johnson and Ecker, 1998 Tscharntke et al. , 2001 )

volicitin) -3 -

Ruther and Kleier, 2005 )

Kahl 2000)

Ruther and Kleier, 2005)

2006)

( Alnus glutinosa ) ' Tscharntke

et al. 2001 )

2.

Choudhary e« aZ. 2008)

( Karban , 2001 Karban et al. 2000 Karban and Baxter, 2001 )
GLVs Sivasankar et

al. 2000) GLVs -3 - ' -3 -

-2 - ' Arimum et al.

2001 Farag et al. 2005 ) Engelberth et al.

2004) -2 '
Farag and Pare 2002 ) Engelberth 2004 ) GLVs

HIPVs

"" Rut-

her and FUrstenau 2005) Yan Wang(2006)

dmnt;

3.

''
'DMNT TMTT
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' '
'Jtj^T.DMNT TMTT

^
HIPVs

Bruin et al. 1992 )

Arimura et al. 2000)

Dicke aZ. 1990)

HIPVs

, -4 8- -1 3 7 -' DMNT)£: E) -4, 8,

12- -1 3 7 11- TMTT) )8-'
Arimura et al. 2000) -3 -

W) - ( - ) - DMNT

TMTT Kost and

Heil, 2006)

4. ""
——

Almeras et al. 2003 Weber et al.

2004 )

HIPVs

Farag Par6

(2002) 100 nmol MeJA -2 -

MeJA

Ji^. -2- MeJA

Q Bate et al.
,
1998 Saona et al. 2001

Farag and Par6
, 2002) MeJA

iSfi'li^ Kessler and Baldwin, 2001 Dicke et al. 1999)

HIPVs ;^ i^B.'
HIPVs

t
Ifii A HIPVs
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30 HIPVs

1. HIPVs- -
HIPVs

HIPVs

HIPVs

Cofesi-a

marginit;enfrW

30% Hoballah and Turlings , 2001 Pare

and Farag, 2008) van Loon 2000 ) Cotesia rubecula

Kessler Baldwin ( 200 1 )- 3 - - 1 - CIS - a - '
HIPVs

90%

HIPVs

4 James, 2003 James and Price
,

2004 )o Me/Zn;zis m;mi"yZora

HIPVs Khan et al. 1997) Kollner 2004 )

Thaler(1999;2002)

2003 HIPVs

MeSA -3 - '

James, 2003a; 2003b )

James and Price, 2004)

-3 - -2 - 12

5. 4)
HIPVs

127



5.4
HIPVs( James, 200S,

HIPVs

BGFEIJKHMPDN
Chrysopa nigricornis

Hemerobius sp.

Stethorus picipes Vd

Orius tristicolor Vd

Geocoris pallens

Deraeocoris brevis

AnagriLS daanei Vd

Thaumatomyia glabra

!K Syrphidae Vd

Braconidae Vd

it Empididae

Sarcophagidae

Tachinidae

Agromyzidae

Micro - Hymenoplera Vd

Va,

Vc

Vd Vb,

Vb Vc

Vd Vb, Vd

Vb Vc

Va,

Vd Vc

Vc

Vc

Vd

Vd Vd

Vd Vd

Vd

Vd Vd Vd

Vd Vd Vd Vd

Vd

Vd

Vc Vd

A. _3 - - 1- B. -2 - - 1 - G. - 3 - F.£.1111^,1.. -1(.11. M. P. D.

K;N. «
a. James, 2003 a ;b. James, 2003b ;c. James and Price

,
2004;d. James,2005a

2.

N. attenuata

sejtfa M. quinquemaculata Epitrix hirtipennis

-3 - - 1- - a -

Kessler and Bald-

win, 2001)
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1993

Campbell et al.

1993) Pettersson 1994)

30% ~40% Losel 1996)^^̂
>̂20 /

Ninkovic"aZ. 2003) HIPVs

HIPVs

3.

"" Karban 2000)

3""
AZrms gZufZnosa ) Mcoft'amx attenuata ) M# 11

Karban et al. , 2000 Tscharntke et al. 2001 )

~ 15 m Karban and Maron 2002 Karban et al.

2003)

Karban "a/. 2003)

Karban et al. 2003 )

Kessler, 2006)

MeJA "" Preston et al. ,2001 2004)

""""

HIPVs
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HIPVs fe5

HIPVs

I

,
HIPVs -

HIPVs

Dudareva 2006)

HIPVs 5. 2)

'1

'I

HIPVs HIPVs

i

HIPVs

HIPVs 5. 2)

Ifl5.2

( 'JI |'| Dudareva et al. 2006,
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(HIPVs)

"Bottom- up";" Top -down" (Price aZ. 1980) HIPVs

-3 - '

Kessler Baldwin ( 2008 )

1 4.9 ~

7.5 2.4

HIPVs

HIPVs

HIPVs

HIPVs HIPVs

Chamberlain et al. 2001 Pickett

et al. 2003 )

HIPVs

3

TPS10)

HIPVs

HIPVs

HIPVs --
HIPVs

HIPVs

HIPVs HIPVs
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" "^
HIPVs "" ""

""
9

HIPVs

T- HIPVs

(

.2001. . 161.

. 2004. .
1-130.

.2004.
4^ 24:249-254.

IS, . 2006. 'feSi

. 51:2 146-2 153.

.2008. MeSA .
100.
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JA ' O'Donnell et al. ,1996
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mitogen-activated protein kinase MAPK )

Asai et al. ,2002 ;Mishra et al. , 2006 Nakagami et al. ,2005 )

3 MAPKKK( mitogen-activated protein

kinase kinase kinase) MAPKK ( mitogen-activated protein kinase kinase) MAPK

Mishra et al. , 2006 Nakagami et al. 2005 ) MAPK

MAPK MAPKKKMAPKKMAPK)
MAPKKK - MAPKK - MAPK
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MAPK
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MAPK

MAPK

MAPK

Wu 2007)

(/V. a"enuafa) MAPK SIPK ( SA-induced MAPK) WIPK
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It t

^
1.

200 -400

C Q ""
(green leaf volatiles GLV )

chemical fingerprint )

[

TTTyza incertulas

(Walker)] - 3 - - 1
-

I
Toxoptera aurantii Boyer)

2.

Pier" rapae L. ) P^m's brassicae L. )

(

Plutella xylostella L. ) ( Brassica oleracea capitata cv. Green

Coronet) a - ' a - pinene ) 3 - ' 0 - pinene )

myrcene) 1 ,8 -cineole) - hexyl acetate ) -3 -

' - 3 - hexen ^ 1 - yl acetate ) dimethyl trisul-

fide) - 2- mm5- 2- hexenal) 1
-

— 3 — — 2 — 1 methoxy -3 - methylene -2 - pentanone )

4 - - 3 - 4 - methyl -3 - pentenal ) '
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allyl isothiocyanate )
'

Agelo-

puls et al 1994a- 1994b; 1994c ) o
B ica oleracea

L. var.gemmi/mz) 21
21 22

' Blaakmeer a/. ,1994)

2 raswca oleracea capitata L. var. alba cv. Langedijker de

Waar)

[

Bmssica oleracea capitata L. var. rubra ( DC. ) cv. Langedijker vroege

rode] TVopaeoZum majus cv. Mahogeny)

70 80

Geervliet et al. 1997 )

(

[

Brassica campestris chinesis ( L. ) Makino. var. communis Tsen et

Lee] 19 '
-3 - ' - 3 - hexenyl acetate ) '37 - dimethyl -

1 ,3,6 - octatriene )25-25- hexanediol ) Z- 3 - hexen -

1 -ol) EAG '
- 2-- 1- - 4 -- 1- - 3 -

2 5 - EAG 6 EAG

EAG EAG /3 -'
)8-' 9.1)(Han et al.

2001 )

25 -

-3 - '
9. 2)

(Han et al. ,2001 ) 19

EAG 25
-3 - 3

9.1 EAG

0. 83 ±0. 21 0. 76 ±0. 18

2. 07 ±0. 25 1. 88 ±0. 29- 2- ' -1 - 1. 89 ±0. 20 1. 69 ±0. 22
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-4 - '- 1 - 0. 81 ±0. 23 0. 75 ±0 18- 3- 0. 80 ±0. 25 0. 73 ±0 16

-3- 0. 71 ±0. 29 0. 70 ±0 23

2,5- 0. 60 0. 10 0. 65 ±0 11- 3- 0. 50 ±0. 08 0. 66 ±0 18

0. 25 ±0. 08 0. 80 ±0 18

0. 74 ±0. 17 0. 86 ±0 21

0. 58 ±0. 20 1. 02 ±0 18

a - 0. 28 ±0. 09 0. 78 ±0 11

/3- 0. 63 ±0. 19 0. 60 ±0 18

0. 50 ±0. 12 0. 66 ±0 16

0. 60 ±0. 22 0. 62 ±0 21

Wm U. 21 U.
1 o

1). 60 ± 21

a- 0. 17 ±0. 02 0. 66 ±0 11

D- 0. 34 ±0. 09 1. 12 ±0 15

a - 0. 42 ±0. 10 0. 40 ±0 10

mV 10

9.2 ••

100 100 100 100 75 70

95 95 95 95 50 40

95 95 65 60 35 30

2,5 - 90 95 60 65 30 35- 3- 95 95 65 60 35 30

-3 - 90 90 60 60 30 30

a - 60 60 30 30

Z - 3 - hexenyl acetate£ - 2 - hex-

enal Z - 3 - hexen - 1 - ol 80% ~ 100%

40% ~60%
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Z - 3 - hexenyl acetate 1 1

60% -70%

20% -30% (Reddy et al. 2000a ;2000b )

[CameZZZa sinensis ( L. ) 0. Kimtze]

ITS) MPTS) II TATSC)

9. 1 Han and Chen, 2002a) - 3 - '- 1-

-

2-

-3 -- 1- -2 -

benzylakohol) II Han et al. , 2005 )

EAG -3 -'- 1-

-

2- 1 -'- 3 - 2 -- 1 -- 3 - '- 1-
neroHdol) linalool) -2 - '^^ 8 C5Ce^? -3 -

-

1- -2 - 3

Han and Han, 2007)

SI [ Aleurocanthus spiniferus ( Quaintance )]

Pettersson ( 1970) 10 cm

29 10— 6 g/mL10— 4 g/mL 10
2 g/mL

29 24 6 min II

Z-3 - hexen - 1 - ol

4 1 3 9. 3

1999) Earopis oblique Prout)

EAG Q

EAG EAG EAG
EAG EAG 1- — 3 - 1 - penten -

3 - ol) —3 - ']^^ - 1 -2- 3 - hexen - 1 - ol) - 2 -

(£-2-hexenal) geraniol )

EAG Y
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-
SDE) (IS) MDS) PHC)

n hexenal 0.001 0. 23 0. 1

E - 2 - pentenal 0. 13 0.001 0.23

1 - penten - 3 - ol 0.01 0.09 0.001 0.03

E - 2 - hexenal 0.03 0.02

n - pentanol 0.45 1.46

Z - 2 - penten - 1 - ol 6.78 0.24 5.75 0.62

Z - 3 - hexen - 1 - ol 0.86 0.02 0. 31 0.04
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40

30

20

10

8

6

4 -

2 -

ITS

IL H Jl
1 2 8 9 10 11 12 13 14 15

MPTS

oil n, ,n,n n,nn
12 3 4 8 9 10 11 12 13 14 15

TATSC

XL IL
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

9. 1 ITS) MPTS) 4? TATSC)

\ . E - 2 - hexenal 2 . ocimene 3. Z - 3 hexenyl acetate 4. Z - 3 hexen 1 — ol 5. butanoic acid

3 hexenyl ester 6. linalool 7.1- octanol 8. decanoic acid ethyl ester 9. geraniol 10. indole

11. benzaldehyde 12. E - 2 - hexenoic acid 13 . Z - 3 - hexenyl formate

14. methyl salicylate 15. benzyl alcohol

9.3 ]

%/

.^te-E-

%/

te-s^



-
SDE) (IS) MDS) PHC)

linslool oxide ( i

)

0. 29 0.05 0.03

heptanol 0. 14

1 1 n a Inn 1 fw iHp ( 1 0. 21 0.03 0.001

1 1 nalool 3.31 0.05 0.05 0.03

7 3 hcxcnyl acetate 0. 65

rnethyl sal icy late 0. 2 0.05 0. 02

gcrHniol 0. 64 0.001 0.001

phenylacetanitrile 2.42 0.03

nerolidol 0.53

dihydroactinidiolide 0. 11 0.02 0.02 0.02

indole 0.06 0.07

Tenax TA 11

-3 - '- 1 - -2 - '
-3 -

(1 26 - -3 7 - -2,6 -

2002)

PtVms massoniana Lamb. ) '
a- ' )3- ' 80%

10:30 1:30;

13:30 22:30

12 00-15 00 6: 00;a- 3: 00

( 2007) '
EAG P — ' 2006)

20 ''
EAG

1995)

2003)

[

Semanotus bifasciatus ( Motschulsky ) ]

2- - 1 - 1- -3-'
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-) - 2005) Y

4 [ho/>Zo/)/iom gla-

bripennis ( Motsch. )]

2006) ' C6

' E-2- ' E -1 -

'- 3- -2 - £ -

3.

MeSA)

Cofesia rubecula Marshall)

Agelopoulos " aZ. 1994a; 1994b; 1994c) „

21- 3 - -3 -

' - ' '
sabinene) Blaakmeer al.

, 1994)

Co-

tesia glomerata L. ) Blaakmeer et al.

1994) o Co«es;a plutellae Kurdjumov)

2004)

5 2001 )

20020 [Demfro/imus Walker) ]

[fl/ep/mri/m ze^^ina ( Walker )]

a- /3- ' ' EAG

-3 -'- 1-- 3 - 1 -'- 3 -
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EAG ( 2007)

C5 ( 6- +

^ (" "feZes sp.)( 1999)

_2
—

4/)/ii5 Matsumura) MeSA

|

(Zhu and Park, 2005)

26- - 37 - -2,6- 26_dimethylocta-37 -

diene - 2 6 - diol ) B

[ ^""rc/m albana

(L. Koch)]( 2002)

Mo6;asca/omu»ana Paoli) 2 6 - - 3 7 -

-26 -
" "

(Choef aZ. ,2007)

^

4
—3

26 _ —3 7 -

'- 26- (
- 2-

—2

' P ;
9. 2 9. 3)

5000 000

4500 000

4000 000

3500 0003

3000 000

2500 000;

2000 000

1500 000

1000 000

500 000^

TIC:JT2,D

/min- 10.00 15.00 20.00 25.00 30.00

9. 2

A. B.£-2- ' C. D. n

35.00 40.00

242



6 000 000

5 500 000

5 000 000 ^

4 500 000

4 000 000

3 500 000

3 000 000 -.

2 500 000 'z

2 000 000 \

1 500 000

1 000 000

500 000

/min-

TICJINGLHl'D

10.00

)>,|.'k.v4" )'

w

Mm
15.00 20.00 25.00 30.00 35.00 40.00

9. 3

A. B.£-2- C. D.

Y- 2 - n

anfeZes spp. )

S<ef/iym'um empoascae Subba Rao ) Sc/iizo-

phragma parvula Ogloblin ) ( 2009 ) Arabidopsis thali-

amO Pier^ ra/me) MeSA Cofe«'a ru6ecu/a)

Remco a/. 2002) MeSA + MeSA

TWranyc/ms urfkae)

MeSA(Ozawa et al. 2000 )

"^

(

Scolothrips takahashii )

(

Oligota hashmirica benefica )

0.2 fig Jetske el al. 2004 Shimoda et al. 2002)

7Vm>pfmi aurantii Boyer)

9. 4) (Han and Chen, 2002a)

C/io'so/m

sinica Tjeder) ,^|§^ ( Aphidius spp. ) ( Cocdnea septempunctata L. )

+^?+;^
+

3 Logistic^^+9.4 10- 6 ~10— 2 g/mL

243



400 000:

350 000

300 0003

250 000

200 000

150 000

100 000

50 000

TIC: HAN33.D

/n 10.00

10

20.00

100000

80000

60000-

40000-

30.00 40.00

TIC: HAN35.D

50.00

20000
14

/min

12

10.00 20.00

M , I

600 000-1

500 000

400 000"!

300 000

200 000

100 000

30. 00 40.00

TIC; HAN30.D

50.00

9

8 12
10

/min 10.00 20,00 30.00 40.00 50.00

9. 4 A) B) - C)
1. -2_i2 ffi? 2. 3.- 3 - 4.- 3- '- 1 - 5. -

3- *& 6. 7.1- 8. 9. lO.n 11.

12. -2- 13.- 3- 14.



4?

EAG

4? -2 - -3 - '
EAG -3— — 1 —

il? EAG

EAG n EAG

EAG Han and Chen, 2002b)

-2 - ' -3 - '
-3 - '- 1 - (I -2 - '

Han and Chen, 2002c ) +

Han and Chen, 2002a) C/iry-

sopa septempunctata Wesmeal)4^ [ Leis axyridis ( Pallas )]
EAG 9. 5)

9.4)
9.4 3 33 5

1© 65 * * 45 * 70 * * 45 * 60 * * 40 *

55 * * 40 * 60 * * 45 * 55 * * 35 *

n 50 * 35 * 55 * * 45 * 50 * 30

40 * 15 55 * * 15 35 10

10 20 10

* P<0.05, * * P<0.01

123456789 10 11

9. 5 3 EAG

1. ^ 2. 3. -2- 4.- 3- 5. 6.

7.- 3- -1 - 8. 9. 10. u 11.- 2-
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EAG EAG^ Han and Chen,

2002b) 4 U. axyridis ( Pal-

las) ab. bimaculata Hemmelmann ] . M Sfi ^ ^ [^- axjridis ( Pallas ) ab. conspicua

Faldermaenn ]

[

axyridis ( Pallas ) var. spectabilis Faldermaenn ]

[ L axyridis ( Pallas ) var. novemdecimpunctata Faldermaenn ]

!^ ^?@ 16^+©44^+ 8 ~9

+

Logistic

2000a) EAG

2001) 2000)

23

2-

4- -2 - a— - linalolox-

ide) - 3 -- 1-S- 2 -

20%
Han e a/. ,2007)

Chrysopa septempunctata Wesmael

)

Vmrnvj/iork menthastri L. )

2004)

Zea mays L. )

[/?/io/>a/os;p/mm maidis (Fitch)],

!^ EBF 4?

£) - )8- Bernasconi et al. 1998)

EBF EAG

!4^(
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4 [Zi/mp/u's ery-

simi (Kaltenbach)]

EAG

4? 2001)

2000b) 4

2000b;Han and Zhou, 2007) ^ 9( Han and Zhou, 2007 ) Han

and Zhou 2007 )

1 h

2 h

( 2008)

Thaler etaZ. 2001)

( Gnanapragasam and Sivepalan
, 2004)

^ >^

1990)

2008) 2003) Myf/um-
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na separates Walker)

2007)

1987) 20 50—60 20

70—80

90

[

Pseudaulacaspis pentagona ( Targioni )]

Kaneko aZ. 2006) 90

•/ocoAiasm formosana Paoli )

Dendrothrips minowai Priesner)

1997)

1

1991)

2001)

10

10

10 40 cm x20cm

L * a * b *

9. 5) 24 h 10 9 53 10 800

72 h 10 64 21 526

9.6) 10 4 9. 6): 1

2

1

1 1

3

4

5( 2009)

9.5 10

L a b

91.67 -4.39 4.95

79. 16 -0.27 68. 39

70.94 -37.54 24.78
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L a b

mm
£55 48 24 _ 33 3 3 85

^ 56 21 -20.62 _ 32. 43

46.9 58.76 -11.19

58.69 35 58.84

35.82 22.3 -55

86.3 81. 14

74.54 -47.97 56.81

a " +" " - " b" + " "

-

"

9.6 10

52 2 900 2 171 56 6 215 1.966

43 2 621 2 052 56 3 984 2. 199

42 1 601 2 283 52 3 722 1.982

36 949 2 375 48 2 448 2. 106

45 643 3 176 50 994 2.957

39 480 2 772 43 815 2.283

28 421 2 523 36 842 2.320

44 663 2 767 44 1204 2.362

36 270 2 857 48 672 2.532

32 252 2 789 45 630 2. 266

7

9. 7);

9. 8)
k

SI

SI

2007 )
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9.7

S -CJ

H Aleyrodidae 2 32 145 2 23 027 2 45 612

Cicadellidae 2 3 002 2 3 378 3 1 654

Ricaniidae 5 1 23 1 4

Homoplera Cercopidae 1 1 1 2 1 1

Fulgoridae 1 1 1 1 1 8

Aphididae 1 18 1 30 1 71

Coccinellidae o HZ

Scarabaeoidae 2 1 3 2 2

Chrysomelidae 11 2 29 2 17

Halticidae 2 24 2 12 2 32
Coleoptera

Staphilidae 1 3 1 1

Curculionidae 1 2 1 1

Dermestidae 1 1

Jij Culicidae 146 1 1 18 150

Tipulidae 1 1 3 1

Tachinidae 52 4 58 66

Diptera Calliphoridae 2 1 6

© Syrphidae 2 1 2 1

AsiHdae 1

^Jj- Geometridae 91 1 \jj I4Q

Momphidae 177 1 147 204

Amatidae 2 1 4 2

Lepidoptera Tortricidae 8 6

Lymantriidae 1 2

Pieridae 1 1 1

^ M ChalriHoidea J
on
O 1 2 54

Aphelinidae 1
1.J nu u

Ichneumonidae 1 3 1 16

Braconidae 2 31 3 17 33

Braconidae nw n u

Aphidiidae 1 1 1 4 9

Vespidae 1 1

Reduviidae 1

Hemiptera
Coreidae 4 1

Miridae 1 2
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11141101111
2 8 3 12

Neuroptera Chrysopidae 2 2 1 3 2 5

Ephemeroptera Ephemeridae 17 16
Dermaptera Pygidicranidae 10 1 1

Blattodea Chorisonenrldae 1 2

48 35 920 51 27 069 56 48 202

45

9.8

TR TA H, NER NEA PR PA

16 2 233 0.41 7 91 9 2 142 89.25 ± 16.72 c

15 3 971 0.32 119 10 3 852 160.50 ±25.68 a

14 2 906 0. 36 6 95 8 2 811 117. 13 ±21.06 b

45 988 2.63 31 294 14 694 28.92 ±5.78 c

47 1 900 2.57 29 401 18 1 499 62.46 ± 11.24 b

45 3 603 1.95 15 793 30 2 810 117.08 ± 18.73 a

TR: TA: H': NER: NEA: PR: PA:

24

Cornelius et al.

1999) o

Manf^ reZi'giosa)

Empusa/asc^m)

!It Krai and Devetak
, 1999)

>t ^ ;^
1.

Araneidae 1 1

Oxyopidae 1 7

Araneida
Thomisidae

Salticidae
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Ep;c/um'5 mefaf^maZi'O

Inouye,

2000 )

[

Microplitis croceipes ( Cresson )]

Wackers and Lewis, 1999)

9.9 4

'WMM.
10

3

1 n < PJ n 10 9

/% /% /% /%

1 55 18 57. 27 21 00

30 2 49 25 48. 98 S» 09 41JO . JJ . 1

1

34.69 5i. 52 46. 75

3 54 27 57. 81 64.06

1 81 35 56. 79 3

1

CO

25 2 58 21 63. 79 LIJ . 1 \J\J . 70 00 59. 58 53. 69

3 78 24 59. 23 1 Q 75.64

1 68 40 41.18 jyj 47.06

20 2 53 22 58.49 56. 30 53.58 28 52.95 46.09

3 65 20 69.23 23 64.62

1 61 22 63.93 35 42.62

15 2 78 47 39.74 54. 16 51.31 35 55. 13 42.39 33.99

3 51 21 58.82 36 29.41

1 70 65 7. 14 61 12.86

CK 2 62 58 6.45 5.86 55 11.29 12.72

3 50 48 4.00 43 14.00

SI 2006a) +

48 h 4

51% ~61%( 9. 9) 25 29 33

1

25
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9. 10) 2

51% ~61%

3 ~5 6

34% ~54%

9. 10

m k/y
10 5 10 9

1 2 3 1 2 3

334 338 341 322 359 312 334

86 78 95 89 63 93 84

30 1 31 6 4 8 24 12

247 229 240 229 288 195 238

/ 2. 87 2.94 2.53 2.57 4.57 2. 10 2.83

302 259 297 366 276 343 307

57 76 49 85 65 59 65

25 13 19 4 15 2 3 9

232 164 244 266 209 281 233

/ 4.07 2. 16 4.98 3. 13 3.22 4.76 3.72

257 222 282 277 219 309 261

56 68 58 67 49 94 65

dn nU Q 1
1

A A A

201 146 223 206 166 210 192

/ 3.59 2. 15 3.84 3.07 3.39 2. 23 3.05

206 228 205 283 304 323 258

48 54 61 96 64 94 70

15 10 10 6 2 13 4 8

148 164 138 185 227 225 181

/ 3.08 3.04 2.26 1.93 3.55 2.39 2.71

25 30
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25

20 25

20 ~25

2.

6

( 9. 11)( 2006b)

CK 500 m 20

9. 11

9.11

9 9 9 9 10 10 10

8 9 10 11 15 16 17

18 19 27 37

12 21 25'
25 31 48 62

98 173 214 250

47 123 137 209'
145 296 351 459

''
[ii

45

27

72

49

38

87

61

46

107

CK ••

fri

22

25

47

27

30

57

38

34

72

* !£6 * * 20

10 15— 17 3

2. 6 ±1.5 1.9 ±1.0 „ =60P <0. 05;

^ CK 1.5 ±0.8
1. 5 ±0.7

^
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600

10 5 10 6 10 7 10 8

9. 6 2 CK 20

10 5—8 1 2 CK 20

9. 6 3 P <0. 01 )

CK

2006b)

,2004 9 11 CK

45 /m 2

2004 10 8 If

15% 2005 5 10 1 40% 6

8

CK 25 /m 2

27 /m 2

7 4 45. 6%.;7 4 CK

11 22 8 8

45. 1%
3 40% ~50% 2005

8

27 10 26

9. 12)

9.12

!

«

8 27 58 8 32 H' =3.52

CK 11 10 21 H' =2. 30

10 26 248 28 H' =2.76

CK 139 23 H' =2. 38

MeSA MeSA MeSA

( C/iry^so/ja nigricornis ) ( //emerofeius sp. ) ( Deraeocoris brevis )

Sfef/^o^i.s punctum pi'cipes ) Or^s <r^Za>/or )
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Syrphidae )
Braconidae ) Empididae )

(Sarcophagidae) James and Price
, 2004)

25 24 h

9. 13)

9.13 -
( 2005 5 //'

!I 41 361 3.82

25

4? 21

^® ^

4? 41 318 4.16

36

4? 36

3

$^21251830 40 1 1 7 6 5 18

P<0.05d

2007) ,24 h

9. 14)

9.14 -( 2005 11

( SiJ

36[ 25

213

16

3

//'

(.61
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_1 W'

(
isi-^mu ^

25

184

19

2

3.,84

( J I^T -H J±s '1'T

20

341

91

279

3. 26

20

6

2. 89

$f 235

15^ 1 Q
1

4^^ ,1/4- rh "7

7

2. 67

1©

]^ 18

175

29 3. 19

Kotl1993)

ij&

8 - Mattiacci et al. 1995 ) volicitin ( Turlings et

aZ. 2000)

MeSA

257



MeSA

i

f
''',". 1990. // . •

362-363-. 2007. . 40(
207-212.. 2000a. 4 . 11:

413416.. 2000b. 4. 20: 495-501.. 2000. 3 .
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. 21: 2 131-2 135.. 2006a. .
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26: 72-75.. 2003. .
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(
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. 27 273-276.
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1974 Rice E. L. Allelopathy

30 30

International Allelopathy Society
,
IAS) 1996

World Congress on Allelopathy )

10 10. 1)

5

( 2001 )

10. l)c 2005

10.1 10 SCI)

Allelopathy J Allelopathy J

( ( ( (
1999 75 2

2000 106 2 9

2001 103 3 11

2002 122 3 16 1

2003 134 8 17 3

2004 122 12 23 3

2005 164 14 40 11

2006 178 20 32 12

2007 224 35 64 15

2008 249 42 59 20

allelopathy allelopathy + China Web of Science

~
- ( Callaway and Aschehoug, 2000 Bais et al. 2003 Heirro and Callaway

,

2003) ;

Alford et al. ,.2007 Blair et al.
, 2009);

(Inderjit, 2005 Kong et al. 2008c 2008d )

(Belz, 2007 Kong et al. 2008b)
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Harper, 1975 Williamson 1990 Pellissier, 1998 )
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Science Callaway and Asche-

houg,2000;Bais et al. 2003 ) Fitter

2003) Blair e« aZ. 2005 2006 )o

Inderjit and

delMoral, 1997 Gersani et al. 2001 Lankau
, 2008)

10 Allelopa-

thy Journal 10. 1 )

pheromone allelochemical chemical communication allelopa-

thy)

International Society of Chemical Ecology, ISCE) 2008

25 —
chemical ecology of plant-plant interactions )

10 10

1998) ,
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autotoxicity)

2001;Wilhs1985;1994)

3

( 1 )

(2)

(3)

/Igeramm omyzoZe^fs)

Kong et al. 2004a; 2004c)

Batish et al. 2009)

bioassay-guided) Rimando et al. 2001)
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Amftrosia ^iT^c^a)

' Wang et al.

2005) borneol)

( bornyl acetate )

2008)

[la — angeloy-

loxy - carotol la - (2 - methylbutyroyloxy ) - carotol ]

[la - angeloyloxy - carotol , 11. 5 jjig/g la - (2 - methylbutyroyloxy ) - caro-

tol, 16.3 Jig/g]
13.7 -43.2 M,g/g Kong et al. 2007)
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la-angeloyloxy-carotol la-(2-methylbutyroyloxy)-carotol

2001;Macias e< aZ. 2007)

chromatography) HPLC )

267



(
) HPLC

'

A^
_

NMR) HC

IR)

X
2003)

GC _ MS GC - MS - MS) LC - MS LC -

MS- MS),

GC) GC - MS)

Van Pelt et al. 1998; Seal et al.

2004) GC - MS—
GC- MS—

Bendimerad " aZ. 2005) GC - MS GC

FID(
GC- MS

2003) GC -MS

GC GC - MS
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Kov6ts a:/) GC re-

tention time/?r)

Robards et al. 1994)

RT -RT
KI = \OOY + \00(Z-Y) X

—

y Z /?7\ /?7

/?7 '
/

±5

K/ GC -MS 10

2008)

Kong et al. 2006 ) LC - MS

GC-MS

phenolics)

——

Inderjit, 1996 Wu et al. 2001a; 2001b; Seal et al.

2004)

(
Ber-

lin et al. 2003)

@^

C

4

Jose, 1991;Blum et al. 2000)

@& 0.3 jJLg/g @^

2002)
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2002; Olofsdotter et

al. 2002 Duke 2007 )

Olofsdotter et al. 2002)

i&

10.2) 574' -trihydroxy

-

3' ,5' - dimethoxyflavone) ip£ ( momilactone B) (3 - isopropyl - 5 -

acetoxy - cyclohexene - 2 - one - 1 ) Kato - Noguchi and Ino, 2003

2005 Kong et al. 2004 b; 2004 d 2006 ) o

10.2

/%
/(mg.g-')

HBA HCA FRA SRA VNA

PI3 12777 ( 135 ±25a 22.7 44.6 33. 1 20. 8 13. 3

Huagan-1( 116 ±32a 20.8 40.5 30.2 19.9 12.6

Huajingxian(

)

127 ±29a 21.6 39.6 31.5 22.3 15. 1

HBA HCA, FRA SRA, VNA

CH3
1

0H

Cunninghamia lanceolata )

ft .
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mmol/L

Zhang and Yu,2001 Huang et al. 2000; 2002 Chen et al.

2005)

2002) 2 000 kg)

8

0.5 nmol/g( 80 nmol/g(
1 000

10.3)

2009; Kong et al. ,2008)

CH3

CH2—CH2)i7— CH3

10.3 nmol/g

23.35 ±5. 65a 50.56 ±5. 00b 51. 11 ± 12.72b

16. 14 ±0.42ab 15.47 ± 1.55a 19.47 ±2. 54b

28.66 ±3. 28a 27.61 ±3. 25a 24. 13 ±3. 64a

12.95 ±2. 69a 6.30 ± 1.39b 4.72 ± 1.9b

43. 82 ±9. 24a 19.23 ±2. 97b 17.04 ±4. 66b

1.89 ±0. 11a 2.37 ±0.20b 2. 18 ±0.24ab

2.76 ±0.63a 0.95 ± 0.40b 0.56 ±0.31b

0.94 ±0.08a 0.72 ±0. 16a 0.46 ±0. 12b

& 130. 51 ±20. 03a 123.22 ± 10. 31a 119.68 ±20. 25a

'
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Muller e< aZ. 1964)

31

<35^JLg/rnL)
10 ~ 100 6 990 ixg/mL

Weidenhamer aZ. 1993)

-
Abrahim et al.

2000; Nishida et al. 2005)

( Lu et al. 1993 Macias et al. 2000 Kato - Noguchi and Ino 2003 2005 Kong et

al. 2006a) Macias et al.

2008 )

Rosenthal, 2001

Catalan et al. 2003 Capon et al. 2005 ) (Fesmca rubra L. ssp. com-

m"<a«a) m- Benin et al. 2007)

6 -hydroxy - 1 3 - dimethyl - 8 - nonadecyl - [ 1 ,
4]

-

diazocane -2,5 - diketone ( Kong et al. 2008a) ^^^x^OH

3^7^
10. 1)

2002;Kong et al. 2004c)

m-



(CH30)„

-

COOH + CHsCHCOOH + CHaCOOH
I

CH3

« = 0~3

10. 1

A. B.

( Kong et al. 2004b)

<2 h) 574' - - 3'5' -

(5 7 ,4' - trihydroxy 3
' 5 ' - dimethoxyflavone ) ( Kong et al. 2007a)

28 h

10.2)

OCH3

0H

0CH3

OR' OH O

R: Glu, H Rha. R': H Glu (a), Glu (fi) 574'- -3'5'-

flavonoid-glucosides
, "„ ,

/,=2 h
fi=(28.78±3.72)h (r'=0.98)

10. 2

54'--3'5'--7-0-/3-
574' - - 3'5' -

Kong efaZ. 2008c ;2008d )

phospholipid fatty acid, PLFA )

10. 3 )

10. 4)
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50 jtg/g

200 ttg / g

CK

1 3 10 20 25

20
/d

12

10

8-

6

4 -

2

1 3 5 7 10 20 25

/d

1 3 10 20 25

/d

S 10.3

01/
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15
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m 10.4

1 ^

*TI

0:8

il

63l:8l

—

6*9321

0:81

lis
0:91

3631:91

0:

li

0:91? 0:913 0:61

3

/-

31:81

0:

1.^
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:9f
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Kobayashi, 2004 Macias et al. 2004

Inderjit,2005)

soil- TLC)

Ravanele«aZ. ,1999)

Christianson and Howatd
,
1994 Sanchez -

Camazano et al. 1996 Griessbach et al. , 1997 )
Oppong and Sagar, 1992 Crisanto et al. 1994)

1 cm

2 cm

Lacmm saf^m)

25 24 h

10.5)

/?/
Kong et al.

, 2007a)

10.4)

2008;Kong et al. 2007a)

276



1 cm

\

10. 5

10.4 /f/)

129 ±0 014 158 ±0 007 186 ±0 015 217 ±0 007 298 ±0 001' 332 ±0 011 322 ±0 007 426 ±0 008 531 ±0 011 590 ±0 012

..
293 ±0 011 0. 211 ±0 005 361 ±0 012 318 ±0 004 390 ±0 007

032 ±0 020 0. 036 ±0 009 082 ±0 010 124 ±0 012 097 ±0 004

008 ±0 001 0. 000 ±0 000 013 ±0 002 019 ±0 001 011 ±0 008

*54'- -3'5'- -7- * *574'- -3'5'-

)[^"^/^^
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2003)

Timothy, 1990) Farmer,

2001)

""
Callaway and Mahall, 2007)

2003)

Smith and Van Staden
, 1995),

2000)

20 80

Rhoades, 1983 Baldwin and Schultz, 1983 )

1990 Farmer

Ryan /Irtem^a rZc^en«afe)

10. 6)
Farmer and Ryan, 1990)

Enyedi et al. 1992 Baldwin et al.

,

1994)

Falkenstein et al. 1991;

Gundlach et al. 1992 jStaswich
, 1992)—
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- yS- -2-

10. 6

'' Knoester,

1998;Pierik et al. 2003 2004)

allelobiosis ( Pettersson et al. 2003) , allelobiosis

'
10.6)

Shulaev et al.
, 1997)- ^ -

Arimura, 2000) —2 -

Farmer, 2001)

'
Shonle and Berglson

, 1995)

2003)

S<r;ga ast'ai'ca)

k 20

But-

ler, 1995;Smaling et al. 1991 ),

10. 7)
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MeO V V \

OH

10.7

10.8)

Mahall

and Callaway , 1991 1992 1996 ;de Kroon et al. 2003 )
Gersani et

al. ,2001; Callaway, 2002 de Kroon
, 2007)

Smith and Van Staden , 1995 )
Fragaria vesca ) Glechoma hederacea )

Sem-

chenko et al. 2007a; 2007b)

0^^/\/\

10. 8
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f

( )

^

^^

(Zhao et al. 2005 )

'j:^ Kong el al. 2004d; 2006 )o
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Kong, 2008)

10.9)

10.9

30

( Putnam and Duke, 1974 Bertholdsson
, 2004)

Zeng et al. 2003 Khanh et al. 2007)

( 2002;Chen et »l. 2008)

Kong et al. 2008 b)

50%

10.5)
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10.5

/

7k Pn/JV tH TT (iRj "
1

(t • hm-2)(/ (/ (/

96. 1 ±2.6/ 61.0 ±8.3/ 3.41 ±0.43/
PI3 12777

89. 1 ±5.6 55. 2 ±7.3 I. 76 t). 68

95.4 ±3.3/ 64. 1 ±5.5/ 5. 14 ±0. 23/
Huagan - 1

93. 1 ±4. 3 61. 7 ±3.5 4. 23 ±0. 51

42. 4 ±2.8/ Jo. U ± j

.

J - ±1). lo/
Huajianxian

37.3 ±2.8 30.8 ±5.3 2.41 ±0.23

99.5 ±0.2/ 87.4 ±5.2/ 3.44 ±0.22/

96.3 ± 1.2 88.6 ±5.9 3.23 ±0.41
PI3 12777

( 25 a. i. g/hm 100 ±0.0/ 90. 3 ±3.8/ 5.74 ±0.33/
Huagan 1

87. 3 ±5.698.6 ± 1.

1

5.66 ±0. 28
Huajianxian

70.9 ±5.7/1/3) 55.4 ±3. 1/ 4.05 ±0. 15/

57.3 ±4. 3 73.9 ±4.5 4. 17 ±0.21

"" ""

" - — —"

CO,
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Semiaguilegia adoxoid€s{ DC. ) Makino. V
Vaccaria segetalis ( Neck. ) Garcke V X

Zingiber officinale Rose V

15.8 ^
Adenophora tetraphylla{ Thunb. ) Fisch V X

Allium macrostemon Bge V
Amomum cardamomum L. V

Arisaema consanguineum Schott V
Artemisia argyi Levi, et Vant V
Curcuma longa L. V

Daphne genkwa Sieb. et Zucc V
Dioscorea hypoglauca Palib V
Dioscorea opposite Thunb V

Eleusine indica { L. ) Gaertn V
Fritillaria cirrhosa D. Don V

Fritillaria verticaillata Wild. V

Juncus effuses L. var. decipiens Buchen V X

Moras alba L. V
Myrsine africana L. V

Nardostachys chinensis Bat. V
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( 7- Oldenlandia diffusa{ Wild. ) Roxb. V V X

Oryza sativa L. X V X

Piper paepuloides Roxb X V X

Portulaca oleracea L. V V X

Puerada /o6a/a ( Willd. ) Ohwi X V

Sargentodoxa cuneata{ Oliv. ) Rehd. et wils X V X

Semiaguilegia adoxoidesi DC. ) Makino. V V X

Syzygium aromaticum( L. ) Merr. et Perry V X X

Vaccaria s€getalis( Neck. ) Garcke X V
Zingiber officinale Rose V

if^

1.

35 11 Raynal - Roques1991)

Striga hermonthica ( Del ) Benth Striga asiatica ( L.

)

Kuntze S. hermonthica

S' asiatica

Parker and Riches 1993 )

100 6

a cumana ) ] ( 0. aegyptiaca ) !J

( 0. ramose ) 0. cernua ) 0. minor) 0. crenata ) ( Par-

ker and Riches 1993 )

Linke et al. ,1991)

Lins et al. ,2006) Ross 2004)
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Bennett and Wallsgrove , 1994 ) „

Sop/iora alope-

•

) Aconitum szechenyianum ) Pieris rapae )

2003) (^Amorphophalliis Aoryac)
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Plutdla xylostella )
Spodoptera litura )

2006)

Szentesi and Wink, 1991)

OH OH

senecionine( I

)

triangularine( 11

)

moncrotaline(M

)

OCH3

lycopsamine(IV) intermedinephalaenopsine( V

)

pyrrolizidine alkaloids PA)

95% PA Asteraceae)

(

Senecio )

(

Eupatorium ) ( Boraginaceae ) ( Leguminosae

)

Orchidaceae ) Apocynaceae ) Celas-

traceae) ( Santalaceae ) ( Sapotaceae ) ( Ranunculaceae )

Convolvulaceae) PA Hartmann and Witte, 1995

Jenett - Siems et al. ,1998) 360

senecionine I ) triangularine 11 )
moncrotaline IE ) Jycopsamine IV ) phalaenopsine V ) I

n m

IV V

Hartmann and Dierich , 1998 Hartmann 1999 )

PA

(Hartmann et al. ,2003 Macel et al. , 2005 Narberhaus et al. , 2005 Hartmann

and Ober,2008)o PA Mattocks et

al. ,1986) Frei

et al. ,1992) Anchusa strigosa PA •Spof/o/jfera ex-

t'gua) Pieris fcrassicae) Siciliano et al. 2005)
PA r:
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Hartmann and Witte1995) 20 60—70

7y;a yaco/>aeae) PA T. jacobaeae

Aplin and B rich, 1968 Rothschild et al. ,1979)

( Cosmosoma myrociora )
Eupatorium capillifolium PA

lycopsamine intermedine PA" "
PA PA

Conner e< al. ,2000) PA

^^4Wlis _/aco6ame PA Coc-

cinella septempunctata PA Harborne 1993 )

PA Creatonotos transiens )

PA hydroxydanaidal Robinson and Rahman

2000 ) Ithomiine ) Danaiine ) PA

Raguso et al. ,2003 Schulz et al. ,2004) o

quinolizidine alkaloids QA ) Legumino-

sae) Ricker et al. ,1999) 2%

( Wink 1 987 ) Adler and Kittel-

son ,2004 Zhao, 1999) QA sparteine angustifoline lupanine ormosanine

panamine Ormcma arborea

Guimaraes et al. , 2003 ) aloperine ) cytisine )

( /V — methylcytisine ) ( anagyrine ) X

(

Bursaphelenchus xylophilus )

1998) cytisine

a -

1997), //e/i'o</u's zea)

Neal, 1989) C QA

Macrosiphum albifrons Aphis genistae

QA Wink and Witte1991) QA iS?

PA

( Pasteels 2007 ) lupanine Lupinus argenteus

Pedicularis racemosa

( Stermitz and Pomperoy 1992 )

o 6
sparteine angustifoline lupanine aloperine
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anagyrine A^-methylcytisine R=CH3 panamine ormosanine

indole 3 - methylindole

Araceae)

Arum maculatum) ( Sa"romaiim gut-

mm;n) B Borg- Karlson " aZ. ,1994; Kite, 1995)

B phytoalexins)

Giamoustaris and Mithen 1997 ) Crucifeme)

Phoma lingam Fusarium oxysporum Bipolaris leersiae B
——

'J Q brassicanals A — C brassilexin spirobrassinin oxymethoxy-

brassinin dioxybrassinin camalexin methoxycamalexin cyclobrassinin cyclobrassinin

sulfoxide ^brassinin methoxybrassinin( Monde et al. , 1990 Pedras and Khan , 1996

Rogers et al. ,1996) 100 ^xg/L

Pedras et al. ,2000)

CHO
CHO

brassilexin

CH3

brassicanal A

CH3

OCH3

brassicanal C

CH3

brassicanal B

CH3

spirobrassinin dioxybrassinin

OCH3

oxymethoxybrassinin

CH3

camalexin R=H
methoxycamalexin

R=0CH3

cyclobrassinin R=SCH3
cyclobrassinin sulfoxide

R=0SCH3

brassinin R=H
methoxybrassinin R=OCH3
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Nkotiana sylvestris nicotine )

nornicotine) 5 ~ 10

220% 170%

Ma/u/"ca se;c<a)

4 10 Baldwin ,1999) RNAi

Nicotiana attenuata >95% )

Steppuhn et al. ,2004)

0.106 ^JLg/g(Sauerwein and Wink, 1993) Kessler RNAi

Kessler and

Baldwin,2007 Kessler et al. ,2008)

nicotine nomicotine coniine

r-coniceine conhydrinone pinidinol

Conium macu/amm coni-

ine y - coniceine conhydrinone Agonopterix alstroemeriana

Castells et al. ,2005 ) pinidinol Pedicularis bracteosa

Picea engelmanni P. bracteosa P. engelmanni

P' bracteosa pinidinol Schneider and Stermitz

1990)

caffeine ) theobromine ) Coffea arabica )

caffeine theobromine

17 mg/d 0.6 mg/d

Harborne, 2001 ) Baumann caffe-

ine
caffeine

416



3 ~5 Ramphastidae) caffe-

ine caffeine

caffeine Baumann et al. ,1995)

caffeine Leucoptera coffeella )

( Magalhaes et al. ,2008)

H3C

CH3 O CH3

HN -N

caffeine

N

H3

theobromine

H3CO

hyoscyamine quinine

hyoscyamine Brugmansia aurea )

( Boswell et al. ,1999) Aropa

6eZZa(f(mna 273 jig/g ( Detzel and Wink, 1993 )<,

Cinc/iona spp. ) quinine Spotiopfera exigua)

Aerts et al. ,1992)

capsaicinoids capsaicin ) Cap-

sicum c/mcoense)

Fusar^m

Tewksbury et al. ,2008)

H3CO

OH

capsaicin DMDP

0H

calystegine A3

AcO

HO

3-acetylzygadenine

OH

HO
bismorphine gelsemine

oN

vc

o
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t
DMDP.3 - acetylzygadenine .calystegine AJ
( Hartmann and Witte,1995 Schneider and Stermitz 1990 )

Papaver niferum )
morphine

Morimoto e aZ. ,2001)

morphine bismorphine

gelsemine GeZsem^m sem/w/rirms )

Bombus impatiens ) Gegear

Gegear et al. ,2007)

ajaconine Delphinium ajacis )

Ulubelen et al. ,1998) Campfof/ieca aciimZnato)

(J
camptothecin ( 4/errmria alternata Epicoccum nig-

rum Pestalotia guepinii ^Drechslera sp. Fusarium avenaceum )

(Li et al. 2005)

ajaconine camptothecin

Leguminosae)

canavanine L- dopa)

Bell,2003) Caryedes brasiliensis

canavanine Rosenthal and Janzen 1981 )

0.05% canavanine Mam/uca sexm)

Rosenthal, 1998) mimosine

7^^^1'" casfaneum)

mimosine 0.06% 70%

0.08% 100%

mimosine

( Ishaaya et al. ,1991 )
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canavanine L-dopa mimosine

$S if^ ^
terpenes) 25 000' IPP DMAPP)

(C5) ' Ci C,5)' C2 C25) C3 C4

Baldwin efaZ. ,2006)

Harborne, 1999)

oviposition-deterring pheromones , ODPs )

S/)0(iopfera Zi'mra) ODPs(Li and Ishikawa 2004 )

0.01% Harborne and Dey,

1997) (ue/rus /ex)'
Penuelas and Llusia ,2002 )

2000) P^mxs conform)

/^ano/ZsyZammea)

Turlings and Tumlinson 1991 )

Salvia leucophylla ) Artemisia californica )

Habermehl et al. ,1997) Calamintha ashei

Conradina canescens Fischer et al. ,1994)

iinalool) Zea mays)

"Spo^iopfmi e;dgua)

CotoZa marginiventris) 1 ng/h 110 ng/h

( Dickens et al. ,1993) Leguminosae )

Microplitis demolitor Pseudoplusia includens )
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Harborne1997) ( /Icyrt/wwip/um /n'sum )

4? ^/"'</;"5 ervi) A ervi

Du et al. ,1998)

( Platanthera chlorantha ) 50% Daphne

zereum) 95% ( Knudsen et al. ,1993 Pott et al.

2002) Umbelliferae) PapiZio polyxenes)

Saad et al. ,1995) 4ra6Wo/wis </mZ;ana ) S)-
S) - 5? Myzus /jerskae)

Aharoni et al. 2003 ) Nicotiana attenuata )

( A/anc/uca sexta Manduca —nquemacuZafct )

ci's - a - bergamotene Geocoris pallens

Kessler and Baldwin ,2001 )

linalool (5)-linalool )S-myrcene ^ocimene

)S-phellandrene carvone a-pinene verbenol

' myrcene)

1969 /^i>ms

ponderosa ) Dendwctonus brevicomis )

Bedard " a/. ,1969; Moeck ,1981)

Renwick et al.

1 976 Fettig et al. , 2006 ) //w typographus )

( Picea pinene verbenol ( Blotnquist et

"L 2003; Reddy and Guerrero ,2004 ) „

Dickens and Payne, 1977 Byers,1981 Zausen et al. ,2005)

Hughes, 1975; Ivarsson et al.
, 1993 Ivarsson and Birgers-

son,1995) o

Cu«;u<a />emag(ma) p -
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/3 - phellandrene a - pinene Lycopersi-

con esculentum )
Impatiens

wallerana ) Triticum aestivum )

Runyon et al. 2006 )

/3 -' )8 - ocimene) Har-

borne1993)

P - Bull et al.

1984) ' 3-

Mi>a6;Z;s ""
/8-' 18:00—20:00

Harrewijn et al. ,1994)

Camm cari;i) carvone /Ir^ra lusitani-

cus) Frank et al. ,2002) Umbelliferae )

carvone /^a/i"o poZy^cenes ) Baur et a/. ,1993 )
1 8 - cineole Bmgmansia Candida

Kite and Leon, 1995) 1 8 - cineole

Muller e al. ,1964 Bhowmik and Inderjit ,2003 )

Pyrethrum cinerariifolium ) pyrethroids )

cinerin I )

Soderlund,

1995) CafaZ/m spm'osa) catalpol)

Stephenson ,1982) aucubin' Plantagi-

naceae ) Euphydryas cynthia )

0.53% 0.31% (Franke et al. ,1986)o

Longimrsus) aucubin

WiUinger and Dobler,2001 )

1, 8-cineole cinerin I catalpol aucubin

Conradina canescens U bomeol myrtenol carvone

Fischer et al. ,1994)

^"ena/ama) flromus moZZis)

421



SaZ"ia) l emisia)
|

camphor)

( Kelsey et al. ,1978) Calamintha ashei calaminthone Schiza-
||

chyrium scoparium Tanrisever et al. ,1988) I

Weidenhamer

Weiden-

hamer et al. ,1993 )

bomeol camphor myrtenol calaminthone

Chrysotham nauseasus £) - )8 -

- humuleney - muurolene 80 tjig/g

18 jxg/go

Odocoileiis nem^mis) Halls et al. ,1994)

-)8 -

(Spodoptera "mm) £) - ^ -'
]^ ( Rhopalosiphum maidis ) Anderson et al.

, 1993

Bruce et al. ,2005) £) - )8 -'
Gibson and Pickett , 1983 Beale et al. ,2006) £) — )8- cis — a — ber-

gamotene Schnee et al. ,2006)

)3-humulene r-muurolene

c/5-a-bergamotene (£);3—caryophyllene
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caryophyllene epoxide (35)-(£^-nerolidol DMNT

TMTT yS-macrocarpene

Diabrotica virgifera virgifera

£) -13 - caryophyllene Rasmann et al. ,2005)

/3 - caryophyllene caryophyllene epoxide Artemisia annua )

Goel et al. ,2007 ) Lejo^Znomrsa

decemlineata ) Spodoptera litura ) Rodilla et al.

2008) Cameraria ohridella ( /lescuZus hippocastanum ) f^i^-^

3 -caryophyllene Johne et al. ,2006)

(35) -{E) - nerolidol ^ 4,8 - dimethyl - 1 3(£) 7 - non-

atriene(DMNT) Phposeiulus persi'mt'Zis

Kappers et al. ,2005) C,, 4812 - trimethyltrideca -1,3,7,11

tetraene(TMTT)

( Zea mays) (So/a/mm lycopersicum ) ^
^ij % S. ( Phaseolus lunatus ) (/Ira-

bidopsis t/iaZ/aAm) TMTT

TMTT

Herde e aZ. ,2008)

TPS -6 TAS-// P

-

macrocarpene C - 10

Kollner et al. ,2008 )

(

Gossypium hirsutum

)

cadinane ifj gossypol ,- gos-

sypol - - gossypol + ) - gossypol

( - ) - gossypol + ) - gossypol Stipanovic et

al. ,2005 )o - )
- 80537?01 +) -gossypol

//eZkoj;er/)azea - - gossy-

pol + ) - gossypol Rhizoctonia solani
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lactucin Sc/i^focemx

gregarZa) Pieman, 1986) parthenin

M ( Parthenium hysterophorus ) ( Tribolium co"/u5"m) ' ( Pic-

man and Pieman, 1984) „ germacrene B (4r"m ffmcuZamm )

Psyc/iO(ia p/mZaeno;(/eO

( Knudsen aZ. 1 993 ) Ledum groenlandicum )

ij^ germacrone (Lepus americanus ) Ij ( Harborne 1989 ) zingiberene

SoZam/m <u6erasum ) SoZare"m Zycopersicum)

Leptinotarsa decemlineata ) Spodoptera ex-

&ua) Breeden and Coates, 1994 Eigenbrode et al. ,1994) L. de-

cemlineata ( f*eriu5 bioculatus ) ( Weissbecker et al.
,
2000 )

drimane polygodial

Jansen and de Groot2004)

(Artem"& amiua) Epilachna paenulata Spodoptera

eridania artemisinin

Maggi et al. ,2005) micium anisatum ) anisatin

y - Matsumoto and Fukuda,1982; Fukuyama

et al. 2005)

germacrene B germacrone zingiberene polygodial



sorgolactone alectrol 5-deoxystrigol

strigolactones( strigol sorgolactone alectrol

)

Matusova et al. ,2005)

Striga asiatica ) Humphrey et al. 2006 )

(

Zea mays )

(

Setaria italica )

(

Vigna unguiculata )

strigolactones

2003) Lo^s japonicus)

strigolactone 5 - deoxystrigol

Gigaspom margarita

Akiyama et al. ,2005)

Ericaceae ) Rhododendron )

( Pieris ) Lyonia ) Leucothoe ) Kalmia )

100 ft/imfocfe^i-

dron mo/Ze) ""
m ( rhodojaponin IE ) Leptinotarsa decemlineata Spodoptera frugiperda

Klocke et al. ,1991) acetylandromedol

Rhododendron pontucum

It Simpson et al. ,1977) kaurenoic acid ffdianthus

anmiU5) //omeosoma electellum ) ( Harborne , 1993 )

rhodojaponin ID acetylandromedol kaurenoic acid

RNAi NMana attenuata )

(GGPPs) 17 - hydroxygeranyllinalool glycoside

Ma/it/uca

3 yV. a«em«zm)
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Jassbi el al. ,2008) TMV)

A^ico«"mi m6ac"m) rPS 11E13£)

-

labda-ll13 -diene_8a15 - diol

(WIPK) Seo et al. ,2003)

,0H

ORha
'OH

1 7-hydroxygeranyIlinalool glycoside (1 If, ]3£)-labda-l 1, 1 3-diene-8a, 15-diol

momilactone A B O/jza saf^a) Kato

et al.
, 1973 Kato - Noguchi and Ino 2003 ) Magnaporthe

ea) Cartwright et al. ,1981) momilactone B

Kato - Noguchi et al. 2002) Akatsuka

M. grisea oryzalexin A ~ D( Akatsuka et al.

1983 Kono et al. ,1985)o 10 Koga phytocas-

sane A ~D

phytocassane A ~D Koga et al. ,1995 Peters2006)

H0

momilactone A momilactone B

phytocassane B R=OH
phytocassane C R=H

H0

phytocassane D

HO

oryzalexin C
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T^a^cus) Wilson et al.

2001 ) taxines) A B

H0

AcO'

AcO OH

A B

oleoresin)

16.2)

( 3 — carene ) iffi( /8 — caryophyllene )]^ abietic acid ) ( Phillips

and Croteau1999)

limonene terpinolene ^ phdlandrene 3-carene a-pinene

y-humulene )S -caryophyllene 5-selinene

sandaracopimaric acid abietic acid neoabietic acid dehydroabietic acid

16.2 Gershenzon j.
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Gershen-

zon and Dudareva. ,2007

)

( Meliaceae )

(

Azadirachta indica )

(

Melia azedarach )

MeZia foosemian)

azadirachtin)

Mordue and Blackwell , 1993 )

cucurbitacin B Cerotoma trifurcata .

Leptinotarsa decemlineata Trichoplusia ni Ostrinia nubilalis

Spodoptera exigua (Tallamy et al. , 1997 )

azadirachtin cucurbitacin B

/bemi avenacin A — 1 A — 2

B - 1 B -2

Gacumanrwmyccs graminis var. triti-

ci Papadopoulou et al. ,1999) o

H

soyasapogenol A calotropin
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soyasapogenol A

Lespet/esa serZcea Chang and Lynn, 1986)

calotropin)

( Asclepias curassavica ) C
200 -500 M^g/g(

Duffey, 1970)

E tocopherols tocotrienols

a -tocopherol tocotrienols

a - tocopherol

ROS) JA) Munne -

Bosch and Alegre ,2002 ) o

if^

10 000 simple phenolics) phe-

nylpropanoids ) ( lignins ) ( flavonoids ) ( coumarins )

stilbenes) tannins)

Gershenzon2002)

Adam1999)

Harborne, 1999)

Schijlen et al. ,2004)

a Ri=R2=CH3: Ri=CH3, R2=H
Ri=H, R2=CH3

S Ri=R2=H



Dixon and Paiva 1995 ) Winkel -

Shirley, 2002) Spaink et al. ,1987)

74' -

dihydroxyflavone Rkizobium trifoUii luteolin R. meliloti

~̂
Medicago saliva ) ,eriodictyol R. leguminosarum (P""m

sativum) (Spa'mk ,1987) leguminosa

apigenin luteo-

lin apigenin 7 - glucoside apigenin 7 -

glucoside Firmin et al. ,1986)

apigenin Glomus Gigaspom

C -7 "^ Ij
' (Scervino et al. ,2006) pinocembrin Populus trich-

ocarpa x Populus deltoides X ( Me/am/wora medusae )

Johnson and Kim 2005 )

.OH ^^OH

H

GlcO

7,4'—dihydroxyflavone

,0H

OH O

luteolin

OH O

apigenin 7-glucoside

OH O

eriodictyol

OH O

pinocembrin

OH O

S-prenyldihydro-

kaempferol-7-glucoside

OH
OH

pclargonidin Ri=R2=H

cyanidin Ri=H, R2=0H
delphinidin Ri=R2=0H
malvidin Ri=R2=OCH3

OGlc

OH

cyanidin 3—glucoside
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1^^5) rutin)

2 -OH Nishida et al. ,1990)

8 - prenyldihydrokaempferol 7 - glucoside ( fVieZWe^ic^rora amurense )

/^^;/1'0 profemjr) Honda and

Hayashi1995)

Bais Centaurea maculosa )

- - catechin" " Bais et al. ,2003) Sesbania virgata

235 jJLg/ +) - catechin

Simoes et al. ,2008)

( cyanidin delphinidin pelargonidin malvidin )
Reddy et al. ,2007)

Harborne2001 ) cyanidin 3 - glucoside,

/Irac/i" hypogaea) 0. 07% 50% Aphis crac-

civora Grayer et al. ,1992)

pisatin

glyceollin I P/iaseoZus j;u/gari5 ) kievitone

(Ingham ,1990)

prunetin /Ip/mnomyces euteiches ( Morris and

Ward, 1992) luteone wigh-

teone Lupirms) Ing-

ham et al. ,1983) rotenone) /)em's eZZ—ica)

2008)

wighteone R=H
luteone R=OH
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kievitone rote

e

"4 "44 Brown et al. ,2001)

Olesen

A^esooK^n maz^rifiamxs)

aurone Olesen et al. ,1998)

2/3

(Hansen et al. ,2006 )

15 20 68 Hansen et al. ,2007)

OH

C—(\ ))—OCHy
H

O OH

aurone

16.3 1)

/>;cea

5& 16.4) //e«ero6a.«r/;(m anm«um )

astringin isorhapontin Lindberg aZ. ,1992)

taxifolin glycoside

taxifolin glycoside' piceid isorhapontin Ophiostoma

poZomc"m Ceralocystis polonica catechin Brignolas et al.
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1995 1998) Cmi«ocysis/K>/om'ca

piceasides A~H(Li et al. ,2008)

Dendroctonus mkans stone cells 16.3 2,3)

( Wainhouse et al. ,1990) e

laser microdissection)

cryogenic NMR ) MS )

16.5)

astringin dihydroxyquer-

cetin 3' - - glucopyranoside

C astringin dihydroxyquercetin 3'

-0- glucopyranoside taxifolin glycoside(

( Li et al. ,2007)

polyphenolic parenchyma cells PP cells 16.3 1 ~3)
1998 Franceschi Franceschi aZ. 1998 )

1 ~2 sieve cells)

fypogmp/ms)

Ceratocystis polonica Heterobasidion annosum PP

PP Franceschi et al. , 2000 Krekling et al. 2004 ; Schmidt et al.

2005 ) PP http : //www . skogfor-

sk.no/condef/ Publications, htm ) „ PP

PP PP" "
PP

(condensed tannins) Ceratocystis polonica

^
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I

16.5 laser microdissection ) cryogenic NMR)

MS)

Umberlliferae)

P^mi/iam scm'm)

P. sativa flelicoverpa )

215% 162%
xinthotoxin)

HO GlcO

'OH

OH O

taxifolin-7-O-glycoside

OH

OGlc

OH

OH O

dihydroxyquercetin-3'-0-glucopyranoside

16.4

OH

0H

#1
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( Trichoplusia ai^ PaWirmca sativa

T. Berenbaum et al.

1991)

Pap^o poZy^tenes) 1.5 h 95%

xanthotoxin S/KK/op<era /rugipm/a ) xanthotoxin

Bull et al. ,1984) o
isopsoralen)

xanthotoxin)

Bull aZ. 1984 Harborne,2001)o

Procavia capensis syriaca )

Pituranthos triradiata 20 h 0.

6% ~ 1.7% (Harborne ,1997) umbelHferone )

Jurd et al. ,1971 ) y>om>meufa ma-

halebellus )
Fung and Herrebout ,1987)

xanthotoxin isopsoralen umbelliferone

'

(

obconica ) miconidin primin,)( Heliothis

armigera Harborne ,2001 ) Zea mays )

( ferulic acid) 0.05 mg/g Sitophilus zeama")

(Harborne, 2001 )o salicin )

Chrysomela aenicollis ) Salix spp. )

C. aenicollis

Pasteels et al. ,1984) „ methyleugenol )

( Bactrocera (^orsaZ^ B. dorsalis Nishida et al.

1988) methyleugenol Psila rosa ) Stadler and Bu-

ser1984) paraguaensis ) ( chlorogenic

acid ) Spodoptera litura ) Stevenson et al.

1993) Lochmaea capreae cribrata ) Matsuda

and Senbo '1986) Betula platyphylla

)

platyphylloside Lepus

amerkanus) centrilohol

Sunnerheim - Sjoberg and Knutsson 1995 ) Populus balsamif-

era ) salicortin 6 - hydroxycyclohex-

enone( Reichardt et al. ,1990)
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OH O
miconidin primin methyleugenol

HQ COOH

platyphylloside centrilobol

salicortin 6-hydroxycyclohexenone

Callosamia securifera

(

Magnolia virginiana ) C. angustifera C. promethea

magnolol C. securifera

Johnson et al. ,1996)

Hypericum calycinum '
(DIPS)

DIPS

H. calycinum

DIPs hypercalin A Utetheisa ornatrix

( Gronquist et al. ,2001 )

magnolol hypercalin A
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"/"gZ""* nigra L. )

juglone)

Benin et al. 2003) Sorghum spp. )

sorgoleone

10^Jum>l/L Berlin et al. ,2003)

fVsmoz rubra L. ssp. commufam) m - tyrosine,

- tyrosine p - tyrosine Berlin et al. ,2007 )

juglone sorgoleone m-tyrosine

A^icofZami attenu-

afa) benzylacetone Kessler and

Baldwin, 2007 Kessler et al. ,2008)

3 -methyl-2//-furo[2,3 -cjpyran -2 - one( butenolide 1)
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Cocoa ) Verdcillium dahli-

ae) saponin S^.Sg

(Cooper et al. ,1996)

sulphur * sanguinarine berberine

DIMBOA
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10 25 000

21 000 10 000 700

60 100 150 7 000 1 500 Hart-

mann2007)

1.

terpenoids)

MVA)' monoterpene)

ipS ( sesquiterpene ) ] ( diterpene ) ifH ( triterpene ) ip^ ( tetraterpene )

( polyterpene) essential

oil)

Vlastimil1989;Zwenger and Basu2008)

Nakamura et al. ,2004;Tun-

dis et al. , 2004 Aharoni et al. , 2005 Cardenas et al. , 2005 Jonathan et al. , 2007 ) o

(

Sat—a montana )

(

Lavandula angustifolia )

(

Lavandula hybrida ) Origanum vulgare )

(

Rosmarinus qffici-

m^/")77^ym"s ""Zgar^ Giordani et

,2004) 50 linalool

linalyl acetate ( Angioni et al. ,2006)

Hhizoctonia solani) fVsar m o;cys/)omm )

fenchonelimonene myrtenol

Fusarium graminearum ) a pinene,

borneol
, camphene ,

camphor , verbenone bornyl acetate ( Angioni et al. ,2004)

23 1,8 -cin-

eole 4Q;7a - abetanepetalactone(Sonboli et al. ,2004)

dermatophytes IC5 0.08 -0.32 jjig/mL

carvacrol y - terpinene p - cymene ( Salgueiro et al. 2004 )
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camphor, a- ^ - pinene lyratyl ace-

tate (Alvarez et al ,2001 ) camphor 1 8
- cineole( Kordali et al. ,2005) 4s/)ergZ"s ockraceus

(

Candida pseudotropicalis ) ( Fusarium moniliforme )

S elemene farnesene a curcumene selina -4,7(11) diene

P - bisabolene ( Govinden et al. ,2004 )

Alexander(2003 )

Reticulitermes ''^^ a - pinene,yS pinenelimo-

nene germacrene C germacrene A
,
germacrene B /3 — selinene 5 - selinene

y - selinene
, ( £" ) - p - farnesene y - cadinene geranyl farnesol nerolidole

geranyl linalool
,
geranyl geraniol geranyl geranial Gillij( 2008 )

12 limonene camphor

il? aphids) bee-

tles) SU whiteflies) spider mites) thrips )

thymol carvacrol

clove oil ) 92% eugenol eugenyl acetate

P - caryophyllene Dayan et al.

2009)

irdoill rotundial verbenalin iffi

Alibertia macrophylla 4 Young et al.

1992) o 2 Clardosporium Aspefgillus

Alberta magna verbenalin Drewes et al.

1998 )o rotundifolia ) rotundialA^/V - diethyl - m - toluamide ( Watanabe et al. ,1995) „

drimane)

Cechinel et al.

1998 Christopher et al. , 2000 Lunde and Kubo , 2000 Pongpiriyadacha et al. , 2003

Malheiros et al. ,2005) polygodialo warburganal muziga-

(lial

ene - dialdehyde Taniguchi et al. ,1984)
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OH I '.OH iC OH CHO .OH

.CHO

warburganal albicanol

santonin costuoide

O

argophyllin A 3-0-methyl niveusin A

y-
argophyllin A

Passreiter et al. ,1997) „ Neurolaena iobata 10

parthenolide 80% , buddlein Aneurolenin lobatin

60% ,52% 52% (Borges et al. , 1982 Francois et al. ,1996) „

Tithia diversifolia 11 patch larvae

Ambrosio e< aZ. ,2008)

costunoHde ICgo

6

cordifine X Michael 1981

1984) glaucolide scorpio(line( Barrero et al. ,2000;Meng

et al. ,2001 Yokose et al. ,2004 Lavault et al. ,2005)

lobatin

cordifine costunolide
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glaucolide scorpiodine

Joanna ( 2006 ) Rhaponticum

pulchrum 9 aguerin B chlorojanerin %t Sitophilus

granarius )

(

Trogoderma granarium )

(

Tribolium confusum )Meng2001)

aguerin B chlorojanerin

/3-

500

20 P - Gao et al. ,2007)

celangulins 11 IE Wu 1992 ) M. ca-

mirien^W 3 13 - -/3 - Gonzalez et al.

1989; 1993) Orthosphenia mexicana

orthosphenin LD, 0. 01 tjig/cm(Gao et al. ,2007)

OR5

/3-

Ri=Nic, R2=R3=Ac, R4=Fu, R5=Me~Bu

Ri=Nic, R2=R3= Ac, R4=Bz, R5=Ac

Ri=Nic, R2=R3= Ac, R4=Fu, Rs-Ac
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RsO

0R6
I OR]

R4O. .OR2

AcO

OAc
Z OAc

^OAc

Senecio palmensis silphinenes

picrotoxinin

GABA

Azucena et al. , 1997 2002 Mullin et al.
, 1997 Reina et

al. ,2002) o

O

Ri R2 R, R2

eudesmanes PZuc/im sagittalis

eudesmanes Spodoptera frugiperda ) Nancy et al.

2008) eudesmanes Portillo et al. ,2005)

ipg

(em-clerodane) neoclerodane) Belles et al.

1985;Esquivel et al. ,1989 Cole et al. ,1990)

orthosphenin

Ri=R2=R3=Ac, R4=R5=Fu, R6=/-Bu celangulin 11

Ri=R2=R3=R4=Ac, R5=Bz, R6=/-Bu celangulin 1

Ho/



eudesmane-type sesquiterpenoid

AC Simmonds et al. ,1996)

B C/af/os/>ort'"m cu-

cumerinum ) ( Marthanda et al. ,2005 )

A B C

jodrelHn 30 (xg/g

SaZ";a spp. ) 23 8

Bremner et al. 1998 )

jodrellin-T jodrellin-A, R=Ac
jodrellin-B, R=COCH(CH3)2
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neoclerodane) 29

semiatrin.kerlinolide salviarin 15 100 mg/L

4

dehydrosalviarin 25 ^Jlg/g 61% ( Esquivel et al.
, 1985

1986;Feranclez et al. ,1991 Caballero et al. ,2001)

dehydrosalviarin salviarin R=H
6-hydroxysalviarin, R=OH

Rhododendron molle ) asehotox-

in kamitixin

Klocke et al. 1991;Hu et

al. ,1993;Zhong et al. 2001 )

R=COOCH2CH3 asebotoxin R=COOCH2CH3 asebotoxin

R=H grayantoxin R=H kamitixin

(limonins) limonin '
C -17 4

)8- ABCD)
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limonoids)

300

1/3 /Izdt/irac/ifa &(ika) MeZia aze«farac/i )

Endo et al. ,2002;Suarez et al. ,2002 Connolly

et al. ,2003)

limoninnomilinobacunoneepili-

monol limonin diospheno

Ruberto(2002)

C -7

limonin .obacunone 3 100 mg/L

/^<0.01)

Cikman et al. ,2008)

limonin obacunone

1968

9

200 CespedesWaZ. ,2000

Simmonds et al. ,2001 Siddiqui et al. ,2003 ;Koul et al. ,2004) ?£
22

azadirachtins

Epilachna mriwesfis) 1X5 1.66 fxg/g,l. 30 jjig/g,1.57 fxg/g

2.80 M,g/g(Carpinella et al. ,2002 2003 )o

azadirachtin

azadirachtin A azadirachtin B
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azadirachtin D azadirachtin E

quassinoids)

20 90

20 150 Guo et

al. ,2005) limonoids

bruceantin R,=OH, R2=COCH=C(CH3)CH(Me)2 brucein E
isobrucein B Ri=H, R2=COCH3

bruceanolARi=H, R2=COC6H5

bruceoside R=COCH—C(CH3)2

yadanzioside A R=COCH2CH(Me)2

yadanzioside C R=COCH "C(CH3)C(OH)(CH3)2

yadanzioside F R=C0CH3
yadanzioside C R=COCH=C(CH3)C(OAc)(CH3)2

bruceoside B R=C0CH(Me)2
yadanzioside B R=COCH2CH(CH3)2
yadanzioside L R=C0CH=C(Me)C(0H)(Me)2
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30 Daido et

aZ. 1992 1993 1995 ) Brucea javanica ) yadanziosides

bruceoside 4 ~ 10 jJig/mL a )8 -

Shin " a/. ,1985;Fukuyama et al. ,1993)

Watanabe et al. ,2000) y -

( GABA receptor) ( Tadahiko et al. ,2005 )

B

D

Chandravadana et al. ,1987) B

D 3. 25 jjLg/cm2

Tallamy et al. 1997 Mekuria2005 )

10 Dinan et al. ,1997)

Carlos et al. ,2005

Tostao et al. ,2005) oleanolicacid

CeZasm/s /lypoZeucus ) Ij pristimerin celastrol

Croney al. ,2008) Le-

ontodon filii triterpenetetrol Luo et al. ,2005)
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2.

100

20% ~30%

60% ~70%

21 000

1/10

Wink ,1998; Wink and

Twardowski,1992;Fattorusso et al. ,2007)

guineensinepipercide retro-

fractamide A retrofractamide A 48h /,
pipercide(0.004 mg/L)

retrofractamide A (0.039 mg/L) Aedes rogoi retrofractamide A

(O.Olmg/L) Park a/. ,2002) /V -

Zahid et a/. 1998 ) Dinosperma erythrococca )

5

/V-^ erythococamide A

EC5 20.2 ^JLg/L74.2 ^JLg/L pipemonaline

RM&i( Aedes aegypfO 1X5 0. 25 mg/mL(Yang et al. ,2002) Otanthus mariti-

mus Christodoulopoulou2005)

Lee et al. ,2006) „

sanguinarine )

berberine ) f^l chelerythrine) -
Schmeller e< a/. ,1997)
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13

stemofoline , oxystemokerrin didehydrostemofoline ' EC50 !j 0. 5

jjLg/L,1.5 |xg/L 0.5 |jLg/L( Kalteneggera et al. ,2003)

veratrosine) 1( veratridine) cevadine)

Istvan et al. ,1991)

Clecio e a/. ,2000)

Es^igme/ie acmz)

monoceotalide

2 500 jjLgo 500 fjtg

Hartmann aZ. ,2005)

Lepidoptera nuptial

Meimvald1990;Conner"(^/. ,2000)

pyrrolizidine

aconitine Fattomsso et al. ,2007) „' 700

20" " Rosenthal et

al. ,1991 1998 Emmert et al. ,1998 Wink et al. ,2003) cana-
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canavanine arginine

3.

phenolics)

' lignin)

5 -

flavonoid) 3 15 3 -C

anthocyanin) flavone) flavo-

nol) isoflavone) 4 5 7
Aron and Kennedy 2008 )

,
Iwashina et

a/. ,2003)

B

B Arencibi et al. , 2008 Daub et al. 2005; Liu et al.

2006;Thipyapong et al. ,2007) „

R, .Rj.Rj =0CH3
R, ,Rj =OMe,R, = H

R, =OH,R, ,R, = H
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ED5 1. 1

mol/cm^ ,2.0 mol/cm^ ,2.5 mol/cm^ 3. 8 x 10 mol/cm^ ( Morimoto et al. ,2000)

18 5 Morimoto et al. ,2003)

A C -6

B ED, 0.035 ^JLmol/cm^

,

0.098 jjLmol/cm2

rote-

none) Lane et al. 1 987 )

Lupinus angustifolius 9 luteone licoisofla-

vone A licoisoflavone B Costelytra zealandica )

( Heteronychus am«or) ED,, 30 jJig/mL

luteone licoisoflavone A licoisoflavone B

Morimoto et al. 2007 )

ED5 0. 12 jji_mol/cm
2

Morimoto aZ.

2006 ) homopterocarpin ptercarpin £0, Ij
0. 14

[xmol/cm ,0. 37 ixmol/cm ( Cyperaceae ) cyperaquinone

remirol scabequinone £0; 1 . 7 X 10 —
1 . 3 X 10

—

"

2. 6 X 10 (Morimoto et al. ,1999)

homopterocarpin pterocarpin
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cyperaquinone remirol scabequinone

Bauhinia purpurea

bauhinoxepin bauhinoxepin F C

ICso 70 ~89) X 10
—

6(Boonphong et al. ,2007)

bauhinoxepin C bauhinoxepin F

Kubanek et

al. ,2000 Schroeder et al. , 2006 Elfahmi et al. ,2007) /*/i/yma lep-

tostachya ) podophyllotoxin leptostachyol ace-

tatejignol haedioxan A leptostachyol acetate LC50 Ij

0.41 X 10— 62. 1 X 10 -6 2. 3 xlO—6

600 ~

3 000

M
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-
I

( Francisco et al. 1 997 Barroso et al. 2003 Alonso - Amelot et

al. ,2004) o

4.

/IgZaia el-

liptifolia King et al. ,1982)

50 2005;Inada

et al. ,2001 )
rocaglamide

aglain aglaforbesin ,
10 -5 rocaglamide LCso 1 ~2) x 10''

( Molleyres et al.

1999;Dreyer et al. ,2001;Greger et al. ,2001)

IC5 0. 76 X 10
— 6

Koul et al. ,2004)

EC5 rocaglaol10—
8
;aglafolin5 x 10

— 8

pannel-

lin6 X 10 ';rocaglamide,9 x lO' aglaroxin A, 1.4 xl0-6

MeO

HOOMe %

NMe2

OMe
rocaglamide

R2 OCH3
HO pH

rocaglaol

aglafolin

agaroxin A

demethyl

rocaglamide

Ri R2 R3

OCH3 H H

OCH3 H -COaMe

-CChMe

-C0NMe2

OCH3 H -CONHMe

35 ~ 39

y- 1982

uraricin
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230

Mikolajczak et al. , 1989 Ratnayake et al.
, 1992

Zhao et al. ,1993 Woo et al. ,1995 ) /bimirm ro6a) aimicin

100% 5 X 10— 5 10_610-7 squa-

mocin

bullatacin trilobin

IC5 0. 1 mg/L,0.67 mg/L(He " aZ. ,1997)

NADH

ATP Feras et al. ,1999) o

annonin 1

annonin 2

annonin 6

squamocin

asimicin

desacetyluvaricin

Ri=H,

R,=R2=

Ri=OH
Ri=R2=

R,=H,

Ri=R2=

R2=0H, R3=0H
H, R3-OH
R2=0H, R3=H

:H, R OH
R2=0H, R3=H

R3=H

CaHi

a -

Ar-

nason et al. ,1986 Ahmad and Alam 1995 ; 1996 ; 1998 ) a -

DDT a - 37

Manish et al. ,2001)

CH=CH2
terthienyl «-

CH =CH2 -CH=CH-(C=C)3CH3
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ATP) H)

ATP H)

r:

1993)

antibiotic)

phytotoxin)

toxin) endotoxin ) exotoxin )

HRGP)

SA)
HR)

JA) NO)

PAL) .13-1,3 - 8 - 1 ,3 - glucanase) chitinase )

POX)
(PRP) 2005)^

1.

1950 A(antimycin A)

A Kido and Spyhalski,1950)o 20 70
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( tetranactin ) 70 1985 ) 20 70 80

avermectin)

Bury et al. ,1979) !^
1980)

1983)

1984) 1996

1999) 2006 8

1 193 2007)

A 6 A1 ~A6

A

50 ~ 100 mg/L A 85% ~

98% ,10 mg/L A 24 h A

LD5 25 mg/kg LC5

0.01 mg/L( 1985) A

Q - C 1982)

20 70

monactin(iinactintrmactin nonactin nonactin

1995)

10 d 60T 15 d,pH 2-13

1985 )
1X5 4. 8 mg/L 9. 4 mg/L

2.2 mg/Lo

LD5 1 500 mg/kg

1 000 mg/L

avermectin) Streptomyces

Kitasato Institute )

(Merck) Bury et al. ,1979)

8 Bi abamectin)

B, ^ LC9 0.02~0.03 mg/L

B, LC, 0.02 mg/L LC^e 0.2

mg/L LC9 6.0 mg/L ^, 1.5 mg/L

1^, 1.00184^ LC, 0.4 mg/L
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4"-- 4"-
B,

71.4 LC9 0.014 mg/L

6.6 LC, 0.003 mg/L( Fisher, 1991)

y — GA-

BA)

2 ~4 d 1998)

1972

(

Streptomyces griseolus var. hangzhouensis )

1980)^^ 11?

Streptomyces mobaraensis piericidin

A

shaoguanmycin) 1979

Sfreptomyces yces flaveolus var. sha-

oguanensis n. var. ) 1983 )

ABCD E A B

A B B

LD5A 17.67 1118/1^884.09 mg/kg

A AB
A3 A, A

1992)

liuyangmycin)

ABC C

tetranactin)

1995)

nanchangmycin ) meilingmycin )

( Streptomyces nanchangensis sp. ) ( 1 984 )

ABCD AB A

nanchangmycin)

1X5 73 jig/mLo B A^ ( B

B
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meilingmycin ) 0. 25 mg/L 100% 2

30

5 mg/L 100%

2. -
Bacteriaceae ) Pseudomonadaceae )

( Enterobacteriaceae ) ( Lactobacillaceae ) ( Micrococ-

caceae)

( 1998) 100

(

thuringiensis
,
Bt) ( fiacZZZixs sphaeri-

cus )

(

Bacillus popilliae ) ( Bacillus lentimor-

bus )

1938 sporeine

100

fi. f/nmVtgZeAisW 1962

6 1972 12

15 1981 19 25 1992 34

43 1994 40 54 Dai 1994 )

subsp. yunnanensis ) 20ab

( subsp. ostriniae) 8ac ( subsp. •s/mmforigi'ensi.s ) 22

subsp. huazhongensis) 40 ( 1996 )

a - P -

7- S -

vips zwittermicin A

S -

S -

Cry

Cyt

Cry Cry I Cry 11

Crylll CrylV Hfte and White-

ley ,1989)
*

Cry I

Cry I A 135 x lO',

N 28 ~282 283 -461

C 462 ~ 610 N
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C Entwistle et al.

1993)

Cry I

pH 10) protoxin)

C N 28 -30

65 - 75 ) X toxic

core fragment)

Gill et al. ,1992)

Bt) 20 50 90

Bt

Bt

MP - 342YBT - 1520 YH - 8A Tml3 - 14, Bt Ken - Ag BtSOlO

Bt 2 000

IU/jjiX4 000 IU/^JLL 8 000 IU/jjlL 8 000 IU/mg16 000 lU/mg

32 000 lU/mg 2000)

S -

S-

1998)^^
blasticidin ) kasugamycin )

( mildiomycin ) natamycin ) 200 1 )

120

1-
(
jinggangmyciii)

( SfrepZo/nyc" hygroscopicus var. jinggangen-

st'.0 ^!^ A 20 70

30 /?/iZzocfon& soZanO

20 90 3 000 ~ 4 000 4

1 000 2005 58

17 000

18 000 mg/U LD5
10 000 mg/kg h
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1996)

A A

——
POD) PAL)

2001)

1) 500 jxg/mL [^ A PDA

74. 1% 50 |xg/mL

A 7 14 77. 4% 76. 7%

PDA 1/10

A

1 jJLg/mL 5 ixg/mLJS jxg/

mL.25 jxg/mL 50 jjig/mL

21 d 1 (xg/

mL A

2)

1

^JLg/mLra00)
1 d 371421

28 d 3 d

PAL)

3 d

1 fJig/mL A

POD) PAL)

2. ( chuangchuanmydii

)(

Streptomyces hygroscopicus var. guangxicus )

SPRI-2098 1999

2005)

1 -(2- -1— —2- 16- [7- -10
12- -14- (4 - -3- -1 - -35 11 ,13-

-8 - - 513 -'] —2-- 5 - -3 - - 2 -

i
-1,2- 2002)

2004) 4%

1% 2. 5% 0. 2% NaCl 0. 2% .K^HPO^ 0. 005% ,pH7. 2
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250 L 160 L 121 20 min 10 mL 2 500 r/min

10 min 80% HPLC

36 -40 h

5% ~10% 48 h

200 r/min 400 r/min „

0.6 vvm 1.0 vvm 0.6 vvm 30%

1%

1%

1% 2008)

2005 )

3.

2006) Duan 2007 )

//eZmi/U/u«por;um gramineum Rabenh f.sp.ec/u>loc/^ZoaeHGE)
2005) 10 d

1.5 mL Eppendorf 4

4^ PDA

HGE
1 HGE

PDA 28 7 d; 2 (i

HGE 7 mm) PDA 28t

2d HGE 1 cm

28<^ 2 d PDA

HGE HGE HGE(
7 mm) 50 mL PDB ) 250 mL

25 ~28<t 14 d4
0.22 M^m 4t 14 d

4 401

.
45 ~50T PDA

5 X ,10 X ,20 X ,40 X ,80 x ,160 x 9 cm 20 mL
PDA PDA 2 d

7 mm 281 24 h
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3 2

HGE 20 mg,ophiobolin A 5 mg

DMSO 4 mg/mL,ophioboIin A

1 mg/mL( 0. 1%DMS0) ,0.22 ^xm '
45 ~50T PDA 200 |xg/mL,100 jjLg/mL,50 jjig/mL,

25 |xg/mL,10 |xg/mLophiobolin A 50 |jLg/tnL,25 |jig/mL,

10 |jLg/mL,5 iLg/mL 1 jjLg/mL(2.5 |xmol/L) PDA 2. 5 mL

0.1% DMSO 5%) 200 |xg/mL, 100 |xg/mL,

50 |xg/mL,25 jjLg/mL,10 |jLg/mL

HGE 8. 2 ±0.24)mm 83.5%

1.15% HGE

HGE 5

HGE PDA

HGE HGE

10 80%

40 60% HGE

ophiobolin A 100 ~

200 |jLg/mL 88.7% ~ 100% , ophiobolin A 10 ~

25^JLg/rnL 85.9% ~ 100% 5%

200 jjLg/mL 45. 2%3^^^

1.

anisomycin)

methoxyphenone)

Duck

and Lydon,1989)

o

bialaphos) Sfrep^omyces hygroscopicus) SF - 1293

4-[ ] - L- - L- -
L- 20 80

1 CiiH22N30eP 323. 3
C,,H2,N3Na06P 345.3

1601
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1 ~3 kg/hm
2

DT, 20~30 do

L
-
2 - - 4

-

(
20 90 glufosinate)

Basta Buster H,2 NO* P CsHisNzOsP,

4-[ ] -DL- 4 -[] -DL-
(DT5J 10 do

1
~2 kg/hm

2

Satoshi Omura Yuzuru Iwai ( 1964 )

S«re/)omyces /lygroscopiozs ) AM - 3672 C^qHazNzO"

Cyperus microiria Steud )" SF - 1293"" AM -3672"

200 mg/L

1991)

1994)

A 1998) 1999)

Streptomyces lavendulo-hygroscopicus )

2.

1982 Upjohn

M ( Colletotrichum glocosporioides f. sp. au;sM;/iynomme) '
ij
Collego

Aeschynomene virginica ) 90%
Cellego 5 000 - 10 000 hm 2

//e/min«/tospor;um sativum )

( Colletotrichum graminicola ) Curvularia lunata ) /IZfemaria alternate
,

4. lenuissima ,A. iriticina ,A. hrassicae ) Exserohilum monocerus )
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Zhang and Waston 1997 )

1963 ( Co/Zefofric/i"m gloeosporioides f. sp. cuscutae)" " C"«:"ae spp. )

67 1993)

( Helminthosporium monoceras) 2

61% 1999) 2004)

1999) [/IZkr-

naria altemata{Fv. )Keissler]

imazaquin)

Collego

(/^. gramineum Rabenh f. sp. echinochloae , HGE)MW
5 NMR Sugawara et al. ,1987;Ca-

nales and Gray 1988 ) 3 - an-

hydroophiobolin Bophiobolin A ,3 - anhydro 6 - epiophiobolin A ,3 - anhydro 6 - epi-

ophiobolin B terpestacin

20

R= )3H 3-anhydroophiobolin B ophiobolin A

R= aH 3-anhydro-6-epiophiobolin B

Canonica 1 966 ) 3 - anhydroophiobolin

B,Shen 1999) CoMiobolus heterostrophus

3 — anhydro -6 - epiophiobolin B 3 - anhydro - 6 - epiophiobolin B

HMBC NMR CD2CI2 di - 6 - epi - 3 - an-

hydroophiobolin B 6 - epi - 3 - anhydro - AlO - ophiobolin B Duan

2008) NMR
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20

3-anhydro-6-epiophiobolin A terpestacin

ophiobolin A > 3 - anhydroophiobolin B > 3 - anhydro - 6 - epiophiobolin B > 3 - an-

hydro - 6 - epiophiobolin A 500 100 ,50 10 (xg/mL

500 jjLg/mL

ophiobolin A 50 jjLg/mL

100% ) 34 ophiobolin

3 ophiobolin A Kim 1984)

ophiobolin A 6 - epiophiobolin A 3 4
Leng 1988) ophiobolin A, 6 - epiophiobolin A 3 - an-

hydroophiobolin A ^
ophiobolin A > 6 - epiophiobolin A > 3 - anhydroophiobolin A

3 ophiobolin

ophiobolin A ophiobolin A

500^1_8/«11^
ophiobolin A 10 jjLg/mL

ophiobolin A Duan et al.

2007 ) o

ophiobolin A ^ CaM)^ CaM) CaM Ca
2

+

Ca
2
+ -CaM

EF CD Ca
2

+ CaM CaM

Ca2+ - CaM

CaM 4 Ca
2

+

N I I KinIV Ca
2 + - CaM

CaM K CaM

502



2005; 1993) ophiobolin A

CaM ophiobolin A

CaM —— PDE) NADK)

ophiobolin A £ -

ophiobolin A CaM ophiobolin A

CaM Leng et al. ,1988) ophiobolin A

ophiobolin A 75 77 148 Au and Leng, 1998 )o

ophiobolin A 75148 ophiobolin A

75 77

75 ophiobolin A CaM

75 CaM N

ophiobolin A CaM

CaM CaM Ca
2
+ - CaM

Au et al. ,2000)

2 000 -2 500

100

CaM

2006) I

PiaN Cpnlo AAA - ATP 33 x lO'

Hsp70 CaM Reddy et al. ,2002) , ophiobolin A CaM

ophiobolin A

CaM CaM

ophiobolin A

ophiobolin A

Fatima et al. ,2005)

2008) P/ioma /ier6arum)

( Commelina comrnum's)

1 ~10 jjLg/mL

3 h

15 M_g/rnL > 1 h 20 ^lg/mL

4 h 3.65 20 jjLg/mL 4 h

Na+ IT 58% 80%
POD 12 hPOD

43.5% 6~12 h APX
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12 h APX 39.7%

POD APX

3.

( Pseudomonas ) £ Uerofcacier) FZai;o6acfer;um )

(Citrobacer) ^c/iromofcacfer) /IZm'genes )

(

Xanthomonas )

o

Campelyco 20 90

Poa armua)

{Xanthomonas capestris) Pseudomona-

daceae)

1 ~3

2001)

20 90

2002)

S7 100%

2004)

KAmaranthus retrojlexus L. )

Pseudomonas ) Xanthomonas )

L4

1: 1

1:30 85%

Pseudomonas syringae pv. phaseolicola )

(P"mm'a
)

phaseolotoxin)

Ninak and Paul, 1996)

Patrick et al. ,1993) „
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(

Bromus tectorum )

(

psendomonas fluores-

cens)X)l

Pat-

rick et al. ,1993)

Pseut/ommw syringae pv. «a6aci)

Pseudomonas syringae pv . syringae ) K +

IT - ATP Ca2+ Patrick et al. ,1993)

if^^ if^

hypersensitive reaction HR)

system acquired resistance SAR )

Ryals et al. ,1996)

Mg/"o6acferium

paspali) (4zofo6acer putida ) ( fiad/Zus pumilus )

(

Bacillus subtilis ) ( Pseudomonas Jluorescense )

( Streptomyces sp. ) ( Fusar^um roseum ) ( Phpophthora

parasitic) ( Phomo sp. ) ^^^ ( Penicillium sp. ) ( Trichoderma har-

gianum T. koningi T. viride ) ( ~" 2002 )

2007)

Sfrepfomyces sp. )F- 1013

F-1013 chi-

tosan)

F- 1013

)8-13 -

> >
20 #

1020

P - 1 3 -

10

/8-13 -
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2008) 6"cdZZ"s subtilis) NKl

CoZZe«of"c/i"m higginsianum Sacc. )" " plant-growth promoting rhizobacte-

riaPGPR) NKl S. subtilis)

C. higginsianum Sacc. )
1997 ) NK1

NK1 /3 - 13- 2002)

NK1 NK1

7 d P<0. 05)

68% NK1

NK1 NK1

)8- 1,3 - NK1

5 d 10 d

18.1) P<0. 05)

18.1 NK1 /8-1,3-

/(U • g
—
'FM) ;3-13 - /(U • g-'FM)

>^

+

3. 46 a 1.85 a 30. 45 a 23. 65 a

10 6. 47 a 5. 12 a 37. 45 a 35. 56 a

3. 03 b 0.95 b 28. 03 b 19. 67 b

10 02 b 1.76 b 33. 65 b 33. 45 b

2. 35 c 0.71 c 25. 26 c 17. 23 c

10 3. 04 c 1.24 c 27. 56 c 26. 56 c

1. 78 d 0.46 d 18. 23 d 14. 89 d

10 2. 26 d 0. 74 d 22. 68 d 23. 45 d

flj /><

0.05) ( 2008)

2005) Bailey Lumsden

( 1988) 1997

T39 cineren

De Meyer 1998) T39 Howell

(2000) Trichoderma

Rhizoctonia so/am T. virens
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SAR Yedidia 1999)

7>ic/io<ferma harziarum) T - 203

T- 203

48 -72 h
T - 203 SAR T - 203

T -203 Yedidia 2000)

r./mm'arum T- 203

T. harziarum T - 203

72 h 0-1,3 -

4 - MU - (GleNAe) r. harziarum T - 203 INA

Ciliento 2004 ) Aspergiuus niger )

(gox A)

D - D - - 1 5 -

GOX Trichode atroviride PI

GOX P1 GOX

ISR) Chet

T. asperellum(T. harziarum T - 203 )

(

Pseudomonas syringae pv. 7 achrymans )

(PAL) HPL)

mRNA

JA/ Yedidia et

al. ,2003 Chet et al. ,2004)

Yedidia 200 1 ) r. harziarum

A1-

tomare 1999) harziarum T22

• 2006)

/^e/iZd um oxalicum)? - -41 PDA
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PDB 28t 220 r/min 4 d

3 000 r/min 20 min" " 10 6

72 h 789 3

(TMV) 6 d

(%) =[ / - /] / /

2% 5 min

3

281 12 h 1 000 10 000

5 min BIH 38 mg/L 5 min

8><8x8(crn
3

) 5 2d

) =[ / -
(/] / /

1 000

TMV

84% 38 mg/L BTH) 1 000

38 mg/L BTH

Bt) 120

campelyco

ophiobolin A

fiacciZZus subtiUs

1% -10%

0.1%

-
=

'''",

• .2006. P-041) .
43:386-390.
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It t

2006; Williams et al. ,2007)

quorum sensingQS)

Whitehead et al. ,2001)

20 60 My;co-

coccus xa:i«/ms) McVittie et al. 1962 )

Khoklov a/. ,1967)

Nealson

(1970) l^f'6rK) yisc/ierO

(Salmond et al. 1995 )

N - /V - acyl homoserine

lactone,AHL)(Eberhard et al. ,1981) AHL J5>-

winia carotovora ) ( Pseitffofncmas aerugimwa ) ( Serra"a

marcescms)

AHL Ti

Bainton et al. , 1992a 1992b Jones et al. ,1993 Passador et al. ,1993 Swift

et al. ,1993 Zhang et al. ,1993) AHL

Fuqua 1994) " quorum sensing( "
quorum sensing Web of Sci-

ence 2 400 1994 2008)

QS

- Braeken et al. ,2008)
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-
if^ ^^"^:!
autoinducer AI) 2005 Hastings

and Greenberg,1999; Parsek and Greenberg , 2000 )

Winzer 2002

QS

k QS

QS Winzer

et al. ,2002) Winzer

N - AHLs) oligopeptides)

furanosyl borate diester AI - 2 ) 19. 1 )

QS

Camilli Bassler ( 2005 ) QS

AHL QS

QS LuxS/AI - 2 QS

1. AHL QS

AHL

A^- 3 -

AHL

19. 1)
A^-

Fuquaef al. ^001 ) 19. 1' Williams et al. 2007)

LuxR/l QS AHLs

LuxR/I QS Ruby, 1996) Luxl

AHL AHL AHL

AHL - LuxR

R=-H, -OH, =0; "=311

A^-
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LuxR-AHL DNA

( Williams et al. ,2007 Lowery et al. ,2008 )

19.1

Aeromonas hydrophila

Aeromonas salmonicida

Agrobacterium tume-

fac

Agrobacterium vitiae

Burkholderia cenoc-

epacia

Burkholderia pseud-

omallei

Burkholderia mallei

Chromobacterium

violaceum

Envinia carotovora ssp.

car otovora

Pantoea ( Erwinia ) stew-

artii

Pseudomonas aeru-

ginosa

C4 - HSL

C4 - HSL

3 - 0X0 - C8 - HSL

C14:l - HSL,

3 -oxo-C16:l - HSL

C6 - HSL,C8 - HSL

C8 - HSL,

CIO - HSL,

3 - hydroxy -C8 - HSL,

3 - hydroxy - CIO -HSL,

3 - hydroxy -C 14 - HSL

C8 -HSL,C10-HSL

C6 - HSL

3 - 0X0 - C6 - HSL

AhyR

AsaR

TraR

AvsR

CepR,

CciR

PmllRl

BpmR2

,

BpmR3

BmaRl

BmaR3
,

BmaR4,

BmaR5

CviR

ExpR/

CarR

3 - 0X0 - C6 - HSL EsaR

C4 - HSL;

-0X0-C12 HSL

LasR

RhlR,

QscR,

VqsR

Ahyl

Asal

Tral

Avsl

CepI

Ceil

Pmlll
,

PmlI2

PmlI3

Bmall

BmaI3

Cvil

Carl

(Expl)

Esal

LasI

Rhll
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Pseudomonas aureo-

faciens
C6 - HSL

PhzR,

CsaR

Phzl,

Csal

Pseudomonas putida
3 -0X0 -CIO -HSL,

3 - 0X0 - C12 - HSL
PpuR Ppul

Pseudomonas chlororaphis C6 - HSL PhzR Phzl - 1 -
Pseudomonas syringae 3 - 0X0 - C6 - HSL AhlR Ahll

Rhizobium legumino-

sarum bv viciae

7 -cis -C14 - HSL/

C6 - HSL/C7 - HSL/

re _ HSI 3 - nvn -

C8 - HSL, 3 - hydr-

oxy - C8 - HSL

CinR,

RhiR,

RaiR,

TraR,

BisR,

TriR

CinI,

Hhil

Rail

/

Rhodobacter sphaeroides 7 - cis -C14 - HSL CerR Cerl

Serratia spp. ATCC
C4 - HSL SmaR Smal

Serratia liquefaciens

MGl
f;4 _ J-J5L SurrRowrix JWVl /t ffi^ fl^ Af- ijnwL fmJl> wL ,

ScrrdtiQ //ifl

SS-1

PA _ UCIn oij

,

3 - 0X0 - C6 - HSL
SpnR Spnl

Serratia proteamaculans

B5a
3 - 0X0 - C6 - HSL SprR SprI

Sinorhizobium meliloti

C8 - HSL,C12 - HSL,

3 ^0X0 - C14 - HSL,

3 - 0X0 - C16:l - HSL,

C16:l -HSL,C18 - HSL

SinR,

ExpR,

TraR

Sinl /

Vibrio Jischeri 3 - 0X0 - C6 - HSL LuxR Luxl
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C6 - HSL,3 -0X0 -

Yersinia enterocolitica

C6 - HSL,3 - 0XO

C10 - HSL,3 - 0X0 -

C12 - HSL,3 - 0X0 -

C14 - HSL

YenR,

YenR2
YenI

Yersinia pseudotube-

rculosis

C6 HSL, 3 - 0X0 -

C6 - HSL,C8 - HSL

YpsR,

YtbR

YpsI,

Ytbl

2. QS

oligopeptides)

autoinducing peptide
,
AIP) ( Shiner et al. ,2005 Read-

ing and Sperandio2006)

2007; Bauer and Robinson 2002 )

5 ~34 3 Camilli and

Bassler,2005 Williams et al. ,2007 ) oligopeptide lantibiotics lactococcal nisin

(Van der Meer et al.
, 1993 Quadri , 2002 ) the 16 - membered thiolactone pep-

tides AIP — l(Ji et al. ,1997 McDowell et al. ,2001 Chan et al. , 2004 ) the

isoprenylated tryptophan peptides ( Ansaldi et al. ,2002 Okada et al. ,2005) „

LuxR/I

Kleerebezem et al. 1997 )

Williams et al. ,2007) „

3. LuxS/AI - 2 QS

AHLs AIP

furanosyl borate diester) Al - 2 ( 19. 1 )

Vi7>"'o harveyi) AHL AI -
1 )

AI-2 AI-1

AI - 2 Miller and Bassler,

2001),: AI- 2
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AI- 2

Williams et al. ,2007)

4.

2 -- 3- -4- PQS)( 19.2) PQS 3 -oxo -C,^ - HSL C,

-

HSL Pseutiomomis aeruginos )

Holden aZ. ,2000)

Xanthomonas campestris )
11-- DSF) (

19.2)/?0/5«01;0 50/0"00/""") 3--
PAME)( 19.2) QS

AI

( Zhang et al. ,2004) Schaefer aZ. 2008 ) /?/io(fo/)-

seudomonas palustris ) acyl - HSL
Ij p - coumaric acid

AHLs( 19.2)

PAME /j-coumaroyl-HSL

19.2

5.

Kiigler 2000)

Can-

dida albicans )

(

Saccharomyces cerevisiae )

(

Uromyces

phaseoli)

Hogan, 2006) farnesol ) ty-

rosol) Ramage et al. , 2002 Chen et al. , 2004

Kruppa et al. ,2004 Sato et al. ,2004) QS

19. 3)
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YIIKGVFWDPAC

a

19.3

a a - factor ) tryptophol

)

f/romyces />/mseo/0 3 4 - di-

methoxycinnmate) Macko et al. ,1970 Chen

et al. ,2004) o

2007)

6.

AHLs AHLs lux,gfp ZacZ)

( Bainton et al. 1992a; Shaw et al. 1997 Winson et al. 1998 Andersen et al.

2001) McClean et al.

1997)

Chrommbacterler vilaceum )

AHL

AI biosensor)

AI AI AI

2007)

AHLs
AI -2) AHLs

(HPLC) MS) NMR)
acyl -HSL
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acyl- HSL 2007)

AHLs Ortori

et al. ,2007 Decho et al. ,2009) 19.2 AHLs

C,8 TLC)

Shaw et al. ,1997)

AI

19. 2 AHLs Ortori fl/. ,2007 Decho et al. ,2009)

[ M + H] + {m/z) m/z) ( m/z)

C,- 172 102 71

C,- 200 102 99

3 oxo - Cj - 214. 1 102 113

213 102 112

228. 1 102 127

3 - 0X0 - Cg - 242 102 141

C|0 - 256 102 155

C,2- 284 102 183

C,4- 312 102 211

C4 _AHL [M =H - 101] + [M+H- 18]+ = 154

{m/z 102) [M + H-101] +

AI - 2

AI- 2 DPD( 19. 4)
N - methyl - /V - ( trimethylsilyl ) - trifluoroacetamide( MSTFA) DPD

19.4) [ EI - MS

(70 eV) :m/z(% ) = 1 12 ( 100 ) [ M ]
+ ,84(53 ) ,56(23 ) 42( 11 ) ]

Thiel et al. ,2009)

19.4 DPD
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>^<i

1.

19.5) 19.3) LuxS/AI_2
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OHl

H0'

LOH

.0

HO OH

19.5

( Keller and Surette ,2006

)
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19.3

184 ATP ( Staphlococcus aureus AgrD

AHLs 8 ATP aeruginosa C4 - HSL)

AI -2 - 1 ATP

AI -2 AHL

LuxS AI-2

19. 5C, 19.3)

( 19.5A) 19.3)

Keller and Surette,

2006) AHLs

5 -adenosyhnethionineSAM)

19. 5B 19. 3)

2.

3 5 - cdiGMP)

Camilli and Bassler ,2005 ) DGC PDEA

DGC PDEA

cdiGMP 19.6)
cdiGMP

3.

Curl and Truelove
, 1986 Vitousek and Howarth 1991 )

Paul and
Clark1996; Myrold1999)
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19.6 Camilli and Bassler,2005 )

Phillips et al. , 2003

Schimel and Bennett ,2004 )

de Kievit and Iglewski ,2000 )

y - Gammaproteobacteria )

P. aeruginosa PA01 ( Passador et al.
, 1993) Pseudo-

monas Jluorescens ( Worm et al. 2000 ) Enterobacteria spp. ( Rasch et al.

2005) romonas hydrophila ( Swift et al. ,1999) Envinia

carotovora ( Jones et al. 1993 Pirhonen et al. 1993 ) Serratia spp. ( Eberl et al.

1996) Vibrio spp. ( Croxatto et al. ,2002) 3 -

( Betaproteobacteria) Burkholderia cepacia ( Aguilar et al. ,2003 )

Chromobacterium violaceum ( Chernin et al. ,1998)

DeAngelis 2008

3 000

15% AHLs

533 24%

AHLs

( DeAngelis et al. ,2008)

^ -
1. -

1904 Hiltner
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chemotactic response )

Begonia and Kremer,1999; Bacilio - Jimenez et al. ,2003)

Berlin et al. , 2003 Bais et al.

2006)

plant growth promotion rhizobacteria PGPR ) PGPR

PGPR

Somers et al. ,2004)

PGPR Shrout et al. ,2006)

Bais et al. ,2004),

biofilm inhibitor) quorum-sensing mimics)

Bais et al. ,2008) QS

Watt et al. ,2006)

2. AHL

rhizosphere) /

Shaw et al. 2006 )

Hirsch et al. ,2003)

Pinton et al. , 200 1 Farrar

,

2003) -
Bais et al. 2004)

chemotaxis)

PGPR) Bertin et al. ,2003 Bais et al.

2006) PGPR

( induction of systematic resistance ISR ) ( Compant et al. , 2005 Haas

and Defago2005)

phytotoxins) mucilages) Watt et al.

2006)

2 ,4 - 2 ,4 - diacetyl - phloroglucinol ,2,4 - DAPG )

KeeletaZ. ,1992) NOD

Brencic and Winans 2005 )

AMF)
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AHL

AHL

P- aureofaciens,P.

chlororaphis P. putida P. syringae Burkholderia Serratia Erwinia Ralstonia

Cha et al. ,1998 Lithgow et al. ,2000 Gonzalez and Mar-

keton,2003)o take-all disease) Gaeuman-

nomyces graminins var. tritici
I

P- aureofaciens 30 -84 AHL

PhzI/PhzR ) phenazme )

( Pierson et al. ,1994 Wood et al. ,1997) AHL

Csal/CsaR) Zhang and Pierson,

2001) P./mf;(/a R/mn^fa IsoF WCS358)

PpuI/PpuR AHL 3 - 0X0-C12 - AHL)

Bertani and Venturi ,2004 )

3.

Cubo et al. ,1992)

no^f "1/^^
2005; Zhu "a/. ,2003) M;2o6;iim )

Mesorhizobium ) Sinorhizobium )

Marketon 2002)

( W/u'zo6ium leguminosarum bv. "icZae)

4 mi>/u'd/i tra) 6 AHLs

C7-HSL) r/u' pRLlJI r/ii7?(ZuA;/? r/iZ";c/

r/iL4BC AHLs - HSL - HSL

- HSL( Lithgow et al. ,2000) RhiR rhiABC

3 - 0H - C,4:i - HSL ( Wilkson et al. 2002 ) Daniels 2002 )

CNPAF512 rai cin 7 AHLs

2007) Sinor/iizofe^um sp. 1128)

Zra/

Sinorhizobium medicaeWSM4\9 Luxl ( autoinducer

synthase "ra/ 2008 )

Sinorhizobium me<ficaeWSM419 Smed560

tr«2

AHLs

(Lithgow et al. ,2000 ) ( /?/u'2o6i'um leguminosarum bv. viciae )

r/iZ4fiC /?/i;zo6;"m
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Lithgow et al. 2000)

4.
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A B C
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C:C -30 synthetic furanone( AHLs
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AHLs

Pisum 5a«it;um) AHLs

Rodelas et al. ,1999)

2006; Degrassi et al. , 2007 Teplitski et al.
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AHLs Degrassi et al. ,2007)-
Bauer al. ,2005)

g

19. 7B) Z)eZt'sa pu/c/im)

Givskov et al. ,1996 Newton and Fray, 2004 Bauer

and Mathesius,2004) ^ 19. 7C)

Bauer al. ,2005) AHL

Teplitski et al. ,2004 Mathesius et al. ,2003)

4^ 1
20 90

QS
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1.

2008)

( Kelman et al. ,1999;Koh et al. ,2000) 21. 1

Wang et al. ,2008)

Epifamoef a/. ,2007)

Wilson et al. , 1999 Assmann et al. ,2001a;2001b)

2.

Koh

( 1997) 100 8 8

21. 2)

Wang et al. ,2008)

1996 Doshida

2003 Nagai

Suzumura Halichondria japonica Bacillus cereus QN03323

YM2266183 YM2266184

Nagai et al. , 2003 Suzumura et al. ,2003) 2004 Mitova
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12 d

100% (Nan et al. ,2008)

( 2004; 2006; 2005;Jin " aZ. ,2003) Jeong 2000)

( Com//;mz /n7uZt/era ) Cochlodinium polykrikoides Gymnodini-

um mikimotoi Heterosigma akashiwo Prorocentrum triestinum

2006 2007 Wang et al. 2007) 2

2006;

Wang et al. ,2007) Wang 2007 )

3

2.

2005)

9
1215-'6,91215 -5787117127) -
' 5Z11Z14Z17Z) - 5Z8Z11Z14Z17Z) -
' 5 mg/L

(2006) 18

6

Suzuki ( 1 996 ) Neodilsea yendoana )

1 mg/L Mo/Mwtroma ox-

ys/)erm"m) Alamsjah 2005 ) 37

hexadeca - 4,7, 10, 13 - tetraenoic acid

(HDTA) ,octadeca -6,9,12,15 - tetraenoic acid(ODTA) a - linolenic acid

3.

(1)

Nagayama( 2003) 150 mg/L
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30 min 98%

(2)

2007)

SOD, CAT

POD) Li(2005b)

SOD POD

(3)

Schmitt 1999)

Li

2005b)

2007)

(2006) a

4.

Wm pertusa)^

?^
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Enteromorpha clathrata )

(

Porphyra tenera )

(

Grate-

loupia filicina ) ( Z/ami'nart'a japonica ) ( Undaria pinnatifida )

Sargtmum fusiforme) Sargassum pathen ) 8

S. costatum ) Gymnodinium breve )

EC5 0.97 g/L 1.08 g/L 2

1.45 g/L

2. 95 g/L( Wang et 2008a ;2008b )

EC5 0.08 mg/L

- GC - MS) 9 -

CisH^, 28.45% ) Ci6H22 04 18.58% ) 17 -
'
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C,8H360 11. 18% )o

EC, 2. 5 mg/L
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10

EC, 1. 1 018/1^3.9 mg/L( 2009)

FT Ca2' Mg
2
+ SOD)

MDA)
K+ Ca2+ Mg2+

2009)

if^

(

1.

P/irag-

mites australis ) Typha latifolia ) Szczepanska 1987 )

dihydrophenanthrene ) ^ ( tetrahydropyreneaglykones )

Delia Greca et al. 2000;2001)

McNaughton, 1968)
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EC5 29. 7 g/L( 2004b)
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Kong et al. ,2006)
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Aliotta e aZ. ,1990)

( Cangiano et al. ,2001 2002 Delia Greca et al. 2001 )
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Sand - Jensen, 1990)

Scheffer e« a/. ,1993)
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2005;2006;Jin et al. ,2003;Xian et al. ,2005 ;2006a;2006b)

Berger

and Schager2003 ) o

Wium - Anderen et al. 1983 ;Jasser 1994 1995 )

Jasser, 1994)

Ki3rner and Nicklisch 2002 )

Mjelde and Faafeng 1997 )

Kulshretha and Gopal1983)

Grace and

Wetzel, 1978 Smith and Barko , 1990 Weisner et al. ,1997)

Gross et al. ,1996;Nakai et al. ,2000)
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Planas et al. ,1981)
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( Gross, 2000 ) Gross 1999 Smol-
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Saito et al. ,1989) Aliotta 1992)

Nakai et al. ,1996)
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1996;Gross 1999) Nakai
et a/, 1999, 2000), tellimagrandin 11

Gross and Siitfeld 1994 ) Nakai 2000)
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Crawford ,1977; van den Berg et al. ,1998)
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( Scheffer et al. ,1993 van Donk and van de Bund, 2002)

Wium - Andersen et al. ,1982)

Wium - Andersen et al.

1982 Wium - Andersen ,1987) o

Forsberg 1990)
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C. gZo/m/ari'O C. tomentosa,

C. delicatula C. hispida

C. gZommxm) Nitzschia spp.

(Dodds,1991)o

21. 1

21.1

(

Eichhornia cras- C. reinhardtii 1992;

sipes ) Scenedesmus spp.) 1988; 1990; 1993

( Alternanthera

philoxeroides

)

C. reinhardtii) 1988

(
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Najas marina
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LrlOSb ct (IL. , ^\J\JJ -
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Fischerdla
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jtr iA, -f+r Tiesr

Etchegaray and Ra-

bello,2004

Lithophydlum

yessoense )

Kim et al. ,2004
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Berger and Schager
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2003 ;Mulderij, 2003

C. glome-

rata )

Nitzschia spp. Dodds,1991

(

^corus tatarinowii

Scholl)

Greca et al. , 1989

He and Wang, 2001

Li, 2005

a

Hong, 2008

(
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thiopica )

( S. capricornutum

)

Greca et al. ,1990

Typha latifo-

lia)
Greca et al. ,1998

(

Acorus tatari-

nowii ) 1999
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( Fischerella )

Etchegaray and Rabello ,2004

(Cy-

peraceae )

Gross et al. ,2003

( Zantedeschia

aethiopica )

a- a -

linolenic acid)

S. cap

-

ricornutum )

p ,7-1 nnoGreca et al. 1996

( linoleic

acid

)

S. cap-

ricornutum

)

Greca et al. ,1998

p/i-

ragmites

communis )

2- 2004a;

2007 a 2007 b Li 2005 b

1.

/V-- 2 -

a a

1993) A

Qa— psn

2009;Inderjit and Duke ,2003 Inderjit and Nilson ,2003 )

2007a;2007b) 2 -

ethyl -2 - methyl acetoacetate EMA )

0,

0,

02

EMA

0.25 mg
1 mg/L EMA

EMA 4 mg/L

EMA
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0.25 mg/L 1 mg/L EMA

EMA

2

EMA 3 24 h 21.7

0.004 jimol CO2/(109 • h) 0.25 mg/L

1 mg/L EMA 0.031 0.032 jxmol COz/UO"

• h) EMA

EMA 0.25 mg/L

11 EMA

EMA

0.05

0.04

0.03

0.02

0.01 Mm
0.25 1

/(mg*L-i)

21. 7 2 -

Choo et al. ,2004) ^
EMA

EMA" " 21.7 EMA

EMA

CO, 0,^ 2007a)

EMA 3 0: 7 h

02 0.379 EMA 0,

4 mg/L EMA 02 0.262;

EMA 0:
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EMA 02 0. 34

EMA 02

EMA ^JLmol

0/109 • h 21.8 EMA 4 mg/L

50%
EMA

EMA

0.6

0.5

0.4

0.3

0.2

0.1

0.25 1 4

/(mg • L'')

21. 8 EMA

2.

Fistarol et al. ,2004 )

Galindo et al. ,1999;Dayan et al. ,1999

Burgos et al. ,2004)

EMA K+
Mg2+ Ca2' EMA

K + 120 min 0.5 mg/L 2 mg/L

EMA K+ Mg 2
+ Ca2+ K+Mg 2

+ Ca 2
+

0.5 mg/L 2 mg/L EMA K+ Mg2+ Ca2+ EMA
K+ Mg 2

+ Ca 2
+ 1.5 ~2 EMA

Li and Hu2005b)
EMA 21. 9) EMA

K+ EMA
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/%

C14 16. 57 ±0. 35 8. 17 ±0. 12 ±0

C16 2 ±0 ±0 11. 93 ±0. 44

C16 33. 68 ±0. 09 26. 95 ±0. 21 16. 8 ±0. 22

C18 3 23. 31 ±0.64 29. 56 ±0. 29 ±0

C18 2 11.46 ±0. 81 30.41 ±0.06 30. 26 ±0. 25

C18 1 ±0 ±0 18. 85 ±0. 14

C18 14. 98 ±0, 32 4. 9 ±0. 18 22. 15 ±0. 31

C14 4. 66 ±0. 06 7. 77 ±0. 05 ±0

C16 2 ±0 ±0 7. 21 ±0. 04

C16 22. 04 ± 0. 13 25. 04 ±0. 37 11.4 ±0. 27

2 mg/L
C18 3 37. 68 ±0. 24 29. 17 ±0. 22 ±0

C18 2 25. 91 ±0. 51 32. 1 ± 1. 02 42. 88 ± 1. 54

C18 1 ±0 ±0 28.46 ±0. 33

C18 9. 71 ±0. 05 5. 91 ±0. 65 10. 05 ±0. 03

* "C" ""

4 mg/L K+ EMA K+

EMA 3 Mg
2
+ Ca 2

+ K + EMA
Mg2+ Ca2+ Mg2+ Ca 2

+

EMA

0.25 0.5 1 2 4

/(mg* L— 1)

21. 9 EMA K'

21.3 EMA 3
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EMA
2

C14:0C16:0C18:0C18:2C18:3

16:0(16:2(18:0(18:1(18:2("("""
21. 3 EMA 3

EMA C18:3 C18:2

23. 31% 1 1. 46% EMA

37. 68% 25. 91% EMA C14:0

C16:0 16.57% 33.68% 4. 66% .22. 04%

C18:2C18:1 30. 26% .18. 85% EMA

42. 88% .28.46% C18:0 EMA

EMA

(Li and Hu, 2005b)

EMA

EMA 21. 10 EMA

EMA

EMA

EMA

A X6 000 B X6 000

21. 10 EMA

A. B.2mg/LEMA (C: CW: N: INc:

M: S: V E: 21. 11 21. 12
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EMA 21. 11A) EMA

21.11BC)

21. llC)o 21. 11D)

21. 11A) EMA

21. 11CD)
EMA

( 21. 11D) EMA

2006;2007a;2007b;Li and Hu 2005a;2005b)

6 0(
J' :

cw

21. 11

CW

<6 000 D
I-

E

x6 000

EMA

A. B,C,D. 2 mg/L

EMA 21. 12) EMA

EMA

2006;2007a;2007h;Li and Hu2005b)
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21. 12 EMA

A. B. 2 mg/L EMA

EMA

3.

Friebe 1997) ATP

EMA SOD)
21. 13 2007a; Li and Hu 2005b ) EMA

(0. 25 mg/L) 3 EMA

SOD EMA 0.5 mg/L

SOD EMA 4 mg/L

SOD 0 EMA 2 mg/L SOD

EMA SOD

EMA SOD

SOD 3 EMA SOD

EMA
EMA 3 POD) 21. 14

EMA(0. 25 mg/L) 3 POD

POD POD EMA

EMA 4 mg/L POD
4. 2
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/(mg • L"')

21. 14 EMA POD

EMA 3 CAT) SODPOD
21. 15) EMA CAT EMA

CAT EMA

CAT 2

U
'

' ' ' '-12 3 4

/(mg • L ')

21. 15 EMA CAT
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