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Abstract Both nicotno s and neonicotmno s acton the insect central nervous system as agon ists of the
posisynapt nicotinic acetylcho line recepbrs (nAChR s), but there is a distnet difference betw een the
selective tox icity of wo groups Nicotnods are high toxicity to manm als while rather lin ited n
nsecticilal actvity On the oher hand neonicotnoids possess highly insecticidal toxicity and low
toxicity to manmals As a result of this mode of acton there is little or no crossresistance to
nsecticides used n fom er times such as pyretho ds chbrinated hydrocarbons organophosphates and
carbam ates N eonicotino i insecticides have made a great contrbutbn to manag ng some of hemost
destuctive crop pests in he worl, inchiding specesw ith a bng histoty of resistance to earlierused
products To date neonicotino ds have proved relatively resilient to the devebpm ent of resistance
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[1]
( thiaclopril) ,
(cbthiandn)

( tham ethoxam )

( m dacloprd)
(acetam prid)
( nitenpy ram )

( dno tebaran)

Table 1 D iagnostic doses of midacbpri for som e pests know n to devebp resistance to insectiiles”

Ben isia tabaci

1

Leptinotarsa decen Ineata

91

[8]

[71

( nicotnic
acetylcho Ine receptors nAChR s), 1
11
’ M yzus p(—“:lrsicae[2 3 Aphis go ssypiim
Phorodon humuli'™ Bem isia
’ tabaci*® Trialeurodes vaporariorum

1

Species

D iagno stic do sé

B oassay systen

Reference

M yas persicae 15mg /L Leafdip (6-w ellplate) N auen et ;1112]( 2003)
( ) ( ) (6 )
2. 5 ng /aphig Topical( ) Fosteretalt®! (2003)

Aphis gossypii 13mg/L Leafdip (6-w ellplate) N auen et all 2/ ( 2003)
( )
Phordon humuli 13mg /L Leafdip (6w ellplate) W eicheletal * (2003)
( )
Bemisia tabaci 16 mg /L Sy stm ic biassay Cahilletalld! (1996)
( ) ( )

Img/L Leaftdip Rauch etal ® (2003)
Trialairod es vapo rar b um 5 3mg/L Sy stem ic bioassay Goman et all”l (2001)
( )
Leptinotarsa d ecan linea ta 8mg/L Anifical diet (lav ae) 0O kenetall8! (2000)
( ) ( ) ( )

0. 2H g/bett( ) Topical( adult) N auen et all?! ( 2005)

( ) ( )

" Diagnostic doses were given as LCys_o i all cases exceptT. vaporaromm (LCg,) (

LC’~?3~ 99)'

LCsy



Neo 3 197
10 3
12 18
[3]
2 ,
o
L21 SFHigHiH 15mg/L )
[11]
2
2
Table2 The resistance of nsectpests to m dacloprd
2
Species Countries or areas devebped Resisant kvel Reference
resstance o i ddacloprid

Bem i@ tabaci ( )
Q type(Q ) Spain, Italy, Gemany, M onaco 100> 1 000 folds(aduly ( ) N auen et al 14! (2000)
B ype(B ) Califomia( se kction for5 generations) 17 fold o adult) Prabhakeret all '3 ( 1997)

Leptinotarsa d ecan linea ta

( )

Plutella xylostelh
( )

Laodelphax dritellus
( )

Nihparata lugens

( )

Lygus hesperus
( )
M yamis persicae

(G

Aphis gossypii
( )

M a crosiphum avenac

( )

Bean 5@ argentib lii

( )

M usca dan estica

( )

Blattela gem anic

( )

D o sophikh m elno ga ster

( )

( 5)
( selecton for 24 generations in lab)
( 24 )

Isreal V enezuela M ex ico and
Brazil G uatem ah

( selecton for 9m onth)

( 9 )

North Am erica and Europe
Long Island

Japan ( selection for5 generatons)

( 5 )

Japan ( cross-resistance)
( )

China

Chma( selecton for 25 and 35
generations) ( 25 35 )

China

A rzona

Zimbabw ¢ America Southem Eumpe
and North Europe

China ( selection for 16 and 18
generations) ( 16 18 )

Chma

InperilValky( selecton for 32
generations) ( 32 )
cross-resislince

cross-resistance

cross-resisance

80 foldy aduly)

21~ 874 folds (‘aduly)

58 folds (‘adult)
126 folds ( adult)

30 fody hwae) ( )
13 fold hrvae)
100 fold« aduly
150 folds (‘adult)

110 foldy hwae)

18 fold adult)

15~ 20 folds( nym ph)
( )

70 and 250 folds(aduly

70~ 475 folds(nym ph)
100 folds aduly

18 fold o adult)

5 and 10 foldy adult)

4 fold adult)

82 fold« aduly)

4 fold adult)

4~ 6 folds (‘adult)

8 folds (‘adult)

Rauch etal ¢! ( 2003)

Bymeetall'® (2003)

0 ken et all®! (2000)
Zhao etall7! (2000)

Ho llingw orth et all'¥! (2002)

N insin et all 19 (2005)

Soneet all 2% ( 1995)

Shen et all 2! (2005)

Liuetal?(2003);
Luetal 31 (2005)
Shen et all 2! (2005)
D ennehy et all %! (1996)

Cox etal'” (2002);
Fosteretall® (2003)

Pan et all 21 (2000);

Y uet all B (2004)

Pan et all'21(2000)
Prabhakeret all 131 ( 1997)
W enetall 1 (1997)

W enetal 1 (1997)

D abom et all®! (1 2001)
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58 , 9
Aphis siraeccla 3 126 ' , 1993
, : B
4 : 2 , 1995~ 1998
16 , 1999
, 5 Ll 2000
[ 31 32
18, 10 2001~ 2003 L B
s Nasonovia ribismigri
> IperialV alley B
L2 2 JEHE , 15
600 ', , 24 (17 ), 24 80
, B B )
, B. E:urgentifoliiI 7B (3134 35],
s ( finess
’ ) penalty)
: 111 1996
20 35 , ,
730 . B , 3
“Q” B 5~ 10 2002 B
, ( BR-02)
, 361 > 1000 78
B 0 RAPD-PCR
[28 14] , , Q
, [6]
\ 2003 2004 ,
, , >
100 B
A lnern Q Q
20 90 100
[14 30] 7 ,
; “Q” 123 BAFFRH M ,
Rauch '
, 1995
, 2000 2001
(ESP-00) 2001 (GER-01) 0 , 30 " Zhao
> 1000 L ,
301 1284
142 129 B 100 13 Hollingworth



No 3 199
150 , 2
21
3
.24 AWK ( carboxleseterases C aifs) S—
20 90 ( glutath bne S-transferases G ST s)
9 Laodelphax P450 ( eytochrom e P450-dependent
striatellus monooxygenases P450s)
, Rauch '* —0- (a-naph hyl acelate,
18 [20] a-NA ) —0- ( a—naphthy | butyrate, -NB)
Liu 2% , Cark ,
Nilaparvata hgens 25 s 70 B RSR-02
, 35 250 . B
[21] ( ) Cark , USA-B VEN-02
Caill USA-B
475 179 180 70 , ) ISR-02 Cak
Q Cal
2 4 (CDNB)
GSTs , B USA-B
LCS() s s
20 15 L2, USA-B
7- P450 ( Schame
125 HAE S 3o & ey it 1), ;
: 100 [ 0- :
=4, Frankliniella occdenta lis £99-2 11-99 P450
Heliothis virescens 24 27 Q ESP-00
[37. 381 GER-01 39
5 110 54 B ISR-02  P450
7 86
110 243 7 ,
[ 25] [26] , P450
Scheme 1
N ) ~
H{C:0 0" o : HO 0N
7- ethoxy-coumarin(7- ZE - FHEEK ) 7-hydroxy - coumarin(7- B -FEEK)
Rauch ' P450
: [Fc) Q :
24 h TLC , 5 ,
5 ;

( Schane?2)
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Scheme 2
H
> N NH
| \“/ P450 | S N___NH
Cl N N N Y
\NO~ Cl N\
- NO:
imidacloprid( Atk Hubbk ) 5-hydroxy-imidacloprid(5- F5Entt, duk )
nA ChR )
P450 P450 , Dabom 20
[26] 3 [ 6]
. [23]
s P450 P450 L )
Cyp el , Pedra (] nA ChR
.Cypbgl ,
Schu lz-Jander 1401 " R (R) (S)
P450 CYP3A 4 nA ChR s
, 5 , ['H] S nA ChR
Cyp g1 Cyp3a4 R ( 16 7£1.0 Q34%
) Q 2lmol/Mg , 49 )
0 B 5  nACIR (Nlal ~ Nh4
[41]
P450 NB1), R S DNA
: P450 : R nPAChR 2 (Nlal
, Cak Nla3) 151 (Y)
GSTs (S)), Y 151S PCR
23 mAChR Y 151S
, a B2
LCM SM S nA ChR : ['H]
, LY 1518 nA CHR
[42]
nA ChR
L 3
7 , (24 1993
Rauch '° [*H]
, Q ESP-00 :
JER-01nA ChR s
1.3 L7 )
1 000 R s
nA ChR
nA ChR H 7
20 70



Na 3

201

[ 45]

1996 -

[34]

20 ; ,
[3]

’ [4]

[5]

[6]
13
[7]

, P450 , P450

[8]

MAChR Y518
. Y1518

nA ChR s

[10]

MO Jian-chu( ), CHENG Jia-an( ).
[ J]-Acta Phytophyhcia Sinica (

), 2003, 30 9196
Nauen R, Ebert A. Euwpean monibring of resistance to
common classes of insecticides in M yas persicae and Aphis
gossypii (Homoptera A phididae) w ih specil reference to
m idacbprid[ J]. BullEntanol Res , 2003 93: 47-54.
Foser § Denholn I Thonpson R Varaton i resgponse to
neonicotinoid isecticiles n peach-potato aphids M yas
persicae (Hem ptera A phididae) [ J]. Pest Mang Sci 2003
59 166-173
Weichell Nauen R. Monitoring of nsecticide resistance n
dan son hop aphids Phorwdom humuli Schrank ( Hem piera
Aphididae) from Geman hop gardens[ J]. Pest M anag Sci
2003 59 991-998.
CahillM, ComanK, Day S et al Baseline detem naton and
detection of resisance to inidacbprid i Besisi tabaci
(Homoptera Aleywdidae) [ J]. Bull Enbmol Res 1996, 86
343-349.
Rauch N, Nauen R. Biodianicalm akers linked o neonico tino id
cross-resisnce n Bean iskh tabaci (Hem plera A leyrodidae)
[ J].Arch Insect Biochem Physiol 2003 54 165-176.
Goman K, Hew itt ¥, Denholn ] et al New developm ents n
msecticie resisance n the ghsshouse whitefly (Trialeurodes
vaporaribrum ) and the two—spotted spider m ite (Tetranychus
urticae) n the UK[ J]. PestM aang Sci, 2001 58 123-130.
Oken ER Dwely G P, Nelon JO. Baslne susceptbiliy o
m idac bplrid and cross resisance patems in Cobrado potabo
beetle ( Colkptera Chrysosn elidae) populatons[ J]. J Econ
Entomol, 2000, 93: 447458
Nauen R, Denholn 1 Resistance of insect pests o neonico tino i
msecticides cument status and future pro spects| J]. Arch Insect
Biochan Physiol 2005, 58 200-215
Cox D, Devonshire A, Denholn [ et al M onitoring of
mnsecticie resistance n M yas persicae fran Greece [ A |
Proceedings 6th Inemational Synposim on Aphids in New
M illenim [ C]. Rennes France 2001.



Vol 8

[ 11] Nauen R, Hungenberg H, Tolb B, et al Antifeedanteffect

b bgical efficacy and high affmiy binding of m dacbprid to
acetylcholine receptors in bbacco associated M yzus persicae
( Suker) and Myas nicotianae Blackman ( Homoptera
A phididae) [ J]. Pestic Sci 1998 53 133-140
PAN W en-liang ( ), DANG Zhthong ( ), GAO
Zhan-Iin( ),etal []].
Chin J Pestic Sei ( ), 200Q 2(4): 85-87.
YU Cathong( ), LIN Rong-hua( ), WANG Ka+
yuan ( ), et al

[ J]. Acta Phyobphyk cia Sinia
( ), 2004 31 401-405
Nauen R, Ebert A. Resistance of Benisia spp. (Homopiera
A kywdidae) © insecticdes i southem Spain wih specil
reference to neonico tino ids[ J]. PestM ang Sci, 2000, 56: 60-64.
Prabhaker N, Toscano N C, Caste S ] et al Selcton for
m dacbprid resistance in silverlaf whiteflies fran the perial
Valley and devebpment of a hydwponic bibassay for resisance
monibring| J]. Pestic Sci 1997 5t 419-426
Byme F J Castle § Prabhaker N, et al. B ochem ical study of
resiance o in dacloprid in B biotype Ben kia tbaci fran
G uaten ah| J]. PestM anag Sci, 2003 59 347-352
Zhao JY, Bshop BA, GraphiusE J Inheritance and synergisn
of resistance to m idacbprid n te Colorado potaio beetle
(Coloptera Chrysomelidae) [ J]. JEcon Entanol 2000 93:
1508-1514
Hollngworth R M, Mow&Sancher D, Whalon M E et al
Comparative phamokinetics of m dacbprid n susceptble and
resisant Colorado potab beetks[ A]. Proceedings 10th UPAC
Intemational Con gress on the Chan istry of Crop Production[ C]J.
Basel 2002, t 312
Nisin K D, Tanaka T Synergisn and stbility of acetan iprid
resisance n a hboratory cobny of Plutelh xybstella [ J]. Pest
Manag Sci 2003 6L 723-727

[ 20] Sone S HatoriY, Tsuboi§ etal D ifference in susceptibility to

m daclprd of the population of the snall brown planthoppes
Laodelphax statellus Fallen, from various bcalities in Japan[ J].
J Pestic Sci 1995 20: 541542
SHEN J i liang ( ).

[R/OL]. (www. natesc gov.
cn), 2005.
LuZ HanZ JWang Y C, etal Selection for m dacbprid
resisance in Nihparval lgens cross-resistance pattems and
possble mechanisns [ J]. Pest Manag Sci 2003, 59 1355
1359
LiuZ, Willanson M S, Lansdell S ] et al A nicotinic
acetylcho line receptormutation conferrng target site resistance to
m dacbprd n Nilaparvata igens ( brown phnthopper) [ J].
PNAS, 2005 102 8420-8425
Dennehy T J Roussell ] S Susceptbiliy of lgus bug
popukltions i Arizona to acephate ( Onthene) and bifenthrin
(Capture) wih rehted contrast of other nsecticdes| A ].
Nasvile T N. Proceedings Beliw de Cotion Conferences[ C ].
1996 2 77776
WenZ M, Scott JG. Crossresstance b m idacbprid n stains
of Geman cockwach (Bhttella gemanica ) and housefly
(M usca dam estica ) [ J]. Pestic Sci, 197, 49: 367-371
Dabom P, Boundy S Yen J etal DDT resistance inD rosophih
comrehtes wih Cyp6gl overexpresson and coffers cros-
resistance © the neonicotinodd m dacbprid[ J]. G enet G enan,
2001 266 556-563
Perng T M. The Ban isia @baci species complex[ J]. Crop
Protect 2001, 20: 725-737
Gumao P, Beitia K, Cenis J L. Bbtype detem nation of Spanish
popuktions of Ben iva tabaci. (Hean ptera A ky rodidae) [ J].
BullEntanolRes 1997 87: 587-593.
Denholn I Cahill M, Byme F J et al Progress wih
docum enting and combating nsecticide resisance in Bean isiaa
[A]. Gerlng D, Mayer R T. Bemisia 1993 Taxonany

Bibgy Danage Control and M anagem ent| C |. A ndovey UK:
Intercept 1996. 577-603
Goman K,W ren J] D enholn I Charactlerzation of neonico tino
resstance n Ben isih tbaci from Span[ A]. Proc BCPC Intl
Congr Crop SciTechno] C]. 2003, 2 783-788
LiAY, Dennehy T ] LiX, et al Susceptbility of Arizona
whiteflies to chloonicotinyl msecticides and GR s New
developments in the 199 sason[ A ]. Menphis T N. Pwoc
Belw de Cotion Conferences| C]. National Cotton Counc i
2000. 1325-1330
LiAY, Dennehy T JW igert A M, et al Susiaining Arizona’ s
fragile access in whitefly resistince managenent| A |. DuggerP,
Richter D, M en phis T N. Proc Belw ide Coton Conferences
[C] Natonal Coton Council San D iego, CA, 2001. 1108
1114
Palumbo J C, Howw itz A R, Prabbahaker N. Insecticidal contro |
and resistancem anagem ent for Banisia tabaci[ J]. Crop Protect,
2001, 20 739-763
D emehy T, D enholm. Goak achievem ents and futre challenges
of the Arzona whitefly resistince m anagem ent progran [ A .
M enphs T N. Prceedings 1998 Belw ide Cotton Producton
Conference[ C]. National Cotion Council San Diega CA,
1998. 68-72.
W illian s L, Dennehy T J Palmbo J C. Can resistance b
chbronicotinyl insecticides be averied n A rizona field cropg
[A]. Proceedings Belw ide Cotton Conferences[ C]. San D ie-
ga CA, 1998 2 1250-1255.
Horwitz A R, Denholm I Goman K, et al Insecticide
resstance in whiteflies current stams and mplication for
managenent] A . Denholn | loannidis P Proceedings of an
ENMARA T Symposiun: In canbating msecticide resstance
[C]. Thessalonkj G reece 1992 8996-8998
Zhao JY, LiuW, Brown JM, et al Insecticide resisance n
field and lhborbry strains of westem flower thrips
(Thy snnoptera Thripidae) [ J]. J Econ Enobomol 1995, 88
1164-1170.
Elzen G W. Changes in resistance © msecticidles i bbacco
budwom popultions in M ississippi  1993-1995[ J]. Southw est
Enomol 1997, 22 61-72
PedraJH F, Mchyre L M, ScharffM E, et al G enomew ide
transcripton  pwofile  of  fiekl  and  hborabry-selected
dchborod pheny ltrichloroethane  ( DDT )-resistant D 1o sophila
[ J]. PNAS 2004 101: 7034-7039
SchulzJander D A, Casda J E. Inidacoprid msecticide
metabolsm: human cytchran e P450 iso zym e differ in selectiv ity
for in dazolidne oxidation versus nittoin ine reducton [ J].
Toxicol Lett, 2002 132 65-70.
M orin § Kamnker I Lueke B, et al M olcular analysis of
multiple cytochran e P450 genes from the whitfly, Banisia abaci
[A]. Book of Abstracts EW SN II [M ]. Cavtat Cwatia
2004. 27
Nauen R, Salgabo V, EbbinghausKintsher U, et al
Thianethoxan & a neonicotnod precursor converted i
cbthianidn in nsects and phnts[ J]. Pestic Biochen Physiol
2003, 76 55-69
TANG Z hen-hua( ). Resstance of Insects to Insecticides
)M 1. Beijing(
), 1993.383-446

and its M anagem ent(
): Agriculure Press(

TANG Z hen-hua ( ), BI Qiang ( ). Mokcuhr
Behavior of hsecticide A ction( )[M ]
Shanghai( ): Fareast Publihing House ( ),
2003, 591-619

Hembach U, KrralG, Nianann P. Inplan entation of resstance
rik analysis of plant potecton products n the Gem an
authorization procedure[ A ]. Proc Brighton Crop Prot Conf Pests
Dis[ C]. 2000, 7B: 77F776.

(Ed. TANG ])



