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EARSTF L EDERITOWTOEMIIAERATH 2, BLBEOEEB S0
Bizb o5&, RFRAIOBRRENBANTVWI LD EEZ BISE, BROLTIC & o THRIA
EEREFIL, TORRAEDRREOEEEBERER I 2 2R, o, BEAlcHicx
SbDTHD. BT AOFMBADERRN, FEFCHEDLE - b OFEENE ROIERA
PELUCEBEEWERABLERC L VEST A2 L1k, RRESRICERT 3 REHRAE VK]
OFERARCETEAREELEZREITI L LD b, BEERI LM LARY, BREEORS
HEEESTERY. BR, OWTHHREOCRAB RO T RAFIZY, RECELED

60



%Twﬁ$ﬁf%5kw5%ﬂﬁﬁbﬁo—ﬁ,%ﬁﬁ@%ﬁ@bm<éaw5ﬁ#5m\
BTHIZST LB RBOZBHR TRV E Lz,

3. 2 ZBAEFEOCTE
(1) aFZTHAL T

AABMREA P CHD AHFTHA THTHE, 1980 £RIC72 D FHY CAERERHERL
7o (EAF - Sl 1983) . W ¥ 7 H A =i ® Toyama R#tik. 1983 £ E LR TOHED
A¥ET5, ARY HEI—NAL MIHTIREEIMETRITRETHS (Takahashi and
Yasutomi 1987) , & < iCHHY VHI~OEFMERE LS, F4 7V Vv EBRIRRICAVE
ARV VEIOTRTIE 1,000 fEE X HESIEERT, FRY VHICH LT Toyama HfiL
FERREOCE LWEFMER, ERENLLERRICHLES 17 BRICHET I av=—THR
XN T3 (Yasutomi and Takahashi 1987; EEZ 5 1991), KB TOERESMOEYELIC
vy, ZOLIRBRNVERESRELZL b D EEXILNS, BHAREREERRTEF L
)V IRF 5 —EOBRHMABSHOBETICH Y., MIIAVEEIINT AT F—EOIFEHERAS
5 LT3 (Takahashi and Yasutomi 1987) (X 3) , 7EFAa Y V= RF F—F
(AChE) 1388 Y LA & H—1_ AL FIDOEBOERATH S8, Toyama RO AChE ##%
BEEZELICFRY VAT IBRZEETEZE LN L BDHo T3 (Mamiya et al.
1997, FA T 3T g vATHLERAETIIAH T AChE BETF ded Bru—=17
S, TOHROMETT 2/ BERICLIBRZEETEALMCRoT, abEZThAzhiC
BWThTrawda vz dee WREPUEBEETFRE | REAKCEFEET IS, AEOES.
T CHEBZHOWEERZE L0, 82 REALICHFEEL, Ace LITMICRRE
RTHENTERE dce2 BIETFTHL T EHFEERLMPIZR o7 (Mori et al. 2001
Nabeshima et al. 2004) . Ace2 BFEIHE Lﬁ:ﬁﬁ@fﬁﬁqjabﬁ{%il\ FERSTHOER &AL E
N3 12073 )BEBRAREINRTWS, 1980 ER%BIO—RHICHEIESSRN ciRe
ENaHETHATHIERY AEREEZRTEEDE, YT/ M), 7= MY,
_RARXA R RO VRS FRlIcbEWEREEZ R LE (8 - ©F 1989) .

(2) 7HA TRt

FTAREREPLRET BT AT I DOEEY AR 1970 £RPLBEPHE > T
b, BEODENVRECRETIF A ok, BROEERCEST, RV BBROREE 2
B b EHERZECEFNREZ, FH A TH D Shinjuku FHEiT 1988 EiT MR HEEA
D 1 H>OENOETHEAE-C COREKITERTIFHR) VABERERKTHY . £ OHE
Y RNC L TR 100 fFE iz eh 2B 5B TT (R4 (llk 1989) . ZZCik
20 U ERDIEYV AR L RCLBRARIToNTEY, TOBRIOIIEFRLAD
TR CRERESREE L LB D5, RIFHICR CV ORI SO TIEAETY
BESTON., BEFEEMA L TOARVWEKIE-A, BAER Lo & bHEL TIThh e iEKiE-
C. BAEIEAE-C WRRIERWEKEB 0BT, SBEHRY VEIicsh 2 BRI
BEhic, TORBE, bol bEFMNE LY B E Y RR- 2 FARRT BIER MR,
. {57KHE-A, -B, -C ®NEIC, 22 &, 170 £%. 690 f5ToH o7 (L. 1989) . FEFIHEEL
raun=—THoRBL, ThENERIERELVERLELWIFHRIZ, FIA 5%
AOERRE L JREN BT IBRMEMEZRR LI DELZONS,

Shinjuku FHEICH bI5H b REFHEER X =27 5 —POEMEMKICH Y | Est-B 45
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- FDRE 30 ZISEES S ANTHEE L, FRICHA L TEEBICELA SN 3K S BERSREA
L RTINS L CESICE< 22 TH 5 (Kono and Tomita 1993; Tomita et al 1996),

1981 FILY UV T ITETCRESH, TOH% 20 HREDEVVA Y R EDIFRE
NTBEEZ TRy FAATIDE VAR A FIERERSKE JPalper DR TH, ~L A+
Y2 DDTIZ LT, FNEN 2,6004% & 300 W mWEFMELZ T LE, ZORKETR
AA MY VBRI S o L BEMRL TV BHBIBIEF 7 0 s P50 OFEHBRCHBRE,
DDT EFREIZIZIEEAFEE L THRY, £, ZoRRORRICBT BRI Aa%E
FWTRENIERERED 100 40 1 BERCHEE > T (Kasai et al. 1998), AZ#HicE
A LVRRA FRZHRE L DDT iokf§ 3@ RERMEE L LT, SR imicdt
BRETEER L LT, TIVBERERICB L ST M Y ATF ¥ U RNVEREORTARE
FHTW5S (Hardstone et al.2007) , ~ OEDOERIEHELA = A_ATEIMCRNTETEN,
kdr(knock down resistance) & LiZh THE Y, TOHF VA TOMHIL Miyazaki et
al(1996} & Wiliamson et al(1996)iC & ¥ 1 TiThh /o, JPal-per RMOEIL, A =D
kdr BEFERTL (A7 3 J BB B FTRLTC) LeulOl4 Efi73 Phe ~ L4k
L7 2 BhiEE E(Leul014Phe) 2 b0, DAETIE, RULER2 L OF A hR, %
e OB LN X B Leul0ldSer BEE L OF I A = DFEPHER SN TV D (Kasai et al.
1998), 77V A, AV 7HER. B —o vy MR CHEESWAEARRAEREFE M o/ =
7 (Culex pipiens pipiens) \ZBWTIE, ZHE T HA TH D dee2 BT L RIEOT EF NV
2 YT RFF—F (AChE) b, BB~V F T oA =h BT 5EH L ITARTYR
WERLIZ 1207 L ) BEBREAFEBELTRNWEEN, ZOBERI —A A MILFEY
VENCIERRA R LT DT I LN & i (Weil et al. 2008), BAD 7 41 = b FEREDEL
HREITIL. AChE iCBIT ZIEHER T OFELS D & Z 5P D HILTHRL,

(3) f==8x <

BHHEORER & CRBICE 3 0, BEMASE. SERE. ARIENEE > BE Y
gL, A= RKEIREEL, TREBERLRZTNIZORVWEFOEETH S,

FRE P REFEIEES NG TR, AT R YA LRELRET A 2R 5D
BT MABAET > TE . ZORDIT 1970 ERPLEDNIAHY LHICH LT, £ 5
Hbhd L5 RBERENEREELE, B rbERASh eI FIT o, ¥ATP 7,
7z = b FA TR IR B ERERREEL T AR, BERNET LY., LabbEiEns
PERD D LITETRRS. FAFRTRY Ab&P0 7 nF AR AR kG0 RET
EATWBZ ERbh5E, 22Tk, 1985 ENbBETAS SERT7ILRY v ET ==}
- uFFORERIBFEREN, Fh, A= BKECREELERHIRBICH LTHE LR
A FRIREDRER, ElRus PRI 3 EREORERTEE T ok, LHL, ¥
CvRuAf FERZET N VAF Y RAVBET, kdr (Leul0l4Phe) DEEZFHELLER
Tit, 1988 FIZOBEBEFAMDTHRIHEN (1%), ZO%KLICEERTE D, 1992 FiC
I 18%ICE Lz, TOBEGETREETHY. IB%OBRCTHETOBEETFIREESEL A2
> TIEFHEEZRTORERAD 36%IELIRERNEDI, BrRud FROHAHETELT
FERShND Z Lk Rbok, DRAROEERE CIX. kdr BEFOFTEAGSEREICE
LTWBEVARA FEfitda v =— B EEFER ST 5, kdr B XY b & bIUREEIME
T4 5 superkdr BOBEFHHALPCENTEY .. superkdr Bf5FiX, Leul014Phe Eif
DAfLIz Met9181le DE#E IS (Williamson et al. 1996), |

" oe2



REEINDEBEOL = ATEANPLERLZao=—%2H LITLT, 57 o kA TERNRE
HE4To 0z YBOL REEDA TIL, FHEY LV HBERSHOTEFAY VR F F— P RE
L, 2 207 I BEABERY Y ABBRZECERLE LTEEA TS Z L AR SR
(Kozaki et al. 2001; 2002), 7=, $IEFATVFEROY ) FuX i 7 = L CENEEEfT»
7= YPPF ZREEO =ik, AHNCR LT 880 ffoEtEE2 R L7, ARMOL ) Ik
7 = VIEFMOR L A ERIIMEEREDT L n b P40 OFEM LFICX o7 (Zhan et al.
1997; 1998) . BY /X7 = VI X BBBRERIE L A LRI I RHBA T ATKHIT,
BESEAHZZESEI0RT2REREBEEZ b OB T TIcgEhTneZ Lich b,
BATORERE SR T 1998 FICFE L, A= ATIRERT S X F UHRAERY 7 1~
VAU AEFMEO SR8 cn=—Ti, RAFIH LT 21,000 fEHM EoEREELERLE
(Freh - BAIE 2000) . HUREREIEHIZE ST M A = AT RN, VTRV An L TE
RT3 Z ik o T HAAIEHRMED RD RHEAELN TS (Shono 1988) , Zi b D
B on——rENRERRICES TS VAN X a EREEERIIE L TR, 3k
@@Eﬁﬁ%ﬁ%ﬁorﬁﬂ%ﬁﬁﬁﬁmoP%o%ﬂﬁﬁkﬁwﬁ€#ﬁﬁéhrw
(Pimpriker and Georghiou 1979),

(4)??Aiﬁ#7)
tvzu4}%&&ﬂmbm@@ﬁ#f)m%kimﬁkmwanéi9L&otmm ~2
A RYREFRENE 1986 FELETHD, VA M) ERHRG ETAERADF A TN
L L. FEAFTE DI CoN. FRAShIBREA LR, 1981 FITKRF T2 LD
VOSBARETFTLEF ¥+ A ARXIFTYREEL, TOan=— R R) ZE SFEER T
FREMERATRELE 6 TR, ElAnd FREFICH L TORE 20 OBy
AL, 2nETICELRYEBERAERLD EEZONLERY REA., DDT, BI Wy
BHC I3RS cho7r (FED 1988) ,
%#ﬂ%:#7)@ﬁ&ﬂﬁﬁﬁ&wbhé%@kowtﬁﬁﬁﬁ%fﬁﬁb B
& IDso EEHEBLTHS L, FHY AR LT 10 FRE, ¥rXod FETH LTk
20~30 EREOEFMLEZRT I LHBE, INLOPICEREFEFRROER DL X
hiebDbHY ., Z0X D R -ANORBAEREEASZACHEEL TV L5165,
F 2 REIXFT VDL ATA FEFEDOERERE LT, FAROF MY Y AF ¥ XL
OEETI L 2RSHETABLMCERLTNS, YLReS FEREF +\XIX7 Vi
BWThHF M) DAF VRV A0 kdr BETFERUBEBRAE LTS (Miyazaki
et al. 1996), -

(58) 7H#~<VF3
1%2$L7I/b)/mb#@%—wtb"““ﬁ%ﬂkbftﬁénru% TR
5 IRBEROBRAEHIPIEE -7 1981 EOBETH 2 FT 4 TAOY— 7 R FKARIT,
1980 A D# I D ITIZH 2 FAEIR Lz, 1990 FARICR Y REBEEIIMHE L, ELEHs
Db o7 1999 FTIIRBEEN 1 TAZEL ., RAFEOBERIIOHFNAEEZEETD L.
EROBBFEIIFHCERL OS2 ED 10 FEZDND, CLiug FRAEYTFI
EEEH & LTRAWTWAESE TR, 1990 ERIEREOHRER D Y. —HoE CiiEmntt
BEARIRIB L 2o T, bRETIE 2000 FidET7 =/ MY IEREIZETAF
Biiehote, 2001 F5 2003 FHT TRRE., BHEIR, HAEROBBEFEIOE
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BETHII5I 20 au=—ZonTT7=/ b VEBSHERELE D5, 3:n——ﬁﬁ
FitEChok (EED 2003) , FEEAVCHEEMEIC LY 3 MEAEET-TRDEY
=/ bV D KCE. KCsofE. KCoo fHix, ZHhF4. 20, 33, 54 mg a.i./m? filter
paper THo7 (BEH 2003) , 3 w0kt n=—0FhFhizd < &b 400,

1600, 3200 mg/m? DFEETEK o7/ (Tomita et al. 2005). , BEHFRRLLED KCiiEE
E#c§52, Zhd 3 2OERME D v =—OEREIZD2L< &b 200, 800, 1600 %
LHWRTHILEBTES, VLAuAS MEGBOEARTH DT I VAF ¥ VR, Z
o 3 DoEREar =— @ TS 4 BEAIAELTET 2 /7 BREBHRSBOD bR, AT
T O kdr BT % RN LT R BEAITERSE LTV (Tomita et al. 2008),, Zivh 4D
DEBRD S B3 OBXE7 v VU FEOCEHET ¥ <7 2 0EH#(Lee et al. 2003) & —FK L7,
INBORTHR Y AF ¥ U RVORERET & bk b BRI OV TR Th 525,

D3 HO 10, Thrb2lle BRBREERD AT HOE VA uA FEFMEASKICEE 2R
JBERLICE TR L M—ChokZ &b, $2< &b ZoBHROBRIE~OBERHL B
hﬁoﬁﬁ\bﬁﬁmﬁwfm\71/FUV%%%ﬁ%%&T&???inmzéwﬁéﬁ
k%w%o&%ﬁéhéﬁ\%&wﬁﬁﬁ%%tﬁﬁﬁmﬁﬁ%éo

3—3 EE%%H&@@&&%#@EL
ﬁﬂ%ﬁwﬁﬁﬂ@ﬁﬁ%ﬁmbétbkbgﬁﬁﬁwmﬁkowfﬁmé

(1) uty MENICBT A2EER '

9, SRLTIAEORZERKEAFZL, AR (ERERRE. LERRE) Tty
BIELER (i3 v 7 FU R OEFICO>NWTT ey MERETT . BALDERLT
TEBHLETAVERD S BB RERRZ/OILET, BEATHRA LT =—21F
TR L AT AT D &k\W%®¥ﬁﬁE%%IDm(itﬁLQmem&&)@
LR BEMREOEESEE LTRD, ThaiEfitkd LTET,

FAREICHEXT 5 2 = — B3R BARZELC SOV TEENICHE TRVWES (ThbbiE
- hitk e BREMEORGEATHLES) ik, B TERAEGE-ECE| oNSiRE Rhil
Btk & R EOBEEROREEPB L ELH 5 L) ARBW TREANRMER S B2, B
TARGUE IR AT IE LVDEE E VA2V AREE TS Th5, TOBHIE. ey
v MEFREE LTV BEMEL, BRaRROMNS L+ 5EAREAARSEICE L THEE »
ZDERERONENOTHD, BEUESYHREREZRAVERES T, RARSE -
Ry M IEFRNI ETHRERMERL, THEARYR-RTER] HSEIVSES
FHBEH<, TR LT, BEERERD 2 00EERN LRI BAEREZAVWESAIK
i, EAERE-FECE] BEX 2 20V 7Ef FESRZH I THARREFICAL.
S EBIE, TNENOBREEORKD LD EICHYREVEDIBSITE, BEEDTT b—
CBWHERELD, TOFT SRR T R ERRERORR SR DRELERT, B
EHEORZDEHEOBERILRIREAEATHS I LI1X, F—I THARSE—~ETES
Ey M OEREF~OEGEORE, BEBRERR L LB LT o vy NEROTFATHE
DORE (EEOICE, EatEEr b 588 Taan=—0galR, ey FNEROEX
PPAELTRB L) OREPLIEHTE S, RAFERERFERETOLR T, LIZLIEES
KEXBDONDEDT, Tty METICIEREZH I BLERD S,

(2) =EANBHRH
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BAEHICHE TS am :—EEWT;&H&%U%J%W?M‘S LBETAZEEDD, TOBRL
WH, HREESTLrazno—ZEERTWRP - REFERETOREZ LT T, BB/
B Lt R £ RS L %ﬁﬁ%ﬁ@%%k&ifé LThHBH, BERTCRERD=
r=—0 TRAR—-FBLE) WEERLERL. BRSO, LEWRELWERESE
STRBELTWL, BRIEASHREZANTIT I DELRRBECTHNIEREINICITY &, LEN
RO S BICIEFERETFHEL LT M TE S, -

(3) BRSHRHKE

n4j7;ﬁ4mtmnﬁ%&@ﬂﬁﬁﬁ%%mﬂmr%tw% v BAERE» D DRER
%kowfﬁtkﬁﬁﬁ%#%ﬁiﬁéﬁgm%éo_D%Am\thﬁ&tﬁﬁﬁwﬁﬁ&
BROVEARET S, —HOMRERRIC > TEELTHRART CX 3RBENES. T34
Tl & REDR E RERE L TS LIS 5, EIMBICAORSEET~, MEECRZHTH>
EFELO—HIE VT BT, Th b BB L W 3 % R i E RO E
ENRKEDSTTA VEET, FOFRIESDVWTHREDR L TRERREZRVIEL. 5K
BRI T D, —ROMEREIC Lo THEEL THRAET TE AV REEOESIL. EFAE
T AR B OMEE ERE L CTEIFT 50, 4 T A BOWTHIITIMALREL, AniatEmns
FLLORTESHECS 3%, AERBREIT), JORBRKFETE, TR LUEEFOED
BEWRRBTHBED., BEOPRNPESL Z LITPeE2 22, ELRuf FRELFDE
| AAOBRMEETI S &3 L. SERSSHE bEASHEERTILAS., 20
k5 72att, EHoEFMBREFEar=—nEBRN TN Z ik, B LW FHhE
B oLl D, BRI BEEOBKOMA IS TES T A, R ERY R
F R R EVENAEEBETOREESRIC Lo T, AXBRICHEORANIETHS, 20
WIS B L RO T A v BRI L, BROBRFOBRTERLRRAT S
EREE LW,

3—4 RHFWEGHEORE

SuHOBE - BRZ, FRORELTIREA~OBUPELT THRL, A~DREMEL
EMBEOREFLERLTRODONTEY . FEAREF- THEDRTINERLRN, T+
SRR TIIPABBIT QTR D TR, HIRINZRD/N S VR RET Ok & s
TAHZE IR RN, —F., BRGEEZ LT3 HIEHEOREEBATHAT S WD
T ELELEZRTTZ LRV, BIMREORVAHIIE, BERCALL W Ean=—
¥R EETARTau=— 2 AV, BN CEEARRAOLIRRET, KR
CEmD bRE, BRI D EDEREN L SR TWAR CEMRON OB RA, F e
BAAOE RRBMOBHROREFCH Y BLHRETHD, BEEH LTV BREADOS
HEEVERLSEENT, BEREREREET SN0, B 3ERAROR A 2IEEC
FERALTHLZE (r—F—vay) BEdbh3, BEDREICHT 3HORICHERTEE
hu—F—a v O—FIER LITRLE, |
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K1 FRARCHET SR AFEREO S THRE

fERRA FiE : {ER 955 hAl ER
TEFAIY TR (WESFIREE | ER) LA, b— |7 I BER
T T —F ' 2SA A B
F Y TAF R | RERERE EVvRoA K, DDT* |73 ) BEH
% .
v T L BEBREEE M T ARE |y -BHC*, vy ruPx |7/ BER
' | L Ry
WMERNVE L ZRE (HRE GIEFALEEEY | FRAERY
' DEFHEESIL A
sy
B.t. SABREEHE | LR Bacillus thuringensis (|#&EZEL (FEHII
& : BT) #&*

* BE, AT REBRAICIERER,

®2 FEERCETLRHAEN OS> TS

KREEH)
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% 3. BORAUEFIE = 5 7 2 4 =0 OIAIRRE (KIS ROBERBER)

B sl LCso (ug/mL) bk ®US)
RERFE (S BELURE B
Y A .
F AR A 0.0008 >100 >1,300,000
Fe=huFFy 0.008 21 27,000
TzvFty .. 00014 - 32 23,000
v S FAy 10.004 24 6,000
FATO) - 0.015 48 320
H—sSA A R
HASYN | 0.27 14 53
FaRs R 0.095 30 320
vVirrRadf FE
SR PY Y 0.0024 0.0028 1.2

Takahashi and Yasutomi (1987) & b %,
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& 4. BEBANEINET 7 = OFEFBRZE (Rilsh RORFERBRER)

R hA LCso (pg/ml) . e (R/S)
FERE (9 FEFRHE ® |
R A
Tx=buFty 0.01 1 100
T=yFEY 0.0067 1.1 160
v S5FFy . 0.03 10 340
FATT) v 0.032 12 36
TrapRA 0.014 .13 - 91
FRAKRR . 0.0008 0.17 210
ZuAEYERARAFN 0.0083 5.7 690
7 a ¥ Y IRREF 0.0002 0.028 140
FrREURA 0.017 3.3 190
FuFAER 0.058 0.49 8.4
F—r3A A A
TaRs AN 0.39 0.73 1.8
vrAnd FH
RA RV 0.0095 0.14 15
7= F)V 0.0087 0.28 32

JIE (1989) Lv&%E,

a8’



5 AT OREEFRGERIMUIESH = o =—ORBAREZME (B0 RBFTAEREC

X AERBRAER)
Z=AaA LDso (ng/fly)
SRS* | 1978% 94 | 19854 107 199242128
HHY A , _
v TFA 0.24 211.0 (880)| > 400 (> 1700)| > 400 (1700)
ATV 0.018 19.35 (1100) 11.2 (620) 4.7 (260)
Jrxz=haFty 0.029 12.40 (430) 12.3 (420) 70.2 (2400)
SIRARR 0.013 0.65 (5.0) 1.68 (130) 0.29 (22
FrFFERA 0.46 0.65 (1.7 1.02 (2.2) 1.9 (4D
vYLrvRuA FH
TVRY v 0.201 0.480 (2.4) 1.58 (7.7) 29 (14
TERY 0.162 0.352 (2.2) 1.38 (8.5) 1.8 (1D
AR RY v 0.015 0.019 (1.0) 0.031 (2.1) 0.055 (3.7)

#ZED (1988) BLU=ZE (1993) L v3E,

* R,

%6 Fy RIxTVORRFATEESHE R on

BRI ER R 2R T,

=—DFBARZE (REORFE

REC L 3R 5ER
F Al R FmA EHME
B A vrza.g FE
Tr=buFty 1.8 LAY 23.9
HELTYI v 1.5 dT80- VA A R VY- 17.8
T alR A 2.6 =/ Ry 25.6
Zuanv Y RRAAFIV 1.9 ThTZzrTRyy A 21.5
 JaAETRREFA 1.9 YIMRY Y 19.2
T rA A A (= o
FaRy AN 1.1 DDT > 6.3
BPMC - 0.8 v -BHC 1.1

FEDL (1988) kViE,

*R au=—DRZERTTHTD LDso fEDH,
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