- 15y K

Gifu University Institutional Repository

zﬂv J ART TN FDOREFMHEIUEIZEE T 5 ot

L

S5 jpn

HARE

~FH: 2017-08-09
F—7— K (Ja):
F—7— K (En):
fERE: WL, &
X—=ILT7 KL R:
Firi&:

http://hdl.handle.net/20.500.12099/53646




Fx /)AH T NI DFR BAFRGUEIC B 55

20154

Iz B R 52 K 22 e 5 2 R AT ZE

2RI



Fx /)AA T NI DOFR BARGIEIC RS 3BT



=}

BELEE JE S 1
’5’%‘ 2 % %%lﬁ][ﬂ%b:%”— 5$E%U@§¢$@§§ﬁ§ ............................................ 5
%“ 1 E’ﬁ WZﬁﬂﬁi&@{@ﬁgﬁ ............................................................... 5
1. *j‘*/l,&o\ji{jé ............................................................................. 6

2. %% ......................................................................................... 8
WOET PN HL DB RTE o 13
1. 1:4—*4,&U\j7{£ ........................................................................... 13

2 %Iﬂj:% ....................................................................................... 15

% 3 ’E@"ﬁ }_%g\ .................................................................................. 23
%38 IGR REBEAIROYT I FRBBANTK B IRGUEIE LD 27
B IGR BEEHIF - ovvereremer 27
1. *j*/l'&v\ji/jﬁ ........................................................................... 28

2 },f\—i'::% ....................................................................................... 30

%‘ 2 E/ﬁ :‘/77 i ]\%%LE%U ................................................................ 36
1. &Hq'&()\ji{ﬁ ........................................................................... 36

2 /ff\?::% ....................................................................................... 38

/ﬁ%‘ 3 E’ﬁ %3%3 .................................................................................. 43
#4F IGR RBRBAIL OV T I FRFEBANKS I D EWHEO B AR 50

3

’ﬁ‘g‘,“ 1 & IGR %;&LE%[J (517731 J :/ ]\ﬁu) ....................................... 51



*—/Vﬁﬂ) .............................................................................. 60

1. Mﬂ&()\jﬂi ........................................................................... 60

2 ff?:? % .................................................................................... 62

%“ 3 E’ﬁ %é‘i—g .................................................................................. 74
%‘ 5 % f%\/a\%%g ............................................................................... 77
:J"?Ié]‘ g .............................................................................................. 91
Summary ........................................................................................... 95
ﬁﬁf ﬁg ............................................................................................ 100



m~1

=1

i

T

=
=K

HREDOKFEWAEY TH DT v OFRIE, BASEICENT 126 FEAHMHILTND AN
(AARIEHBEM R B2, 2006) , —MH 722 $k B B B A 22 S D T [l CRiBRxt 5 &
BROFRHITZIOMBEETHD. 209 bk, FMORKBAEAA P EKIEN b 5F R
%, %/ 2 KU & X3 3,31 Empoasca onukii Matsuda (51 A 5 H @ F 231 F)
F ¥ ) XA 1T Y I U= Scirtothrips dorsalis Hood (7TH I ~H : 7HIv~<F) |
Fx ) 3BT E L N< K Adoxophyes honmai Yasuda (F 2 U H : ~"<XHF) |, KO
F ¥ /N~ % Homona magnanima Diakonoff (F 2 7 H : ~"~F TF) ZLOBKMEICIR SN
L. KR, EETIE, BRI TT ¥ 2 al s E oA~ FOLIEAEMIN DT
BY, AEOEEENEGE > TND.
FXYDEBEERTHDLT v/ ahTE XL, JRPEEZ O HoE TRIE
oY, ZORTELMEST S (R - IS, 1979) . ARETEEROREEL D
RIED I T2 b TUER) & 72 HDFEICHFEL, ZRARFITHFOLEFTRBILECIED
KT EOBRAeWEE =59, AEOFTMYIT 30 B 54 FLLE (KR, 1972 ;
F)IL - JFER, 1979) &b 90 LA b (g4 - fH, 2003) & bHESNLTEY, BT
WD TNV, ZOHZIE, 7 RUREDORBE, IV REDOHFVH, oL
DIEEH, X2 VR EOBRFENREENTEBY OKRE, 1972 ; Il - FIE, 1979) ,
B LEOBEBER L 70>TWD., ¥/ A TENATIOSMIL, FEITARNOBEFLL
v, WUE, S, i, PR, BAE, ROBERSE, WA Cl3mE TR I
TW51EAH (Tamaki, 1991 ; H 6, 1982 ; HE%s - [ H, 2003) , FEAH7ZR0AM LA
ERPEZIZCDT OTICHAERTLHEEZX LN TS (Leeetal., 2005) . AR,
A IC IV TEE, FIC 4 HREBET 5. $hbb, lhoRARST, 4 AL
f~6 A bf), 6 A bA)~7 A ™A, 7 AAI~8 H TH), 8 H FR~11 A LfL &h,
RIREFIHh e T4 25 (B - S, 1979) .



LR, BRI ORFEM 2T X FERITH D2 ik s P LT, v/ ahs
FUNYFOLFEAMMDBHNTWND . BIzIE, FER TIIARICE LT, 2014 4%
TO 10 FERNTFT 4 B OFATRIEE RO FED STV D (FR BH E B BhERET, 2015) .
BUE, #ROF v EICBT 2 ARFEOBERTIL, @EF 4 BOSRORERICTT
vk R VR (LR, DAHR) BHRAEGIER (LUF, IGRA) U7 I FR#%
kA Al e UC, ARREIOZBAIRI Th T 5.

DAH % IGR AR NLE LV ZRET T=2 b & LTF a v HERIZRRN R
IS A R TR RAITHY, ZhETIZT T 72 )V RA, A RFT T/
Rl RO a~7x /Y REIS Efi&it T2 (Dhadialla etal., 1998) . Fiz, ¥

7 X RREBANIANREDO Y 7 ) O U FARITER U TR R IR 25 i Z
L, FiZFa v AIZEAEEZ R TERIMER DA THY, ZRNETITTIAR VT
FAIR O vZ v 7 =0 7 a— A0 B & T2 (Lahm et al., 2007 ; Tohnishi et
al., 2005 ; Cordova et al., 2006 ; Ebbinghaus-Kintscher et al., 2006 ; IEA, 2014) . =
AL O IGR R BAIR YT I FREZLBANL, T35 KEORE D vl RE 2@ INMER m AT
boHEEHIEBWMbEWZD (NI, 2012) , "X TEEZFIULHE LT a v
HEROBBBRIZ K E R WEBAITHD. L LS, DAHRIGRAIOF v /7 27
7N RITHT BB RO T 23, 2004 4EEE X 0 Bz U O & A EE > B
fif SR, FO—KE L TREBARRIIEDRENE 2 b,

BUEE TIZ, BBARIUEZ RS o ERL, ARV T 586 ff, bR

ST AIEE 325 12 LTV D  (Sparks and Nauen, 2015) . Fe23E TR
R L R E S FRE, HS0FER MO TWD (&, 1996) . AR TG
FIHCPIME 2 F8 2 S Bz 3 E X, F & = Tetranychus urticae Koch (¥ =§ :

X =8t) , =7 Plutella xylostella Linnaeus (Fa YV H : a7 HF) , EET 77 A
> Myzus persicae (Sulzer) (7 A LT H : 777 LAVF) ONEIZEFE N2\ (Sparks

and Nauen, 2015) . Zi#U5 OHFRAGIZE BARBENRMEE 2> TV D ERIZHOWN



TIE, BHWMERA I = X L OAFEOHENREIICED N TS, L LR b,
Fx /) akhyE AT FORDAMEGUEICE T 207813072 <, REZREBZ .

Fx ) ah v FORBAIEZIRTICOWTIE, §Hi RO —HF v EHT,
1986 fEIZ U — 3 A — MAI (BH5, 1988) , 1997 FFITHBEY AL B L 2w A RAINZ
T DREZMEDIKT &, NV AN RFEFR (LIF, BUSR) KU DAH % IGR AlZD0
T, BZMEOETZRRT AN HMESNTND UM, 1999) . LinL, 1997
LU, DAH SRORIFEAIL, N~ F THEVBROE#RAIE LA EH S TWL VT
I RRBRBA R EOFAID EfiE o d, AREOR RAIRES MO FEREIC BT 2 A
ITONTE LT, ZOFMIIAATHST. £/, AHICEIT 5 —H#H O BAIERGTH:
[ZOWNWTH, ZOAH=ZXLNIFEHSINBRNWEES HIZE S TV,

ERL72E 21, v/ ahrEAFTIE, 1980 1005k~ & &% RAHKHE
MEBICe> TS (BHS, 1988 ; /M2, 1999) . ZiLE TZ ORIBEITEH OB Y
R0 —HEICIEEE LT & 7223, 2O HEE OB PE > TRz 22 RT3 B E
ftL, BETH ZOEERITHVTWD . SR ITEEDOBIE - BERICES 232+
BER L IR OB, BEAAAITE T e S HTBLAI OB SR A b M O e = & 2348
ESH (BR, 2012a; K, 2012) , EHEBRICHEDR DL FAREERHD. 20 LD
227 MANRTTEORIBEIE, FhAMRICHET 2 BEAE LD TEELRRETH D,
BIFER D ENIT 5 728 , BEBITEBT D FNE O BFHRGUE 2 FE I fE
THIEBRMBERARTHY, Fx /aBn I ENATHFIZOVTHRKETHSL. X5
(2, BEAE KR O AN 3 2 B O R 2 2 I3 2 72 9D DGk #E (Comins,
1977 ; Taylor and Georghiou, 1979 ; Georghiou, 1983 ; #i7K, 2012a ; #AK, 2012b ; |1
A, 2012) IZBEFLZELHRODOENTVD

Z T, ARBFETIE, BRI Y ) ah 7 E o X OKBARRGIEDE
REZBA B NI T D700, BNEHID B EREE U 7o ARRE (8 RRE O R AR M 2 MoE L

o (2% . MO TREE CTh o7 IGR ZRAAIKL YT I RREBANZD



W, PR EORBZA LN T D E L bIT (B3 &) , BitkoB kL
oL (B4F) . B5SETIE, SonMmAEZLEIL, Fy/ ahrzZEsN
~ X OF% HARGE DR A MRIT T 5 & & HIc, Hez SR sk oo AR (8 (R BE 2 Uk o
BERRERMEREI T TV I RREZBZE L.

AHFFED EE 2 fEFE, PNILS (2013) , Uchiyama and Ozawa (2014) K OV -

/N (2015) IZBWTREFLTNA.
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o 2 T FRE RIS DRk AR ME D S

Chs

WA, FRi R R IR Z e LT, Fx /a2l 7 E N~ XOELFRAEMIA D
WTWW 5. R OTF v FICEB T 2 ARKFEORLERCIE, @EE 4 BlOY)H oA R IC
DAH % IGR HI° V7 X RARBR Az el & U C, Ul OF AR 23T o T
L. oL, ZhbiEmAID S H DAH £ IGR AlOARFIZ K4 2 BRI R DK T 23,
2004 FEE L 0 HoZ JRHII O KA PEE s B IR S AukaeD, £O—RE LT, FKBANERS
LERLIE NN = oY a Wil

Fx ) aB T EFUNATXFORBFEZHETIE, ZhE it cidgEshn
2 WAEICIRW T, #MARO—F v EHIT, 7 — A — M (BH5, 1988) ,
Y H, B A A FEIKLOBU % & DAH % IGR Al UM, 1999) (Z%Fd 5%

SO T 2 RE T RN S Tnad. UL, T4, DAH ROBEAICVT

141

RRE A 72 EEREOFANN i s o ®, RO BANEZ MO ERICET 55
AZRFEITAT LN TR, £ 2 TAETIE, AHEOLIRAEMPNFFIEEE T, APE
755 5 DAH 5% IGR AN K3 2 BRI OAR T 235545 S 4T 2 Brz JiiHius o 7
¥/ ah 7 A FEEEEZ OV T, 2004 4-~08 4223 T DAH % IGR A% Hb
IR RFNEZED FEREZRAE L. S 51T, 2009 FE~11 F2hF TiE, RNEHOMHE

ABZ O W TRBRICE AR ME D FERE 2 A L 7.

5 1E BRSO BE KR

Z ZTIE, 2004 HE~08 AEISHT T, BUZFHIK O Rl — PO F X / a7 8o
< FERHEEZREL, T v OBEHKBAO T OARICET O H 5 IGR R BAl, &
7R RRBBA R T OMATER A OGE 16 ANSOWT, HHRE L €D 4 AR

REIZB T DR A 2 A LT,



1. MHRVAE

(1) {HEEAE

e ] L A U o0 SR AR (B AR RE & LT, 2004 4E~08 FEDOfB4E 6 A TAIC, &BH
MG A OBMT v (LT, BHRFK) LV, Fv/ah s <XiEmi (P)
30~100 BHAHREE L=, BRIEE, BP0 (1991) OFFIEICHE-> CTRMREE L. & Al
B MEREICIE, R (F2 £7213 F3) @ 2~3 finsh a3 U7z, stBEAREE S L C,
1960 AT SRAF B A - BF A8 SERF 0T &8 AR TR O F v [ THREE - BRREEE S
AU, 1980 AR ERRE LR AR ARIFSE AT AR S0P J0 1 o 2 — o & Ll tk, BAREH L
TR MANEZ R (SRR D 2~3 a2 L. WIFhoR# b, ATH
Bt (A&7 X LFS, AARETYE () ) AL L THWE.

(2) HEAZRHF

F ¥ DBEFRBFNOT NS F v ) 2B 7o <FIHEAOH 5 RHA 16 iz
A L7 (Table 1) . ZHHDOFBHNCONT, KiEKEZHAWNTHR LW HRE L X
D 4AERRIED 2 JREZAER L7z, L, MO Lz, ok, X ToRnA4
DERFNZDWTIE, LT, FIBA 3BT 5. E 70, B BAIOZBHIZ- DU T, Insecticide
Resistance Action Committee (IRAC) /3% (Sparks and Nauen, 2015) (ZfE~>7=
(3) HBRANRZMERTE

R MANBSEPERRE L, /M2 (1998) D FIEICHE U T, i B B ARBAN B JE T 4% S
Jot v # — N O RIREEHU T v [/ HERE Lo B2 7 v OREE W7o F v BERIE
RIS 0 FEhE Uiz, F v 34 FTE OIRIKIC 10 RNRIE L CRELHE, B2 o7 i
A2Fm— ) REE (NEE 78mm, TES 44mm) 12 6~7 F AR, 2~3 o ftathnz 10
SO L., FYyEOGEES S EDISBERMEDZRWETHLE, EERE (25T,
16L-8D) |ZHfE L7z, TN a KWL 3 ET 1772 (B35 3081) . IGR Rk HAl
BT 2 RRFHBANCONTIE, QU 3~6 BEOWT A1 HE 8 HEN10 B

O3, AFERHELZ. ZNDLORBANT, Fv/ ahs T mn<xITx L TES



Table 1. Sixteen insecticides used for susceptibility examination

Classification” Formulation® ~ “0Al Manufacturer

Insecticides
Diacylhydrazines (DAH)

Tebufenozide F 20 Nihon Nohyaku Co., Ltd., Japan

Chromafenozide F 10 Mitsui Chemicals Agro, Inc., Japan

Methoxyfenozide F 20 Dow Chemical Japan, Ltd., Japan
Benzoylureas (BU)

Lufenuron E 5 Syngenta Japan K. K., Japan

Flufenoxuron E 10 BASF Japan, Ltd., Japan
Diamides

Flubendiamide WDG 20 Nihon Nohyaku Co., Ltd., Japan

Chlorantraniliprole F 10 DuPont Co., Ltd., Japan
Organophosphates

Chlorpyrifos E 40 Dow Chemical Japan, Ltd., Japan

Acephate \W% 50 Arysta LifeScience, Ltd., Japan

Methidathion E 40 Syngenta Japan K. K., Japan

Profenofos E 40 Syngenta Japan K. K., Japan
Pyrroles

Chlorfenapyr F 10 Nippon Soda Co., Ltd., Japan
Carbamates

Methomyl \\% 45 DuPont Co., Ltd., Japan
Spinosyns

Spinosad F 20 Dow Chemical Japan, Ltd., Japan
Avermectins, Milbemycins

Emamectin benzoate E 1 Syngenta Japan K. K., Japan
Pyrethroids

Bifenthrin 'Y 2 Ishihara Sangyo Kaisha, Ltd., Japan

* The IRAC mode of action classification (Sparks and Nauen, 2015).
® E: Emulsifiable concentrate, F: Flowable. W: Wettable powder, WDG: Water-dispersible granule.



72 R Z R L, B 8 HRIC MM BIER Shizizw, B2 EFED ) E
IR 3 B H OLEE 10 Ak & Liz. 7ok, 74X U7 2 RANZ OV T, MREZBE
i L72 2005 4F & 06 2 DOWTIE, Bk L7z X5 IZASEDOHEIC 10 HE ST 25 Z &0
HH L TWedotzlzs), B 7 HRICEEIRAEROHEZITo7-. £z, ZOM
OFBHNTITLE 2 AKX T BEO 2 FIAELAZTE L, HEERAEFLOHEITIHAE 2
[EHOMEE 7 Bk & Lz, 7ok, WRIRISSEHR E LTiloT-. £ mHAl, FRETO

BE LT Abbott (1925) (12X VW HHIE L7-.

2. #ER

(1) IGR RERHFI

Table 2 |Z, & H R/# K OB A RHIZIIT 5 IGR KF Al 5 FRIZxh3 2 % HiRE & =
D 4 ERHURICE T D HIESE R (LT, JERHE) 2R L. BRRMKD IGR R
Bl S FEICKT 25 HIRE L 20 4 f5ARIRICIIT 248 10 B ORI, 3T
100% & 72 V&SR @D o7, GGRRMOT 7 7 = /7 ¥ FANZxT 58 R EIZ IS
HALER 10 £ OFERRIT, 2004 0D 96.6%7> 5 2008 4EIZIE 7.14%IC K& <K TF L7,
GRRMD 7 n~7 =/ ¥ RANCRET 2% FIREICR T 208 10 A#%OSERET,
2004 40 93.1%7> 5 2005 1L 25.1%ICKE AR T L2, BHRMO A h¥v 7/
Y RANCxET 28 R I3 24080 10 A OSERZEIE, 2004 40 100%75>5H 2008
BT QA% T LIED, 7772 /) P RAIKRD Y v~7 = 7 ¥ RN A TES
PR TOREIIT/ NI otz —JF, GHRKONLT = Xa AFITT 55 HREICER
T HALER 10 B OFEHRERIT, 2004 40D 100%I2%F LT 2008 4E1% 96.4% TH 7=, ¥ H
REDTNT = ) 7 A0 CHENTKET L HREICI T 248 10 B #% 05 R =R, 2004
D 100%I%F LT 2007 1 96.0% Tho7-. Zih BU KD 2 FITIHE, BIH 7R

SPEDETIEH LR T.
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(2) 7= FRERA

Table 3 12, 5 HRME VBB RIMICIITH VT I FARFKRHF 2 FEIZKT 25 HRE
LD 4 EFRIRICB T DM ERRLREZ R LT, @BRRHEDO TN TT I RHIED
rnuZ o b7 =07 u—VHNIKT W HIRE & 20O 4 fERRKIC ST D08 8 H X
O 10 HEOIERRIE, §XT 100% & 22 0 &R &7, BRBRHRD TN
7 RANCKHT 20 HIREICB T 208 7 B (2005 - TN 06 ) F721L 8 HLZOD
FERERIT, 2005 ED 86.2%70> 5 2008 EITIL 73.5%ICIK T L. £72, BHRKDO 7L
NPT I FANSHT 2 W IR T DA 10 B DOFEHRERIT, 2007 4D 96.8%7)
5 2008 1T 85 2% AR T L, 4 5 IIKICIR IS HIRIZERIRIT, 2007 £D 51.6%72 5
2602%ICKRESIKT LIz, 2, 70T b7 =Y 7 m—/HE 2009 412 b1
TRERS T2, BB R CTIIME & FhE L Tuau,

(3) Z D& FERRA

Table 4 |2, % HRHMLEOGERMICIIT D, £ OMAFER DA 9 FEIZ 6k 2 5 R
ELZ0D 4 ERPKICHBIT DMIESEREZ R L. &BARMTIE, & HREOLH 7
ARICBITDIEREN, 787 = — FHILQY vv7 = F ELHFIZ RO 2 7 F#1T 100%
R VMR m ol B, B@ARHOTEMIREOWLH 7 ARIZBIT5T7T 87 =
— MO v v 7 = FEAFNCKRET 2R ERIE, Wb 96.7%% < LIS ML S
Motz A RO HREIZ T 5 2004 4 & 05 FEDFE RN 90%LL &R LIZ0
L, Z7uanr b URAH, a7z /KR, 7av7 oA, AV INAH, AE
J W RAl, =~ A7 FUORBEBREAL O 2 b UHID TR THST-. E,
%5 B RO H FHIREICI T RN 90%% FRI-7DIE, 77 z— MK RAF

HFFHID2HKI T o7~
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Table 4. Effects of various insecticides on Adoxophyes honmai populations collected from tea fields of Shimada-Yui in the
Makinohara area of Shizuoka Prefecture

Insecticides Dilution® Days Corrected mortality® [%] (V%)
(Formulation®, %AlI) e Shimada-Yui strain Susceptible strain
treatment 2004 2005 (Kanaya)
Chlorpyrifos 1,000 2 100 (30) 100 (30) 100 (29)
(E, 40) 7 100 100 100
4,000 2 96.4  (30) 444 (30) 100 (28)
7 96.3 55.6 100
Acephate 1,000 2 371 (28) _e 756 (30)
(W, 50) 7 80.8 — 96.7
4,000 2 357 (29) — 6.70 (298
7 7.40 — 25.0
Methidathion 1,000 2 3.0 (30) — 96.7  (30)
(E, 40) 7 46.3 — 100
4,000 2 118 (27 — 495 (27
7 20.4 — 71.0
Profenofos 1,000 2 9.4 (29) — 100 (29)
(E, 40) 7 100 — 100
4,000 2 92.6 (28) — 963 (29)
7 96.2 — 100
Chlorfenapyr 2,000 2 100 (30) 704 (30) 767 (30)
(F, 10) 7 100 96.3 96.7
8,000 2 357 (30) 296 (30) 211 (27)
7 14.8 55.6 39.8
Methomyl 1,000 2 926  (30) 815 (30) 93.0 (27)
(W, 45) 7 100 96.3 100
4,000 2 393 (30) 778 (30) 763 (29)
7 44.4 81.5 86.7
Spinosad 2,000 2 551 (30) — 739 (28)
(F, 20) 7 100 — 100
8,000 2 321 (29 519 (30) 28 (27)
7 100 100 100
Emamectin benzoate 2,000 2 100 (29) 100 (30) 100 (29)
(E, 1) 7 100 100 100
8,000 2 100 (27) 815  (30) 100 (29)
7 100 100 100
Bifenthrin 1,000 2 519 (28) — 100 (28)
(W, 2) 7 9.3 — 100
4,000 2 371 (28) — 87.0  (31)
7 77.0 — 100

* E: Emulsifiable concentrate, F: Flowable, W: Wettable powder.
b Upper numerals are ordinary dose of each insecticide.

¢ Corrected mortality by method of Abbott (1925).

4 Number of larvae tested.

¢ No data.
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F28H RASZHOEKRE

%51 HiTIE, 2004 ££~08 £E(2T T, F B IO B B R ATIC IS 1T 2 B HUAl
M ERA L. 22T, 2009 F~11 FChiT <, RSO TF v/ a7 %E
AR EREEAZRE L, IGR RSB, U7 I NREBRALOZ O MR B o

AR 2ANZSWT, FHRE L £ 0 4 EARREICB T 5% BAIRSZ V2 it L7e.

1. MHEREUVAE

(1) HtEEARE

B IR D4 T v FEHINC 35 1T 2 BIHERAEMEARE L LT, IR 9 Rt 16 AR AR L
72. 2009 FE~11ED 6 AN D 9 BIZHT T, #MTZERKANE (BLF, WHECRHE. 2010
Fo 1 EIERE) , JIMRARTHIA (LUF, #4746, 2010 00 1 BIERE) , EHEA#A
(BLF, MRARRHE. 2009 & OV 11 FE0FH 2 BIERLE) , BHEHTEGR (LT, & H R
2009 4, 10 4F, 1146 A KO8 A OFF 4 [EEAE) |, 45)11THT A IR O #k i b AR vt
FETREME R ¥ — (LT, ATGRHE. 2009 RN 11 FDF 2 BEHE) |, 2R
Mg R (LAF, fSlRRHE. 2009 4F, 114F 6 H XU 8 HDFt 3 [EHk4E) , #)Ii L
NHE (BLF, BRI 2009 0 1 EIERE) , WM (LUF, MR, 2009
Fo 1 EEREE) KON RERAL (LUF, SR 2010 00 1 [EIERE) O ITLH
FrEEY, Fx/abrer<FifkR (P) 224 20 BHLL EESRE L. £
IRk, BA (1991) DOHIEICUE> TRMREF Lz, HAFESEZEREICIE, %R (F2
FIITF3) D 2~3 sz A L7e, A MEEREEE LT, @ARMD 2~3 gz
R Lz, WPhoR#Edb, ATHE (f &2 % LFS, BABRETE (k) &) %
& L CHW .

(2) #EERA

F ¥ OBEFEBFNOT NS F v ) ah s o< FITHEAOH D5 BHA] 12 fa it

L7 (Table 5) . ZHHDOEHEFNCHONT, KBEAZFANCHR U HAREL -
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Table 5. Twelve insecticides used for susceptibility examination

Classification” Formulation® %Al Manufacturer

Insecticides
Diacylhydrazines (DAH)

Tebufenozide F 20 Nihon Nohyaku Co., Ltd., Japan

Methoxyfenozide F 20 Dow Chemical Japan, Ltd., Japan
Benzoylureas (BU)

Lufenuron E 5 Syngenta Japan K. K., Japan

Flufenoxuron E 10 BASF Japan, Ltd., Japan
Diamides

Flubendiamide WDG 20 Nihon Nohyaku Co., Ltd., Japan

Chlorantraniliprole F 10 DuPont Co., Ltd., Japan
Organophosphates

Chlorpyrifos E 40 Dow Chemical Japan, Ltd., Japan

Profenofos E 40 Syngenta Japan K. K., Japan
Spinosyns

Spinosad F 20 Dow Chemical Japan, Ltd., Japan

Spinetoram SC 11.7 Sumitomo Chemical Co., Ltd., Japan
Avermectins, Milbemycins

Emamectin benzoate E 1 Syngenta Japan K. K., Japan
Pyrethroids

Bifenthrin \% 2 Ishihara Sangyo Kaisha, Ltd., Japan

* The IRAC mode of action classification (Sparks and Nauen, 2015).

® E: Emulsifiable concentrate, F: Flowable. SC: Suspension concentrate, W: Wettable powder,
WDG: Water-dispersible granule.
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(3) FRANBRZMERE

BBANERZERE L, /M2 (1998) OFIEICHE LT F v BERIEIEIC LY, KEF |
i & [FIBRIZ S0 L 7.

2. fER

(1) IGR RE R

Table 6 12, VN HIOME AR &K OB RO IGR Rk B Al 4 FEIZ5F T2 8 IR &
D AERHIRICB T DHIEFRFEZ R LT, BRRHD IGR ZR BA 4 FIZxT 5
HHBEOFBEL, WTNb 100%E 72 0 BN @ o 7o, BIHEREREIC OV T
X, 777 = Y RANCHT 2% RIREIZR T L HRFEN 100~2.90%% 1~ L, A
TREZMENRE S Bieolz, BHRERKO S H, AFN O HREICK 25 RER
90%% Flalo 7z (BEEDOT — 4 13 5 RFIIRFFEOT — 2 25 L=, LT )
DITHIA RHE, MR, B HRHE, BUCRHE, MAoIURRKE, PR OSEHE R
MD T RMTIhoTo., KRN LTIE, Bzl AR, BR, BRKEOHmGIEN
%) EHRLE LT, ZLORMTEZENMET LW, £, HHFEOT —F M0
b DIARA, BB R, BUCRHKE O 5UERHE TIE, FROREIZHE > TR RE
PMME T 2EmMB RO, BHHEERFKO S H, A MXT 7=/ Y REICHT 5%
BT P REIT 100~49.4% %~ L, R CREEZMENRRIRSToNT 7 7 = )
Y RANZEBE TIE A h otz BIHERERTKO OB, A ¥ 7=/ ¥ RO R
FEITKRET 2 RN 90% % FEl > 7o DITMARRH KL O HRHD 2 R Th o7z, F
e, BEEDT—=20305 4 ZHD O 5, MARKOY; ARHE TIXFEROBIEITHE > T
FERHEN 10%LL KT L7 b 00, BIGRHEK O 51 RRH TIXFE RO &) 721K
TR otz LED X ST, DAHFRZD 2 FNZSWTIE, 77 7=/ ¥ REIN

AP T =) Y RANCHARTEL DRBECTERZMEIR TFTORENRKE o7, F2,
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Table 6. Effects of IGRs at 10 days after treatment on Adoxophyes honmai populations collected in tea fields of various area in
Shizuoka Prefecture

Insecticides Dilution®  Corrected mortality® [%] (N'%)
(Formulation®, %AT) Shizgoka-Uchimaki Kavyanehoncho—] ina G Funaki strain

strain strain

2010 2010 2009 2011
Tebufenozide 1,000 93.1 (29) 85.8  (29) 425 (29 17.7 (28)
(F, 20) 4,000 602 (1) 554 (27) 880 (32) 0 @7)
Methoxyfenozide 4,000 100 (30) 100 (30) 100 31 888  (29)
(F, 20) 16000  93.1  (29) 9.5 (29) 444 (28 188 (31)
Lufenuron 2,000 100 (27) 100 (32) 9%2 (25 913 (26)
(E,5) 8,000 9%6.6 (28) 100 (28) 889 (27 599 (24
Flufenoxuron 4,000 617 (26) 385 (30) 810 (27) 704 (28
(E, 10) 16000 410 (28) 254 (29) 755 (29) ©33F (29)
Insecticides Dilution’  Corrected mortality® [%] (N°)

(Formulation®, % AI) . L
Shimada-Y ui strain

2009 2010 Jun-2011 Aug-2011
Tebufenozide 1,000 49.6  (30) 184 (28) 10.5  (29) 2.90 (30)
(F, 20) 4,000 8.80 (32) 420 (28) 370 (32) _c
Methoxyfenozide 4,000 71.4  (30) 722 (33) 76.3  (29) 49.4 (28)
(F, 20) 16,000 214 (30) 770 (28) 282 (25 0 (27)
Lufenuron 2,000 82.0 (30) 100 (27) 89.6  (28) 92.8 30)
(E,5) 8,000 82.0 (30) 732 (30 87.6  (30) 58.9 @31
Flufenoxuron 4,000 96.0  (26) 88.9 (28) (93.3)f (30) (7().5)f (29)
(E, 10) 16,000 81.2  (29) 88.9 (27) (85.9)¢ (29) @857 (D
Insecticides Dilution®  Corrected mortality® [%] (N'%)
(Formulation®, %AT) . . . - .
Kikugawa-Kurasawa strain Makinohara-Nunohikihara strain
2009 2011 2009 Jun-2011
Tebufenozide 1,000 655 (27) 53.6 (29 144 (30) 26.7 (24)
(F, 20) 4,000 24.0 (30) 18.0 (29 8.70 (29) 0 31
Methoxyfenozide 4,000 100 (29) 91.6 (27) 857 (29) 84.9 27)
(F, 20) 16,000 858 (27) 234 (27) 33.7 (29 10.4 (30)
Lufenuron 2,000 100 (27) 100 (26) 90.3  (33) 100 27
(E,5) 8,000 9.9 (31 88.0 (25) 92.1 (28) 81.9 (29)
Flufenoxuron 4,000 61.7 (27) 40.2  (29) 524 (27) 28.8 (25)
(E, 10) 16,000 759 (25 356 (26) 554  (24) (2122 (29
Insecticides Dilution’  Corrected mortality® [%] (N*)
(Formulation®, %AT) Makinohara- Kakegawa- Iwata-Kasaume Hamamatsu-
Nunohikihara strain ~ Kamiuchida strain strain Yokoyama strain
Aug-2011 2009 2009 2010
Tebufenozide 1,000 7.30  (29) 48.8  (28) 48.5  (32) 100 27)
(F, 20) 4,000 — 10.9 (28) 10.6  (31) 89.7 (22)
Methoxyfenozide 4,000 92.7 (29) 100 (27) 100 (27) 100 (26)
(F, 20) 16,000 1.3 (27) 729 (27) 554 (29 100 (29)
Lufenuron 2,000 100 (27) 100 (28) 100 (26) 100 (28)
(E,5) 8,000 819 (29 100 (27) 882 (27) 100 (29)
Flufenoxuron 4,000 203 (29) 582 (25 51.5 (29) 36.1 (25)
(E, 10) 16,000 0 (25) 203 (27) 71.2 (29) 17.4 (24)
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Table 6. continued

Insecticides Dilution”  Corrected mortality® [%] (N?)

(Formulation®, %AI) . .
Susceptible strain

(Kanaya)
Tebufenozide 1,000 100 (28)
(F, 20) 4,000 100 (30)
Methoxyfenozide 4,000 100 (32)
(F, 20) 16,000 100 (30)
Lufenuron 2,000 100 (28)
(E, 5) 8,000 82.5 (24)
Flufenoxuron 4,000 100 (28)
(E, 10) 16,000 100 (29)

* E: Emulsifiable concentrate, F: Flowable.

b Upper numerals are ordinary dose of each insecticide.
¢ Corrected mortality by method of Abbott (1925).

4 Number of larvae tested.

“No data.

"These data based on 2,000 dilution.

¢ These data based on 8,000 dilution.
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T77x )Y RANCH LTE L BRZMMET LW B R & O 5 FR#ET
%, APXRT T/ Y RANSHT DR IRM TR -T2, 7205, HHRH
TIX DAH % 2 #l & HIZRE TEZMEPME T L TWeDIZxt L, sl AR TIET 77
/) U RAITELEZMERNK T LTS —J, A hFv 7=/ ¥ REITIEI S 72
DR TIE A bR o T

BIMERAE RAL T, V7 = X1 CANTKRT 20 HIREE IS I 1T 2 JEHR =78 100~82.0%
L, DAH RO 2 FlD X 9 IR CREMEIC KR & REWIE 20 o 7o, BLHIEREE R
Ho 5B, AHIOH FREIC AT 58 REN 90%% Flal o 72 R H Sk oo 72,
% B RO 2009 4K TN 2011 4F 6 AIZB W TIE 90%% Flal>7-. £/, BHFEDOT —
A5 4 FfE T, FROBIEIZHE > THBRFENME T T AL B o 7.
B R TIL, 77 =/ 7 Z28m CENSH 25 HIREIZR T 23R RR 96.0~
203%% /R L, RFEMCTREZMEN R o7, £, BUHRERFKET X TITBWT, KAl
O RIS T 23RN 90% % TlEl o7z, HEFEOT — 213D 4 Zi TIE, F
ROFBIEHE > TARAN ST DIERBNME T DM ICH -7, BLED X 512, BU R

N

D2 FNZHONWTIE, ZAT7 =/ 7 A0 AR T =X a RN TE L OB TR
SZHEMETFTLTWe., £, 7407 =/ 7 20 BN T 5 EMET LT 5%
TN T T = X a CHPS SR LTV D HIANIE A B 7.

(2) OF = FRERA

Table 7 |2, WRWNEHIOBEMREEL PEBERED YT I FREDH 2 FEIZKHT 25 AR
JELZD 4 ERPIRICBIT DMIELRELZ R LT, BRBHO TN TVT I RAIK
OruZ s 7= 7= VAN W AIRE L 2D 4 SRR T 2 5ERR
X, WD 100% & 7 0 ISR o 7o, BIMERE RFIZB W T, 7 AR U T R
RANZ 32 & HIR 1 BRI 100~15.9%% /R L, A CREZEN R -
o, BIHEREERME D 5 B, KRAIOH AR 2L RER 90%% Flal> 7z (A

DT =23 DRMITRAEDOT —Z STz, LUFFEER. ) OIIMASRHR, HH
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Table 7. Effects of diamide insecticides at 10 days after treatment on Adoxophyes honmai populations collected from tea fields
of various area in Shizuoka Prefecture

Insecticides Dilution®  Corrected mortality® [%] (N9)
Fi lation®, %Al i - i i -Ji
(Formulation®, % Al) Sh]z.uoka Uchimaki Ka\yanehoncho Jina Shimada-Funaki strain

strain stram

2010 2010 2009 2011
Flubendiamide 2,000 100 (30) 96.9 (31) 96.6 (27) 15.9 (26)
(WDG, 20)° 8,000 100 (27) 85.0 (28) 5.0 (26) 15 (28)
Chlorantraniliprole 2,000 100 (30) 93.1 (29 _ec 32.8 (27)
(F, 10) 8,000 502 (25) 3.1 (28 — 300 (28
Insecticides Dilution®  Corrected mortality® [%] (N%)

(Formulation®, % AI) . L
Shimada-Yui strain

2009 2010 Jun-2011 Aug-2011
Flubendiamide 2,000 27 (30) 525 (31) 4.1 (27) 320  (30)
(WDG, 20)° 8,000 460 (30) 153 (27) 7.40  (26) 0 (29)
Chlorantraniliprole 2,000 — 72.0 (29) 45.6  (29) 21.9 27
(F, 10) 8,000 — 27.1  (30) 104 (30) 0 (29)
Insecticides Dilution®  Corrected mortality® [%] (V)
Formulation®, %Al
(Formulation’, %AI) Kikugawa-Kurasawa strain Makinohara-Nunohikihara strain
2009 2011 2009 Jun-2011
Flubendiamide 2,000 100 (28) 100 (26) 9.0 (29 418 (25)
(WDG., 20)" 8,000 60.9 (29) 387 (27) 500 (28 10,0 (30)
Chlorantraniliprole 2,000 — 73.1  (27) 100 (32) 63.8 (29)
(F, 10) 8,000 — 205 (26) 634 (30) 104 (29
Insecticides Dilution®  Corrected mortality® [%] (V)
(Formulation®, %AT) Makinohara- Kakegawa- Iwata-Kasaume Hamamatsu-
Nunohikihara strain ~ Kamiuchida strain strain Yokoyama strain
Aug-2011 2009 2009 2010
Flubendiamide 2,000 346 (27) 100 (30) 100 (30) 100 (29
(WDG, 20)° 8,000 104 (29) 80.8  (28) 788  (27) 958 (28)
Chlorantraniliprole 2,000 623  (28) — — —
(F, 10) 8,000 880 (25) - - -
Insecticides Dilution®  Corrected mortality® [%] (N

(Formulation®, %AI) .
Susceptible strain

(Kanaya)
Flubendiamide 2,000 100 (30)
(WDG, 20)" 8,000 100 (29)
Chlorantraniliprole 2,000 100 (30)
(F, 10) 8,000 100 (30)

* WDG: Water-dispersible granule, F: Flowable.

b Upper numerals are ordinary dose of each insecticide.
¢ Corrected mortality by method of Abbott (1925).

4 Number of larvae tested.

¢ No data.
Formulation of flubendiamide in 2011 is 18% flowable because the formulation was changed. 18% flowable represents an
equivalent dose of insecticide.

19
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JEEZD 4 ERPURICB T DM ELRELZ R L. @ARMOFE HIREICKIT 53R
T, A L7Z 6 HITHTID 100% & 72 VISR Em o To. T T OB RHE
IZBWT, WHIREIZBIT 2 RER 90%U &2 R LIZDIE, Fv7x /RAA, A
B REl, AEXR T AROT A7 FUoREFRERO 4 HTho1=. —F, Bl
HHERE R D 5 6, HHREIZE T DEHREDN 90% % TEI>72DX, 7 e YRR
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Table 8. Effects of various insecticides at 7 days after treatment on Adoxophyes honmai populations collected from tea fields of
various area in Shizuoka Prefecture

Insecticides Dilution®  Corrected mortality® [%] (V' d)
(Formulation®, %AT) Shjz'uoka—Uchimaki Kav.vanehoncho—J ina Shimada-Funaki strain

strain strain

2010 2010 2009 2011
Chlorpyrifos 1,000 100 (28) 100 (29) 100 (30) 96.0 (28)
(E, 40) 4000 100 (29) 100 (30) 540 (29) 87.6 (27
Profenofos 1,000 100 (29) 100 (30) 9.6 (30) 100 (31)
(E, 40) 4,000 100 (25) 100 (30) 100 (30) 96.0 (29)
Spinosad 2,000 100 (30) 100 (29) 96.6  (30) 100 (28)
(F, 20) 8,000 100 (29) 100 (27) 64.0  (29) 67.8 (34)
Spinetoram 2,500 _c — — 100  (26)
(SC, 11.7) 10000  — — — 9.4 (26)
Emamectin benzoate 1,000 100 (27) 100 (31) 100 (30) 100 (30)
E 1) 4000 100 (32) 100 (30) 9.6 (30) 100 (31)
Bifenthrin 3,000 100 (25) 100 (28) 73.9  (29) 352 (27)
(F,7.2) 12000 969 (27) 100 (30) 249 (28) 1.5 (29)
Insecticides Dilution”  Corrected mortality® [%] (N)

(Formulation®, % Al) . . .
Shimada-Yui strain

2009 2010 Jun-2011 Aug-2011
Chlorpyrifos 1,000 100 (29) 100 (30) 100 (27) 88.1 (28)
(E, 40) 4,000 933  (30) 100 (29) 97.0 (29 792 (26)
Profenofos 1,000 100 (30) 100 (29) 100 (33) 96.0  (29)
(E, 40) 4,000 100 (30) 100 (30) 958 (27) 9.4 (31)
Spinosad 2,000 100 (27) 100 (29) 100 (29) 100 (27)
(F, 20) 8,000 96.7  (30) 93.3  (30) 96.3  (28) 949 (23)
Spinetoram 2,500 — — 100 (27) 100 (29)
(SC, 11.7) 10,000 — — 72.1  (25) 100 (25
Emamectin benzoate 1,000 100 (30) 100 (30) 100 (29) 100 (29)
E, D 4,000 100 (30) 96.3  (29) 100 (29) 100 (28)
Bifenthrin 3,000 473 (24) 48.1  (29) 55.7 (25) 120 (27)
(F,7.2) 12,000 185 (28) 27.1  (29) 162 (25 10.6  (29)
Insecticides Dilution®  Corrected mortality® [%] (N%)
(Formulation®, % AI) . . . .

Kikugawa-Kurasawa strain Makinohara-Nunohikihara strain

2009 2011 2009 2011
Chlorpyrifos 1,000 100 (30) 100 (29) 100 (29) 100 (27)
(E, 40) 4,000 90.0 (30) 100 (28) 100 (30) 82.1 (26)
Profenofos 1,000 100 (29) 100 (29) 100 (31) 100 (26)
(E, 40) 4,000 100 (30) 100 (27) 100 (30) 100 (27)
Spinosad 2,000 100 (30) 100 (29) 100 (32) 100 (28)
(F, 20) 8,000 100 (28) 100 (29) 93.1 (28) 100 (27)
Spinetoram 2,500 — 100 (32) — 100 (31)
(SC, 11.7) 10,000 — 100 (30) — 100 (3D
Emamectin benzoate 1,000 100 (30) 100 (27) 100 (30) 100 (27)
(E, 1) 4,000 100 (29) 100 (28) 100 (29) 100 (31)
Bifenthrin 3,000 93.3  (28) 96.2  (29) 345 (30) 100 (31)
(F,7.2) 12,000 759 (29 926 (29 18.1 (36) 313 (28)
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Table 8. continued

Insecticides Dilution®  Corrected mortality® [%] (V%)
(Formulation®, %AI) Kakegawa- Iwata-Kasaume Hamamatsu- Susceptible strain
Kamiuchida strain strain Yokoyama strain (Kanaya)
2009 2009 2010
Chlorpyrifos 1,000 100 (30) 100 (30) 100  (29) 100 (29)
(E, 40) 4,000 100 (30) 100 (29) 100 (29) 100 (28)
Profenofos 1,000 100 (29) 100 (29) 100 (30) 100 (29)
(E, 40) 4,000 100 (30) 100 (30) 100 (30) 100 (29)
Spinosad 2,000 100 (30) 100 (28) 100 (31 100 (28)
(F, 20) 8,000 100 (29) 100 (28) 100 (29) 100 (27)
Spinetoram 2,500 — — — 100 (30)
(SC, 11.7) 10,000 — — — 96.3  (28)
Emamectin benzoate 1,000 100 (28) 100 (30) 100 (30) 100 (29)
E, 1D 4,000 100 (30) 100 (29) 100 (29) 100 (29)
Bifenthrin 3,000 100 (27) 82.1 (30) 100 (30) 100 (28)
(F,7.2) 12,000 89.6 (29) 351 (24) 100 (28) 100 (31)

* E: Emulsifiable concentrate, F: Flowable, SC: Suspension concentrate.
b Upper numerals are ordinary dose of each insecticide.

¢ Corrected mortality by method of Abbott (1925).

4 Number of larvae tested.

¢ No data.
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LTS MO N 28 L7291 TOHE| & 72 > 72 (Uchiyama and Ozawa, 2014) .
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DT X FRBEBANL, Fa v BFRICED 2R TR BRI L LTRSS Hh, Fv
IZBWTIE TR U7 2 RAID 2008 HFnh, 7uZy b7 =107 —/LANL 2010
EPLBIGCHEAINMDT-. RETIE, U7 I FREBRA 2 e Iz mgo
BHCRR TR MEDIR TR S N7z, B R TIEX, 74X 27 I RAIT 2008 4
W RREICB T HEREN 90%% FEY, 7aF >y 7= 7 m—LHTIEEERIC
2010 412 90% % FlEl- 7z, Wil & HIZBUG TOMH MG £ > 72 448 TR RS DR
THRAHELENTND Z LD, U7 I RREBAN ST DO T ITIEhHA & D52
ARPIEORE R RDND. Ik, AFIZEBIT S UT I FERERANIS 5 s K
TORKIZOWTIE, %3 HOMREZIT TEET L.

Z OMAFERZ AN ONT, @mVERELZRLIEDIE, e 7 ) AAH, AV
WA, A Y RAL AR T AR~ AT FUoZEFBER D 5 FThHoT-.
INDITAEEBRIGIIBIT DT v ) a7 B X OMRAIOBEMEESE 2D, —
D7, AL e RAFNKRET = b Y CANIKR L TRZEZIR T STz,
THETIZ, 1986 FEICFIIRBHETCTA Y I Al (B, 1988) , 1997 AT
7u e YR AN L TEZERTORENH LD (M2, 1999) . A Y IAHNTHS
W THCZ JRHIB D EARE D LCs fEZ Ll 35 &, 1986 4FITIE 742~805ppm (KLEL 2
H#) THhot= (AHS, 1988) DITHF L, 2004 4~05 4EI21E 7.72~35.9ppm ([7] 2
H%) ZaRLiz (NI, 2013) Z &2 5, ARANKT 2 MO EIE D RIE S 7.
[FERIZ 7 L e U AR ZFNZ O W THCZ T DO MERTED LCso 2 i+ 2 &, 1997
HF~98 FIZ1T 63.4~148ppm (WLEE 2 Hi%Z) Th o7z (UM, 1999) DIZXFL, 2004
05 21T 7.72~35.9ppm ([ 2 HTZ) Zo L7z (WG, 2013) 2 &b, 71
NE Y RAFTHIEZEDOEIEN R SN, A Y INAIKR N7 v v e ) R 2N,
R 35 1 DI E DK TR0, FEEIRMER AN £ 5 Kt~ D BB 2 Bd I, T
ETIRIEFEEAEFERINTELT, 202 LPREZMEORIEIZE L L T2 ATREMEN

HH. ek, EAETIE, REHEICHFET LIV v Tah e n<FT, 192 F LT
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2002 ERF AT Y mL B U AR AFNT 3T D MO T 38 E S Tun 2 (k- &,
1995 ; &F E - ZhJJ, 2005) . Skl - @i (1995) (k2 &, 1992 FRFRICBITH Y v
daByELNATFOZ B Y RAANIKTT D LCs fEEAY 250ppm F2EE (JLEE 2 H )
TholeDIlTH L, BZFHIkOFT ¥ 7 a5 7 F <% TliE 2004 F~05 FR RIS
BT HME2 7.72~359ppm ([F]2 H#%) ZxL (WIUD, 2013) , Fx / akh7E N
~XOHNY o TaRrEwoATFEIDG, BT OREN/ NS otz ITE,
B TIE, F v LRFRICIGR R BAIRL T T I FREBH OBGENEATNWD Z &
e, VoA alsE® e FITENT AR RAOZIT LD ARAN KT DR
PEDRIERE Z > TV 50>, BLBRZE.

92 /T, BANSHOMEEREEIC OV TR RAIRZEOEREEZA LM LE. Zh
F T, BozliHtisg o 2 TR AN MEOFRAE M T TWelzw (B D, 1988 ;
N, 1999) , MO PEM TIIHCZ Rk O B AR T — 2 2 b 2L, N XAlE
BETDHIMLEND - T-. AL TH SN LS OERRED R AR 1L, AFE
DOEFRAIOEREICEE LT, EEARFRE LTEHATES. 2L, AFERICBNT,
Rl AR O E LU CIX, Fx /a7 B OREEN DR
IR MANEEZ R CE oo, BETIE, ZOHIKTHLT ¥/ ah /e~
FOFRAEBEDEML TWD LB OIERMZ%Z T TRY, Bl TR S Tn
D8I BBRBFEZMHEOER T OAEINDL Z L0 D, SBRFELRLETHD.

LED X o, RETHE, BHRESHOT ¥ ) a7 E v~ FEERIC OV TR
MANES O FEREZFEMICHE L, 712 DAH % IGR ALY T I RREBAN

DD T RBEE CTHDL Z LW BN L.
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33 IGR AEHEFIE R T I RARZHBAN
%9 5 NPT 38 2E D Rt

B2 ETIE, BRMRSHOF v ) 3k 7o R EERICO W TR BARSZ D
FREZFHMICHIA L, %712 DAH R IGR ALY 7 I FRE B H TR MO T 2388
ETHHIEEWILMNI LI, ZRETIE, N ATREFRIZEIT S IGR R BANC
KT LDWEEIZONTIE, BPEOF v/ ahrEA~F (UM, 1999) KOF ¥
N X (FTEHG, 1994 ; /M2 - KH, 2001) , D = K'Y 277 Cydia pomonella Linnaeus
(Sauphanor and Bouvier, 1995 ; Mota-Sanchez et al., 2008 ; Rodriguez et al., 2008)
UNAF BN~ % Choristoneura rosaceana (Harris) (2 7 H : /~~ % 4%  (Dunley et
al., 2006) CTHE SN TWD. o, TNETIEAYIFIRELO YT I RRE DA
WX DIPIED T TG STV V. A TIE, AR FIRGIME O3 =N IEE /e
FERELTHOND I FTHOTT I FREBANKS T 2 @ B0 R ERHE S
TW5 (Troczkaetal., 2012 ; Wangand Wu, 2012) . L2>L7Z22%5, 246D IGR %
FBA KO T I FRFEDAN ST HEWPEORE TN T OB A TH Y, BT
WA - TR AT /e S TR 67, F AIRTUIE DR 25 2RI O
TIEFARHATH o7z, £ TRETIE, EEZHEIRTAEE CTh o7z IGR R A KUY
7 X RRBRA (B2 ) I2OWT, BZJRHIEO R —ERT D 2004 FE~11 )

JCAREEEE 2 BERE L, Th b ORBANIGT SR EORIE 2 HA L.

£ 18 IGR RFZFHF
ZZTIE, 2004 HE~1LAED 8T - T, B2 FEHOR —EnrbF v/ ah
7 N FERRE 2 AEEREE L, IGR SBA&x A 5 FEICx7 2 7% RAIE % LCs

EOREHEIZLVFEL .
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1. MHRVAE

(1) HEtEAE

e o] U S Dk o0 B AR (EIARRE & L C, 2004 FE~114ED 6 A5 9 HIZHT T,
BHETSGAOBRMT v E CLF, AR Lo, Fv/ ahrer ~xHfpkh (P)
ENEI205HL. FERE L. BIE, B0 (1991) OFIEICHE > TRIEEF L.
BBV ERE I, %8 (F2 7213 F3) D 2~3 Emgh Al U7, SRR iRRE
ELT, BRBFED 232 Lz, WIFnoR#s, NLEE (ot %
LFS, HARRETLRE (k) &) 2L L THW.

(2) HEAZRH

F ¥ OBGEEBFNOF NS T ¥ J ah s n~<FICHEAOH 5 IGR HFk BAl 5 Fl
ZAEA L7 (Table9) . xPRRIE, MEALEE L L7-.

(3) BARFIBZMRTE

B MANSEPERRE L, /M2 (1998) D FIEICHE U T, i B B ARBAN B JE T 4% S
Jot 2 — N O RRIRIERU T v /0> HERE Lo B 22 7 v OREE e F ¥ BERIE
IR Ef L7z, FmANE, LCs i (IRE) %KD D72010, KKz HNT
4~6 BBSICAIR L THWE. F Y E2FTEDIIRIC 10 BHEIEE L TRizik, IS
BN A2 F e — g (WA 78mm, RS 44mm) 12 6~7 LA, 2~3 it
Az 10 TS L7c. FYEOHELZP ToDIZBXMED R WE T L, fHiRE
(25°C, 16L-8D) IZHHE L7=. THAKMLHIZ 3 KET 1TV (FFF308) , A3
~6 HEDOW L1 HE 8 HEWN10 HiZD 3 [AIAFEAFHA L=, IGR Rk AL T
X ) AN YN RITK LRSI B R AR L, WEE 8 A&IC b R Ve
BENTT, B ASEOHEILHA 3 B HOAE 10 At L, sEHhFET 10 A
BOEEE S EICHB Lz, ok, ERIBIGERE L THioln. A% mAl - KREC
B BRI, Abbott (1925) |2 X W #fi1E L7-. LCsfii%, Polo Plus version 2.0 (LeOra

Software, 2002) #HW T, a bt w E (Bliss, 1953) ICXVEHELZ. 612, 15
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Table 9. Five IGRs used for susceptibility examination

Classification” Formulation® oAl Manufacturer
Insecticides
Diacylhydrazines (DAH)
Tebufenozide F 20 Nihon Nohyaku Co., Ltd., Japan
Chromafenozide F 10 Mitsui Chemicals Agro, Inc., Japan
Methoxyfenozide F 20 Dow Chemical Japan, Ltd., Japan
Benzoylureas (BU)
Lufenuron E 5 Syngenta Japan K. K., Japan
Flufenoxuron E 10 BASEF Japan, Ltd., Japan

* The IRAC mode of action classification (Sparks and Nauen, 2015).
® E: Emulsifiable concentrate, F: Flowable. W: Wettable powder, WDG: Water-dispersible granule.
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Lo LCsolEA S & 1T, HPIMELL (£ LCso fH @B RHD LCs fH) ZKDT-.

2. fER

Table 10 12, ¥ HR/#E & OBARHEICE T 5 IGR A& BA] 5 FIZxd 5 LCs &
TP 2R LTe, @R RIS 5 Ly 1L, 77 7=/ Y NAl, Zu~vT7x /v
RAIZE A 7= 7 2 FANZK LT 0.415ppm (ALEE 10 H%), 0.846ppm ([7] 10
H#) K0O0.180ppm (A8 H&) Z#/RL, V7 oXua ALY I VT =) 7 Aa Al
(2% LT 0.067ppm 2T 0.072ppm Z Rk Lz, 77 7 = /¥ RANIKT B ALEL 10 B O
LCso i (LATF, v aPIIHHIELL) 1%, 2004 4E12 23.9ppm (57.7) & 720, LI,
FER DS BT HE - CTRBIC EH L7z, 2011 4= 8 A 121X 1,429ppm (3,443) 1L,
WREE 200ppm 2 K& < ERlo7=. LER-> T, AFITEEREMEOH S L1
THPEREEL TS ZENHA L. 7 a~v7 </ ¥ RANCKT 248 10 HiLZO
LCsofEIE, 2004 4512 10.7ppm (12.7) %7~ L7274%, 2005 4E121% 1,841ppm (2,177) (24
EH U, BWHEE 50~100ppm & K& < EElo72. Lo T, AFITIEFEMEME
DD LYV THERIMERBZEL TWDLZ BN LE. A R T =/ ¥ NANZKT
ZHVER 10 B 1% D LCs 1L, 2004 412 1.84ppm (10.2) &/~ L, ZDO#% EHHE L 72>
7. 2011 4 8 HIZIE 52.9ppm (294) (T L, & HEEE 25~50ppm % LRl->7-. L7-
NoT, AAITEEHEMEDOH D LV THPERFEZE L TWD Z &AL
UEEXY, BARMTIE, DAH RO 3 FIT XTI L TELABIMEZ R IZESE, K&
FEFERIITFEH EEOH D L-VITEL TS Z ERH LN o7, ok, 2
o 3 FIOEPIEDRZEREICOWTL, 77 7=/ P REIERN I a~vT7x /¥ RA|
IR W TR A EFER IR S 2 240 3,443 (5 OV 2,177 5 2R LT DITHE L,
ARFRTT =V FANCBO TRREBRICHGIELE DS 294 fE 2R L, A PFv T =/ Y
RANDMBLD 2 AN HANT/HE o Tz,

N7 = X a HNCRT AR 10 B %D LCs fEIE, 2004 452 0.673ppm (10.0) Z 7%
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Table 10. Susceptibility of Adoxophyes honmai populations collected fiom tea fields of Shimada-Yui in the Makinohara area of
Shizuoka Prefecture to IGRs between 2004 and 2011

Insecticides Days Shimada- Yui strain
(Formulation®, %A, after 2004 2005
Resitration concentration release N®  LCso® [ppm] Slope  RRY N LCso [ppm] Slope  RR
[ppm]) (95% CI) (95% CI)
Tebufenozide 8 150 33.6 2.29 34.5 150 313 1.62 321
(F, 20, 200) (25.7-42.5) (182-1632)
10 150 239 227 57.7 150 167 2.54 402
(17.4-30.7) (128-257)
Chromafenozide 8§ 150 16.7 2.31 17.8 150 3908 0.502 4166
(F, 10, 50-100) (12.8-21.2) (153- —)
10 150 10.7 1.71 12.7 150 1841 0.462 2177
(6.66-14.8) (110- —)
Methoxyfenozide 8 150 3.28 1.89 18.2 150 16.1 1.64 89.2
(F, 20, 25-50) (1.54-4.71) (11.8-22.9)
10 150 1.84 1.66 10.2° 150 8.59 1.76 47.7%
(0.310-3.21) (5.85-12.0)
Lufenuron 8 150 0.878 1.85 5.85 150 2.28 1.31 15.2
(E, 5, 16.7-25) (0.035-1.53) (1.03-3.48)
10 150 0.673 2.18 10.0 150 1.20 1.38 17.9
(0.004-1.28) (0.223-2.06)
Flufenoxuron 8 150 0.920 0.984 7.36 150 2.28 1.24 18.2
(E, 10, 25) (0.000-2.66) (0.984-3.54)
10 150 0.551 1.13 7.65 150 1.12 1.36 15.6
(0.000-1.96) (0.175-1.97)
Insecticides Days Shimada- Yui strain
(Formulation’, %Al after 2006 2007
Resitration concentration release N LCs [ppm] Slope  RR N LCs [ppm] Slope  RR
[ppml]) (95% CI) (95% CI)
Tebufenozide 8 150 524 0.931 538 117 499 0.833 513
(F, 20, 200) (257->10000) (224-5175)
10 150 282 0.797 679 117 414 0.842 997
(145->10000) (195-2983)
Chromafenozide g - — — — _ — — —
(F, 10, 50-100)
0 _f — _ _ I _ _
Methoxyfenozide 8§ 150 9.27 2.89 51.5 117 20.7 2.15 115
(F, 20, 25-50) (7.47-11.5) (15.2-30.2)
10 150 7.60 2.38 42.2¢ 117 18.6 1.78 1038
(5.80-9.74) (13.2-28.8)
Lufenuron 8 120 2.64 2.03 17.6 117 239 1.76 15.9
(E, 5, 16.7-25) (1.09-3.90) (1.55-3.41)
10 120 <3.13 — <44.6 117 0.826 1.29 12.3
(=) (0.241-1.48)
Flufenoxuron g - — — — _f — — —
(E, 10, 25)
o _f — _ _ I _ _
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Table 10. continued

Insecticides Days Shimada- Yui strain
(Formulation®, %Al, after 2008 2009
Resitration concentration release N LCsg [ppm] Slope  RR N LCsg [ppm] Slope  RR
[ppm]) (95% CI) (95% CI)
Tebufenozide 8 113 2016 1.28 2070 150 426 1.79 437
(F, 20, 200) (616->10000) (334-597)
10 113 634 2.47 1528 150 196 2.35 472
(411-2485) (171-228)
Chromafenozide g —f — — — _r - — —
(F, 10, 50-100)
0 —f — — — _f — — —
Methoxyfenozide 8 112 213 2.77 119 150 329 1.66 183
(F, 20, 25-50) (16.8-27.5) (26.9-42.4)
10 112 16.1 2.81 89.5¢ 150 27.0 1.78 150¢
(12.7-20.2) (22.6-33.3)
Lufenuron 8 114 437 2.53 29.1 150 1.94 0.585 12.9
(E, 5, 16.7-25) (2.95-5.66) (0.617-3.38)
10 114 3.44 2.37 51.3 150 0.553 0.506 8.25
(1.97-4.66) (0.029-1.44)
Flufenoxuron g8 - — — — 150 0.603 0.997 4.82
(E, 10, 25) (0.175-1.09)
o - — — — 150 0.397 0.865  5.51
(0.060-0.861)
Insecticides Days Shimada- Yui strain
(Formulation®, %Al, after 2010 Jun-2011
Resitration concentration release N LCso [ppm] Slope  RR N LCs [ppm] Slope  RR
[ppm]) (95% CI) (95% CI)
Tebufenozide 8 180 977 1.50 1003 150 2834 0.983 2910
(F, 20, 200) (697-1631) (1422-14317)
10 180 475 1.98 1145 150 (733 1.75 1766)°
(387-605) (586-995)
Chromafenozide g8 —f — — — _f - — —
(F, 10, 50-100)
10 _f — _ _ I _ _
Methoxyfenozide 8 180 55.1 431 306 150 46.2 2.09 257
(F, 20, 25-50) (50.9-60.1) (39.9-54.4)
10 180 30.8 3.49 1718 150 253 2.59 1418
(27.5-34.1) (22.4-28.6)
Lufenuron 8 180 (3.27 1.33 21.8)" 150 9.61 1.28 64.1
(E, 5, 16.7-25) (2.55-4.13) (7.10-13.3)
10 180 3.36 1.75 50.1 150 1.43 1.57 21.3
(2.52-4.36) (1.16-1.81)
Flufenoxuron 8 180 (0.512 1.05 4.10)" 150 4.57 1.17 36.6
(E, 10, 25) (0.372-0.680) (3.43-6.00)
10 180 (0.302 0.976 4.19)h 150 1.63 1.14 22.6
(0.205-0.419) (1.11-2.22)
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Table 10. continued

Insecticides Days Shimada-Yui strain Susceptible strain (Kanaya)
(Formulation®, %A, after Aug-2011
Resitration concentration release N LCso [ppm] Slope  RR N LCso [ppm] Slope
[ppm]) (95% CI) (95% CI)
Tebufenozide 8 150 (3500 1.34 3593)h 150 0.974 1.83
(F, 20, 200) (2213-8382) (0.502-1.37)
10 150 1429 1.73 3443 150 0.415 1.74
(1103-2032) (0.061-0.742)
Chromafenozide g —f — — — 150 0.938 3.56
(F, 10, 50-100) (0.772-1.13)
o —f — — — 150 0.846 3.87
(0.695-1.01)
Methoxyfenozide 8 150 61.6 4.49 342 150 0.180 2.67
(F, 20, 25-50) (56.3-67.8) (0.085-0.243)
10 150 529 4.06 294% 150 <0.195 —_
(48.0-58.3) (—)
Lufenuron 8§ 150 6.22 1.80 41.5 150 0.150 0.848
(E, 5, 16.7-25) (5.10-7.67) (0.072-0.279)
10 150 3.90 1.69 58.2 150 0.067 0.827
(3.16-4.83) (0.026-0.129)
Flufenoxuron 8 150 (3.94 0.866  31.5)" 150 0.125 1.96
(E, 10, 25) (2.86-5.49) (0.076-0.167)
10 150 1.58 1.17 21.9 150 0.072 1.77
(1.20-2.08) (0.024-0.111)

* E: Emulsifiable concentrate, F: Flowable.

® Number of larvae tested.

¢ LCj, values were calculated by probit analysis.

4 Resistance ratio: LCs, of each data point/LC5 of susceptible strain.

¢ RR of methoxyfenozide on 10 days are calculated by LC 5, of susceptible strain on 8 days.

"No data.

¢ RR of methoxyfenozide on 10 days are calculated by LCs, of susceptible strain on 8 days.

" Numerals in the parentheses are reference data, because of no significance by chi-square test (p >0.05).
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L, TO®REBER LN SMEITEF L. UL, DAHR3 A LT DL, To L
AT/ E D o7, 2011 4 8 HITIE 3.90ppm (58.2) (ZFELT-2Y, B HIEE 16.7~
25ppm (X FEIS72. L7~ T, ARFITIEIURICB W TEEM EREO 72 WRPirE L
AU E EESTWH I ENHHA L. 707 =/ 7 Aa L HNTkT 208 10 H% O
LCso i, 2004 412 0.551ppm (7.65) Z/RL, T O%EZ RN HMITO0EH L
7. L»L, DAH R 3F KT DL, V7oAl FERICE O BRI/
SoTz. 2011 458 HIZIE 1.58ppm (21.9) (2 L7278, AR 25ppm |& FEl-7-.
L7e o> T, ARFTITERITE DN TIEMN EREO WL~ s s Ex > T
LT EHB LT,

% A SRFEIZ I T IGR R AN 2 PR B OREZE A D D T < T 5
728, 2004 F~11FF TO §FEMIZIIT 5, IGR R BAI S FEIZEET 2 btk o
B Fig 1L I\ORLIZ. 7 a~7 =/ ¥ FANZDWTI, ARG 2 4 H 0 2005 4121
AN AR THRPUEE R BB EA L, BEMEO® 5 LCs MOFHRBEE L 72 - 7272
b, 2006 FELRITRE A ThR0olz. 7772 /) VREIKOA b7 = )Y RA
[ZOWTIE, FERD I IRPUE L AR e LA 2R L7z, 22T, i
PR 2P B L2 0 2 &, RaleEE (2004 2 1 & L7o) &R, 7

T7x )V REIEOA T Y RAITIEAEREDOHBE (p<0.05) 2L, A

=

EMRICESEA L. FIREROEE I, 7772/ PR, A Xy 7=/ VR
Fl, VZzXa RRRTNVT )7 Aa  HTENER 0172, 0.174, 0.0877 KO}
—0.0039 £72 0, DAH Z®D 2 AN BUKZD 2 Al L0 HEZ BRI VEH 2RO (3
PRI DOFER, B bmH EFEROZANEANEE . p<0.001 THY, [BEUFERRO AT
PERTESNT) . 2B, FIREMROMBEEICESSE, 777/ Y FAITIE 1R
WP DT LI 148 fi5, ARFT T2 Y NAITIE 149 5, V7 =X a UAITHE 1.22

Z 7T 2 )7 Aa CFITIE 0.99 fEICHBIE ST E L TV
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Fig. 1. Annual changes in resistance ratio at LCsq of Adoxophyes honmai to IGR insecticides. Tested
populations were collected from tea fields at Shimada-Yui in Shizuoka Prefecture, Japan each year.
Resistance ratio was calculated on the basis of LCs, of 10 days in Table 10. Dotted lines indicate
regression lines.
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F28 U7 I FREEF
ZZTIE, 2006 FE~11ED 6 FITHE-S T, B2 oR —ElnbF v/ ah
JERUNATHRERBEZBEREL, U7 I RRZBBH 2 FEITHT 58 B AR A

LCsofEDHEHIZ L VA& L 7=,

1. MHRVAE

(1) #EERE

AFEF 1 ERERIZ, Fv / ah 7w n~XOEARKLOEE 22 MR LT,
(2) HEAZRH

F ¥ DBEFERFNOFENS T v ) a7 B AFICHEHAOSH D VT I KR HRA
2fEaEA L7z (Table 11) . xffeld, AP L L7,

(3) BARHKIBZMRTE
BOHRSMERELE, /M2 (1998) DOHIEICHE L F v BERIEIEIC LY, AR 1 Hi
EIRBRIZEN L7z, ASEOREE, L 3~6 HEZEOWT 1 HE 8 HEWN10 HE
D3 EFEmRLE. T I RRERANL, F¥/ ah s 'K L CEI2RE
HERZRL, A 8 ARICH WM BMABE SN2, RERAEFEOHEILHAE
3MEE DA 10 AR L L, FERET 10 BEOAEEL S SICHEB L. ok, 74X
Y7 X RANZOWTIE, MREZBLE L7 2006 2OV THE, Bl Lz X 5 I24AED
HIEIZ 10 BEZE ST 5 Z B L TW o o7z, LB 7 B ITEEHI 72 L D]
EEATo Tz, HRIIISER L LTHRY, KR mHA - KIREIZIT 5 5EH0FEE, Abbott
(1925) (2L Y #Hi1E L7=. LCsfii%, Polo Plus version 2.0 (LeOra Software, 2002) %
MAWT, ety ME (Bliss, 1953) ICEVREM L. 5T, o7 LCsEE S

CATHRPUMELE (55 LCso I/ RHE D LCso fH) 2 2R 7z.
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Table 11. Two diamide insecticides used for susceptibility examination

Classification” Formulation® ~ “0Al Manufacturer
Insecticides

Diamides
Flubendiamide WDG® 20 Nihon Nohyaku Co., Ltd., Japan
Chlorantraniliprole F 10 DuPont Co., Ltd., Japan

* The IRAC mode of action classification (Sparks and Nauen, 2015).

® E: Emulsifiable concentrate, F: Flowable. SC: Suspension concentrate,
W: Wettable powder, WDG: Water-dispersible granule.

¢ Formulation of flubendiamide in June and August 2011 is 18% flowable because the formulation
was changed. 18% flowable represents an equivalent dose of insecticide.
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2. fER
Table 1212, HHBRHEKLOBRRTIZEBIT 27T I FRZHBA 2 T 5 LCsfH
N OMEHEE 2R Lz, e Rfeic BT 558 10 A& D LCs i, A1 ¥7 3
RANZ® LT 1.54ppm, 727> b7 =07 a— A% LT 1.28ppm Z/R L72. &
AR IBIT DT NN D7 I FANSKT D58 10 A D LCso . (LLF, By ay
IEHEBERE) 13X, 2007 A2 16.2ppm (10.5) L7220, ZO#% BRI L 7272, 2010
1T 110ppm (71.4) 122 L CHAIERE 100ppm & L[EIY, 2011 45 8 HIZ1E 161ppm
(105) 1T EH L7z, Ledo T, AFITIEEM ERBEOH 5 L THEREMENFHE L
TWALZERHB LIz, GRRFICHBIT L2707 87 =0 7 a— VAN RS 5408
10 H#% D LCso fiEI%, 2010 4E(Z 25.3ppm (19.8) & 720, TOHMEIT EF L7z, 2011 4
6 1213 50.0ppm (39.1) Z o~ L CHE IR EE 50ppm (22 L, 2011 4= 8 A 121X 98.8ppm (77.2)
W EF Lz, LeRo T, AFITIEEMNLEMEOSH 2 L~V TERIUENFEZE L TWD
ZEMHIAL., UEXY, GRHZRMTIEME DT I FRFZDANI RS U THEUE 2562
S, HAKHEFERIIIERA EMEOH 2 LZELTWD Z ERAL NIRRT,
DT 2 FRE RANOM FHBIAGED B LCso AN IR E 2 LRI D £ TOMMIL, 71~
Y7 X RA (2007 FAEABRLG) TIEZ4H, srTr R T =0 7 a—LAl (2010 AAE
FIBAME) T2 ELRY, FEFICHEN ST
T ARARICEBNT YT I FREBAN T 2 GUERE OREL(L 2 D 7 <
T 5728, 2006 F~11 FF TO 6 FMICH T D, V7 I RRZLRA 2 FEICBT 55T
PELEOHERS A Fig. 2 IR L2, ZA_0 D7 2 FANZHOWTIE, FE2RHmIC, Hbt
PRI e R AR L. 22T, Pk A SR AR L2 EE AV D
&, Bl (2006 4 1 & L7z) ERpriIel, AEZREOME (p<0.05) Z <L,
BEHRICE<HEHAGLE (/7 b 7=0 71 —LAIZOWTIE 2 » FOHRDT —

A THDHEOER) . BREROEX I, 74XV T7 I RAIT 0242 2L e

B, FREHROHEX 2SS L, 74U PT7 2 REITIZ L ERET A T LI12 1.75 1%
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Table 12. Susceptibility of Adoxophyes honmai populations collected from tea fields of Shimada-Yui in the Makinohara area of
Shizuoka Prefecture to diamide insecticides between 2006 and 2011

Insecticides Days Shimada-Yui strain
(Formulation®, %Al, after 2006 2007
Registration concentration ~ treatment N'  LCs [ppmi] Spe  RR® N LCs [ppm] Slope RR
[ppm]) (95% Cld) (95% CI)
Flubendiamide 8 120 6.92¢ 1.41 3.95" 120 13.6 2.70 7.77
(WDG, 20, 100)" (0.693-13.1) (10.6-17.2)
10 - = — — 120 162 278 105
—) (12.9-20.6)
Chlorantraniliprole 8 L — — — S — —
(F, 10, 50) () )
10 L — — — L — — —
=) =)
Insecticides Days Shimada-Yui strain
(Formulation®, %Al, after 2008 2009
Registration concentration ~ treatment LCs [ppm] Slope  RR N LCs [ppm] Slpe  RR
[ppm]) (95% CI) (95% CI)
Flubendiamide 8 120 55.5 2.79 31.7 180 35.2 2.24 20.1
(WDG, 20, 100)" (49.1-63.7) (30.1-42.0)
10 120 41.8 2.81 27.1 180 24.4 2.16 15.8
(37.1-47.2) (21.4-28.0)
Chlorantraniliprole 8 - — — - — —
(¥, 10, 50) =) ()
10 - = — — - = — —
) ()
Insecticides Days Shimada-Yui strain
(Formulation®, %A, after 2010 Jun-2011
Registration concentration ~ treatment N LCso [ppm] Sope  RR N LCs, [ppm] Sope  RR
(ppm}) (95% CI) (95% CI)
Flubendiamide 8 180 >100" — — 150 1,174 0.927 671
(WDG, 20, 100)" ) (454->>10,000)
10 180 110 1.30 71.4 150 141 2.04 91.5
(80.8-173) (119-176)
Chlorantraniliprole 8 180 26.3 1.80 16.8 150 64.6 2.24 41.1
(F, 10, 50) (21.2-33.8) (55.4-78.0)
10 180 25.3 1.96 19.8 150 50.0 2.16 39.1
(20.7-31.9) (43.2-59.0)
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Table 12. continued

Insecticides Days Shimada-Yui strain Susceptible strain (Kanaya)
1 0, .
geo gri?tlrlz]i:(l;n:;rﬁ/;iration ?rf::ment Aug-201 s
[ppm]) N LCso [ppm] Slope  RR N LCso [ppm] Slope
(95% CI) (95% CI)
Flubendiamide 8 150 196 3.03 112 145 1.75 2.76
(WDG, 20, 100) (175-221) (1.36-2.23)
10 150 161 3.11 105 150 1.54 2.92
(144-181) (1.03-1.97)
Chlorantraniliprole 8 150 114 2.79 72.6 180 1.57 2.48
(F, 10, 50) (101-132) (1.36-1.79)
10 150 98.8 2.48 77.2 180 1.28 2.55
(86.7-114) (1.10-1.47)

* W: Water-dispersible granule, F: Flowable.

® Number of larvae tested.

¢ LCs values were calculated by probit analysis.

4 Confidence interval.

¢ Resistance ratio: LCs5, of each data point/LCs of susceptible strain.
! Formulation of flubendiamide in June and August 2011 is 18% flowable because the formulation was changed. 18% flowable represents
an equivalent dose of insecticide.

€ These data are from 7 days after treatment.

" RR is calculated by LCs, of susceptible strain at 8 days.

No data.

¥ Shimada- Yui strain was collected twice in June and August 2011.

¥ Could not be calculated.
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Fig. 2. Annual changes in resistance ratio at LCs, of Adoxophyes honmai to diamide insecticides. Tested
populations were collected from tea fields at Shimada-Yui in Shizuoka Prefecture, Japan each year.
Resistance ratio was calculated on the basis of LCsy of 10 days in Table 12. Dotted lines indicate
regression lines.
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EIH B

KETIE, Fx¥/abrEroAvFICEBOTUEZMEOKR TR EE 7 IGR R B K&

OVT I FRFEBANZDOWT, Bz U o [ — & & EEEEIZE > TR Z 7
FEREL, I b OFBANIKTT DEPIER EOFBEZTA L.
TT 7 x )Y RENZOWTIIAEFEBY COMEHMN S 8~15 F03 8 L CTAAIOIRIKE
MEHL, 20%, BBRDIROETICEIVERRAFIEIN>0H 2RI T T, 8 FIZ
P o TRBANRSZMMELEM L. £, V7 I FRBEHADO 7L 27 3 FH
WCOWTFAEERY CHERASNARMEND, 7rT7 0 b7 =0 7 a— LA 20T
G THER SN SENPLRERZBB L, T LT, AERBICBITISYT I FRZ
HAIDWRKED EF- LooH 5K T T, 6 FICHE-> THRIEL FEiE L7,

ZHIVETIZ, IGR RFEHBANI KT D HHUWEIZ DN TI AN~ F HRE f TEAIHRE S
NTEY UMZ, 1999 ; FTHHG, 1994 ; /M2 « KH, 2001 Sauphanor and Bouvier,
1995 ; Mota-Sanchez et al., 2008 ; Rodriguez et al., 2008 ; Dunley etal., 2006) , ¥7
RSB AN 2 IBUEIC DWW TS 0 2 7 7 THE ST b (Troczka et al.,
2012 ; Wang and Wu, 2012) . L2 L72R0S, ZHALOREIIWTINLERTHY,
HERERN 7R A L7 STV RN o 7. AKWFSEIE, F v/ a7 E < F D IGR RFk
ARV T X R RF BAN KT DGR E ORI %, BEEEICIE > TREMD DRk
RIS L BB R L 72 D).

XL OIZ, IGR Zf%k AN T B HPIUMEIC OV TERT S, /M2 (1999) 12k b &,
AKEDT 77 = Y FRINCKT 23 7 H# D LCs fEIZ, 1997 4T 47.9ppm (&
Pkt 8.25) A/R/ L, WHIEEE 100ppm (X FlEl-> T o, st L CARRFSE T,
2011 4 8 AWFRICOARHFNC KT 5 LCso fE (LEE 8 H %) 1%, 3,500ppm (FEFLMEL 3,593)
IZEL T e, LR o T, 1997 4£~2011 FORIC, ARFNIx LT EE O Z 5%
EIHLLEEIOLND.

BAEICB T 2~ F HRE RO IGR A& BANI G 2 \WPEFF & LT, Fy
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X0 aNTNT A FIRONTNT = ) 7 Aa CANCxET DR HEIR T OISR
b5 (BT, 1994 ; /2 - K, 2001) . $EHRSHTOF vy "~FT7 L7 =
7 A CHNTET D LCsp I, 1993 4EIRF 4T 0.92~11.8ppm (% B AIALEE 7~9 H %)
Thotz (JTLHHDL, 1994) DXL, SEOFRTIE, FfioF v/ ahrEsn
~ % T 0.603~4.57ppm ([F 8 Hi%) Z/RxL, 1993 FREE DT v /N~ 5D 5 2P
TOREIIKRED o7z, W, TVT7x /)7 A FEEDTTF v/ X0k BHFIRK
ZPEIAHATH Y, Wi~ 5T OF BANESENE 2 LT 5 72012 b4 % O FEM 72 i &
WLBETHD. Fio, WIMIET D~ TFE RO IGR Zf BANI KT 2 HBPTEIC
DONTIE, I R HIZEBNWT, 77U ATY AR Xa Al (BUR) KT 77
= / ¥ KAl (Sauphanor and Bouvier, 1995) , 7 AU A TA FF L 7=/ ¥ RHA|
(Mota-Sanchez et al., 2008) , A~A > T7 /L7 = / 7 A1 F| (Rodrigues et al., 2011)
BT 2HERHD. £, TAU DB TRBBEICHFET D NALTENAYIN,
T7T7x /) VREIKROA RV T 2 Y RHICEIEA R ESETWD EORERH
% (Dunley etal., 2006) . A EIDFRA & # AN MR E D FENELIL TWD 7 A
U DANAFEANFOFEH] (Dunley etal., 2006) (2O T LCsfE % Ll d 2 &,
AFENTXTIET 7T 7=/ ¥ RAID LCso il (JLEE 7 B %) 73 31.6~34.0ppm (fKHT
P 2.5~2.7) , A ¥ 7=/ ¥ NANL9.7~16.0ppm (FEPUi4LE 5.0~8.2) Z/RL7=
DIZxt L, AElofESR (F 8 Hi%) TILATHE 2 33.6~3,500ppm (EHTME: L 34.5~3593) ,
%A1 3.28~61.6ppm (FEPLiElk 182~342) Z/RL7=. Ko TC, F¥/abrEN
VX DI PANAF N F L GIRGUEORERE D ENICE o7z, 2D LI,
NAFENY BREEPEDOFER LICH LTRSS, Fv / ah v n~vF0kh
BERIKIEDSANAF ENTF LD ENT EE2RB LTV 5.

ZHETIZ, DAH R KLU BU £ O IGR &k BAIH O LA BHMEIZ>WTE, =2 R
Vo HDTT 7)Y REIROY 7Ry R0 o FTHE— 3 STV % (Sauphanor

and Bouvier, 1995) . F ¥ / a7 EL 1~<FD IGR B BHN T D EZMEIZ DN
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TiE, BURL YD b DAH R THEPUEDFRENHE TH Y, T b O L~ridH
BINZRp o7, LTz > T, ABHEDOR R 513 DAH 5% M O BU OGS 5274
LTV EIFEEZIZ W, e, BTFEFRT AV IONAFENTFHTIL, DAH %2
Bl (7772 PREIRORA X T2 ) P RED) ETVURAAT VAl (B~
F) KT D EPUE DR ZENHE STV D (Smirle et al, 2002 ; Dunley et al., 2006) .
AW TIX, TX/ aBTEUATFHEARBKICBNC, 777/ Y RFLDA R
X7 = /Y FRNSH T DEPUEDOBENHR SR, FRRICBN T e
UARRHK (BH#Y V%) 1T 2 MR T AL TWen (B2 ®) . Liehio
T, DAH R 2 AR LY iR AFIOEPIENZZE L TV D S idE 22 .
DAH 5% 3 FIROZAEPECHONWTELET 5. B HRMTIE, DAH RO 3 FHl9X
TIZX LT, 2011 - FE TIZEMH ERIED H 5 VUL TI|REEDFEZE L T2y, £0
BEZT 77/ VP RARRNa~T =) Y REAIO 2 FNTHASRT, A hFv 7o/
FAIT/hNEShoTc. F7, RIS (2013) 1%, BRREEIFMOF ¥ /2 a7 E N
Y HREEFECIBNT, T 72 VRAIRO v~ T = ) PV RAID 2 FNZHART, A
FEy T =)/ Y RRIOEPIMRERENPREVWZ L2MELTWD. T7hbb, A4
FEROWIL S (2013) OFBEEEETIE, 77 7=/ YRR a~7 = /)Y REIO
2RIEARF LT 2 ) VRAITE ST MO EZ R LD &Il d. LIERo T,
TT77x )V REAKO I T 2 )Y RAID 2 AN OV TITRFIMEA R Z L TV A AT
BEMERH VD, A FX v 7 = /) ¥ REIO Mo DAH 5% 2 Al & IXHHIEIC 2 2EBIFR D3 72\
DFFDFREMED & 5

WIZ, DT FRBBHNHT H|PUEICHOWTEET L. BBEOERTIE, &K
ZIRHIEDOF ¥ /) ah 7' ~FNOT 2 NREEBANK T 5 @ P O FI e
45 & 72 5 7= (Uchiyama and Ozawa, 2014) . MAMZISIT 5 VT I RRRHBAID &
PR oWTIE, A CHERESNTEY, FEOREE (Wang and Wu, 2012) <°

74V A (Troczkaetal., 2012) OWTFH s 7 7T FRIEFFICBWTHE SN
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TS, ZibaFdorr I FREBANIKT 2 \EIC OV TiE, FRoEN
BHIEREDRK & ST\ % (Troczka etal., 2012 ; Wang and Wu, 2012) . $ZJR
HIkOF v ) a7 ATFICBTHYT I RRFEBANCK T D EZEOK I
WTIE, AFIOHEANFRKZZ S 3B 20, 0o 0, BZFE kO F v 2 2
7N XL, BEERKROZRBANS L CTHR O IRt 2 R ES &2 (B
5, 1988 ; /IMZ, 1999 ; NILIS, 2013 ; Uchiyama and Ozawa, 2014) Z &716, 2000
RIS, AEFEBUS CITIRPEDRELME T 272D 0 r—7 — v 2 VHIBRD FEfE &
NTNDENHLTHDH. AFEICKITLHUT I RRZEBFNCK T HBPEDOREIZ DN T
1%, LFD 4 OOFBEMICE > THATHZ &M T 5.

1 DHOAREME LTE, Fx/ ab 7o~ EHERMKIE, U7 2 RRZEAA
KT DIRPUEE R ORI DS, RAID B Sz 490 6BEICE o7& D
ZEMRBZBND. Georghiou and Taylor (1977a) 1%, HEHUMEE S OWIHIBEIE 23 E 0
&, WMPUEOREERE RS DL AWML TWD. 2 HOMBRNS, BHRMK
IZOWTHE, ZAR YT I REAIROY 70 b7 =Y 7 a— L H % BRI 2000 £5
IR DIERENR, TN 96.8% (L4100 2007 42) KT 72.0% (i 4]0 2010
) THY, TXTOMREKPECTT HRIUTIT R -T2 Z &L TR, Bk

BIRTFOWIBEERBEC RN o722 L2 BT T0D. 61T, BHRRICK T 5
T I RREBANCKS T D LCso il & ZNZEN D HIRE & ORI+ R R 7205
7z (Table 12) Z &b, HEUEEIRTOWMIBENmH) o T alREMEZ SR L T D

2 DHELTHE, Y7 RRZEBANCBIT DR ARIMEOREERE 2 6D, H
Eoar ATk, 7rJy 7= 7 v —nAA0TxtT 5 m BEIRTIME 2 115 U 7o BiHiER
ERFD, TR TUT I RANCR L TRV ZEIRFIEOBRIZH D (Wang et al,,
2013) , U7 X RRAHUH K Ol RS O R AN 0 2 PTHEIT R EBIRIZ 2 2 &
ZHAEL TS (Wangetal, 2010 ; Wangand Wu, 2012) . AREDOFER LY, Fv /

BT EUNATFRTIL, 2010 FITIZTNARDT I RA (2007 A\ PEBLSE CfF B
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BB) 1ZxT D LCso fEAS 110ppm (GEHiMELE 71.4) Z/r LT HIEEZ BRY, [FIREC
snaZ b= 7a—LHNIKT HEIE 253ppm GEPLMELE 19.8) ZokL7-. ©F
D, Fx/aBrEATIFTEIRT Y M T =0 T a—HF (2010 FI2fH L)
W2 U TR BAG S 4E CREICIRFIME 2 B E S ETW e Z IR D, LEER-T, b
RUVT I RAIRIa T b7 =0 T a— B, RERPIEOBRICH D Z L
REINTz. F£i, AR UT I RFIOM ARG YIS, A REICET 2T

FEIEBEIZ 105 f5ICE LTV 22 v, U7 2 KR BRA & hsmfof bl oKk
MBELTWDH ARG E X bz, BRAMOTF v 7 a7 F o~ FEERET
1%, U7 I FRFEBA KO DAH 5% IGR ANk 2 &S M DA T 25 Rl 9~ 2 17 & 7
HNTND (B2 E). ILICAREOHIENS, B HRMHILTT I KR BH KO DAH
% IGR ANCH T 2 EGIPIME AR L TV D 2 b b MNICRo72. LehoT, ¥
7 X RREHAIKL O DAH % IGR AlOEHIEN L2 L TV DAt B2 b,

3 2HELTE, PTIRRBELADT ¥ /) 2 7' AT FITK L TR O
YWAEHTD (NI, 2012) Z&h 6, RANIMAFOR R L HEGIEEZ R ESE
RLTWHEMEADD. b L, HIFRBANTF YEICBWNT, Fyv/ahsETrnvx
WK L CRBIOEN 2T &L, A, Zof&BANC X 23k a2 RIS Tk
F5Z 2D, U7 I RRBEBAOHAAEE A DR TH, 1 BOHMHTTF ¥ / =
7| NATINEMMBIOEIREZZ T 52 L1270, BROICHMAFOZEDBAILD b
EHUEN BT ZE L2 rRetED N H 5. DAH R IGR Al 27 I RRF A & [FERIC
AR L CRMOBIMEZE T2 2 L3 bhoTEY (WL, 2012), [F CHEH TR
PO DR MAI LV O FTREMED B 5.

4 SHLLTIE, Y7 FRERBANS T 28GR, BT oKz RL
TWOHAEEETH 5. BEEORZEEE L, BEAHELD bEVEIATVD
(Georghiou and Taylor, 1977a ; Taylor and Georghiou, 1979). AFEIZFKIFH YT I K

Ffk BAN T D EPEDOBERRIZ OV T, IGR FHfk AN 2 PO &R
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HBALEOT, B4 HE TSR 5.

BEIZ, IGR FEHBAIKR YT I FRFRAN T 2 P UE DR EREIZHOVWTE
229 5. IGR REBANC SOV TIE, 2004 F~11 F 0 8 FEMT L FERIBT 2 2 &I1CT 7
7)Y RAIEOA XU T = Y RANL 148 RN 149 15, V7 = Xa VA RO
NT = )7 Am CFNE 122 500 0.99 fEICHEIMED FEE L, DAH SR 2 #1728 BU 5% 2
FIE D BRFEHRED RN ERPA LN o72. NILS (2013) X, S RIOFHE & [H
— D% H RIS T 2004 FF~08 D 5 HERMITIS 1T D IGR Fak AN k4 2 itk
OREFHEAZFEILLTEY, 7772/ VKA, ARFU 7=/ YV RAKOILT =X
BUAIOENENT L AERIBT ST, 236, 15HBEN 14 [FOEETH-7Z2
EEMELTCND. 77 7= 7Y REITIE 2004 F~11 LD B 2004 4F-~08 40D E
PSRN S T228, AU 2004 2 ~08 4F £ TIFIRFIMEN T #ER ORI & - 7o "l REME,
B OY 2008 E~11 R AT TUIHEBIE O RN TTH & /e o 7o To DICHE MK T L7z
AREMEZ RIZ LTS, B TIRAEESBICE N TT 77 =/ ¥ RO R DI

IR IESooH Y, T LR EOEER TICEEL TV
h Liview, iz, bilL7z 2 2OHIIZHEWT, A ¥ 7=/ ¥ RHITIEEER
PEDFEEREITED BT, VT =X 1 UAITIE 2008 F LU ICHE SO T LT
7. U EDX ST, IGR REAFIZL OV T 2 RRFAFNC KT 2 HEPTIER 2 O A
HEESNTZD, Zhiarb I L TAROIRPMEDOREL THIT 2 L ROL RS,
TT7T7x Y RA (BIZ I8 EORHE) , A X727V RA (A 14915 , v7
zxa s (F@1226%) , 7v7 =/ 7 Z2a Al (F099 %) MOTARPT IR
AR 175 £%5) I2BWTE, SRR 2 & 22 721 15, 738 f% 274 fi%, 0.96
ERON16.2 %, 10 AR T 25 & ZN 2 52.0 fi5, 54.5f%, 7.35 1%, 0.91 5% 0% 264
FICIPENRET D L THIEND. ZUh &O5< L, 2011 FFELRRITENZR O
PUELD, 777 27 ¥ RAITIE 2~3 4T 10,000 (5E B2, A ¥ 7=/ Y NAl

TIX 3~4 4T 1,000 52z, V7 x2Xa K TIE2~34ET100 Zx2#Bx, 717
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= /7 A8 CENTIEHIER R EE T, TR VT 2 RAITIE 4~5 4E T 1,000 15 % 8
ZDHHREMEND D, B, TN T =) 7 A0 AN OWTIRHEPIES T E L2V Al RE
PEIRE 2 BITehy, RFOEPUERENBITHIZ R > TV D00 LivZgy. LLEo
£ 91T, IGR FFHBH KOV T I FRZBAN ST DO FZRE L, T
DT 2 PRI BEL, DAHZOD 24, /7 =X 0 UAIREIUTHNTWS. BT
DFFERER RN LEAVHIA L7207 I R REBH K DAH % IGR A2 DWW T,

AR OB BRANEZ M EERS ERT 2 6ENH 5.
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F 4 IGR RBHEFI LR T I RARZEHBANZ
59 A PO EakE

F2EALWIE IFETIE, v/ ah 7 EL <X DAH £ IGR B L NPT
RRE AN L CTIRPIME 2 5 Z STV 2 FEREA B 65202 L7-. DAH % IGR A/t
PERIVE CERRIRT A=A M ELTTF a v HFRITRRA 8% REME 2 R 9 8RR
BHTHY, ZNETRKT 7 7=/ P RA, A X 7=/ P FHRNIn~T7 =)
Y REIN EF & TS (Dhadialla et al,, 1998) . U7 2 KA BFNIFH/ AR Y
T VAR L CREERHNM A EEZ L, FIZFa v BICEREREZR
TERIRMEZRBAITHY, ZNETIZIAR VT RFIEROZ7 a7 v 7= 7 a—
JVHIA B &4 Tuv % (Lahmetal.,, 2007 ; Tohnishi et al., 2005 ; Cordova et al., 2006 ;
Ebbinghaus-Kintscher et al., 2006 ; AR, 2014) . Ziv6 OF BANI T DUk A
ZALZONWTE, aFAOYT I RRZEBAN ST 28GWER, Eo )T ) ov
SREROERIZEVIEZ DL SN TS (Troczka et al., 2012 ; Guo et al., 2014b) %
DD, RIERWARENREZ . Elz, Fx /a7 E/"~FD DAH £ IGR Hl LY
7 X RRZEBANCHT 2P ONTE, 2D AT = X AT ST,

B MBMEHUE O BN E D 2 &1L, JPUEREOHE 2 T3 2 BRI EE R
# & 72 % (Roush and Croft, 1986) . /~~ % U EEH O hFIEHIMHE O BB
WX, ZRETIS, 2 RY IO L RaA RENSHS 5 HGTEN § Y ait TR
FERLVEDOBBERZ R T L HE I TWD (Bouvieretal., 2001) . FAEIZI T
X, VoI anseravXORE) AR DGO BB RAE ST
DN, ZOFEMRRIIZIIE > TWWy Uk - @, 1995) .« Fx /a7 e
< ¥ T, REREL Y = 2 E U FINTH T 2 B O BRI W THE SR T D
(Tabata et al., 2007) & DD, FHBFRGEDO BT LIS TV RV, £

CTCARETIE, Fyv/ alsEBronw RN TEBRAPIMEORENEE TH -7
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IGR ZFhAE (77 7=/ FHD) RO T I RZRZDRH (ZA_2P7 2 RHIKEWR
rag v b= 7a—LHK) (F3E) I2OWT, D5 OEPMEDBEREE %

BelBRIC L - CTIA L.

F 18 IGR RZFZHAF (F77x/ 2 FHED
T, Fx/ahrEwoAYIOT T 7 ) Y RANCKHT pEUE (B 3 =)

(ZOWT, £ OB Z 2R BRI & - TAA& L7z,

1. #HREUVAE

(1) #H=R

777 =/ Y RANCKT LEBUERKE (LUF, RARK 1%, 2009 4 5 7 (H R
ZIRHARB R OB T v [l S F ¥ /) 3k 7T~ FHERR 20 UL EAERE L,
Pite, B0 (1991) OFECHE> TRREF LR mztiil Lz, 77727 U A
WP DI R KT (LT, S &HE) 1%, &nfmattii L. WAL, AT
Bt (A2 % LFS, HARETE Bk ) e LTREMREEL, HBIEMAL
7-.

(2) XKE

FTx /) aN T ENAIEZSRHOKBRDORZENL, YT AXAF v 7 r—2
(22x16x4.3cm) ZHWTITo72. A7 — AWK B OKAKH & L TKEKRTIE S &
TR 22 AL, PUBER~3 H AN OARAZ R Rk 2 1 25 84, ME 20 BHOFEI S THL,
r—2A BT T v R EERAGA L THEE L, HRSICHE L. SREICONT,
ZORINEZRE A~6 fH v ML, FRAIESZMEREIC LI & 7R 5 ARG A A TR
Lz, 728, 77 ¥ U HICHE LTI _CEl v i L, B ORINER D5
NI A O L DT L%, 182 Z LFS i & L CHEMEF LT-.

Fig. 312, R KU S Rtz b L ICRFARICK VISR Z R~ L. RKXDS %K
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O IEMAZHUNZ & » TH O Fy L OVF SRt DR RANRZ MERUE 217V, ik o (4)
TR CR LI FIEICE Y, 777 = 2 ¥ RANCK T 5 IHEOEMEEE D (Stone
(1968) ) KOMEMEBENG AR LTz, £, FIAQ F/RHENDIE F, KOV Fy
RMEFe. S HIZ, F AOF/SR#IC R AR Z R LAR LT BRI, BR2, BR3 KT}
BR4 O 4 ZiFEAEIEH L, FI RO F /RIS RiFfia R LK. LT BS1, BS2, BS3 &
U'BS4 D 4 Rtz B L7z, F, MOV FSRifE, R LARIC &2 8 Rftis vy TR Al
EZMERE 21TV, Bk (4) T2 CORLEFEICRIY T 7 7=/ ¥ FANIK
PR R TS E— S0 & sl L.

(3) HEAZRFI L ZRFBZHERE

RERIET 77 = 2 ¥ RAKFAl (B2 20%, BARRIE (k) ) 27,
e AR ERRELE, /IME (1998) D FIEICHET T, Frl U B AR AT B 2 AT A8 260 7
2 A — N BRI T WD DERE LR T v OREEE VW - T % BERIEE
(&0 L7, BBRANL, LCsofEl (BmiREE) 2K 572012, KiEAKE MWW T 250
~90,000 {5 8~13 BBEHIZAIR L CHWZ. T iREEZ BT E ORI 10 PRRE L <
JEEZR%, BEAkZ BN AR A T e — VB SS (PES 78mm, PR E 44mm) 12 6 BUALL,
2~3 WO fEm A 10 SO L. Fr HEOHERE A ool iBmRMED 735 T
U, fEE= (25°C, 16L-8D) IZHE L=, Zhz2&AHEIZ 3 KET2170 (BFEF 30
GH) , WP 3~6 HIZOWTH 1 HE 8 HERWN0 HED 3 AL THE L. 77
Zx )Y RENET ¥ ) a7 FITH L CER R B AR L, LB 8 H
BICH R RBSBIR SN 720, Bl AR OHEIIHA 3B H oA 10 S & L,
FEHERIT 10 HREDOAEFREZ S LICR M Lz, 7ok, SRMIEERE LTHR -T2,

(4) T—3 @R

FAERIZ BT DR O FE BRI, Abbott (1925) (2L Y AfiIE L7, LCsfEi%, Polo
Plus version 2.0 (LeOra Software, 2002) ZM\T, Zmtw RE (Bliss, 1953) (2K

DEH L., &5, Boh7 LCsHZE b & IHPirEE (%5 LCso fES ZH D LCs
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i) ZRD7-.
Fi £7213 F/ RIS T M DX, Stone (1968) Oz L R L7z,
D=2 — X — X)/(Xi — X3)
ZZTIE, X = logio(R RFED LCso M), Xo = logo(Fy £721% F/SRHD LCs fi), X3
=logo(S BMD LCsp )2 RT. 728, D=1 DOEAITEEENE, 0<D<1 DBFAITR
SERENE, —1<D<0 OEHRIIRTEESM, D= —1 OEGEITTEELEL s D.
T 7 = Y NARRGUHED B — K F 2 3B STV 2 S O,  Tsukamoto
(1963) (2t~ 7z. bbb, HHMEAH-HFIZI VXS TWDHEE, FI &
OF/RHICREDPS ZHEZR LR LIZ 8RO T 77 =/ ¥V REIRE -7ty
FMERFROMABITIBNT, 50% 77y FMERE (Futy MHE 5.0) OMEIZTT
F—2Ens. £, FRRICH-KRFICID B SN T DL5E, F, KO FAR
FOMBRIZIBNT, 25% KN 75% 7 m 'y MERR (ot y M43 KD57) O

NEIZT T h—0BHENn5.

2. %% B

(1) RRU S REFDHZRFIBZ M4

Table 1312, R XO’S Zfi e, T bz b &ICREHBRICE VIEH LA RO T
77 x )V RENCKRT DR BANESZMEZ R Lz, R KOYS RfD LCs flilE, ZhZh
595ppm K (N 4.46ppm T o7=. R AZAMOWHIMELLIZ 1335 TH Y, SHRHME g LT
B ICHRBIPEN IS LT . Fig. 4 121E, R KNS ZHDT 77 = /7 ¥ FAIEE — 7
2By MERREORMKZ R L. R ZHICHBIT S 72y MEUFEMROMBE 1L 4.57,
[FIERIZ S RALOBIX 1L 5.73 &£ 720 (Table 13) , Z3FL THF B AL LoD R5He (F) /#E: 3.41 5
F/%#:2.86) SLEBL T, RELOS R L bICHE B RE Mo 1.

(2) Fi RV F/RHDRRFNIERZ1E

Fi OV FYRAED LCso fEilE, Z4LZ 41 83.3ppm J U 88.0ppm % 7~ L 7= (Table 13) .
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Table 13. Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai to tebufenozide

Strain (cross)* E:;jfl) (95% CI)° Slope + SE RR® nt df® v

R 595 (522-711) 457 + 0.73 133 182 13 12.5
S 446  (3.59-5.40) 573 + 1.09 1.00 145 10 10.5
F, (RxYS) 833  (67.0-108) 341 + 038 18.7 259 2 46.1
F' (SxR) 88.0  (62.4-113) 286 + 057 19.7 256 2 26.3
F, (F, xF) 787 (58.2-100) 191 + 022 17.6 403 37 35.8
F,  (F,'xF") 103 (74.8-132) 1.96 + 0.27 23.1 374 37 30.6
Backcross

BRl (F, xR) 223 (160-286) 267 + 045 50.0 227 19 20.2
BR2 (F,'xR) 191  (150-233) 271 + 036 42.8 292 25 22.1
BR3 (R xF)) 178 (136-223) 270 + 0.36 39.9 240 2 24.8
BR4 (R xF,) 173 (134-220) 269 + 049 38.8 189 16 16.3
BSl (F, xS) 323 (15.0-52.7) 1.84 + 0.38 7.24 181 16 37.7
BS2 (F,'xS) 242 (18.6-31.0) 2,00 + 0.22 5.43 280 25 313
BS3 (SxF) 282  (21.6-35.3) 227 £ 026 6.32 276 25 313
BS4 (SxF,) 259 (20.9-31.9) 204 + 022 5.81 277 25 21.1

* The strains used for crossing (male x female of a strain).

® Confidence interval.

¢ Resistance ratio: LCs, of each data point/LCs, of S strain.

4 Number of larvae tested; including controls.

¢ Degree of freedom.

55



7z, HOBOHORE, MAKOT e ey MERERICBWT, ZOME O T
WCHEBEEITRO N oT2 (P>0.05) (Figd4) . XoT, Fx/ahrEr <X
DT 77 x )Y REARGUEII R TR <, WRAKREOBETH D Z L R3Rg
SNic. £, FIEORF/'RHEOT 7y MalFEMRIEL, RBHE S RHROEAOMIC
frE L7z (Fig.4) . F X OVF/ R OEME DIL, £ Ei 0.196 XV 0.219 27~ L,
MR E D O0<D<1 DIETHSTZZ 0D, T /) aANITENIXDT T 72 /)Y

RAEHMEIZ R R EE OB TH D Z LR ST,

(3) L ERUF'%R#, RLXREIZEK D 8 RFEDZBAIRRZ M

F, KON Fy 2D LCso ML, ZHZ 4 78.7ppm & TY 103ppm % 7~ L7= (Table 13) .
F72, WRHMICONWT, 77 7=/ Y RARE—7rEy MEREORMRE Fig. 512
AU, 25% KON T5% 7 ey RERER (Fry ME 43 KON 5.7) OMEIZTZ

—lEmR SR o 7.

BR1, BR2, BR3 K&} BR4 @ 4 R D LCs fitii, JEIZ 223ppm, 191ppm, 178ppm
KO 173ppm T 7= (Table 13) . £z, 77 7=/ YV FAIRE -7 oy MERE
D7y ML, ZHUHD 4 FZMTXTTRAZHME FIEXRF/RZHOT v E Y MElwE
BROMICALE L7223, 50% 7' m ey RMERE (Frty MA 5.0) OMEIZTT F—
TR E N2 o7z (Fig. 6) . BS1, BS2, BS3 TN BS4 ® 4 Z# D LCsoflIE, JIH
\Z 32.3ppm, 24.2ppm, 28.2ppm TN 25.9ppm %/~ L7= (Table 13) . £7=, 77 7=/
VRARE-7rEy MERKEOT Ry MY, ZHOD 4 %HETITT, SHKHHE F
OV F/REOT v By MEREMROBICALE L7223, 50% 7 m Yy MERE (Fa
vy ME5.0) OMEIZT T b—i3mitishierro7 (Fig 6) .

F, KOV FyRfE, RUZEICE D 8 RO MAEZ M EDORERLY, F¥ /2
NITF|NIFDT T T = /)Y FRNST 28 PEE, #EE -l i s Tn

LRI E NI,
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Probit of mortality

Fig.

1 10 100 1000

Tebufenozide concentration (ppm)

4. Dose responses of Adoxophyes honmai R, S, F;, and F,’
strains to tebufenozide.
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Probit of mortality

1 10 100 1000

Tebufenozide concentration (ppm)

Fig. 5. Dose responses of Adoxophyes honmai F, and F,’ strains to
tebufenozide.

58



Probit of mortality

1 10 100 1000
Tebufenozide concentration (ppm)

Fig. 6. Dose responses of Adoxophyes honmai backcross strains to
tebufenozide.
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E2H TCTIRFRBBRF (ORI TIFRERUIOSURS
=1y 7a—)L#)

T, X/ ahr ' oA XO2MYT I RRKBA] (TP 3 RA

kOzwZ o 7 =0 Fa—nFH) 2 585 (5 3 8) 2501 T, TOREIsEk

& ZBLABRIZ L > CTIA L7z,

1. MHRVAE

(1) #E=R

TN PT I REIEON I aZ v 7= 7 a— A3 28R (LT, R
HE) 1F, MYT I RRBEBANS T HEEGEGMMERR e Lz, 7205, 2011
8 AICERMIRE RSB OBMT YRS, Fv / ahyEr~X a8 T 20
LA EEREE L, £ROREE, HFE (1991) OHIEICHE > TRERET Lz b2l L.
M7 X FREBANS T MR (LLT, S &) 13, aafmafdtiil.
WA b, ANTHEE (f &2 % LFS, AAEETIE (B &) & L CRNRMH
BL, ABRICHEMLEZ.

(2) XKE

Fx /AR TN FERTO B ORZRL, AEF 18 & RO ITETHER L
7o. Fig. 7121, REKU'S Zfia b LIZABARBIC X VG- R4 zm Lz, 7
YUTIRBIEO e T 7= T — L HE HIZ, R KNS RO EHAELID
TH LI F KO F RO MANEZ VR E 21TV, AEE 1 4) 7 — 2|
PrCm LIz FHEIS LY, WY 7 I FRBZBAN S 2 T O EEVEE D (Stone, 1968)
LOMEEBENE N EEZNZENMR L. £, AR F/RZMm I F, XY F,%
MaEFT. SbIZ, F MO F/SR#EIC R ARBEZ R LAEL L T BR XU BR'D 2 Rtz
EHL, F KO F/RHIT S Rt A R LKL L T BS M UNBS'® 2 Rtz EH L7z,

K OVFy R, R LUARIZ KD 4 RFTITHOW TR RANRZ MERE 21TV, ARES 1 Hi
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(4) T—=HICRLEFEICLY 7T I RAKR 70T b T7=0 Fn
— VHIRPUERR 728, ENENH -G E R L.

(3) HAZRF L FRFIBRZHERTE

AEBRICIE, TN VT X RKFIF (B2hECOr 18%, HARREE (Fk) ) kU7 n
Zr P72 T a— LKAl (B2 10%, 7 2Ry (R ) z#ali7z. &b
RIS ERE N, /M2 (1998) OFIEIZHET T, & ¥ —NOEIRMEA T v F D
AL L72BTRE 2 T % ORREE R AW o F v BEIREIEIC L D FEME L7z, LCs fHZRD 572
WIZ, TRV T I RENTKEAKEZ VT 250~640,000 50 6~8 Exfitic, 7 a7
v b7 =0 e — L ANXFERRIC 250~256,000 {50 6~8 BEFEICAIRL CHW-. F
FRHE % T AE O FHURIZ 10 FINEE U CREL#, A B2 U R F o — L3R 3R (Y
£ 78mm, EE 44mm) 12 6 MLAI, 2~3 OB EZ 10 TS L7z, FyEDW
W2 B ST DIZBRMED 7 WETH L, 1EIR=E (25°C, 16L-8D) IC#FE L7z, Zhz
FRERIZ 3 RAET 1TV (BEF308H) , W 3~6 HEOWT 1 HE 8 HET10
H#D 3 BIARZMA L. MY I FREBRAIE bIZ, Fr/alrsErn<xIZ
xt U CESMZ2ARSRARL, A 8 AZICH WM RNBERI N, Rz
AEFEOHEITA 3 [EIHOME 10 Hig L L, FEHRFEFX 10 HEOAEE S IZHET L
7o, ek, MR E Lo T,

(4) T—3 @

REEH | i & RERIC, T — & &2 L7z

2. 8 B

(1) ZURU T I RH

1) REU S RFEDFKRAIKZM

Table 14 12, R KPS Rt &, T bz b LIRS K VAR LA RO 7 1~

VT X FANSH T DR A EZ R L7z, R RN S SRftD LCs fEHIE, T Zh
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Table 14. Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai to flubendiamide

LC50 b

Strain (cross)® 95% CI Slope + SE RR nd d 2

(cross) (ppm) (95% CI) I X
R 129 (96.7-168) 234 + 043 39.6 135 10 6.43
N 3.26 (2.59-4.42) 295 £ 0.52 1.00 141 10 8.15
F, (R xYS) 324 (24.0-43.3) 2.68 + 0.45 9.94 147 10 11.4
F,’ (SxR) 33.5 (24.4-41.3) 416 + 0.90 10.3 139 10 8.80
F, (F, xF) 10.8 (7.74-14.3) 1.87 + 0.27 3.31 191 16 12.0
F, (F,'xFE)) 13.3 (9.72-17.8) 1.79 + 0.25 4.08 188 16 13.1
Backcross
BR (R xF)) 42.0 (30.0-60.0) 226 + 0.24 12.9 251 22 38.3
BR’ (R xF") 36.6 (25.1-50.9) 2.02 £ 0.26 11.2 242 22 26.4
BS (SxF) 6.30 (4.80-8.27) 1.91 + 0.23 1.93 220 19 11.6
BS' (SxF;") 8.58 (5.56-11.7) 245 £ 042 2.63 224 19 21.8

* The strains used for crossing (male x female of a strain).

® Confidence interval.

¢ Resistance ratio: LCs, of each data point/LCs, of S strain.

4 Number of larvae tested; including controls.

¢ Degree of freedom.
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129ppm K X 3.26ppm Td> > 7=. R ZHD LCso MIFAH D & L 100ppm % EFY
FH ERBEE 225 LUV THPIENFE L Cve. 728, RAHOIEPIIEI 39.6 1%
Th o7, Fig. 8121, REVPS RO TN D7 I FAIEE— 710y MERERD
BIfRZ R L7z, RABMICEIT L7 vy MaUmEHROME X 2.34, RIS S RFOM
X1%2.95 Th o7z (Table 14) .

2) FiRU F/'RIEDRBHIFZMHE

F, X OVF /SR D LCso fEIL, ZHZH 32.4ppm K& TN 33.5ppm Z 7= L 7= (Table 14) .
F7-, WO OREE, WRHO7T oy MaRERICE VT, O E DT
WCHRBZITRBO b o7z (P>0.05) (Fig.8) . £» T, Fx¥/aBhrE NTF
D7 NN T X RHNCKET 2P SRR TidZe <, HREEREDOBETH S
TR ENT. £, FIMOF/REO T ey MERERIT, R LS BHEOR
MOBNNLE L7z (Fig. 8) . Fy K OVE/ R OEIEE D X, ZhEh 0.249 KT 0.267
ZaRL, MRMEDLO0<D<I DIETH-TZ END, Tx¥ /AN TENATFIDT )L
Ry VT I RANSKRET D PRI AR 2 B OB TH D Z L ARR S .

3) R RUF'R#, RLXEIZKS 4 RFOFRAIBRZHE

F, KON Fy R D LCso 1%, N4 10.8ppm KON 133ppm 2w L, Zi 6 DOfEIE
FILOF/SROMED /S o7 (Table 14) . F7=, WRHEICHONT, 7
VT RARE—-Tr by NMEREORERE Fig. 9 IR L. TR UT I RAIR
E—7rmvy MEREOT Yy ME, F KO F/REOEIFER L0 S BT D
WALE L7z (Fig.9) . F£72, 25% &N 75% 7 m ey MERFE (Fr bty ME 43 KO
5.7) OALEIZT T b—lI s enr-7- (Fig.9) .

BR % OF BR'RAED LCso fEIE, 42.0 ppm }2 T 36.6ppm T o 7= (Table 14) . 7 /L
YUT R REIRE -7 a ey RMEREOT T v MME, RRMKE FRFEOTa ey M

EAROBNCALE L7722, FIRHEO 7 7 By MEURERRIIT L TIE, %0 S Rt

DIET D7y F b bz (Fig. 10) . £72, 50% 71ty MMERE (F o
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responses of Adoxophyes honmai R, S, F,, and F,

strains to flubendiamide.
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Fig. 9. Dose responses of Adoxophyes honmai F, and F,' strains to
flubendiamide.
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. 10. Dose responses of Adoxophyes honmai backcross strains to
flubendiamide.
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vy MES5.0) OMEICT T b—iFmi S e o7 (Fig. 10) . BS LT BS'F&ift D

LCs fEIE, 6.30ppm K TN 8.58ppm %7~ L7z (Table 14) . 7 A T7 I RANRE —7

2ty MNMEREOT ey ME, S RiEE FIEOF/RHEO T a ey MalREHRORIZ

firE L7z (Fig. 10) . F£7z, 50% 7' m by RERE (Frty ME 5.0) OMEIZY
—lIM s 2o 7 (Fig 10) .

F, ROV FyR#E, RLUREIZE D 4 RO BAEZEREDFRER LY, F¥ /2

AIENTHRDTNR DT I RANHT 28I, EHIN 2 X Bl En T

WD Z PRI E T,

) vaZ> k32 Fo—)LAl

1) REU S RFEDFZRAIRZM

Table 1512, R XU'S Rft e, Zbx b LICREICEVIEH LA RKED 7 v T
Y RT =0T e — VAN T DR FIESZ YA R Lo, R ROYS RHEOD LCs fEIE, #
LE I 48.2ppm J O 1.33ppm Tdh o 72, R R D LCso MEIFAFH O & I 50ppm (2T
WMEZ R L, FEHERBEE 20 LV TERPUEDNFEE L Tz, ok, R RO
PEEIZ 362 5 ThH o7, Fig 111T1E, REVSEMOI7vT o b7 =1 7 m— /LAl
E—7a ey MEREOGREZ /R L. R ZRICBIT L7 oty MNalfE oM 1%
1.53, [AERIC S RO XL 1.99 TH -7 (Table 15) .

2) FIRUF/RFDRBHIRZ M

Fi KL OVF /SR8 D LCso 1%, FH - 11.6ppm K ) 9.82ppm % 7= L 7= (Table 15) .
F7o, HOBOHTOREE, WRHEO T rEy MEUFEMRIZEBNT, ZOME 0¥
WCAEZETRD N2>z (P>0.05) (Fig. 11) . Ko T, Fx/ahrzEINY
¥oraZr 7=V 7= HNTT DGR EEE S TR R <, FRERMED
BIETHLZ eI ni. 72, FIXOF/'RHOT vy MEUFERIE, RBHE

&S RMOEMMOBNALE L= (Fig. 11) . Fi X O F/REOEMNE DI, ThEh
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Table 15. Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai to chlorantraniliprole

LC50 b

Strain (cross)® 95% CI Slope + SE RR nd d 2

(cross) (ppm) (95% CI) I X
R 48.2 (31.5-73.5) 1.53 + 0.28 36.2 159 13 13.3
N 1.33 (0.864-1.79) 1.99 + 0.41 1.00 146 10 8.92
F, (R xYS) 11.6 (9.12-14.7) 330 + 045 8.72 168 13 14.4
F,’ (SxR) 9.82 (7.15-12.8) 2.82 + 0.55 7.38 140 10 7.89
F, (F, xF) 12.9 (9.80-17.1) 2.07 £ 0.24 9.70 219 19 19.4
F, (F,'xFE)) 10.4 (8.06-13.4) 213 + 0.25 7.82 225 19 16.1
Backcross
BR (R xF)) 28.2 (14.9-68.0) 1.63 + 0.21 21.2 220 19 68.6
BR’ (R xF") 15.9 (11.7-20.7) 2.86 + 0.40 12.0 197 16 18.2
BS (SxF) 4.93 3.63-6.72) 2.08 + 0.22 3.71 255 22 29.1
BS' (SxF;") 4.83 (3.24-6.57) 2.02 + 0.35 3.63 230 19 12.5

* The strains used for crossing (male x female of a strain).

® Confidence interval.

¢ Resistance ratio: LCs, of each data point/LCs, of S strain.

4 Number of larvae tested; including controls.

¢ Degree of freedom.
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Fig. 11. Dose responses of Adoxophyes honmai R, S, F;, and F;’
strains to chlorantraniliprole.
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0207 X (N0.114 2R L, WA EDL O0O<D<1IDETH-T=Z D, Fyx/ahy
FonwXROr T T =) T a— VHNT T D EPUEIE A TE BN OB S ERAT
DT ENRBINT.

3) LEUFR'ZRHf, RLREICKD 4 RFEOFZRAIRZMHE

F, KON Fy SR 48D LCso %, Z4E 4 12.9ppm M Y 10.4ppm % 7k L 7= (Table 15) .
Fo, MRFICHONWT, /7rTr b I7=UFa—LARE -7 oy FMEREDORGR
% Fig. 12 1ZR L7, 25% KOV 75% 7' v By RERE (Faty ME 4.3 KDV5.7)
DOALEIZT 7 h =T &gz,

BR & OF BR'HZAED LCso fEIE, 28.2 ppm & TF 15.9ppm Tdr o7z (Table 15) . 7 =27
YRV e LAIRE-T ey MEREOT Ty ME, RARKE F KOF R
O7u vy MNelJgEROBICALE L2, FI KO F/REO7 v By bEFERRI 5
LTRSS ATV IMNET L7y bbEO LN (Fig. 13) . £z, 50%7 vt
v REEHRE (Foty MES0) OMEICTT b—id Shs-7- (Fig. 13) .
BS & U BS'S% A4t D LCs M1, 4.93ppm K& N 4.83ppm %7~ L7= (Table 15) . &£/, 7
R b T7=2 =L FRE-7 ey MERROT Y ME, SKRiLE FI AT F
FRFEOT a ey MMalREMROBIIALE L7223, 50% 7 ey hMERE (Faey ME
5.0) OALEICT T b—IlIti s> 7c (Fig 13) .

Fy KON By Sk, R LUAREUC L D 4 RO BFNEZHEREDOR R LY, F¥ /2
B ANTROIT T T =) Fa—LHNCE AL, BRI L0 X

BlSTWD Z e RSz,
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. 12. Dose responses of Adoxophyes honmai F, and F,' strains to
chlorantraniliprole.
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. 13. Dose responses of Adoxophyes honmai backcross strains to
chlorantraniliprole.
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EIH B
RKETHE, T /a7 "FXFOT 77/ Y RFILER2 YT I RRZ%HRA
WX D IPUEIC SN T, R KOS Rt a b &2 LI RBRABR 21TV, it o &
BRRAMA L., BB E LT 772/ P RAIKRD 2 YT I FRFEBANCKT 5
R R#IE, M OBMTF v A OEE LR A AL, 77 7= Y A
2% 95 RSBHEIE, LCso A AR O AL 200ppm % K X < _E[A] 5 TU 7= (Table 13) .
£, 777/ Y RANCKT D REBMICBIT L7 vy MNEUFEMROM XL,
T DI MRHAE & el LT K& o7z (Table 13, Fig. 4~6) . —#%Ic, R RAHK
PIMED R > THEFINTOREESE RR ML, FEHRIHREE — 5 bR [m] ) E
DEENKELRDZENMOLNTEY, B P I NK = Tetranychus kanzawai Kishida
(F=H :"Z=F) OFBAIKRRTH 20 Z LIRS TV D G, 1977) .
LIeioT, 77 7=/ Y RHNTHT 2 RA[REE, @SEICERIMESFZL, LEANR
FEHEGKRR THiR LS TWe s R InS. — 7, 2 Y7 I FREBAN
% R AL, TR VT X RANIKT D LCs AR O & R 100ppm % <0< 1
By, 77y h7=07m— ANk LIRS E FHRE 50ppm 24T FlEl - 7-.
TN VT X RANCKET 5 R BHICIIT D EUREIROMB XL, TR B L7tk
L L CRIBE £ 7213/ &< (Table 14, Fig. 8~10) , Fkkiczn7 v v7=1
7a— VAR D RRHNCIS T D BEYREM O E b R £ 7213/ S h -7 (Table
15, Fig. 11~13) . F£7=, 7AX 7 I RANTEBIT D Fy LT By Rl O HEHR IR —
FHREOT vy NI, SEHEATVITAEL TV (Fig.9) . L7eBn->T, MYy 7 IR
ARREEBANTHKTT D R BHIE, BEEORER LIcH v, EHNDEERESIE RR O4
BTN O~T O BEAGERS KOFREEAKRSS bEF TV LRI D,
REIZBWTC, FY /a7 E®oASXIOT 7 7/ UV RAKRR2HEYT I RAK
BANSK T BIEPIMEIL, & bICHRAREOBEERTIC & 5 ReaEod kA z
R ENRBRENT. Ty S an T EUNTHITE B AR EUE OB R
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DNTIE, RFERID TOHRE LD, ~N~FTRE RO BARGUEIZONT,
BRI SN TV AME—DFFI E LT, a R Tovr L Au A FEERE
DT DI, EREEEOEHIN I X 5 REeS OB Z R 2 LR s
T3 (Bouvieretal.,, 2001) . F£7=, 77 7 =/ ¥ RANZKT HEPIEIC DN T,
v A FEY I MU Spodeptera exigua (Hiibner) (F2 7 B : Y T Fl) CTHE—DO#HERH
D, YR OBEEIR T L D REASEEOBIEERE R T I LRI TN D
(Jiaetal, 2009) . 7 I FRZFBHNKT 2EFUECHONTIE, PERO=aFHIZE
WTrrZ b7 =0 7 — VAN T D BTN B G it TR SE RS T OB
RERT I ENRBEINTND (Guoetal, 2014b) . FeNETIE, RFFEOT ¥ / =
NI ENTHIHNT, aFHTOPT I FREBHNKT D EZ MO T 23 R
o THE S (EH - AR, 2014 5 15K S, 2014) , BAEICK T 52T T 0
TN YT X RN 2 BEWMEOBAARRITTZ RSV & D (TR, FAE) .
INLDOFEFIE, Fx /) aNnrENAIIOT T 72 )V RAILRD 2 YT I KR%
HANI R 2P ET, HREEEOEEN T THL LW RIT—H L TWDH A, F
¥ /) A ENTFXDBRGEREEOBEHER L TRT L0 )BTRS TN D.

H2ELOE I ETIE, Fv/ ahsELNAYFH DAH R IGR ARV 7 2 KA
BANC L TR A BZE ST TV D EELZH S Lz, ZBRARIEOREY
2 b—va T, ERMEEETNMEBHETHLHE, TOREREZIHETHNIL
BHOLHE LY bIBIEL, ZORBEHRIIEEROBHAIZL-TIHIZEELZ LN
SRR XU TVW 5D  (Georghiou and Taylor, 1977a ; Taylor and Georghiou, 1979) . Z D%
RINWZHESL L, RERE®RE R LT Y /AN IETNAIIOT T 72 )V RHIKNY
2 YT I RREABANREEDL, RELHEEZRLMmoTFa vEFR (FIxiE, =
R ToerzxaA NEEEUE (Bouvieretal.,, 2001) , a2 A FEYI NUDT T
7= /)Y FHESE Jiaetal, 2009) , 2707 vT s b7 =0 7 a—/LHEGUE

(Guoetal.,, 2014b) ) TR T, EPIHEDOFREN TN E N RIEBIND.
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EAEICBT 27 I FRZDBANCK T 28R, FRLELScFvy / ah”
EFronwR L atH fEH M, 2014 5 7EK D, 2014) THERINATWD. Fv /
aABTEUNATFRERRRTIE, TARVUTIREERNuT v T7=) Fa—L
FNZxE LT, 2010 KON 2011 FFI2ZNEND LCs fEAH AIREZ ERY, BUETO
RN ZNEN 4 F RO 2 FTRFIEDEA LREOH S L~VIZELTE. —F,
A TIETER L OB REROMERET, Wb 2013 FITR IR T 23R S
TW5D (FEHE - A1, 2014 5 3K D, 2014) . L7 ->T, Y7 2 RRZABFNIITHT
DIPUENBELEAL L7ZFENE, Fv / ah s~ Rnat L0 b RN LI
H. ZAUTE, WFEO T I RREBANK T D IEGUEOBASERDOEW ARG L T
WAHHREME L B 5. T70bb, Fx / ahr B AFEIREREE, T E%Ese
HHIEWBEERKXZ R L TR (R, BME) , BEOFREME LD b IRiERSE
HEEDHY (Georghiou and Taylor, 1977a ; Taylor and Georghiou, 1979) Z & 226, F
¥ /) AR E AT FTROEHNIIRGTEDR BT L Lo /TREMEDR 8 5 .

—EIZ, BERF L b E—-KFIC XV IEGUER IR STV D A, iR
GFRIEBE LT VWEEZ LN TS, 2O &k, & =#PME (Roush and
McKenzie, 1987) <°, &S = Metaseiulus occidentalis (Nesbitt)y (¥ =H : 77V
Z=F) ovrAaA REILOT— A — MG (Hoy et al., 1980 ; Roush and
Hoy, 1981) ICBT 2B IC LY ZHENTWD. FX /) ah I ELATIFOTT 7
= /U RARO 2T I FRFEBAN T 5 BUE L, R Ic Lo TR S
TWDZEDPRBENTZ EMD, IHHMERE T3 LIc< <, Bz FiHgo X 5
IR E OHUK CRMBICIRPUER B E L ATREN B 6. v, 77 7=/ VR
FEO 2 BT I RRZBANC T 2 EEHEICRE ST 286 FEIEAHTH 573,
Lande (1981) 3B THOMHTTIELREL TR, SRITFTORMNE D 5.
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INETIS, Fx/ ab 7 e ~FOFBAEPMEC OV TIE, B8 T
EAERES TR, FiE R TITE RIZE B ORI 2 MENH 5.
Tebb, 1980 R, RASHOF ¥~ F THIMEDIEERH LT > Tz A
Y INF (= A= R) (R - 7T, 1984) ([2OWT, KZBHBOTF v /) =
B 7T < FERRE T O RSZEOIR T2 aE Sz (BIED, 1988) . 1990 RIS
bl MZFEHIROF ¥ / ah s o <3 EBRETIE, 7are U R2H (A
UL3R) 77 aNh) UH (B ArA RR) R EEROZBA DL ST,
TT 7=V RART mL 7T Xa R 7 8 ORI AN LT SRS
KFLooH 2D Z e s UM, 1999) . L LAanb, ZhboxRiEn
THUHBWAHITHY, KO BAERGIEDO RRBIIAHOEES BIZE S T,
AWFFETIE, Bz M O ARFEE AR, R R E G- TR Y, ZiE
TAREIZ AN s LARBIBRAIE LT ST & 72 IGR R BAI M DT I FRE%
BANZ L CHREORPIMEAFGESH TV L ERBEP LML (B 2 EROE 3
) . Fx/ahrELAYFO DAH % IGR L OV T I RRE AN 5 HEHL
PEDFEZEIL, AW L > THID TH LIS, RIZ, RAFEOEPIMEDFED T
ECThHolT 7 7=/ VRAIE 2T I FREBA (3 F) (2o T, T
PEDOBGERAAFEMICHET L2 & 25, WL EERIKFIC L 5 AR O E{5ER
AZRT e aRlEbwle (B4 8) . Fa v AEFRORBFEGUEICONT, KHE
EFBRDBBHERZ R T FHIL, =T HTDOT7 = b=—bE (Y V%) x5
Kk (BETH, 1989) LGN TWRWI &b, Fx / abhrErn~FO/KN
ARHHE O BRI RO TH D Z LM L7z, AETIE, AR TH LT
REZHIZELEL, T/ ah 7T "~FORBARIEOR B Z T+ 25 & &

, L I OO AFEAE AR TE 23 Bl D> S A ) 72 HEPTME 2 5602 S/ TV D UK 2 88
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B2 ETIE, Fx/ahrErs v FICHEN STV D B RAZ R I AL
LT, ZNLICHT DREZMEEFELLHER, 77 7=/ Y FAl (DAH %) 717
=/ 7 A2u Al (BU R) ZiZUHET 25 IGR RABANCT LT, RANEHOEKRE
IS ME AR N STV D ERBSHB Lo, RS, Bz ko @A Tide 1 X
2 A RANCKRIT 2EEZHEOIRT, EHICEFYT I RROTAR VT I REAIKOY 7
Z o b7 =) 7= VAN D REEMEOIR T bl S . ARV T, B
PEDAR T 2N gE DT R BAEIE 11 1T RO, wmEO#SE (IR - 115, 1984 ; /M2, 1999)
HEDLEISANCKS. 29 LIz &b, REITMBRRESIEGEICH > T D
LEZOND. NI ARERO I R A GREIME RS LR AR 22) o
AAE/N=F ([F:9) (APRD, 2015) LT 2L, Frv/ahrErnvXFOHE
EEPUEI AR RERO 2 FU U HITILEL, BZo>TWD., bRKRIZ, V73
R R AN KT 2 WU RZOMRRIX, T v / a2 b 7 A~ TREMAETITYD
TThY, HHRTITaFHIRNWT2HER L2207 (B3 %) . [AERIZ, DAH % IGR
FNTHRES 2 PUHEIZOMERIL, F v/ a B 7 E AT IR ETHIO TOHF| &
Ieole (B35 .

FBAETIEOREIL, BAOEFERMEEFEOTIZE &b LAFEE L TV DGR
T& b o T DR DRI, B AN X 2 B MEEIR OBRE 208 U TEIEREDO Iz 51
TH57REAXTHD (Crow, 1957) . —fRIZ, FBFHRGUIEOFEICIT, OEFME
- OBV K OB % ORI ER], @F% | 00 R FE iR AMESE D B BRI 2K,
@FE MO RIS EN DS DA ER 72 & = S>OER 2B > T2 (Georghiou
and Taylor, 1976 ; Georghiou and Taylor, 1977a ; Georghiou and Taylor, 1977b ; i,
1996 ; FAO, 2012 ; (LA, 2012) . Table 16 I%, FAO (2012) 7% [SEAUKHIIEE LIS
BT 204 T4 ) 1R Lie EERIEGIEO R EICB G5 58150, iR R O
WK & 2 DIEPUETEZE D ATREME ] ZHV F LD THD. ZNHD=D>DH
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HWaEHODIZ, Fx¥/ ahrErA~xORRFRIEORMEZ ZELZ L.

F—0 ARSI ORZICBE 5T 2B EHER] IZ2oWT, Fa v HFERICET
% R BANRE O BRI RANOFEIC L > TRZ2 2 b 00, £ 3HHEET
LI EBMONTNWD., #lzIE, =27 0O BAMKGIED BIsER (Table 17) X, £
S OHE, BETHS (FEHME, 2015) . £/, N~ X HRERTHE - BEERNH L
Mo TWDHa R DAL, B L AuA RANSKT 28 IHEITEER 112 &
HARSERLMETH S (Bouvieretal., 2001) . ZAUIKIL, F¥ / ahWTELNATHED
777 x )V REIROTT 2 RREBANHT D IRPUE OB R, & bIcHEYE
RHEOEBN FIC L D ARZREETH o7 (B4 . Z0XHIC, AT
HAMHIEOBERRL, thoFa VEFR L TR LTI LI THS. 2L,
AFTHATHOENATVD X ST (Table 17) , B HBFIOFEIHIZ & - TIIHHMEDO LR
INRIRDAREME S 5. HEPUEBIR T OBIEEIZOWTIE, EPEIESME X 0 B
RELRLTNESNTNDZ LG (Table16) , Fv / ah 7 Eo A AwHiEa )i
I RYUHEY LI ARESECT VW EEZOND. Hlx1E, BAEICEITS =
FHOTT I RREBANKTT D IRPUETE 2L SR E S (B, fM5) , 4
ERAALTHD T HEZICH LN REZER T A4 LT TS (EH - #1)11, 2014 ; 1%
Kb, 2014) , Fx /abhrEoAFOVT I RRFEBRFESUEIL, 70V T
2 RHIOGS, ERBEEZD T 444 (FE 1 EOEHATRE4E) T, /270 8T
=V 7 a— L HOHEIHARGG DT, 2 4F (FE 1 RIOMH TR 2 B) TR
L7z (Table 12) .

72, BBAEHEICEES 2 BB BEBFET D5 LV H—TH 5 it
7L BUE R £ B 2 540 C D (Roush and McKenzie, 1987 ; Hoy et al., 1980 ;
Roush and Hoy, 1981) . flx X, =24 O BAPEICEE 59 %8s +80%, #&
HMAIOREIC LY SESETHY (Table 17) , —EOMEHAZ LWZT Z LX T2

W, Fx a7 EUANATFEO IGR REABHI KRN T I RARZBANT T 2 bk
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1T, & HICEEBE TSR SN TNE Z &b (43, KREOMmANIT HHE
PUEIRE LI WEBZBND. ZOZ LR, WANCKT T ¥ ) ah e~
F OWPUEDBCZ Sk 72 S HRE &AL TV 7z (Table 6, Table 7) JRKD & 27>
H Liv7au.

PEHMEB S F B I TIRPUE OR B HE IR B G L TR Y, MIHoBEEREWZE
PO E T H < 72 %5 (Georghiou and Taylor, 1997a) . %5 3 F=CTH BE L7-8,
Fx /) ahrEwoNATFOTT I RRBBAN T 2GS EIIRIC = L 720

(Table 12) , HPUEBRE T OPIMBEE RN @M T2 /lieERH L. ZDZ LiE, 74X
YT R RAIO ERTEAE (2007 4F) , U2 RIS D EREE U T B IREE O I S MK
THRELNAEENBES N Db 2003 % % (Table3) .

B MANREER D A 7 = X 50%, OREEEEOIRT, OFFEM R 28 huAl
BEMEDIRT, Off s 0 fREERTIEEDOHR, @3 DB SN H A (Brattsten et al.,
1986 ; Scott, 1990) , FE/R AN =X LIMEHRITIIT 23 DA O T & fifF
SRBESZTEE DR DONT N H 5 WVITW G AEEG T2 & ans (HHE, 2012) . F
a2 U HEBRO IGR R BANCKT D IPUIERED A B = X ATDOWTUE, iR o0 i
FIEMDOWERBELGT L0 W OO WRENH L. FHRANOMEESICED S E
EEF L LTCE, FhZ a—AP450, WVRF LT RT T, JIEFA B
FRHOLNTWDS (FEH, 2012) . ¥vrAFEI YO DAH R IGR Al (5777 =
J Y RAIEZIEA ¥ 72/ P KA (Smaggheetal., 1998 ; Waldstein and Reissig,
2000 ; Smagghe etal., 2003 ; Jiaetal., 2009) K= KU v HDOT 77 = /¥ RANTK
I HHPIME (Reyes et al.,, 2004 ; Ioriatti et al., 2007) (ZiZW 3 h F ~ 7 v — LA P450
NEEL, "AFENA~XOT T 7 =Y RENCHHT 2 BPEICIZ IV Ry vy 2T
FZ—RBLINETFAUEBERENPEET 5 L MEIN TS (Ahmad et al., 2002 ;
Ahmad and Hollingworth, 2004) . Z® X 912, F=a 7 HE B TiX DAH % IGR Akt

T BRI ICIET k7 m— A PASO %13 b & § 2 ARRE Y MRS SE TR ME O 1Y K23
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A5 nEm<, Fv/ abrsEAFO IGR R BANIKT T 2Pt (55 3
B) AZOWT b m o BEREIEOW KRB LT Lt rnd 5. —%, a0
(D)

o7

/71

RARRANCK T D IPERZEDO A =X KOV TIE, EHEAOV T 2o
VERROERIC L DR BANEZEOIR TS 95 £ 9 (Troczka et al., 2012 ;
Guo et al., 2014a ; Guo et al., 2014b) . L/2LA06, FI TV T/ VUi KE
LA DB~ )LD T (Linetal., 2013 ; Gongetal., 2014) & 5\ ZH K (Sunetal.,
2012) BHELTWD LW HELH Y, RIERPHLENRZ W (FH, 2015 . 20
X2, Fx/ahrEvoAvF0OTT I RREBANIT 28EME (8 3 &) 12X
TER RO BFBZ DR T REE L TV LS ZEXbILD.

B mAN O LRI, PR ZED A = X ABREBEICED > T b. T7hb
b, FERAEOBRBF O RITIBET 556017 E <, ELBOMERHFREN EH Z L
MENZ LD, LT UIEESRE O RAIR CRAERIMMEZ R E &b, BRARTORK
B CHB O ERER SO TRERGMME 2 R T2 L03H 5 (A - 1%, 2009) .
HIETIE, Fy¥/ahsELNAYFO DAH F IGR FIKL YT 2 RRZEABAIOZH
ZIUZHOWT, [FRGER BFI M OZAZEEDO AN B Z bivie. O X 9 R[F%K
O BHIF DR ZBPUEIZOWTIE, 2T D077 72/ P RFIKROA MV T =
J Y REL (WFvh DAH A& IGR #l)  (Cao and Han, 2006) C[FEFEDO 7 17T 2 T =
U7 a—= AR OTNAR DT I REI(WWTs o7 I REZE D) (Wang et al., 2013)
THH|EIN TS, Gk L7k 212, F¥/ ah s ' N~FODIGR Z&HE AKX
DT RRERAN T DHBPECIE, I AU R ISR TS 0D B K B OME S
DORMANEZ AR TG T 5 RERZEX D 2 b, BIEREDOA =X
LM HEET 2 R R A O R BAI TGN E U D ATREEN H 5D, £z, 3BT
IF Y/ an 7B ATFOTT I RRF DA & A RHE O DA THEPIMERZZE L
TWHAAEME D B 2 LA, T O TEY T 2 RARFR BANI kT 2 bt ~0

ERROEZMR FTOEGZT THMIAT LI EEFE LY. LER-T, KO T
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R %R Fx AN I 2P, 1ER R OB T O A7z b3 il 55 ff i RIS PE D
BROLEEGTHREEADH S, TN L TYH, KO YT I KR RAIS IGR A%
BHNC KT AIEFIMERGED A H = X LZHOWTIES B DM AN NLETH S, A
REGICIE, WIS — 2 = =12 X D R B ARG R KR S 1 OBRE e ERT
no.

LTAT, FBRBAMRTWEICZEZ RGN G2 &, BRI ELLTVE S
TW5 (Table 16) . EikL7=k 51, F¥ /a2 B 7 EL A7 FO IGR FFBAIJK O
7 X RRBBAN T D IGE IR E OB 53 b D Z L h, KO
B AFRTED R ELZ MR L TS AR H 5.

B0 THEANRHUEOFREIZBE 53 2 BRI 2oV, 1XUDIT, FEAILH
TR L IRPUME R EEOBIFRIC OV THE £ 5. High dose/refuge strategy (/83 /R X
EME)  (Gould, 1998 ; FAO, 2012 ; #iK, 2012a; 5K, 2012b) D& x Ik &,
BB ARRH B G T AR REET, R OESMEEE A2 ~T 2 ThH D RS ik
R EOWEE T XTI CT H561%, BPER#EELIZL< < (Table 16) , — 77,
RS fE A HYH IR E O CALFT 25 A TR IEN B E LTV E S D (Table
16) . Fx% /AR TENAYXOTT 72 /Y RAIKRR2 YT I RARRBIEIZ OV
T, PR E RR EK, RS EERK OV MR E SS {40 FEHIHE FE — 5E hsL o BIF%
(Fig. 4, Fig.8, Fig. 11) O35 L, 77 7=/ VKAl 7 VT 2 REIK
a7 7= 7 a— L EHOEHRE (Z1£7 200ppm, 100ppm M O 50ppm)
TlX, RSAKREZEEICRETE RN Enbad (Fig 4, Fig. 8, Fig. 11) . 2O
X, T/ anTENIRT T 7)Y RAILEDRN 2 YT I RHCxT 25T
PEAERESELT VI EEZRL TN,

TWRER (MEEROLR O THRAEL A B A ER) OfFEDA S & RAIHK
PUEDFEEITEREICEE L TR Y, ZIRERPFAET D5EIXEHIM O 5 b Ik

MIETHESDON TS (Table 16) . T FHIETIET ¥ /a7 Eo "~ FD K
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FRLLTFyNAIRNFES D, FHHROGE, #illZ LV EEHERERD bO0,
WFETIRTE L, ZORAEIXTEFEFT 22 Las (F) - FEE, 1979) , [F—#&hA
TR % [FRFIZBAR T 2 OB — N TH D, ZD7d, Fx /) ah s e NATFOH
AENDRLS THLTF vy IR ERAELEEAT, BROICT Y/ ahr7er <%
HREBANC L DWIKEZIT D LI D. Frv / akr e n~F & ERRICBCZ R
B DF v~ FTH DAH 5% IGR ANZH T HEZMENMET LooH 5 Z &b T
B CNE- AL, 2013) , ZREBROF v v FaxfG b LR AU RIS B
MLTWDAREEGHD. 29 LIeF v HEEICRARER O F v/ a7 E o< F
BRBHIRGIEDORE LR L TS ATRENMEN H 5.

FEHICHT RN EVEBRANZE, EPERBEEZELOCTVEEINTWD
(Table 16) . F v/ 3B 7 F = FEROERAIL L THEH SN TS IGR Rk
BHIRLTT I FRZBANL, RO B L IR AR W2 (WL, 2012) ,
WHMERRZE LT WEEAD. FFE, Ty / anrEr~FTIE, IGR R 1A
FOWT I FREBANC L TAIL Y b L EMMETFL (2 %) , SEO
B RZEL D (B3 8) . 615, AEO DAHRIGR A (77 7=/ YR
Bl A PR 7= P RAD) KOVT I RRFEBRA (TAX D7 I RAD 12345
PR FE ORI, oK BA LY RN ERHBALTEBY B3 &), 2501
ZEnbh, ZNOORAFTITEIMEDRHZELLT VWES RS,

B ORIED, RHIRICO D EHTITON 512 E, £ RAOHAMT 23T
ERTVIEE, B BAPIEITIFE LTV E S TS (Table 16) . F v BT =
ILTERMICHTITED. Thbb, F v ILFEkOKEMEIEY TIRRA L Cfhs S
NDZEMBNT LD, ROMRITHEVIND Z ER<ERLTBY, BRHICHED
FOHNC X DEFHERRR T b D Z Ll d. £z, Frffid, ®AEICBNT
FTEE, FYHOEREZ 10em BEMKR L TWDL I ENLENERVA->TEBY (M
BF, 2008) , HUAMTeHATERLT V. T 9 LIcBUAGTe b3 RAIDORE AR 2 470 =
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CAZEDN Y, BBAID TR o TR R OO TIE, Pt gk S
NI D. UEDX S R F v BIFEORKRIEY, T/ 3l 7 e~ X0k fAl
BHEORBITHEZ T TOAAREER D 5.

F=0 ARG ZICHE T 2 EMER] IZHOWT, Frv /ahrE N

(ZHE & b D EIR XD 720y (Table 16) 2%, EREEY A XDOKE SIIARED
BMoOOE->TH 5. HlziE, ARIZBWTIGR R&RAIL YT I KR BFN LS
T HIBUE D FE NP T - 72 B JR il E, £ 7000ha & W) KB TE L £ o7

—HIRT ¥ ORIEEPITOITNWD &L BT, T¥ / ahrEr A FRIT—ERIC
Skm LLETRFR L CBEV YT DHE/1 A A L CU % (Shirai and Kosugi, 2000) = & »n b,
RERRERREZ TR LTV B ATREMEAS V. AREOEBEEY 4 AR K& WEWn D Z &
%, EEBENOBLBRIZEREDRIZNATNDEENWSI ZETEHD. Thbh, Fx/
a9 7 E A FIIFFICBCZ R CER R BIR 7 — VB TER L T D ATREME DY &
D, ZHLZEnn, BhBEGMEE A HBL LT WATEEER S 5 .

ZOMOEMNER D 5L, FEHEOILSIIAFEORMOOESTHD. A
REARPEIC o CWATFa v HERD YL, a7 77 FREMICEHEL

(Talekar and Shelton, 1993) , = KU Y HIEIFEILY v IRF VEORBHIEICTHET S

(van der Geest and Evenhuis, 1991) . ZHIZxtLC, Fv / ah s ELN"vFOFHFE
FPAIE, 30 B 54 FELL L ORI, 1972 ; FJIl - JHEB, 1979) &% 90 FELL b (M4 - [
H, 2003) &bHESNTEY, REIFMD TRV, AP EOIE &R BAHRHL
PERFEE LT NI &S (Table 16) , AFEDENED N S 3% ARSI IEZ S 5128)
RLTWAHAHREMEDR S 5.

Fx /) ahrEwoNATFIZET D AHEGEE . (Comins, 1977 ; Taylor and
Georghiou, 1979 ; Georghiou, 1983 ; #iA, 2012a ; #iA, 2012b; (LA, 2012) (2O
Thitn T E 2. RAAEGFMESROOE S & LT, EEMEDRIERZRICE A%
HEAT 2 TFERD 5. BRI BARS IR RE L TV DE5A, TS ERE S
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B 51203, O HERAEFEOBANSH S Z &, FTITEZEEEROREXD I H 5 2 &,
OEGIMEMER O IGBE RS AR L D IRV Z &, OEFER SRR T 2 L,
D=DOOFKMNNEETH S LD (Tabashnik et al., 2003 ; [LA, 2012) . 52 &E|Z
BWC, Fx /aurEwonvX0OH—"2A— R IEROA#KY HNTxT 2R M,
1980 A ~90 AR & Hhlg L TR LT\ 5 2 L AVRIB S L7z, il L7223, 7 v 3155
IFRERFOEATL LN TERLT W LD, BHRAIDEIE LR WEML DN RS AR O
REXE L THRELTWS EEZOND. FavAFRTITa I T2IILHa T
£ = b U Spodoptera littoralis (Boisduval) (Fa 7 B : Y OF) 2B\ T, HHTHE
RO TR AR LD IR 2 E 3D h > Tv% (Gao and Han, 2006 ; Jia et al.,
2009 ; Smagghe and Degheele, 1997) . £7-, 7 & X 2 > 7 A Grapholita molesta (Busck)

(FavBH AYFTE) OB — A2 — MENZKHT 2 PUEII R T RS METH 5 (Kanga
et al, 2001) . ZH LT eEMnb, Fx/ahrErNAIFXFON— A — MNEIRHH
U AN D MERE (5 2 ) 12, Lo = o0%M08EE L Cuv b alherE
MEZHID. —J, KO IGR ZZFLHA (777 =/ Y FAD ROT7 I FR#&ER
H (ZNA_XVUT I RAAKRO 7T 87 =0 7 r—Al) 1S3 288t BAnkR
AT, WINOAREEEBETH-T2Z b (4 7)), EMEoREIIMFEFTE R
Wb LivZewy. 72720, a2 TCIEY T I RREBANIRTT 2 o RIE & s
INTWD (Wang et al., 2012) Z&nh, Fx/aBrENTFIZBWTIGR $
FBFKROTT I FRFEBAN R U CEZENEET LR bEIN WD, 4%
X, Fx/anrErAwFICBNT, 2B BANIT 2 BT R OIS E I
ONTHMETDHLUNENDD.

LibD X oz, Fv /ahrern<XomFEaz, SHkEoREICREE4
DB, BiRE R OVER SR O =S O ER % OIS RSB L L. RIF%E)
HlE, RO RAEGEDHKZITRS BT 2 LB N BIEEKE LTED
BRSO IR, PIBREER & U CRRAIDMERRE, “kEHR (Fr /v F)
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DAFE, BBF ORI, KOT v I OR RN, AWPER & U CTARTE O E AR
P A XDOKE SFEOEER DT Bz, Table 18 121X, Fx /a7 E NI
OaFHZBWTIGR REVY T I FREBF 2 L7256 OEGUIERE O v et
Z, B, BiFRAR OVEMER (Table 16 ; FAO, 2012) OZNZIUIT OV CaFf
LIEfERE /R LI, v /a7 e <X TP Eo sl gett 2 gl ¢ & 72 21
HRDIL, ZDIFEEAETHD 14~16 EKDS HEGUPEREO RTRENMED BV (254
U7z, FBBATES R MICRI#E & 72> T\ b a4 (APRD, 2015) CiE 10 ZE[K
2 PR EO FREMES B IS L2 end, Ty /ah s Ty ~Xiia
FHNZIEES 2 2 PL BICER B FIEGUER B E LT WERIEEEZIOND.

WO FZICE G 286/, PIRMAVERRER O 5 5, BB O
Fx¥ ) AR T BN IPRBEDPOEENIBPIEZ BE S T D 00, flFh,
fillilsk, & OMBAEY) TlxA DR W RO T ¥/ ah 7~ I D%
FIZOWTUTIZEHE L TR E W, £, Fv/ ah7E~F0 IGR R BHA
FOWT 2 RRFEARSIEOBEEER (WP b RE2 B (6 4 %3) ) 1%, =2
AL RV H7p EOMEBERIZIIASNRWFFEOERTHDH. F v ITKEMED
BTH D &L BITHEZ I T A CHAISER L TF ¥ MEMIT 5 TnD 2
EnD, FERANREREEBELZERLT 2FTEOMMRIT I By b Z &2 B
2T o Cillife LR AR FER SN D Z &1/ d. 25 LB JiHkIz s
DT v FEE ORFERMES, MHUR R CHAEM TIEA N WRAOER TH S, £z,
B SR V3 i VR R OV IR D F v BE I & LT b LLRT A © B AU [R5 23 20
ZeTHLNTEY, Z0Xk) LEmBEE oK AR I Th S0k a OB
AThb. SIBIZ, Fr/ahrEr n<FERFALTRET S RER (Fr v
X) OIEEE, MERROMAIED TIEAONRVVRAEOERTHL. LLED X I,
V2RI DT /7 a1 7 & = FITR A ORI OE SRR R L, &

BIRBARRRIN DT>, T v B DR RN m B DR AIAT 72 ENEERIICEE G L
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Table 18. Potential for resisitance development in Adoxophyes honmai and Plutella xylostella assumes
the case of using the IGR and diamide insecticides. (based on FAO, 2012)

Factor Potential for resistance development
Adoxophyes honmai Plutella xylostella
Genetic factors
Occurrence of resistance gene Higher Higher
Number of resistance mechanisms Higher Higher
Gene frequency Higher Unknown
Dominance of resistance Higher Lower
Fitness of "R" individuals Unknown Various
Cross resistance Higher Higher
Past selection Higher Higher
Modifying genes Unknown Unknown
Operational factors
Activity spectrum of the pesticide Lower Lower
Pesticide application rate Higher Lower
Application coverage Higher Various
Systemicity Unable to be judged Unable to be judged
Treatment frequency Higher Higher
Presence of secondary pests Higher Higher
Life stages treated with related pesticides Various Various
Proportion of population treated Unable to be judged Unable to be judged
Persistence Higher Higher
Number of crops treated Lower Lower
Crop sequence Various Various
(Higher in the Makinohara area)
Pest control tactics Higher Higher
Non target effects Lower Lower
Biological factors
Population size Various Various
(Higher in the Makinohara area)
Reproductive potential Unable to be judged Unable to be judged
Generation turnover Higher Higher
Type of reproduction Lower Lower
Dispersal Unknown Higher
Seed bank Unknown Unknown
Pesticide metabolism Unknown Unknown
Number of target sites of the pesticide Unknown Unknown
Pest host range Higher Lower
Total number of factors corresponding to "Higher" 14 to 16 10
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TWah EZEZ b, vk, WZFHISOTF ¥ 2 3 7 F v~ 2ERREO R 212
DWTIE, R OB O T v F B EEEIZIS VT, ik TiIa b g b AR
PEDREDPHER SN TV DL EENL b EMIT N D, Fl 2 TBCZ i TIX, I
WU NH = Tetranychus kanzawai Kishida DE GG ORI, 1973 5 A, 1985) <,
RKBUZB T H2\PMEDOFRZEL LTUOMRFEG THDL 7T HH 7Y X = Amblyseius
longispinosus (Evans) (kf, 1986 ; 25, 1990) , F¥%HFEDF ¥ /I RV kb AI=
NA TIEMER S e A =aF /A FREBARGTE MR, 2009) , HARGIHER
FH L Ip ol U a A H T LY Pseudaulacaspis pentagona (Targioni) D 3% BAIHIGT
PE (NS, 2010) 70 &, MU TITA AL TV W2 < DR BARETIE D %8 2
INTWD

IGR R&EHBANI KON T I RRFEHRFNE, 158 KEORED rTRE 72 @ IER A CTh
Ll EBITEDHR LRV (N, 2012) , A% b A HEEZIILDE LEETF
2 U HFEROPBR RIS THEBRRERZH S & TIREND. 2 Lz, F
¥ /) aBn T FFIBEICHANCKT U TR BT 2 5 S TV D ERER I 6
(2l odo. FRZYT I RRFBBANTITT DB QIR TIL, WSO 4572 6 FTHBED
aF A THHESN TS Z &S (Troczka et al., 2012 ; Wang and Wu, 2012 ; f&H -
I, 2014 ;K D, 2014) , 4%, FEOEFIMERZEIS EIERFRITEBN TR
HICBRTE L L, HARAMNZRREEE 2RSS, R THRLONTIAIE, Tv /
ah 7| UNTHICE EF L TME RO BFIRGER RIS O N 2 EERFHRE L
INKIERTE 5 EE2 LS.
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fig 2

FyDEEERTHDLTF ¥/ 27 ET L "~F Adoxophyes honmai Yasuda (F = 7
A< 08) 1, RPN EZSSVEbETEELZ SV, ZRAERITITHFO
ABEIELCINE DK T2 EOWRA L/ FE 2 12 b3, T4, #RANONRERN LT v
FEML T o DMz ik 2 e & LT, RENRZHAET HMHMICHY, TDO—KE LT
BBFIRGIEDRENE X -, £ 2T, REFZETIE, FMRICHIT 2R FEOR R
FIHPUE D EREZ B 5 20T 572018, BN D BERER U 7o AR (8 (A FF 0D B Hh A1) ek
ZMEERRE L, MO TAEE Th 72 IGR REBAIK R T I MR DA
WZOWTIE, IBPIEREZEORIBZIA LT D & & B, EEOBEBEERXEZH S M
IZL7z. Z2LC, Bonlcmisd b &I, RO BFIRTE DR E 55 & &
BT, oz I O ARFEEATE DN SR O AR R 2 BE S E TV D RR A2 B

2T,

1. B#BERICETLRBHIRZHEDERE

(1) thz Rt DEAEE

2004 FE~08 £ (20T T, WA RPCZ FHIR DO R — &b F v ) a7 ' <%
EARREE (BHETE B R Z28EL, T v OBEZRAOF ) LA EH O H % IGR
FRE A, U7 I NREBH R OEOMAFER BAIOGE 16 ANZOWNT, FHRE L
Z D A ERIIRE I DR BHEZHELZHFHE L. YTk R (DAH) %
IGRAIDOT 77/ VKA, 7a~vT7x )P REIKRA ST 7Y REID 3 Al
X DMIESERERIE, 2004 05 2008 FITNT THWTFRHIES 2D, ERZIENMKT
LTWe, XUV AVRFE (BU) RIGRAIOLV T = Xa L HIJRTINVT =) 7 Aw s
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I RHNTFT A FEHRERIE, 2005 E05 2008 FEI2 T TERLS 220, BESEMEMNMET LT
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Wo. £ OMAATER BANZOWT, WHIREIZEBIT S 2004 4L 05 FEOFEHR D 90%
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(2) BEREHOEKE
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RBEEREE L, IGR RAHAl, U7 I RRZLBA L OZ O AT h A OAF 12 Allc>
W, WHIRE L Z0 4 HARIREICK T 2R BAIRZEERE L. 7772 /Y
RRIE A FF 7=/ P RANTE BIZ, Z<ORMTREZMEPNET L TWER, £
DIRTFREIXT 77 = ) Y RAICKEDNoT2. —F, V7= 720 HFTIE£E<
DR TREZHENMET L TWZDIZH L, V7 =X o I TRRBSZENMET LRk
B ONRPoT. TARDT I FAIRG 7 n T b7 =) 7a—LANlS0n T,
B B OB AR RE D A CREEZMEDIR TR A iz, ZOMAFER BAl 6 FEIZDUN T

X, E7 2 U UFNCH LT, BEOBHECTREZMENMET L TWADZ LAV LT,

2. IGR RFBFIRVOT I FRFRRACHT 2ERERZDZFB

(1) IGR R

2004 F~11HED R FILIES T, Frv / ah 7o~ FEHTTY A RO IGR %
A 5 FICKET DR AR A LCs DRI X VA Lz, SRR, 7
T7x /) VRAlL savwT ) VREAILKOA MR T 2 Y RAIOD 3 FIFTARTUIH L
THELBIMEEL R E ST, RAEREFRITIL LCy MmN ENENDF HIRE A LRl T
FEHERBEE R O|PUEL A VICEL TWL Z eI L. s, 2t 3 Al
PEORBEREIZOVWTIE, 77 7=/ VRAIRKOZ a~7 /) ¥ FANZB O Tidx
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MIREZ TE->TEH Y, BURTIEEMN EREDO WL~ vics EEsTnsd 2
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TNRDT I RFILER T o T =Y 77— LBk L TR B ESE, &
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3. IGR ZFRBFIRVTT I FRBRBANHT HERMEDEEHKRR

(1) IGR RFE®RK| (777 /T RH)

Fx ) ah BN HRICBW TR BABRFMEORENBHE CH T T 7= )V
RANZDWT, BHMHEOBERA L QBRI L > Tl&E L. 77 7=/ ¥V FAIC
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(2) OPF I FRZBH (TR CTFIRER®IOS Y M52 TO—)LAE])
FX ) AN T BN FRICBOCHRAATEORENEE ChHom 2 YT IR
FRREBANCHONT, IO BEHEAZRERBRICL - THE L. 740U 7 2

RANZ® 5 LCs AN Z A E 40 129ppm, 3.26ppm DIEHTIERKE & RZ MR, RIS
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AW REGRBR OSSR, AMIZHIT 5 2 YT I FRZEBAKEIET & HITF el

PEDORFREEDBIGHRAZ RS Z emmrani. £, RLRERARICEY, 2
T I FRBBAESIEIL & BICEHBER AL > TSN TN D Z BRI S

nir-.

KBFETIE, Fx / ah 7T AFDIGR ZFHRAML YT I FRELBANIK L
TEERIME 2 BESE TV L EEZPO THLNICTH E LI OF 2 BEOWE 3
), TOERPEOBEHEAEZMO THLMNCLE (B4 8) . 2 LT, AHFRETH
ODNTZHREZRE X T, Fx / ahrEon~vFXOEBRARIMEL, EIEOREIC
54 2850, R, MR O =-S>0ER %2 PULICSEICER L. A
DF BAFEGUE DI B 53 2 BRI ER & L TE ORISR AU, BBk
PIBER & L CRCIAI OB EE, “RER (Fry ~F) OFFAE, FBAOERZHIM,
Je OVF ¥ #d5 OFRFERME, AR E U CAREOF EFRFHA DL S EORERNE 2L
Nz, &b, WZFEHIROT ¥ 7 257 T~ FIRA OB OEA I KT
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EHEBEADND.

94



Summary

Studies on insecticide resistance of the smaller tea tortrix,

Adoxophyes honmai Yasuda (Lepidoptera: Tortricidae)

Toru UCHIYAMA

The smaller tea tortrix, Adoxophyes honmai Yasuda (Lepidoptera: Tortricidae), is one of the
most destructive lepidopteran pests of tea. The damage caused by the larvae of this species
delays the growth of new leaves and reduces yields during an outbreak. For several years,
frequent occurrences of A. honmai have emerged as a serious problem, particularly in the
Makinohara area of Shizuoka Prefecture. Development of resistance to insecticides is
generally considered to be the cause of the frequent outbreaks. In this study, I investigated the
insecticide susceptibility of 4. honmai populations collected from tea fields in the Makinohara
area of Shizuoka Prefecture and from various other tea-producing areas of Shizuoka
Prefecture. I clarified that the development of resistance to insect growth regulators (IGRs) and
diamide insecticides caused a remarkable decline in the susceptibility to these insecticides in
A. honmai collected from Makinohara. Furthermore, I investigated the inheritance of resistance
to tebufenozide and two diamides in A. honmai by performing crossing experiments between
resistant (R) and susceptible (S) strains of A. honmai obtained from Shizuoka Prefecture.
Finally, I analyzed the characteristic of insecticide resistance in A. honmai on the basis of the
information obtained in this study and considered the causes why this species of the

Makinohara area developed rapid and multiple resistance.

95



1. Susceptibility of A. Aonmai to various insecticides in Shizuoka Prefecture
(1) A. honmai populations collected from Makinohara

Between 2004 and 2008, 1 investigated the susceptibility of A. hommai populations
(Shimada-Yui strains) collected from the fields of Shimada-Yui in Makinohara to 16 IGRs,
diamides, and other insecticides applied on A. honmai of tea plants at registered concentrations
and four-times-diluted concentrations. In the Shimada-Yui strains, the corrected mortalities for
each of the three diacylhydrazine (DAH) analog IGRs—tebufenozide, methoxyfenozide, and
chromafenozide—were lower in 2008 than in 2004. A decline in susceptibility to the three
DAH analogs was observed. In the case of benzoylurea (BU) analog IGRs, lufenuron and
flufenoxuron, no clear decline of susceptibility was observed between 2004 and 2008.
Mortalities of the Shimada-Yui strains due to the two diamides flubendiamide and
chlorantraniliprole were lower in 2008 than in 2005. A decline in susceptibility to the two
diamides was observed. For the other seven insecticides, chlorpyrifos, profenofos,
chlorfenapyr, methomyl, spinosad, emamectin benzoate, and bifenthrin, mortalities of the
Shimada-Yui strains for the registered concentrations were more than 90% in 2004 and 2005.
In addition, mortalities of the Shimada-Yui strains for registered concentrations of
methidathion and acephate were less than 90% in 2004 and 2005.
(2) A. honmaipopulations collected from various tea—producing areas of Shizuoka Prefecture

Between 2009 and 2011, I investigated the susceptibility of 4. honmai populations (a total
of nine strains and 16 populations) collected from various tea-producing areas of Shizuoka
Prefecture to 12 IGRs, diamides, and the other insecticides at registered concentrations and
four-times-diluted concentrations. In many of the 4. honmai strains, susceptibility to both
tebufenozide and methoxyfenozide decreased, and the degree of decline was higher for
tebufenozide. Although the susceptibility of many A. honmai strains to flufenoxuron

decreased, no strain showed a decrease in susceptibility to lufenuron. Susceptibility to
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flubendiamide and chlorantraniliprole decreased in only A. honmai populations collected from
Makinohara. With respect to the other six insecticides, susceptibility to bifenthrin decreased in

several A. honmai strains.

2. Development of resistance to IGRs and diamides
(1) IGRs

Between 2004 and 2011, I investigated the susceptibility of the Shimada-Yui strains to five
IGRs by calculating lethal concentration 50 (LCso). LCso values for all three DAH
analogs—tebufenozide, chromafenozide, and methoxyfenozide—showed an annual increase,
exceeding each registered concentration in the last investigation year. In addition, the
resistance ratio showed a 3,443-fold increase for tebufenozide, a 2,177-fold increase for
chromafenozide, and a 294-fold increase for methoxyfenozide. The LCsy value for
methoxyfenozide was lower than those for the other two insecticides. In contrast, LCso values
for the two BU analogs, lufenuron and flufenoxuron, was maintained at a level lower than the
registered concentrations. The development rate of resistance to IGRs was estimated to
increase by 1.48-, 1.49-, 1.22-, and 0.99-fold per year for tebufenozide, methoxyfenozide,
lufenuron, and flufenoxuron, respectively.
(2) Diamides

Between 2006 and 2011, I investigated the susceptibility of the Shimada-Yui strains to two
diamides by calculating LCs, values. LCs, wvalues for both flubendiamide and
chlorantraniliprole showed an annual increase, exceeding each registered concentration in the
last investigation year. Only four and two years were required for the LCs, values of
flubendiamide and chlorantraniliprole to exceed the registered concentrations of the diamides
in the tea fields, respectively. The development rate of resistance to flubendiamide was

estimated to increase by 1.75-fold per year.
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3. Inheritance of resistance to an IGR and diamides
(1) IGR (tebufenozide)

I investigated the inheritance of tebufenozide resistance in A. hommai by performing
crossing experiments between R and S strains obtained from Shizuoka Prefecture. LCs, values
(ppm) of tebufenozide in the R and S strains were 595 and 4.46, respectively. The results of F,
and F,’ strains suggested that resistance to tebufenozide was inherited as an autosomal and
incompletely dominant trait. Furthermore, the results of F,, F,’, and backcrossed strains
showed that the resistance was controlled by polygenic factors.

(2) Diamides (flubendiamide and chlorantraniliprole)

I investigated the inheritance of resistance to diamides in 4. honmai by performing crossing
experiments between R and S strains obtained from Shizuoka Prefecture. LCsy values (ppm)
for flubendiamide in the R and S strains were 129 and 3.26, respectively. LCsy values for
chlorantraniliprole in the R and S strains were 48.2 and 1.33, respectively. The results of F,
and F," strains suggested that the resistance to the two diamides was also inherited as an
autosomal and incompletely dominant trait. Furthermore, the results of F,, F,’, and
backcrossed strains showed that the resistance to the two diamides was controlled by

polygenic factors.

In this study, I clarified for the first time not only the high level of resistance to IGRs
(Chapter 2 and 3) and diamides but also inheritance of resistance to these insecticides (Chapter
4) in A. honmai. I multilaterally considered the insecticide resistance mechanism in A. honmai
with respect to three factors—genetic, operational, and biological—involved in the
development of resistance on the basis of the information obtained in this study. Each factor is

considered to play a role in resistance in A. honmai. Genetic factors include the inheritance and
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cross-resistance between insecticides ; operational factors include the registered concentrations
of the insecticides, presence of secondary pest (Homona magnanima DiakonofY), residual
activity of the insecticides, and the particularity of tea cultivation; and biological factors
include the wide host range. The causes why A. honmai of the Makinohara area developed the
rapid and multiple resistance was considered to be involved multiply in the rare inheritance,
the peculiarity of the tea cultivation, the high-frequency insecticides application, and the other
factors. These studies will be able to be used worldwilde as important information that leads to

insecticide resistane management in other pests not only 4. honmai.
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