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Studies on Insecticide Resistance of the Smaller Tea Tortrix,
Adoxophyes honmai Yasuda (Lepidoptera: Tortricidae)
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FAROKEMEN TH DT v OFERIL, FHAEITBW
T 126 A ONTWDEA (BAIGHEM R RP2,
20060) , —XEVZLFETE N2 S D T v B TR
ERBERII0ERETHD. 0D bilk, FERo%k
BABAA N ERENZ R SERIY, v/ I N eAga

/31 Empoasca onukii Matsuda (71 A 5B @ a3 F)

Fx ) XA TV I v~ Scirtothrips dorsalis Hood (7 3
=B :T7¥Iv~R) , FrysahrsEoNTF
Adoxophyes honmai Yasuda (F3 U H : ~<X T8 , KO
F ¥/~ Homona magnanima Diakonoff (2 7 H : /<
AR SOFRICBOND. FEC, TETIE, FFEE
IZBWTF ¥ ) ad 7 E "~ FDOLIAEMBENT
BY, AEOHEBEENRE > TND.

F ¥ DEEERTHLT ¥/ aB 7T NTHIL, B
HREELSS) EORTEEL SO, TOFTELM
E£52 @) - HEE, 1979) . AREDEARORBIEL 7
DRRIEOI I HPUEY) L2 DR b FAE L, SRA
RO AT RPN E DK T 72 & OFLI Rl E %
Lo H9. ARMOFFMEYNT 30 B 4 FELLE (RR,
1972 5 )1l « FRRER, 1979) & 90 FELL L (Mg - [,
2003) & HHEINTEHY, BHEIBO L., ZoHf
WZi%, 7RO EOREE, I REOT XV,
XU R EOWEHE, X2 v ) REOHFENEENLTE
v GRR, 1972 Bl - JRRE, 1979) , B3 EOEER -
2o TCND. Fx ) aB T EATIONMIE, TR
INOBIRLIFE, ME, Jull, xt%, FE#E BASE
K OBRERI S, WS CILREE ChEsE S h TV 213
(Tamaki, 1991 ; F b5, 1982 ; 84 - fAH, 2003) , 3
72 AT IR N REEZII LD T OTICHAERT D &
EZHN TS (Leeetal, 2005) . AFENE, #HERIZE
WCIEH, FIC 4 HRERET 5. T0bb, RBRo%k
ARFNE, 4 A BR)~6 A BA), 6 A FA~7 AT, 7H
HRI~8 A TA, 8 A TA~11 ALfLIh, RIRETFIC
SR CEA TS @I - HE, 1979) .

UTEE, BRI RPN ORER IR T % BEEHC & B Pz ik
EHRLE LT, Fx/ ahrewraeXOERAMRN
FENTWND. FlZIE, FRERTITARRICEI LT, 2014 4
FTO 10 FERITFH 4 BIOBATFEEERPIRES ST
% (HRfEIERBERRAT, 2015) . BTE, #EEOF v
RIZFT HATEOBLBRCIE, @FF 4 [BOSROFRER
Hicor e RZ V0% (BUT, DAH /) EHALER]

E (LA, IGR &) U7 I KR&mAIZ LAl - L
T, FHEIOZBABRI T TS,

DAH 5% IGR FI IR ARNE SRR T = A & LT
F 2 v B E BRI R NE A IR 9 IR A T
HY, INETCRKXT T 7= /)P REl, AbFy 7=/
KA, k7 ue~<=7= /Y RAREFEINTWD
(Dhadialla et al, 1998) . F£7=, U7 I RRFHBHFNIA/
HERD VT 7 VR ICAER L CRE 2 iiiE % 5 &
L, EIZF a v B RIEE AR AT
HY, INETIZIAR DT I FHER 70T v
=) 7a—AFR ERESN TS (Lahm et al, 2007 ;
Tohnishi etal,, 2005 ; Cordovaetal, 2006 ; Ebbinghaus-Kintscher
etal, 2006; IEA, 2014) . Zh 50 IGR R HAIRCYT
3 NRFEBANL, LB RO FTRE /2R3 sh A
ThdEEHIIFEMHM bRV (B, 2012) , »
< EEEII LD E LF 3 7 HEROBLRRIC R
VWERBREITTH D, L L7ed s, DAH R IGR AloF+ /
AR 7N HICKIT HUBRHIROIKR T2, 2004 A6
X 0B FHIROFAREE > DI S s, ZO—R
& U AR IR OFRENS 2 b

BfEE Tlo, ZBARIIEE I EiE, 2t
U T 586 T, EHIMEDSHERR SR h AL 325
IZE#E LT 5 (Spaks and Nauen, 2015) . FK23ETRH
FHiE 2 s S w7 E R, 50 AL VWD
(&, 1996) . &HFLCEBARRIU 23 E ST B
EdL, FINF = Teranychus wticae Koch (X=8 : /~
2= , =7 H Plutella xylostella Linnacus (F2 v H : =
FARY) , TET T T LY Myzus persicae (Sulzer) (7 A
VH: TTTAVE) OIBICEEIERD % (Sparks and
Nauen, 2015) . ZiL 5 OHEFAGZE: MAHKGTIE)RRE &
2o TWBERIZONTIE, HEPUEA B =X LOfRI%
OWFZEEPFENNTED ST D, LILERNDL, F¥
J ARyl N X OF ARG BT AR5 72
<, REZERZLN.

Fx /) aX 7w XORBERESERTIZ oW T
I, R O—HT v EEHIT, 1986 FEIT A —/NA— NAl
(B35, 1988) , 1997 4RICAHREY v Al L 2aA R
BT DEEZ DR T &, XUy A VRFER GUT
BU %) KO DAH % IGR FICHOWTh, BEZMEDIET %
TRIRTAHBRENBE SN TS (UM, 199) . Lo
L, 1997 fELIBE, DAH SROBEAIR, /~~ X THEBAFRD
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AL LR RSN TWS YT I FREBRAIZR Y
OFFIN Efish b, SO DA O FEREIC R
FTHREHATOILTE ST, ZOFHEMITIRHTH -7
Fiz, AMEIZBT H—#HOFEBAMBECONTE, £
DA B =X LIRS NIRNEES BICE -T2

ERL7=ESIZ, Fr/akrer<FTIE 1990
BRI DI 2 L BAPEHENREIC e > T D (A
B, 1988 ; /M2, 1999) . T E T ORIEITHETAIO B
12k 0 —BICIER L L C & 203, FOMEAER OB
o TR R IR BRIE(L L, BIFETH Z OEMESR
N TWND, SRITEROBR « BEICET 522 b
DR & BEOHHITRIT L, BHFERIIE T Tl < HH
FIOBEEL HMOMTe = L MEE SN @K, 2012a; 1L
A, 2012) , BEMEBRICHENDPNDRREMERHS. 0
&9 e AR ORMEL, FhamicihET o RE
AERE iSO CHERIECTH 5. EEEROMET S
DITIE, FEFRIZBT 22T O BAIKGUE 2 5
IZfEAT 5 Z EPRERRIRTHY, Fv/ ah sty
ATFRIZOWTHLEETHD. S5IC, BHFERUHTHHR
AN DB EOR AT 5 7o OGS
(Comins, 1977 ; Taylor and Georghiou, 1979 ; Georghiou,
1983 ; $5K, 2012a; 87K, 2012b ; LA, 2012) (Z¥4F%
ZLHRDHNTNA.

FIT, ABETIE, BERICBTLTFY / ahsE
VN R OF BRGSO EREZ I 5T 57291,
VRN 17 DB U 7o AT (B AR O R AR M 2 E
Lc (5 2 %) . BEMEOIRTAEE THh o7 IGR Rii¥%
AN DT I FRFHBANTONWTIE, s O
WEALMNIT L EEHIC GF 3 %) , BB GE
REPALNT L7 G 45) . 8 5 ETIE, S
REH ST, Fx /2l rEo v FORBFREMED
AT 5 & & B, Bro RHUS O AR B AR 2
W OBEAR R BIMEA FZES T TV O FRRZEE L
7.

AMFFEDOEE/FERIT, AILS (2013) , Uchiyama and
Ozawa (2014) KO - /INZ (2015) (THWVTHER LT
W5,
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H2E HRRIIRT SRR BAIRZ EOERE

A, AR R A O e LT, Ty Ay
EINTFOEFEEEHPENTN D, FHE RO T v F
BT HAREOERTIL, BEF 4 B0 ROFEAERH
IZ DAH % IGR AT T X RRB B IR L LT, F
BEIOFRAEA N TON TS, L, Zhbih

D> 5 B DAH 5% IGR AlDOAFE 2562 PRI O T3,

2004 FEE L Y Be2 JFHUR O T AR REE ) DR SR,
FO—RE LT, BhAIEEEOK T A%

Fx ) ah 7w FOFRBANEEHEE T, Zh
F TS TS STV, B EICRVL T,
FA IR O —IRF v EEHIT, H— "X — Al (AHD,
1988) , Hi#Y LAl vrAaa REKRO BU % & DAH
F IGR Al U, 199) (a4 DO T 28
DRERNHE SN TS, UL, UH4E, DAH RO%%
FIOUT X RRFE AL CEREOFAIN Eliash s,
AFROR BAS PO IR BT 2372 R T
TR, Z ZCARETIE, AMEDL IS AR R TH
T, PSS 5 Y DAH % IGR A%~ A BERREhED
TR SN TV DHZIFHUE DT / 2 7 v
~ FEIRBEZOVT, 2004 HE~08 £ T DAH % IGR
Fl 2 N AR ZHEOEEERE L. IBIg,
2009 F~11 T T, BAEHIOEEERIC OV TR
BRI R AR O FRE A A L.

F1E Bz RS DEFEE

T IZTE, 2004 E~08 EEITHNT T, B EHs o Rl —
EIRNSTF ¥ /) ah ZE o v SEEREEAEEL, Fr
DEGFEE BHN DT SAFEEADSH 5 IGR F% A,
DT 3 RRFE AR O O AR BFI DA 16 Ao
W, WHBE L Z0 4 [ERNERE IR 2% hAlEEZ
PEETRA LTz

1. MHERUAE

(1) #EERR

Fl B R U O BRI EE & LT, 2004 2~
08 FEDOwEF 6 A NAENC, BHMEHOHMT vE (U
T, BHRHK) kv, Fx/ ab e~ R
(P) #9 30~100 BEAZEREE L7-. BRINEE, BP0 (191) @
FECH > TRREE LTz, B HIRSEREICIL, %
R RETF) O2~3ilmshl el Uiz, i EAREE

E LT, 1960 AR EFEERG - B A ST & K SERT
FEHUR DT v [ THAE - BMUERE S, 1980 FARUSFHE
PRI ST TS o 2 — T ST 1%, B
RETE L7 ARG MRS (@550 O 2~3 fish®
AR L. WThoRfS, ANLEE (22 %
LFS, HARRETYE BF) #) ZefE L THVW .

(2) e

F ¥ DBGFFERFNOF NS T ¥ ) ah 7 <wH|T
HHDH 57 16 A L7 (Table 1) . THHD
B BFNZONT, AGEREFANTHAR LT RRE L %
D 4 FEABURD 2 WREAERR LT, i, SEFRE L
7o 2B, TRTOFBLAIL ORI OWVWTE, BT,
R ITEWT D, 72, BBEAIORFKICONTIE
Insecticide Resistance Action Committee  (IRAC) 43FH (Sparks
andNauen, 2015) 1ZfE~o7~.

Q) FARFIRZHIRTE

B BFIEEERES, M2 (1998) OFEITHEL T
F ] WA IR S T A 2 P o &7 — N oD SR SR I Ay
Ty R LEE LI FHE e T v O GEE V=T v IR
BECE D T Lz, FrELAFTEORIKIC 10 FHERRE
L CREL S, JERRE RO B T o — VRIZRER (PR
78mm, RS 44mm) 12 6~THEARN, 2~3lnDfEkh A 10
GET Ok Lz, F ¢ BEORRE AR T DICTBERMED 720
ECHL, fHEE 5C, 16L8D) ICHE L. Zhz
TR 3 RAETO1To7 (Bt 30980 . IGR SRRk Al
FOWT 2 RRERANCOVLTE, AR 3~6 BEOWS
1 HE8AKDNI0 BZD 3[E], AFAFHELZ. =
NHOFBANL, Fv ./ ah T <FTx L TESD
Rk B A R L, AU 8 BRI ERRABIZE S h
7T, &7 AEFEDHIEITHHE 3 (B H OALER 10 At
L Lz ek, TANRUYT R FRNCOWTEL, BiER
BEIR L7z 2005 £ L& 06 4EIZOW T, Bk L7z & 51448
OHIFIZ 10 BEETHZ EHAL QR -T2
MR 7 AT AR DI E T o1z, E72, 20
R mFITITHEL 2 B ROV 7 B0 2 [RIAESEEFIAE L,
Bl AFEOHIEIIFRAS 2 [ME OB 7 Btk L Lz
7, ERIRIIERE UTiRo7z. S HRAl, FRET
DFEHRIRIT Abbott (1925) 12XV AiELT-.
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Table 1. Sixteen insecticides used for susceptibility examination

Classification” Formulation” %Al 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 w 45 DuPont Co., Ltd., Japan
Spinosyns

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

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

Bifenthrin w 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.

2. #ER

(1) IGR RF&ERE

Table 2 IZ, & HRFHEOEBARFMITITDH IGR Ffkh
H 5 TR D5 FARRE L 20 4 EAFRIRICBT DHIE
FEHEE (LLF, SEHRE) ZRLEm. 865D IGR R/
A 5 FEICKT D H R & 20 4 (EFRIRICRT 240
P10 BEROSEHREL, 33T 100% & 72 0 B EA E
ol BEZEROT T 7 = /Y FANIKT 25 FREIC
BT DA 10 REOFERIEIE, 2004 4D 96.6%0>5 2008
L T4%ZRESKT L. BRERNOI <72/
P RANST 25 IR AALEE 10 B OFERR
1%, 200440 93.1%0>5 2005 LTI 25.1%IC Kk E (KT L
2. BRABEDOA FFL T = )Y AN 58 FHRE
1231 DAER 10 HEOFERIEL, 2004 FD 100%)> 5
2008 FFATIE Q2I%IAR T L7=2S, 777 =/ ¥ FAIROY
07 x /YRR AR TSR T ORE /NS o

7= —F, BRRZRHEONT = Xa CHNKES 55 HRE
BT DU 10 BHEOIERIEL, 2004 0D 100%IZ%F L
T 2008 1T 964% Th-7=. GBHRMDINT = ) T A
1 FNCxT 5w RREICR DB 10 A% OERSE
I, 2004 £ 100%I2%F LT 2007 41 960% Tdh o1z, =
G BUSKRD 2AITH, B RBS O N IEA L
otz

(2) 72 FRERE

Table 3 12, & ARFROGERFICBITLVT I KR
AemAl] 2 FECKT 2 RE & 20 4 BARRICT D
FIEFEREE AR LTz, @BRMD 7NN U7 X FHIR
OaZy b 7= = VAN 2ERRE L 20D 4
FERFRICEIT DA 8 A KON 10 A DIERRL,
T 100%E 72 0 BB -T2, BHBRDO T NP
7 X RANSRH 28 ARSI 2008 7 B (2005 4F
TN 06 4F) F£721F 8 HEEDSEHRIEIE, 2005 D 862%7>



Fx J ah ' N FO/KBRFBUE BT A HF5E 5

Table 2. Effects of IGRs on Adoxophyes honmai populations collected from tea fields of Shimada-Yui in the Makinohara area of Shizuoka Prefecture

Insecticides Dilution”  Days after  Corrected mortality® [%] (V')
(Formulation®, % AT) treatment  ghimada-Yui strain Susceptible strain
2004 2005 2006 2007 2008 (Kanaya)
Tebufenozide 1,000 8 931 (30) 414 (30) 132 (30) 334 (30) 7.14 (28 100 (28
(F, 20) 10 96.6 66.7 19.4 37.1 3.69 100
4000 8 793 (30) 138 (30) 0  (30) 250 (30) 370 (27) 100 (30
10 82.8 17.3 0 25.0 0 100
Chromafenozide 1,000 8 931 (30) 138 (30) _° — — 100 (1)
(F, 10) 10 93.1 25.1 — — — 100
4,000 8 655 (30) 69 (30) — — — 100 (32)
10 72.4 14.3 — — — 100
Methoxyfenozide 4,000 8 100 (30) 793 (30) — 963 (30) 8.1 (28) 100 (32)
(F, 20) 10 100 88.9 — 96.3 88.5 100
16,000 8 82 (30) 276 (30) 759 (30) 655 (30) 310 (29) 100  (30)
10 93.1 29.6 75.2 75.8 52.0 100
Lufenuron 2,000 8 100 (30) 965 (30) 938 (30) 857 (30) 967 (30) 100 (28)
(E, 5) 10 100 100 100 85.7 96.4 100
8000 8 9.1 (30) 655 (30) 69.0 (30) 67.9 (30) 643 (28) 825 (24)
10 96.6 85.7 100 82.1 65.6 100
Flufenoxuron 4,000 8 100 (30) 931 (30) — 841 (30) — 100 (28)
(E, 10) 10 100 100 — 96.0 — 100
16,000 8 759 (30)  69.0 (30) — 20 (30 — 100 (29)
10 89.7 85.7 — 79.3 — 100

* E: Emulsifiable concentrate, F: Flowable.

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

¢ Number of larvae tested.

‘No data.

Table 3. Effects of diamide insecticides on Adoxophyes honmai populations collected from tea fields of Shimada-Yui in the Makinohara
area of Shizuoka Prefecture

Insecticides Dilution” Days Corrected mortality® [%] (N d)
(Formulation®, %AI) after Shimada-Yui strain Susceptible strain
treatment 5005 2006 2007 2008 (Kanaya)
Flubendiamide 2,000 8 86.2° (30) 90.0° (30) 903 (30) 735 (26) 100 (30)
(WDG, 20) 10 _f —_ 96.8 85.2 100
8,000 8 103 (30) 867 (30) 452 (30) 148 (28) 100 (29)
10 — — 51.6 26.2 100
Chlorantraniliprole 2,000 8 — — — — 100 (30)
(F, 10) 10 — — — — 100
8,000 8 — — — — 100 (30)
10 — — — — 100

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

® 2000 dilution is ordinary concentration of each insecticide.
¢ Mortality corrected using the method of Abbott (1925).

¢ Number of larvae tested.

¢ These data are from 7 days after treatment.

"No data.

5 2008 fEITIE BS%IAEF L=, £, BHEHRO 7V VAT 2009 BT ¥ IZRBWTORR SN 728, 15 H R
RUUT R RANSHRH 28 FHIREICRT 240 10 HiO TIIRE % S0 L TR0,

FERERIT, 2007 4E0D 968%7>0> 2008 FEIZIE 852%ITIK T 3) ZDithRFEFZR A
L, 455 RikzBT ARFEERIE, 2007 4£0D 51.6%70°5 Table 4 12, B HBFMEONEBRHIZBITD, ot

262% I RESIKTF L. 28, Z7usr ko=l Fo— FER A 9 T T D HHIRE L 20 4 (SRRl ksi
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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” [%] (N'*)
(Formulation®, %AI) after 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) 44 (30) 100 (28)
7 96.3 55.6 100
Acephate 1,000 2 371 (28) _e 75.6  (30)
(W, 50) 7 80.8 — 96.7
4,000 2 357 (29) — 670 (28
7 7.40 — 25.0
Methidathion 1,000 2 3.0 (30) — 9.7 (30)
(E, 40) 7 46.3 — 100
4,000 2 1.8 (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) — 96.3 (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) 2.6  (30) 201 (27)
7 14.8 55.6 39.8
Methomyl 1,000 2 2.6 (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) — 73.9  (28)
(F, 20) 7 100 — 100
8,000 2 21 (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 92.3 — 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).

¢ Number of larvae tested.

°No data.
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=— MK w7 = F EVENTE DR,
Tb 96.7%% 7 LB MEILmD o7, 5 B SRR R
FEECRBIT 5 200445 L 05 FEDIEHRER) 90%LL &R L7=D
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BEBREAR O 72 M) UAlD 7HICTH-T=. F
72, BB RHOH HIEE IR DIEREN 90%E TE-
720X, TET72— MIKOBATFEZTALHO 2 FTH

-7

E28 RASHOEREE

%1 EITIE, 2004 FE~08 FEICHNTC, FHERACS JFHE
DB H RIS T DR AR A2 RE L. 22T
%, 2009 F~11 BZNT T, BAKHINGT ¥/ 3y
FErNvHEBHEATEL, IGR ZfmH, U7 I FR
R BAI K OV OMAFER RAIOEET 12 AllZOWT, FH
TR L 7D A (ST AR AR A AT L
7.

1. MHEERUAE

(1) #HEERE

Folt] B DT v PEHINZ 31T D BLHEREEEAREE L L C,
KD 9%kt 16 MIEREZHE L7, 2009 FF~11 £ 6 H )
D 9RITHNT T, FETZERNE CUF, PBCRHE. 2010
o 1 B, JIARARITHIAZ (UIF, #4585 2010
o | [EEE) , BHTA CIT, AR 2009 4
EOY 11 ot 2 [BHEE) , BHTEGR CIF, BRR
B 2000 4E, 104E, 114E 6 A% 8 A DFF 4 [EEREE)
Z5 N TH AR O Bl W SRR FE A S e e o & —
(LT, BIRAH. 2009 X 11 405 2 [BERE) |, 4K
ZIRTAABIR (BAT, AABIFCRHE. 2009 45, 11 4F 6 AKX
O 8 Aot 3 [EE) , BYIIG ENE CIF, RENESR
B 2009 o> 1 EEREE) , BHTSHE (BT, SR
FE. 2000 FED 1 [AHEREE) KROVERATTRERMIL (LU
BELSRHE. 2010 20> | [EEEE) OFMF LY, F¥
Jai e FitfRR P) ENEI 20 BHLL R
L2 BIME, O (191 OFECHE-> TENREE
Uiz, RehAlgsmmEicir, %N 2 £7203 ) o2
~3 ESR A MR U7, o REREES LT, &R0 2

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, Mibemycins

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

Bifenthrin w 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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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” [%] (V)
(Formulation’, %AI) Shiz.uoka-Uchimaki Kav.vanehoncho-J ina Shimada-Funaki strain

strain strain

2010 2010 2009 2011
Tebufenozide 1,000 93.1 (29) 85.8 (29) 42,5  (29) 17.7 (28)
(F, 20) 4,000 602 (31) 554 (27) 880 (32) 0 @7
Methoxyfenozide 4,000 100 (30) 100 (30) 100 (31 88.8 (29)
(F, 20) 16,000 93.1 (29) 96.5 (29) 44.4 (28) 18.8 31)
Lufenuron 2,000 100 (27) 100 (32) 962 (25) 913 (26)
(E, 5) 8,000 9.6 (28) 100 (28) 889 (27) 599  (24)
Flufenoxuron 4,000 617 (26) 385 (30) 81.0  (27) 704 (28
(E, 10) 16000 410 (28) 254 (29) 755 (29) 933 (29)
Insecticides Dilution” Corrected mortality” [%] (N Cl)

Formulation”, %Al
(Formu eAD Shimada-Yui strain

2009 2010 Jun-2011 Aug-2011
Tebufenozide 1,000 49.6  (30) 18.4 (28) 10.5  (29) 2.90 (30)
(F, 20) 4,000 8.80 (32) 420 (28) 370 (32) _°
Methoxyfenozide 4,000 71.4  (30) 722 (33) 76.3  (29) 49.4 (28)
(F, 20) 16,000 21.4  (30) 7.70  (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 (37) 87.6 (30) 58.9 31)
Flufenoxuron 4,000 96.0 (26) 88.9 (28) (93. 3)f (30) (70. 5)f (29)
(E, 10) 16,000 81.2 (29) 88.9 (27) (85.9)% (29) 85.7)¢ (1)
Insecticides Dilution”  Corrected mortality® [%] (N d)
(Formulationa, %AI) ) . . ) .
Kikugawa-Kurasawa strain Makinohara-Nunohikihara strain
2009 2011 2009 Jun-2011
Tebufenozide 1,000 65.5 (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) 85.7 (29) 84.9 27
(F, 20) 16,000 85.8 (27) 23.4  (27) 33.7 (29 10.4 (30)
Lufenuron 2,000 100 (27) 100  (26) 90.3  (33) 100 27
(E, 5) 8,000 96.9 (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 75.9 (25) 35.6  (26) 554 (24 (1.2 (29)
Insecticides Dilution”  Corrected mortality [%] (V")
(Formulation®, % AI) 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 81.9 (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) 712 (29) 174 (24)
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Table 6. continued

Insecticides Dilution”

a

(Formulation®, %AI)

Corrected mortality’ [%] (V)

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 (249
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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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” [%] (N d)
Formulation’, %Al i -Uchimaki _Ji
(Formulation’, % Al) Sh@oka Uchimaki Kav.vanehoncho Jina Shimada-Funaki strain

stramn stramn

2010 2010 2009 2011
Flubendiamide 2,000 100 (30) 96.9 (31 96.6  (27) 15.9 (26)
(WDG, zo)f 8,000 100 (27) 85.0 (28) 53.0 (26) 11.5 (28)
Chlorantraniliprole 2,000 100 (30) 93.1 (29 _° 32.8 (27)
(F, 10) 8,000 50.2  (25) 33.1 (28) — 30.0 (28)
Insecticides Dilution’  Corrected mortality” [%] (N d)

(Formulationa, %AI) . . .
Shimada-Y ui strain

2009 2010 Jun-2011 Aug-2011
Flubendiamide 2,000 92.7  (30) 525 (3D 341 (27) 32.0 (30)
(WDG, zo)f 8,000 46.0 (30) 153 (27) 7.40 (26) 0 (29)
Chlorantraniliprole 2,000 — 720  (29) 45.6 (29 219 (27)
(F, 10) 8,000 — 27.1  (30) 10.4  (30) 0 (29)
Insecticides Dilution”  Corrected mortality” [%] (N d)
(Formulationa, %AI) ) . . . .
Kikugawa-Kurasawa strain Makinohara-Nunohikihara strain
2009 2011 2009 Jun-2011
Flubendiamide 2,000 100 (28) 100  (26) 96.0 (29) 41.8 (25)
(WDG, 20)f 8,000 60.9 (29) 387 (27) 50.0 (28) 10.0 (30)
Chlorantraniliprole 2,000 — 73.1  (27) 100 (32) 63.8 (29)
(F, 10) 8,000 — 20.5 (26) 63.4  (30) 10.4 (29)
Insecticides Dilution”  Corrected mortality” [%] (N)
(Formulation’, % AI) 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)f 8,000 104 (29 80.8 (28) 78.8  (27) 95.8 (28)
Chlorantraniliprole 2,000 623  (28) — — —
(F, 10) 8,000 8.80 (25) — — —
Insecticides Dilution’  Corrected mortality” [%] (N d)

(Formulation”, %AlT) .
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 msecticide.
¢ Corrected mortality by method of Abbott (1925).

¢ 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.
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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® [%] (N d)
(Formulation”, %AI) Sh@oka-UcMah Kav.vanehoncho-J ina Shimada-Funaki strain

stram stram

2010 2010 2009 2011
Chlorpyrifos 1,000 100 (28) 100 (29) 100  (30) 96.0 (28)
(E, 40) 4,000 100 (29) 100 (30) 54.0 (29 87.6 (27)
Profenofos 1,000 100 (29) 100 (30) 96.6  (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 _° — — 100 (206)
(SC, 11.7) 10,000 — — — 96.4  (26)
Emamectin benzoate 1,000 100 (27) 100 (31 100  (30) 100 (30)
(E, 1) 4,000 100 (32 100 (30) 96.6  (30) 100 (31
Bifenthrin 3,000 100 (25) 100 (28) 73.9 (29 352 (27)
(F,7.2) 12,000 96.9 (27) 100  (30) 249 (28) 1.5 (29
Insecticides Dilution’  Corrected mortality” [%] (N)

a

(Formulation®, %AI) . . .
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 93.3  (30) 100  (29) 97.0 (29) 79.2  (20)
Profenofos 1,000 100 (30) 100 (29) 100 (33) 96.0 (29)
(E, 40) 4,000 100  (30) 100 (30) 95.8 (27) 96.4 (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, 1) 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® [%a] (N d)
(Formulation”, %AT) ) . . . .

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  (31)
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) 92.6 (29) 18.1 (36 313 (28)
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Table 8. continued

Insecticides Dilution®  Corrected mortality® [%] (N d)

(Formulationa, %AT) Kakegawa- Iwata-Kasaume Hamamatsu- .
Kamiuchida strain strain Yokoyama strain (51222?;:))16 strain
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, 1) 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).

¢ Number of larvae tested.

‘No data.
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INBIIEERBICBT 5T v /) a7 "<FO
BRAIOBEM B2 5D, —F, AT e kA
FR 7 x> b U FNR LR T ST
72, ZHVETIT, 1986 EITHMIEEHTTTA Y I A
(BF5, 1988) , 1997 FEICFEF T 2 R ZHIT
BL CEZHEERTORERHD (M2, 199) . AV
NANZDWNTHCZ SR HUB O EIREE D LCy A iR 25 &,
1986 4TI 742~805ppm (JUFH 2 Af%) Tholz (HFHD
1988) DIZHFL, 2004 F~05 FE2iE 7.72~359ppm (7] 2
A#) /R (NID, 2013) Z &5, KA
BIEEZMEDEIEIVRE SNz, FRRIZZ o e ) s 24
IZOWTHCZ R M D ERRED LCy H % LS 5 &,
1997 4E~98 4EI21% 634~148ppm (UFE 2 H%) ThH-ot7z
UK, 1999) DITHF L, 2004 F£~05 FEi2i 772~
359ppm (A 2 Bf%) Z7RL7z (NILD, 2013) Z &b,
7 a e KRR THRESEHEOREIENRE SN, AV
IAFIKRO7 o e ) R AFNE, FIHERIC I T DS
DIETRe, FERIRPER AN L D Kk~ DR 2 H
12, ETIHIZEALHFERENTELT, 20O &K
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ZHEOBEIEIZEE L CW A RER H 5. 7288, BodE
T, BERICFETZY T ahsENATHT,
1992 4E R TR 2002 4RI T 7 1L B AR ZFN T Bk
HEORTRHEIN TS Gl - &g, 1995 ; /1 -
JJ, 2005) . S - BB (1995) 12k B E, 1992 FERER
WZBIFH) rITahrerA<wF0r o RAANC
9% LCyfEAN 250ppm A2 (WWEE 2 Hi%) Th-o7mdi
$L, BZFHUSOTF v ) ah 7 e XTI 2004 4
~05 FERF RIS DAY 7.72~359ppm (] 2 B%) %2R
L (N, 2013) , Fv / ahgEoA"~X0OHNRY
vIaBTEoNATHED G, BRI TOREN NS
Motz T, BEHETIL, Ty LR IGR RakH#A|
RVT I RREHFNDOEGFNEA TNDZ b, U
Tah 7 E NN THERRRFIOZITES

AN DR MEDEE N Z - TV D70y, BIBRZE,

B2 HiClE, WRNE IO OV R AR S
DOEREZFHLNCLE. ZNETE, BEZFEKOART
BBARZEOTEMTOh Tz (AHD,
1988 ; /IMZ, 1999) , HLOOBEHCIIHCE JF sk ooR% sh 71k
ZWET—2E2H LI, NXHERETDOILEND -
7o ABFFECTHA 50NN L= S RO [EAEE O£ R AR 14
%, REOBRAIOFREICEE LT, EEREHRE LUE
AT&E5. 2L, AFRICBWT, HEERTOE+-
IUEEHIEE T, Fv / ah 7B AT FOREEBN DR
Mo TeTo DI BB AT CE 2 o7, FiL T
X, ZOHIKTHLF v/ a7 XORERNHY
MLTWD EBUGEMLIEf A= TR Y, Bk T
MEFRENTWD L9 R AR O T L IEEIND
T EDD, SHFAENPLETHD.

UEo Xz, KETIE, §bER&HOT v aly
B LA FHEREIC DU CR A M O SERE 2 RIS
FAAL, HEZ DAHSR IGR AKX T I REEBANIT
DI DIRTRBHE TH DL Z L2 LN LT
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%2 BT, BREEHOT Y ) an s R E
BB OV TR AR PE O R ElIC A L, H5C
DAH % IGR FIK U7 X KR AR K T A3N8E
FBETHDHILEERALMNI L. ZNETIZ, N TR
FHHRITBIT D IGR Fk BANTRF DRI OV T,
BREOF v ) ahrEwoA~F (M, 199) KOTF
TR (FTLHD, 199 ; /M2 - KH, 2001) , ko
= N > 77 Gydia pomonella Linnaeus  (Sauphanor and Bouvier,
1995 ; Mota-Sanchez et al, 2008 ; Rodriguez et al, 2008) (N
INAT BN Choristoneura rosaceana (Haris) (- 7 H
NXHE)  Dunley et al, 200600 THESNL TV, £
7, INETIINASIIRERDO YT I R BRFN
T HEHUEDOFRFEIIHE S QR A CIE, &R
HFEFEDRENPE R EFR L L THOND 2T TV
T X KRR BANT T D m Pt O R ST
W5 (Troczkaetal, 2012 ; WangandWu, 2012) . LA L72
NH, ZNHO IGR REBFIKOTT I N BANkT
FTHEIHEOREITNT N LA TH Y, BEEFRIC
o TR RAE I SN TR BT, B BAFMGUED
TR 72 R EBIRPUZ DWW TCII R TH o 72, £ 2 TARE
T, BZMETAEE TH o7 IGR REBFIR T
I FRERH (G 2 ) [2oWT, KZFEHIBOR—E
F2SE 2004 FE~11 4R /T CARRRIBIARRE A BAERHE L,
D O BAN KT D HE TR RO A i L.

FE 18T IGRRERA

2T, 2004 11 B §ARITIES T, Hro JEHIE
OFR—EFINST v /) 3 h 7 E L~ FEREE % R

RRER AN 3 D EGUEREORIR

1L, IGR REHHA 53T DR RFIESZME%Z LCsfE
OHEHIZL VR L.

1. MHERUAE

(1) #EEARE

il IR SRR O BB ATE & LT, 2004 o~
11D 6 AnD 9 AT, BHETEHOHMT ¥ H
(UTF, BERF) Lo, Fx/ ah e~k
B (P) ZENEN 20 BHDL BERE L7z, IR, B0
(191) DOIEIE> TRRETE Lz, B RAIRSIER
BN, B8 R EZITF) O 2~3shi a2t Lz,
SHREAEE S LT, S8R0 2~3 Eghhzgal Lz,
WETILOFRM S, ALEE (2227 % LFS, HARRERME
T2 kR ) ZHEE L THWV

(2) {HEkF B

T ¥ OBGFRBHNOF ST v ) ah 7' ATHIT
HHDEH 5 IGR R RAI STEA YA L. (Table9) . xR
X, SEOEEE U7z,

(3) FHHFIRZIETE

BB HERES, M2 (1998) OFEIZHEL T
FRI L AR A T IT AR ST 9 o & — N D RS I AT
F v EBEE LI /e T v OROEE W= F v 552
EIEIC R D Ehi L7z, ZBANE, LCyfE (aRE) %
KDBT=DIZ, AEREFHNT 4~6 BIFHCAIR L TR
7. FYIERFTEORKIC 10 BORERE L CREL, I8
BN A F o — LV BRESR (N 78mm, S
Mmm) 12 6~T7 AR, 2~3 mofEihE 10 5ET oL
72 F Y EORRELL T2 OIC@RMEDRWETH L,
THEE (25°C, 16L8D) IZHE L7z, T A BRI 3K

Table 9. Five IGRs used for susceptibility examination

Classification” Formulation” %Al 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

* 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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TFAT (AFF305H) , B 3~6 HEOW T 1 H
& 8 HEUN 10 H#D 3 [BEIAEFEA A L7, IGR Ffk Al
T v /a7y 'R U CGEIN 722 B R %
RL, AR 8 HIZICHER BB SN0, K&
TRAEFEDHIEISIAA 3 [BIEOLFEE 10 B L L, BRI
10 B#EOASEE S SICEH Lz, 7ok, Sidudstm &
L CHoTe. AFRAI - BRI 25EHEELE, Abbott
(1925) 12X VHHIE L7, LCy fEiZ, Polo Plus version 2.0
(LeOra Software, 2002) ZMHW\C, 7m > MME (Bliss,
1953) IZX ORI L. &BiZ, Bohiz LCyEEL &
2, EHUEEL (% LCy /@R D LCy H) %K
7.

2. #ER

Table 1012, % HRHR OBARHEITIT 5 IGR Fofk
Fl 5 KT D Ly R OB AR Lz, SRR
IZBIT5 LCoftlY, T7 7=/ VR, ra~T=/Y
FEIZE A R 7 = /¥ REIZH LT 0415ppm  (JLE
10 H1%) , 0846ppm (7] 10 Hf%) K O* 0.180ppm (7] 8 A
%) ZRL, V7 =2Xu HROTNT =) 7 A H|
2% LT 0067ppm LY 0072ppm &R Lz, 77 7= /¥
RANSH 2408 10 B0 LCofEE (AT, 7 2Nk
PUbEEL) 1%, 2004 4EIC 239ppm (57.7) k720, LItg, 4
WASEEET BIHE» CAMRIC B L=, 2011 4E 8 HIZiE
1,429pm (3443) IZEEL, HHREE 200ppm 2K E < _E[FE
o7, Lo, ARITHEMALEMEOH D L~)LT
BEHENBEEL TSI EWNHBALE. /avyx /Y
RANZS B 40 10 B0 LCyfElE, 2004 4E(2 10.7ppm

(127) Z/ARL72AY, 2005 A2 1.841ppm (2,177) (28
FL, WHIEE 50~100ppm & K& < EE-72, Lizhio
T, AFICTIIEALBEOS 2 L~V TP LN RE L
TWHZEHIALZ. A RFv 7=/ P RAICKT D
JUER 10 H1%0D LCs fEIE, 2004 4512 1.84ppm (102) Z7R L,
ZO% EFMEmE 22572, 2011 4 8 HITIX 529ppm

(94) \ZEL, HHEE 25~50ppm % EBl>7-. L7z
ST, AHITIIEMHEREDO & 5 LY TIEPUEN R
LTCWDZENHB L. LlEXY, BARKTIT,
DAH &M 3 FI~TCITwt L CEL IRt S, &
HTHEAERITITER EREOH 5 L~UGEL TN D T
EDALNI /0T 7ok, Thun 3 BlodbitEo R
BECHOWTL, 77 7=/ VR n~T =/
RANZ BN TR FE RIS 22 3443
fERON 2177 fE 2R LTZDIZHR L, A FFv 7=/ ¥ R
WCBWCIXRBRICIERUELE S 294 f227R L, A Ry 7
x /¥ REIDMIOD 2 BN AR TN E o Tz,

Tz Xa AN DA 10 A% O LGy L, 2004
12 0673ppm (100) Z7RL, ZOBERERRN SEX
EH U7 UL, DAH % 3 FlEtid 5 &, 20 EA
FEEEI/ NS D o7z, 2011 4 8 AIZiE 390ppm (582) 1T
U723, wRREE 167~25ppm IX FlEl 572, L7235 T,
AAICHIFRIZB QISR ERBEO 2o EHTE L~ v
WZEEFEoTWDLZEMHHAL.. I T /) 7 ARy
FNTRF$HAER 10 B0 LCs L, 2004 4512 0.551ppm

(765) %L, FOBMEBARLN HEITRR LR L.
L2 L, DAHR3AILHIET DL, LT =X AL
KRZE O ERFEEEI NS D o7, 2011 4 8 HITiE 1.58ppm

(219) 1TEL7=AY, HEAHRE 25ppm X FEI>7-. L7zAs
ST, AAITIEBVRITB O TR FER_EREO 22 e
LU E EFEoTND T EAHA L.

B BRI T IGR AR AN 3 DIt RRE O
BERE DR T 57280, 2004 FF~11 FFETO
8 FEMITI01T B, IGR FFx Al 5 FEICBET DML OHE
B% Fig 1\ORLT-. 7n<7 =/ Y FEICOWTE, 73
ERAA 2 B O 2005 ARV, AN TR R
W ER L, BHEMEOHD LCy EOFHEHEE L 72 o7
7o, 2006 FLRIFHE L TR Mol 7T 72V
REIROA X7 = ¥ RENCOWTCE, E2R5E
IARHUE L RSB S 7e ERBIMA R LT, 22T,
EHWE A AR LT EA VD &, R (2004
a1 L L) SIEPUERE, 7772/ U RAIKROA
P T =) Y RRITIIRERIEOMHE (p<005) Z7w
L, FRERICEES Lz, FIREROEEIX, 77
T2 ) VRHL, AR T T VRHL LT =X H]
KOZNT 7 A AFTENEN 0172, 0174, 00877
KO—00039 &720, DAHFRD 24125 BUSRD 24150 %
EEDBREVERZFED7 G0 airorER, FhmAl
LEROZHEEMPEE : p<0001 THY, EIFERROT
TR ESNE) . 7ok, BUREROEE IS L,
TT 7=/ REITIE | SRR AT LI 148 15, A |
FUT7 =/ VAT 149 5, VT =R e AT 122
&, INTx )7 A AT 099 [FICERBI S RE L
Tue.
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Table 10. Susceptibility of Adoxophyes honmai populations collected from 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
Registration concentration release NY LC so” [ppm] Slope  RRY N LCso [ppm] Slope  RR
[ppmy) (95% CI) (95% CI)
Tebufenozide 8 150 33.6 2.29 345 150 313 1.62 321
(F, 20, 200) (25.7-42.5) (182-1632)
10 150 239 2.27 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 0984 736 150 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®, %A, after 2006 2007
Registration concentration release N LCso [ppm] Slope  RR N LCso [ppm] Slope  RR
[ppm]) (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 - — —
(F, 10, 50-100)
0 - — — — I _ _
Methoxyfenozide 8 150 9.27 2.89 51.5 117 207 2.15 115
(F, 20, 25-50) (7.47-11.5) (15.2-30.2)
10 150 7.60 2.38 4228 117 18.6 1.78 103®
(5.80-9.74) (13.2-28.8)
Lufenuron 8 120 2.64 2.03 17.6 117 2.39 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 ' — — — _r — — —

(E, 10, 25)
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Table 10. continued
Insecticides Days Shimada- Yui strain
(Formulation”, %A, after 2008 2009
Registration concentration release N LCsg [ppm] Slope  RR N LCs [ppm] Slope  RR
[ppmy]) (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 — — —
(F, 10, 50-100)
o _f — _ _ I _ _
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 1508
(12.7-20.2) (22.6-33.3)
Lufenuron 8 114 437 2.53 29.1 150 1.94 0.585 129
(E, 5,16.7-25) (2.95-5.66) (0.617-3.38)
10 114 344 2.37 51.3 150 0.553 0.506  8.25
(1.97-4.66) (0.029-1.44)
Flufenoxuron g ' — — — 150 0.603 0.997 4.82
(E, 10, 25) (0.175-1.09)
n - — — — 150 0.397 0.865  5.51
(0.060-0.861)
Insecticides Days Shimada- Yui strain
(Formulation®, %A, after 2010 Jun-2011
Registration concentration release N LCsp [ppm] Slope  RR N LCso [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 g ' — — — _ — — —
(F, 10, 50-100)
o _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 3.49 171% 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 1.57 213
(2.52-4.36) (1.16-1.81)
Flufenoxuron 8 180 (0.512 1.05 4.10)h 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
Registration concentration release N LCso [ppm] Slope  RR N LCso [ppm] Slope
[ppm]) (95% CI) (95% CI)
Tebufenozide 8 150 (3500 134 3593 150 0.974 1.83
(F, 20, 200) (2213-8382) (0.502-1.37)
10 150 1429 173 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 - — — — 150 0.846 3.87
(0.695-1.01)
Methoxyfenozide 8 150 616 449 342 150 0.180 2.67
(F, 20, 25-50) (56.3-67.8) (0.085-0.243)
10 150 52.9 406  294° 150 <0.195 —
(48.0-58.3) (=)
Lufenuron 8 150 6.22 1.80 415 150 0.150 0.848
(E, 5, 16.7-25) (5.10-7.67) (0.072-0.279)
10 150 3.90 1.69 582 150 0.067 0.827
(3.16-4.83) (0.026-0.129)
Flufenoxuron 8 150 (3.94 0.866 315 150 0.125 1.96
(E, 10, 25) (2.86-5.49) (0.076-0.167)
10 150 1.8 1.17 219 150 0.072 1.77
(1.20-2.08) (0.024-0.111)

* E: Emulsifiable concentrate, F: Flowable.

® Number of larvae tested.

LCs values were calculated by probit analysis.

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

° RR of methoxyfenozide on 10 days are calculated by LCs, 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).

10000
—8—Tebufenozide =i Chromafenozide —&—Methoxyfenozide
=>Lufenuron =¥=Flufenoxuron
1000
8
8
g
= 100
3
[
10
1 1 1 1 1 1 1 1

2004 2005 2006 2007 2008 2009 2010 Aug-2011

Fig. 1. Annual changes in resistance ratio at Lcso 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 LC50 of 10 days in Table 10. Dotted

lines indicate regression lines.
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F28 U7 FRERBA

T 2T, 2006 4E~11 4ED 6 4REICTES T, oz
DFE—EFTNSF ¥ /) 3k 7 E o~ RERE & e
£, U7 I FREBH 2 BT AR AR
LCfEDHHIZ L v FRAE L=,

1. MHEHRUVAE

(1) @A

AREE 1 {HiLFRZ, Fv/ ahrErN<FOE5H
R KO R A a7z,

(2) #EEzBRA

F ¥ OBFEBERNOFNSTF ¥ /) ah JE A< FIT
HWHOHL YT I RRLARA 2 AR L7 (Table
1D . xR, ol Lz

Q) FHRFIERZHERTE

A BB ERES, M2 (1998) OFFIRICHETF v
BEREIRIC LY, AREH | B FRRCHERE Lz, A58
AL, A 3~6 HEOWTNN 1B E SHEON10 Hi%
D 3 EEE L. U7 X NRERANEL, Sy alsE
VN TR LTI R AR L, U 8 B
W ERRMRZE SN T2, BB ABE DM E T
A 3EEOMFE 10 BfE L L, FEHRFT 10 HEOAFEE b
EICEH L. ek, AU P72 FEICOWTL,
BB BIE LTz 2006 A1V ClE, Bk L= & 5 1cAEsE
OHIEIZ 10 BEETDZ LB L QW70
WER T BRI SR DB AT o 7. HRRISE
e LT, SR RA - SR SRR,
Abbott (1925) 12X D HHIEL7=. LCyflE, Polo Plus version
20 (LeOra Software, 2002) # HWT, Yu b v Mk
(Bliss, 1953) IZEVEHL-. 3BiZ, Bz LCyE
b LICHREIELL (B LCofBBHHMD LCyfH) %K
o7z,

2. &R

Table 12 12, HHARMEOGEAMICBITHVT I FAR
R 2 FTHT D LCyo R UMM AR LT, &4
FRARICIIT DAER 10 B D LCs 1L, 7N T T IR
FNTXF LT 154ppm, 725> hT =0 Fa—/LENTx L
T 128ppm ZR Lz, HARFICBTF L 77 IR
FNZxHT DR 10 BHED LCofE (AT, v apNiddsht
PEER) 1, 2007 4RI 162ppm (105) L72V, ZDtk B5
i & 7o 7=, 2010 4B 110ppm (714) IZELCEHA
PR 100ppm % EEIY, 2011 4 8 AIZiX 161ppm (105) (2
ERUIE. L7edoT, AAICIEEM EREOH 5 1L~

IVTHPIERIGE L TV A Z ENHH LT, HE R
BiFs7uz o 7= 7 — Aot A0 10 H%
D LCyfElE, 2010 4EIZ 253ppm (198) &72h, FDOHAHE
IR L= 2011 & 6 A121E 500ppm (39.1) 2L CH
FHIREE S0ppm (2L, 2011 4= 8 AlZIX 988ppm (772) (2
EH L7, Liehio T, AAICITEM EMEOH H L
JVCHBIMERFE L TS Z EMRHA L. BlkXy,
B HRETIIm S 7 I FRBRAN T U T E 4 %
S, RKEREFRICITIER FREOSH 2 L~VUZEL
TWAHZEBHBNIR T D7 3 FREERF M H
BRAEEEMN D LCy AN HIREE 2 ERID £ TOMMNE, 7
NPT X RAL (007 FEEABRLE) TIX 44E, T
YR Z=U T a—u Al (2010 FEERBRLR) TIX 2 L7
0, FEFIE DT

B HRFRICBNTYT X RREBRANCH T 5 PR
EDOREZAE DD T BT, 2006 HF~11 FF
TO 6 FERICRIT S, U7 RRERA 2 B 5K
P OHES % Fig 2 1R LIz, 70 U7 2 RFRNCD
WL, BAERDEIC, BRI e EAE
MamR LTz, EI2C, P2 af s U Ea A
D&, BORER (2006 A 1 & L7n) CISPUMERCE, A
ERIEOMBE (p<005) Z/7RL, EUFEAICEEEL
72 (7aFy hI=UFa— AN ONTIL 2 #EDH
DT —Z ThDHI-OEN) . BEIFEROEEIL, T4
YUT R RAIT 0242 AR LTZ. B, BUREROMEEC
o E, TARUUT I RAICIE | FBRT 281
L75 fETHEPUED SRR L QU
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Table 11. Two diamide insecticides used for susceptibility examination

Classification” Formulation® %Al 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.

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®, %A1, after 2006 2007
Registration concentration ~ treatment N®  LC 50" [ppm] Slope  RR® N LCs [ppm] Slope  RR
[ppm]) (95% CI% (95% CI)
Flubendiamide 8 120 6.928 1.41 3.95 120 13.6 2.70 7.77
(WDG, 20, 100)f (0.693-13.1) (10.6-17.2)
10 - — — — 120 162 278 105
(—) (12.9-20.6)
Chlorantraniliprole 8 i — — L — —
(F, 10, 50) ) )
10 I . . IR o o
) )
Insecticides Days Shimada- Yui strain
(Formulation”, %Al after 2008 2009
Registration concentration ~ treatment prp [ppm] Slope  RR N LCsg [ppm] Slope  RR
[ppm]) (95% CI) (95% CI)
Flubendiamide 8 120 555 279 317 180 352 224 20.1
(WDG, 20, 100)f (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 i — — L — —
(F, 10, 50) ) )
10 i o o i . .
=) )
Insecticides Days Shimada- Yui strain
(Formulation®, %A, after 2010 Jun-2011
Registration concentration ~ freatment N LCso [ppm] Slope RR N LCso [ppm] Sope RR
(epm) (95% CD) (95% CD)
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)
S -
Regbtaton oncenraion  reament AE20LY
[ppm]) LCso [ppm] Slope  RR N LCs [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.

¢ Confidence interval.

¢ Resistance ratio: LCsq 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.

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

¥ Could not be calculated.

1000

=@-Flubendiamide
—i- Chlorantraniliprole

100

Resistance ratio

10

2007 2008 2009 2010 Aug-2011

Fig. 2. Annual changes in resistance ratio at LCSO 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 LCSO of 10 days in Table 12. Dotted
lines indicate regression lines.
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EIH BE

KECIE, Fv / aABh T e T HBOTREZ D

TABEE 7R IGR SRR AR O T X RARFBANZ DU
T, B T F— s S E AR IE - CEREEE
L, OO BANTT DIEFTHEREORH
AL,
T 7 x )Y RENCOW T IEEBE TOMERND 8~15
EDNGER U CABIOWIKEN LR L, 0%, BhiEhE
DIETIZ L VERDBPIEENS>OH DRI T T, 8 FITHE
S TARBAIBSERELFEm LIz, £, V7 I R
HENDO T NPT I RANZOWCIIERERS TR S
NBRIENS, 7aT7y 7= Fa—AFNo0Tix
G CTHEA SN SENORELRB L. 21T, 4
PEBISHC T 507 I R BAIDEIKED ER- LoD
HHPWMTT, 6T THREZFEM L7,

ZIETIZ, IGR R BANIKIF HHBHEIZ DV T
AN X IATRERTEEIRE SATEY UMM, 199 ; T
+35, 199 ; /MZ « KM, 2001 Sauphanor and Bouvier,
1995 ; Mota-Sanchezetal., 2008 ; Rodriguezetal, 2008 ; Dunley
etal, 2006) , V7 I RREBANHT HEPUEICDONT
TN O 2 F A THREZN TS (Troczka et al, 2012 ;
Wang and Wu, 2012) . L2xL7eidh, ZAUGOFRAR
THHWARITH Y, MR ST o
7o BERGEE, T/ ah T ELNTFD IGR FA% A
KLOWT I FREBANCKHT DR ZEORRE, &
LA IE > TEEIA DRI CTRA L 7o BB R & 7
2.

XU HIZ, IGR R BANKIF HHBHEIC DB SR
T5. g (199) ([2XkbE, KEOTT 7=V RAl
W DR 7 HZD LCy i, 1997 HHE T 479ppm
(HEHTMELL 825) Z7RL, HWMREE 100ppm (X TEl> TV
7o TRUTKE U CTARRIZE T, 2011 45 8 AR CTOARKA
IR 5 LCpfE (R 8 Hi%) 1%, 3,500ppm (EHrMELE
3503) 1L TV, LIedi» T, 1997 45~2011 SED]
12, RANCK L CREORME R ZES LB 2 b
2.

EAECHIT D ~FTRERD IGR FfRANI R
HEHIMER L LT, Fy o eFOraL 77 A
KEOTNT7 x ) 7 An RIS DR HEIR T O
WD (IS, 19% ; /M2 - KH, 2001) . FHmRE
AHOF ¥y \~FTINVT /) 720 FHNTHT 5 Ly
EVE, 1993 £E8F T 092~11.8ppm G HFILER 7~9 H
%) Tholz FTHHD, 19%) DKL, SEORME
TIE, FfOF ¥ /) ah7EA~FT 0603~45Tppm

(A 8 HE&) Z7RL, 1993 HEREE DT ¥ /v FDH DK
ZHER T OREIIRE otz T, 7NV T7 =/ 7 A0
VEIEEGDTT v v X ORDANEZEEIIAHATH Y,
i/~ % OFRANESNE & il d 5 7201 b AR ORE
M7ATHENNETH D, £, MBI D N~ SR
ERO IGR Z&BAN T 2OV TE, =2 RY
VBT, TITUARATYIAN X1 A (BU R
K777z /Y FA| (Sauphanor and Bouvier, 1995) , 7
AYBTAPIFT 7=/ Y RAl (Mota-Sanchez et al.,
2008) , AL L TINT =) 7 Au Al (Rodrigues et
al, 2011) BT 2HENRHS. Eiz, TAUHZBNT
BREICEET AINATENTER, T 7z VR
FOA M7=/ Y RANCIRPIE 2 RESE TV D L
DOHENH D (Dunley et al, 2006) . AIEIOFEA & £ HiFA|
B MERREDTIEMNEEIL TWDT A U BONZRFEN
<X DFEH] (Dunley et al, 2006) (T VT LCsfEZ bl
HE, WNAFTENSXTIIT 7 7=/ Y REID LCy E
(R 7 H#%) 7% 31.6~340ppm (EBPER 25~27) , A
hEL T Y RANL 97~160ppm (FEHUMEEL 50~82)
R LTeOIZH L, AEIORBE (A 8 HE) TIFAIED.
336~3500ppm (FEHUMELL 345~3593) , #%& (1T 328~
6l.6ppm (FEHPEEL 182~342) ZRLT-. ko, Fv/
AN TBNANTFROFPANAFE =X LD HIEFED
BERENENCENSTZ. ZOZEE, NAFEA
FEPIEORER EICh D ATREEe, Ty ah s E
N X OFRRBBNRERNALT ENF LD ENT &
NEL TS,

ZHETIZ, DAH ZRE O BU ZOW IGR Hi%hAlR o
RZEWFHEICONTE, 2 RV HDOTT 7=/ ¥ RAl
EQRY 7y Xe A THE—-REIRL TN
(Sauphanor and Bouvier, 1995) . F¥ / au 7€ /~vF
D IGR FABAN T D= MOV TE, BUZRLD b
DAH % CHEFIMORENTE TH Y, ZhbolbikL
UV SRR 5T LR T, REFZEOR )
5% DAH R &N BU ROEBHMENLZE L CD L1E3E X
12w, F, BFERT AV IONARAENTFT
X, DAHZR 2F| (77 7=/ Y REIROA hv T =/
DRAD ETVURAAFAE (Y CR) IS
BHUED DR ST D (Smirde et al, 2002 ; Dunley
etal, 2006) . AMFFETIE, Fv/ ahrEL <X EH
FHIZBNT, 77 7=/ VREIROA by Tz /Y
RANZ T 2IPUEDOFEN R SN0, FRRICE
WCIEZ L E U R RH (BHEY R) TR DR
EFEALN TR (BB 2%) . L72a3->T, DAH %
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2 HIKZO m e’ ) AR ABIOIFIHENZZE L T D &35
ZAT<

DAH #% 3 Al ORZAEBHHNEC DN CELET S, BHAR
T, DAHRD 3 FI_TIZH LT, 2011 L TIcHE
A EREDH D L~V TN RZE L TOedd, Z0
BEZT 772/ PREIRO Y a~T /) Y REID 2 Al
IHART, A RMFT T =) U RBICTRE o7z £,
HILS (013) 1%, BHRARFE L IFNOT v ahrEy
N REEBCRWC, T 72 ) P RAIR O v
= /Y RAEID 2 FNTHART, A ¥ 7o/ Y REIOHK
PMERERENRE NI EE2RE L TWD. bbb,
AR OWNILS (2013) OWEFEETIE, 77 7=/
VKRR a7 = ) VREID 2FEA N XV T =)
VRHITE oK HORSEM AR LIZZ LIRS, L
BoT, 777 )V RAIRGI a~Tx /¥ REID 2
FNZOWTIHEFMENRZZ L TV AR H D, A
U7 /Y REIDOZMt DAH & 2 7 & i3 ss s
BEHRAS 22 D F N ATREM 2 8 5.

WIZ, U7 I RRFEBRANST DIEPUEICOWTELE
T5. BMOPEOERTE, HJiigoF Y ) ahsx
U RRTT I N BANRTT D @ B E O W)
FRER| & 72 o7 (Uchiyama and Ozawa, 2014) . #ESMZE
5 U7 I RRZBBEAOEERGIMICOWTE, 2T
THEESNTEY, FEOREH (Wang and Wu, 2012) <°
T4V XA (Tooczkaetal, 2012) OWTINELT 7T
FTRBFHIZBONTIHREIN TS, ZhbatTovT
I RREBANKT DEPUEIC OV TUE,  [FAIOEH A
HMHFEORE & SN TS (Toczka et al, 2012 ;
Wang and Wu, 2012) . BCZJFEHUE DT ¥ / a5 7 F
THXIZBIT LT I RRBEBRANT T DRSO TIC
DN, AFIOEABRERZ L IEEZIZV. L)
Db, WZFHIROF v 7 ah 7't Bk
HOFE AN L THKRW TR A RS TE
(BFH5, 1988 ; /MZ, 199 ; NIL D, 2013 ; Uchiyama
and Ozawa, 2014) Z L7n5, 2000 4ECLIRE, AEEBUSC
ISP E DR EE T B 72D —T7 — 3 UBERRN
Ei SN TWENETHD. ARCBITEY7T I FR%
BFNZHRTT BIBPUWEDOFZEIZ DN TE, BLTFD 4 D7)
REPEIC K- TRl d 5 2 &N TE 5.

1 DHOMREREE LY, Fv/ ab7E N <XGH
R, U7 RRBRFNT A G T O
BREEDS, AR B SN2 S BEECE -T2 &0 D
ZEMEZ NS, Georghiou and Taylor (1977a) 13, 5T
MBI FOOHBEE N E O &, HBEORERE ¢ <
BT EERERHL TS, 8 2 EORBREND, HHRR

IZOWTH, AN YT I RFIRO rT > R o=
7 —VEIOE IR 2000 81T 238 mER, TnE
L 968% (LEmil#I 2007 4F) KX 12.0% (440
2010 4F) THY, TRTOMEEIFELET D RIUTIF R
ST Z EBHLTERY, BETHSEE T OVIEIBEE D BE
WENo T Z ERBEMIT TS, E5HIT, BEZRICE
JHMYT 2 RREBFNIKT D LCy & T NENOH
FAIREE L ORI D720 72 o= (Table 12) Z & b,
EH R T OWIEEE DS D> - T FTREME 2 S2RF LT
2.
2OHELTE, Y7 RREBANT T D287
DFREENRE 2 DI, HEO2THTHE, 7aJ b
7= 7 — VAN 5 @ R A A L 7 SR
ERIEN, TN TT I RN L ORI TE
DOERIZH Y (Wang et al, 2013) , 27 3 FREZEHAIK
Mt RO AN K3 S FIM IR BRI A 2 &
FEEL QD (Wang et al, 2010 ; Wang and Wu, 2012) .
AREOFERLY, T/ ah s "<XTiE, 2010 4
WZIE 7NN DT 2 RA (2007 HIZAERESSS Cff H B
15) 2% 5 LCxofEAY 110ppm (GEFLMELL 714) Z7RL T
WHBEL ERY, FRRCZ7aTy 8T =0 7 a—LH
WAL 253ppm (EHUMERE 198) Z/RL7-. DF D,
Fx/anrENANIFCEIe T N T=) T e—L
Al (2010 FRICEFBRAR) 12k UCE A BIAA Y 4FCREICIR
PEEREESE QW2 8Tk D. LEBR-T, 74X
UUTIREIROI T T =) Ta—VARL, E
PHMHEOBMRICH D Z LR Iz, F7z, 7y
D7 3 RAIOMEHBIAALES, B H RIS HIEHE
FRIEBEIS 105 fFISEL QW2 E0n, U7 3 RRER
A & SRR AN DB TED AT LTS ATREE S &
Z b, FBEEHOT v ) 2h 7o~ SEREE
T, U7 2 RREHBAIL O DAH % IGR Fx3 258
HOERTRFRFATHEAD AN THND B 2F) . S
DICREDERI G, BHRFIETT I MR BAIR )
DAH # IGR x4 2E@E IS L Tna 2 e b
AL oTz., LIeR-T, U7 I RAERZBRE KO
DAH 3% IGR FIOEHIENZZE L QWD ATEEE S B 2 b
7-.
320HELTE, V7 FRERBANST v ) ah s
NEIsH L CE#OBMEEE TS (BIL, 2012) =
LD, AFNIMSARE O BA LY bIRFIZFES
STWATEEMER B D, b L, HDIFEBFINT R
T, Fx/ahrwo A FICH L CREOBR 2 R~T
EFhuE, ARFEE, EORBANC K DKk A RIS
WD LD, U7 FREBFIORA RN D7
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<Th, | HOATT ¥/ ahr T <XInESBO
WIREZT 52 L1720, ERINHRRE OB BA LY
HIERPIME SIS Lo ATREMED S 5. DAH % IGR Al
HLUT I RREBRAFN & FRRIC, AR L CTREIOES)
WEETDZENbN->TEY (NI, 2012) , RIUHE
HCIEPUEDREDMIE] L 0 BIEO AR S 5.
40HE LT, U7 RREBEFNIT HEPuEN
MR OBGHERER LTS AR TH S, bt
DIRFEHRE L, BELSELIY BEHENESNTND
( Georghiou and Taylor, 1977a ; Taylor and Georghiou,
1979) . AR5 VT I FRF&EBRFNCKT 2Pt
DOBBEAFUT OV TIE, IGR R BANT R 2 HEphED
BIEENLED T, B4E IR 5.

BH%IZ, IGR ZFHRAFIR OV T 2 RRZEBANIRTT D
IPEDOFEEHRELIZONTELET 5. IGR RFBANS
WTIE, 2004 FE~11 500 8 FFRIT 1 Al A 2T
T 72 ) P RAIROA MRV T = )Y RANL 148 5RO
149 %, W7 =2Xu BRIV T = /)7 ZAv AT 122
&R 099 I THRBENFEE L, DAH & 2 A5 BU % 2
F &0 LRBFHEINENT EBNHLNI o AILS
(2013) 1%, AIEIOFHE & R—0W A RFEIZRVT 2004
£E~08 £ 5 ERITIIT B IGR AR HRAN T B b
DFEFEELZHEHLTRY, 77 7=/ VN4l A b
P72 )V FRIR VT =2 X0 L RIDFENENT 1 AR
WTHTEE, 2316, 15 BED 14 F0OFEE Tho7-Z
LEHEL WA, T 7=/ Y REITCIE 2004 FE~11 4
£ 01 2004 FE~OSFEDEE D) -T2, ZHUE 2004 45
~08 A F CIHEH e FER E ORI & - 7= "TReM:,
TR 2008 E~11 AT TR EDISENTEFT B & 722
ST DITEEIME T L7 FTREMEZ /B LN D, il
TIHEEBRCRBWTT 77 =/ 2 RHIDOBSEREIE DR
TIENMERRFIESN>oH Y, 20 &P
FEORER FICTEEL WD L Livey., £72, kil
L7z 2 SOHBIZBWT, A hFv 7o/ Y REICIEHR
PEOREBREIIED ST, L7 =X v AT 2008 4F
VIBSICHEEARLRE T LTV, Ll X 5z, IGR #
FBFR YT I FREBAN T SR O E
DHEE Shion, ZhE b L2 L TATROBTIEOF
EPRTDEROEHICRD. 7772/ Y RE CEIC
LAREDEEE) , A RFL 7=/ A (B 149169 , v
Zxxal H (@124 , 7v7zs 72 H (F
09 fi5) KOTNA_ P72 Al (R 175 %) 1280 T
L, SHERET D EENEN 7245, 13815%, 2741, 096
LN 162 15, 10 FHRET 2 & ENEh 520 fi5, 545
%, 7351%, 091 R UN 264 HCHRPUED ST 5 & T

SN, ZHUCh &S &, 2011 FLZIZENENOH
Py, 777 = 2 ¥ RAITIE 2~3 45T 10000 {5418
z, ARNFT Tz Y RAITIE 3~4 T 1000 [F418
Z, VW7 =Xa AT 2~3 T 100 fFEEx, 77
= /7 A ANTERBIERRER T, TR UT IR
FITIX 4~5 T 1,000 (5B 5 FREMRH B, 7235,
TNT = )7 A HE NSO TIIHEFMEA S8 L 72V VAT
REPENE 2 BT, ARBIOEHERENETHIC -
TWADNE LivZe. kDX 91z, IGR R HAIK
VU7 X MR BAN T 2P EOFERE L, 7L
U7 R NEIDELHLS, DAH RO 2 Fl, L7 =Xn
VHEINFEIUTHN TV A, BB O R ERENEN T L
DREBA L7207 I MRE AR O DAH 5% IGR ANZ-DWT
%, A% LA BRI A EEIRS ERT 2 LERD
2.
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BAE IRRZBRBFIRPTT

B2 ERLDONIE 3ETIE, FY/ absEvF
73 DAH % IGR AL U7 2 RR#&ERAI s L Cilditt%
FESECNAFHEELZALMNICLIZ. DAH % IGR FliIii
BARNE U ZRIET A=A M LTF a v HERICHER
HI7e A% BEME 2R RIS R FI TH Y, ZhETICT
T7x ) VKA, ARXT Tz )V REIEON e T <
J Y REIB EF ST (Dhadialla et al, 1998) . ¥7
I RREBRFNIF/ ROV 7 ) DU RRCERA LT
BEEERI SR, EicTF a v EICEREES
ATRRMERREFITHY, NFETIZIARVTT IR
FEOraZ v 7= Fa—AHREHESTND
(Lahm et al, 2007 ; Tohnishi et al, 2005 ; Cordova et al,
2006 ; EbbinghausKintscher et al, 2006 ; IEA, 2014) . Zi1
5 DR HRANT T HIPEA I = X BIZHONTE, 2
HOVT I RRFBANKT HIEFER, BERDY 7
VUERREROERIZE VI D EIN TS (Troczka et
al, 2012 ; Guo et al, 2014b) & DD, KIZARALR AN
W F75, Fx /) ahrELNTFO DAHZ IGR AKX
U7 I R BANIK T O EBUEICOWT Y, EDA D
S AL SAU TR,

B RFHEHE OB A M D Z L, IEPiED
B2 TT DB EE e & 725 (Roush and Croft,
1986) . /v X HEYE RO B ARG OBSRRIZ O
WTIE, IRETIE, a RV Tovrra A FAICxE
T D P YL B CR RS DB A T
LHRESNTWS Bowvieretal, 2001) . FRAEIZFBWT
WX, Vo Tdanrzern<xOaiEY) VRN A
PEOBBEETDHE SN TV DD, ORI
FoTWARW (it - &ifE, 1995) . Frx /a2 rEer
NI T, ZMEHELY = 7' AN ARGt OE
BRI OV THE STV D (Tabata et al, 2007) H 0
D, FBAFGPEOBEHRIUI 52N TR,
FITRETH, Fv/ ab 7B NAHIBW TR
HFSHUEDOFGENTE Th -7z IGR FHAl (77 =
J U RAD) BT I RREEBRA] (TR DT I REA
BOrnZ v 7= 7e—LE)  (FE 3 E 2o
T, Z10 OGO BGHFZ R IC L - THA
L.

SRR AR D ISR

F18 IRRZHF (777 /DF

Al

ZIT, T/ ah TN OT T T2 ) TR
Axtd bt GB 3 %) 1o\ T, ToEskEE
AWCRBRIC > T L=,

1. MHEEUVAE

(1) R

T7 7 2 )V RFRNSRT SRR (LUF, R %R
B 1L, 2000 4 5 AICEHRARBCZ IR TIARS ROBUHT
BT ¥ ) 2k 7 Er e ERk i 20 BELL F A
L, BI%, B0 (191) OHEHE-> CRRET L=
MR L. 777 = Y PR DI Rk
ULF, SHH) 1E, Spfmatilili. mRite b,
NTHEL (f &7 % LFS, AARBETE ) &) %
fHE LCRMAMEBL, ABRCEA L

(2) B

Fx ) ARy BT IERROMBORENL, 77
AT v 7 r—A (22x16x43cm) ZHAW T2, RKor—
AP B OFKA & L OKEK TR S E 7= iliERR 2 A
A, INbEFE~3 AANORIZER R A1 2580, Hf 2058
DENGTHL, 7—2 BN T3 A ERA A T
L, EREICHE L. SRHEICONT, ZORIIE
#a A~6 Mt v ML, FRAIBSIEREICSLIEL ok
RENBE AL LT, 7ok, 7T VU MRICHE Lot
T T L, EEROBINEG) BE LIz
OEFEEDIT LI, A2 LES ZERE L CHEM A
EFLT-

Fig. 312, R&EO'S Az b & IOl L 0 874
Wt EaR LIz, R KO S BRMOIEHATFIZ L > TH LI
72 Fi XY FY R OF% RARSZ MR EZ TV, ko
@ F—2 TR LEFRCEY, 777 = Y Ml
WK A ISFEDOEIEE D (Stone (1968) ) KU
EOENERHEGR LTz, T2, FEOFRENOIEEFEN)
ERfaBz. b2, FIEROFRFEC R BFERE LR
B LC BRI, BR2, BR3 XU} BR4 ® 4 ZiFEaE1EHL, F
KO FYRMIT S Riia R LACHL L T BS1, BS2, BS3 X&
B D 4 ZFEEAVEH L. BEERNERSE, & LRI
£5 8 JIITHOWN TR BARSMERE ATV, Bk D
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Fig. 3. The strains of Adoxophyes honmaiused for crossing experiment for tebufenozide.

@ F—HNTORLIETECL YT 7 7= 7 ¥ RHRK
PO E— 0 E R LT,

() HEAFRhF| &R HFIRZHRTE

RERNLT 77 =/ ¥ RAKFH (BRI 20%, AR
B () ) AHE U7z, BRHFIECSIEREE, M

(1998) DAFEICHET T, FHim R SEARELATHITERT AR 30T
Gek v 2 — N O BRI T v 0> GEREE L= FfiE e T
¥ DREEA AW T v BERIEIEIC L0 FEha L7z, FehAl
1%, LCyfE (RRIRE) ZRDD7-HI, AEAKE AW
T 250~90,000 {i50> 8~13 BPEIZAR L THW . F vk
HEAPTEDIRIKIT 10 HENENE U TRk, TEEREH 72
HEIRF 1 —LHIZREE (N 78mm, VES 4mm) (1 64
A, 2~3 oA 10 B O L=, FrEDORE:
P ToDIEGED 7 NETH L, fHiRE 25C, 16L-
8D) IZFFE L7o. THEFAFC 3 ETO1TV (G
308H) , AU 3~6 BEZOWT1HE S HRON0 A%
D 3EFEREFE L. 7772/ YV REETF Y ) ah
7 N IR LTI e R AR L, R 8
ABICHERRDMERE SN 720, Bl Ao E
IFREE 3RIE OFR 10 A% & L, ZERSEIL 10 HZDOAEIE
EHLEICEH L. 7B, ERHRISFERE U TlioT.

&) T—73 R

BAFUZI 1 AHE R ORI, Abbott (1925) 12X
DHIE L7, LCy fEi%, Polo Pls version 20 (LeOra
Software, 2002) Z AT, Fmt’y bk (Bliss, 1953) (2
IVEMLE S5l Boiz LCofEz b &bt
E (8 LCofEL /S LD LCoH) Z3RD7z.

F) E720% FSRflcds 28ME DI, Stone (1968) @

WAIZEVEH L.

D=2%—X —X%)/(Xi—X)

ZIZTE, X = logi R BHED LCyfH), Xo = logi(Fy £ 7213
F/SRH D LCq fH), Xs=logo(S 5B LCy )& RT. 7
B, D=10HEIIEEENE, 0<D <1 DHEIRELE
M, —1<D<0DHFEITRFERSM, D=—10D%5E135E
AT SN,

T77x Y RERTHER E— IR B STV D
EDOHWIE, Tsukamoto (1963) IZfE~7=. T 72b
L, EHMENE—NTFIC L0 XS TR, F &
OF/ BRI REDNS Bl a7 LR LTz 8 BT 7 7
=/ VU RARE -7 m vy MEREOMMRIZIBNT,
50% 7y MERE (Frty ME 50) OA@EICT T
M= E D, Fio, FRRICE—RTIC X ELX
NWCWDEE, F KO BSREOEHUIIBNT, 25%& T
3% Ry RMERE (Frty ME 43 KO 57) O
EIZTT b= S A,

2. #ER

(1) RRU S RfDHZRFIFZHE

Table 13 (2, R KNS RAfEd, Zibir b &I HR
WEVIEH LSRR DT 77 = ) ¥ FANCKRT B3 H
Az~ LTz, R KOS BHiD LCyEIE, EhnZEih
595ppm K2 (X 446ppm Tiho7=. R AHEOHGTEEI 133 1%
THY, SHEHL L CEREITRIUESHEE L T
Fig 4 121%, R KOS RO T 77 = /¥ RERE— 71
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Table 13. Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai to tebufenozide
a LC C C
Strain (cross) ¥ (95% 1)’ Slope + SE RRC ¢ @t
(ppm

R 595 (522-711) 457 + 0.73 133 182 13 12.5
S 4.46 (3.59-5.40) 573 + 1.09 1.00 145 10 10.5
Fi (R xS) 83.3 (67.0-108) 3.41 + 038 18.7 259 22 46.1
Fy' (SxR) 88.0  (62.4-113) 2.86 + 0.57 19.7 256 22 26.3
F> (F1 < Fy) 78.7 (58.2-100) 1.91 + 0.22 17.6 403 37 35.8
F' (Fi' x Fy") 103 (74.8-132) 1.96 + 0.27 23.1 374 37 30.6
Backceross
BR1 (F1 xR) 223 (160-286) 2.67 + 045 50.0 227 19 20.2
BR2 (Fi'xR) 191 (150-233) 271 + 0.36 42.8 292 25 22.1
BR3 (R xF)) 178 (136-223) 2770 + 0.36 39.9 240 22 24.8
BR4 (R xFy") 173 (134-220) 2.69 = 0.49 38.8 189 16 16.3
BS1 (F1 xS) 323 (15.0-52.7) 1.84 + 0.38 7.24 181 16 37.7
BS2 (Fi'xYS) 24.2 (18.6-31.0) 2.00 = 0.22 5.43 280 25 313
BS3 (SxFy) 28.2 (21.6-35.3) 227 + 0.26 6.32 276 25 313
BS4 (SxF\") 25.9 (20.9-31.9) 2.04 + 022 5.81 277 25 21.1

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

® Confidence interval.

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

¢ Number of larvae tested; including controls.

‘ Degree of freedom.

vy MEREOBREZ/R L. R RRICBITS7 2y
MEYFERROBE XL 457, FERIC S BfEOMEZIE 573 &
720 (Table 13) , B TR LALLM ORSE (F Kk
341 ; FSRiE: 2.86) LLEERL T, R KOS KM HITMHE
MRENoT.

(2) F1 RU'F1" ROz RFIREZ

Fy KON FYR#ED LCy MEIL, N EH 833ppm &
880ppm &7 L7z (Table 13) . F£7z, HOEOOFEE,
FSRAED 7 1y MENFERRIZBW T, EOMEE DT
PECEBZEITRD b2 (P>005)  (Figd) . Lo
T, T/ ahrEeoA=XDTT 7=/ Y RAGUE
TIEEBE TR, FRAREDEETHD Z LR
BEN-. F77, B RO FREOT 2y MNEFER
1%, R%EHE S BHROBEROMIHIE L (Fig 4 . F
FONF RO DIL, FH2E4 0196 K TON0219 7R
L, MAFHEH0<D<IDETH-T=Z b, Fv/
AP TENANIFRDTT T = )Y FERHUE IR
POBERENTH D 2 EAVRIB STz

(3) F2RUF2 %, RLRECICK D 8 RN
RFIEZ

E &R FRHED Ly i, i 787ppm K
103ppm %7~ L7= (Table 13) . F72, WRHIZOWT, 7
T7x )Y RREE -7 a ey MERROEGRE Fig 51
RLTE 25% BN 15% 7 1 ey MEREK (Futy ME
43 KNS5 ONLEICT T h—Id3RH S e o iz,

BRI, BR2, BR3 }xU} BR4 D 4 ZHED LCs MEIT, NEIC
223ppm, 191ppm, 178ppm K& X 173ppm Tdb -7 (Table
13) . £, 777V RARE-Tr Y MERE
DO7ay MY, INHO 4FHTITT RERE FAD
F/ Rt 7 7 By MEREMROMITALE L7223, 50%~7
BBy MEERE (Frty MES0) OMEICTT b—IE
&7k o7 (Fig. 6) . BSI, BS2, BS3&UNBS4 D
4 D LCy fEIE, MEIZ 323ppm, 24.2ppm, 282ppm K (X
259ppm & R L7z (Table 13) . F£72, 77 7=/ ¥ Al
E—T7avy MEHEOTay MY, Zhbo 4 Rk
~NCTC, SHHE FIEQ FRFEOTa ey MMalfEfiro
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MIZATE L7223, 50%7 2y MERR (Frty MA
50) OALEIZTZ b—ldt S hen -7 (Fig.6) .

B, MO B, R LATEIC & D 8 oD% Iz
BMEDERIY, Fx/ ansxL "~X0T77 7=/
¥ FENCx HEREUENE, BRI L 3R Eh T
5T EAVRIES T,

Probit of mortality

1 10 100 1000
Tebufenozide concentration (ppm)

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

1 10 100 1000
Tebufenozide concentration (ppm)

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

Probit of mortality

1 10 100 1000
Tebufenozide concentration (ppm)

Fig. 6. Dose responses of Adoxophyes honmai backcross
strains to tebufenozide.

FT2E DT I RFRERBHF (IR

TIFEIRUYOS D RS T

a—)L#Fl)

TITE, F/angERATFD QYT I RER
B (AT IREIRNI T o= T a
—/VAD 1SRG (B 3 ') 12OV, Z0EIR
BHRE 2RI L > Gl L7

1. MHERUAE

(1) {#ER

TNV T I REIRO I eZ 0 T =Y 7 a—/LAl
IR 2PRIE (LT, RSRHD 1%, MY 7 I KR
HBANCT AESEM SRR MR L. T7bb,
2011 4F 8 ACERIRESHTTE H OBMTF v EN D, Fv
Jakh ' oM R T 20 SELL EBE L, BIF
%, B0 (191) OFEHES TRIVEE Lz b ozt
ALz 2 YT I RRZBAN T DS ERE (B
T, SHHD) 1%, &RRmEMEL. mRkte b, AT
fikt (Fo&r % 1FS, AABRETE () #) %L
LCRERFAB L, REBRICHER L.

(2) =B

Fx ) ANT AT IERREOBREORZHEIX, AE
% 1B L FEREOITECER L. Fig 7121k, REOSH
Wa b ECRBLARBRIC L W JTeRiia R Lz, 7
VUTIFHIEROZeZ o= e — Al b,
R &N S AMOIEMABUZ L > TH LI Fi O FSRHTE
DFBARSIERE 2TV, KEH 18 @) 7 — 2T
TRLIEFECEY, WY7 I NREBRANCKT AR50
PEDOEME D (Stone, 1968) M OMEMEEE G & 4L
FhWER L. E£72, F AW FRENHIE B ED E%R
AT, X561, F A FSRFEIC R Bft4a = LAHE L
T BR XU BR® 2 5fi A B L, F RO FSRHEUC SR
MERLAR LT BS KO BSD 2 Rz /EH L-. KX
O BAM, RUAEIC L D 4 ROV TR AR
MIEEITV, REH 1{fi @) 7 —F TR LIz A
EOTNRCTIRFRR Ty N 7= Fa—L
FHEPTHSEIS T8, FIENE— B0 EHEE LT,
(3) HEF K| & FBFRIRZIHRTE

BERITIE, TARU VT R RKFIAI (BRI 18%,
HAESR () #) RovraFr 7=V 7 a—LKf
Al RSy 10%, T 2Ry B &) 2Lz, &%
WEIREZMERREL, /Me (1998) OFIEICHEL T, B
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R strain
A

y R strain
I3

!

F, strain S strain

g |l @

l

S strain x R strain
It e

l

Fl’strain

Fy’ strain | | F,’ strain % R strain
" ? a
! !

F,’ strain % S strain

2 4
!

Fig. 7. The strains of Adoxophyes honmaiused for crossing experiment for flubendiamide and

chlorantraniliprole.

4 — NIRRT T v [ h> DEREE L7272 T v DRk
WA =T v BERIEIRIC L W EMi LT, LGy A R
572z, TARU T I RAIFKEKE VLT 250~
640000 (5500 6~8 Bxfilc, 7uZ > v 7=V 7 a—nLHIT
FIEEIT 250~256,000 f50D 6~8 EXBEICAIR L CHV=, F
YREEZPTEOIRRIC 10 FIRREE L CRizis, IEtE
WA AT m— VB (PR 78mm, YRS 44mm) |2
6 B, 2~3 iofitikm s 10 BE Ok L7z, FvED
WA SOl @BRMEORVWETHL, fHEE
(5°C, 16L-8D) |ZHHE L7-. ZH 2B 3 ET D
1TV (AFF309H) , B 3~6 HEOWTh 1 HE 8H
KON10 B0 3 BIAEREAFE Lz, W7 I RRek A
BT, Fr/ ah s TR L GERINI 2R R
hEATRL, QR 8 BIZICbERmMBER SN0,
BB EFEOHE A 3 [ M 10 A& L, 3B
HERIL 10 BEOAE L LICEH L. 7288, S d
FEHE LTtz

&) T—732 R

AT VL FRRIS, T—% 2T L=,

2. #R

1) FIRTT 2 R

1) RRU S RRDFRRAFIRZ M

Table 1412, R XN S Kt e, ZNHED EIZABUTSL
DVEH L& RO TN DT 2 AN R B 5% hA
AR LTZ. R RO S R LGy L, ZhEh
129ppm KT} 326ppm TaH-72. R RHD LCx fEITAFD

HFIREE 100ppm & EEIY, SEF ERIEE 725 LU TR
PIAERFZE L TV, 7035, R SRMOERPUELLIE 396 %
Th-olz. Fg 81ZiE, REV S FHOTAN VT IR
FRE—7" 0 vy MEREORMERER Lz, R BHIZH
A7 ey MEUREROME XL 234, FHEC SSRFEOB
E13295 THH7- (Table14) .

2) FI RUF1" R#FDFZRFNERZ 1

F, KO FYRfED LCy L, FHEH 324ppm KO
335ppm &R L7- (Table 14) . F£77, 5B OREE,
WSRO 7 7 By MEIFEARIZIBNT, ZOME 0T
TCABZEIRD bahotz (P005)  (Fig8) . Lo
T, T/ aBgENATFIDINRDT I FENSK
T AHWPUEIEERE TIER S, WREAEEOBETH
BZERRENT. F, B RO FRREOTTE Y R
ENFEARIT, R RO S REOEMROBICALE LTz (Fig
8) . F KO F/RHOENE DI, FnZil 0249 K}
0267 Z/RL, WAHED 0<D<1 DETH-=Z M
b, F¥/abrTEoATIOTIARDT I RFICH
T HIPUET R LB OBIERTH D Z L AVRIE S
niz.

3) R2RUF2 %, RLREIZKD 4RO

RFIREZE

F KON BR#MHD LCy EIL, ENE4 108ppm K
133ppm &R L, ZAUHLOMEE F KO F/RHOELY b
INEDyoT (Table 14) . F7o, WSRFITOVNT, T4
UUT R RERE—T v vy NMEREORRE Fg 9101
Lic. TP 7 I FAIRE— v vy MEREDT
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Table 14. Susceptibility of 2nd and 3rd instar larvae of A4doxophyes honmai to flubendiamide

. a LCso b c d 2

Strain (cross 95% CI Slope + SE RR n d
(cross) ooy 5% CD ooy

R 129 (96.7-168) 234 + 0.43 39.6 135 10 6.43
S 3.26 (2.59-4.42) 295 + 0.52 1.00 141 10 8.15
Fi (RxS) 32.4 (24.0-43.3) 2.68 £+ 045 9.94 147 10 11.4
Fi’ (SxR) 33.5 (24.4-41.3) 4.16 £ 0.90 10.3 139 10 8.80
F, (Fi1 xFy) 10.8 (7.74-14.3) 1.87 + 0.27 3.31 191 16 12.0
F' (Fi' xFy) 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 xFy") 36.6 (25.1-50.9) 2.02 £ 0.26 11.2 242 22 26.4
BS (SxFy) 6.30 (4.80-8.27) 1.91 + 0.23 1.93 220 19 11.6
BS' (S xFy") 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: LCso of each data point/LCso of S strain.

¢ Number of larvae tested; including controls.

‘ Degree of freedom.

oR
;\7 - oS
‘3:6 OFI1
g orl
55|
=
Ka)
Eef
3 -
2 1 1 1
0.1 1 10 100 1000

Flubendiamide concentration (ppm)

Fig. 8. Dose responses of Adoxophyes honmai R, S, Fy, and F;'
strains to flubendiamide.

2y M, F RO FSRFEOEIFERRD 50N S RFLH Y
WALE Lz (Fig 9) . F72, 25% KO 5% 7 B By hE
B (et ME 43 KU 57) OMLEICTT h—13d
Hahieho7- (Fig9) .

BR &N BRAHD LCyfElE, 42.0 ppm O 36.6ppm T
Hol- (Table 14) . ZAR_VT I FERE—ToE Y
MERFEDOT 7y ML, RFHHE FRROT 7 E Y ME
JRERROBNALE L7122, F/RMEO7 ey MalfER
WZRILCHE, 0% S RAEFVICAET 57 1 v hHiRD

Probit of mortality

0.1 1 10 100 1000
Flubendiamide concentration (ppm)

Fig. 9. Dose responses of Adoxophyes honmai F, and F,'
strains to flubendiamide.

bz (Fig 10) . F7z, 50% 70 by hMERSK (FrE
> MB 50) OALEICT T M—iIpHSn/ien -7 (Fig
10) . BS KU BSH#HD LCsxfElE, 630ppm K U* 8.58ppm
ZRLT (Table 14) . ZAR_PT 3 FHEE— 7o e
v MEREDO T 1y MY, SHHE FIED FIRFEO7T =
vy MNEREBROBICAE L. (Fig 10) . £72, 50%7
BBy MERE (Fary ME S50 ONEIZTT b—iX
M SN -7 (Fig 10) .
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B BB, RUAEIC LD 4 B0k hAIRZ M
MEDRERLY, Fx /) ahlEwo"=FOTAY
7 2 FANZH T AL, BRIz L0 RS T
WBZ EDVRIBI .

Probit of mortality
EAN W (@)} 2

W

&}
e
=
—_

10 100 1000
Flubendiamide concentration (ppm)

Fig. 10. Dose responses of Adoxophyes honmai backcross
strains to flubendiamide.

(2) ya3> b3z Fo—LEl

1) RRUS R0z BRHFIRZE

Table 1512, R XN SR E, b LICagiz &
DRI LK RmD 7 v T v =1 Fa—VANZxE T
DR RAIEEZ AR L2, R KO S BHO Ly f#lE, %

I 482ppm K (Y 1.33ppm CTH -7 R HHD LCyfEIE
AANOH HIREE S0ppm (EVVEARL, EH ERELE 72
LUV CIERIENRE L CUe, 2o, R BRHOEN
PEHIL 36215 ThH -T2, Fig 11121d, REVSHEHED 1
Ty h7=U TV KRE—-T7 o vy MERKEORGR
ZRLIZ. R ZFRICHT D7 vy MEREROMEE 1T
1.53, [RIERIC S AFEOMEZ X199 TH 7= (Table15) .

2) F1 RUF1" RFEDOFZRFNEZ 14

Fy KO FY R D LCy EIL, FEHNE4 11.6ppm ¥
9.82ppm Z R L7z (Table 15) . F7=, WMo
WSRO T 7 By MEFERRICIBNT, ZO/EE OFAT
PRICHBEITRD etz (P005)  (Fig 1) . X
ST, ¥/ ahrEAFOI/rAT7 L 7= 7
— VAN DB EIIEEE CIT e <, Wkt
DEETHDZ EMWRRINZ. £, F KO FSRfED
Ta by NEUFERT, R BfE S RHEOEROMIZAL
&Lz (Fig 1D . F RO FREOENE D1, Th*
00207 KM0114 %7~ L, MAktE b 0<D<1DETH
STeZ e, Fx/ahrE o N"~wXOr7aT7 87
=V 7 e — VAN DGR IR B OB SRR
ThbH I EWRRI .

Table 15. Susceptibility of 2nd and 3rd instar larvae of Adoxophyes honmai to chlorantraniliprole

LC50 b d 2

Strain (cross)" 95% CI Slope + SE RR® 1 df*

( ) (ppm) ( Y ) f X
R 48.2 (31.5-73.5) 1.53 £ 0.28 36.2 159 13 13.3
S 1.33 (0.864-1.79) 1.99 + 041 1.00 146 10 8.92
Fi (RxYS) 11.6 (9.12-14.7) 330 + 0.45 8.72 168 13 14.4
Fi' (SxR) 9.82 (7.15-12.8) 2.82 + 0.55 7.38 140 10 7.89
F, (Fi1 xF)) 12.9 (9.80-17.1) 2.07 £ 0.24 9.70 219 19 19.4
Fy'  (Fi' xFy") 10.4 (8.06-13.4) 213 + 0.25 7.82 225 19 16.1
Backcross
BR (R xFy) 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 (SxFy) 4.93 3.63-6.72) 2.08 + 0.22 3.71 255 22 29.1
BS' (S xFy") 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: LCso of each data point/LCsp of S strain.

¢ Number of larvae tested; including controls.

‘ Degree of freedom.
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3) RRRUF2 H#ft, RLUKEIZL D 4 RFDHK

HhEIRZE

F KO BRHED LCy EIL, i Ei 129ppm K
104ppm Z7/~ L7z (Table 15) . FE7z, @RFINIOWNT, 7
07y 7= — L HRE— T ey MEREOE
&% Fig 12 IORLIZD, 25%K N 15% 7 a vy hEHREE
(Tuvy ME 43 KO 57) OMEBIZT T h—id ki S
N7

BR K Uf BRAFED LCyfHEIE, 282 ppm KON 159ppm T
Holz (Table 15) . 7T hT=V Fo—/LHIRE—
Zaty MEREOT T v MY, RFHKE F LD F5HREE
OF ¥y MaFESROBIALE L7225, F KO F/RH
D71y MalFERRIIK LT S BfiE 0 ICALE S
L7ay bbb (Fig 13) . £/, 50%7rEy
MERZE (Fabty MES0) OMEICTT h—idkis
o7tz (Fig 13) . BS KU BSHRHED LCy EIT,
493ppm LN 483ppm Z R L7z (Table 15) . F£72, /a7
VET=Tr— L SRE—T ey MERROT Ty
ML, SHHte F AU FREO7 1 ey MEVFERROMH
WA L7edy, 50% 7 ey hMERE (et y ME
50) OALEICTZ b—ldgH e -7 (Fig. 13) .
B A Bk, LB & D 4 B0 mFIEs
BEDFKRLY, Fy/ahrsern<F0rnT 2k
7 =Y VAN 28R, EERETFICL YK
LS TND Z EAVRIR I L=,

BIE BE

KECIE, Fx/ aBTENTIOTT T2 )R
RO 28T X RRBBFN 2P OVWT, R
AT itk ek Nl B b’ LR 78 LA 711 L U05 (=  r
BRAMH L7z, 2B LT 7 7=/ P FEIRD 2
FET7 I RREEBAICHT 2 R RRUE, ez mHugOB
WMF YR OEE LR E MR L. 7772/ UK
FNTHET D RFGHNL, LCyEASAHIDHE FHHREE 200ppm %
K& A>Tz (Table 13) . F£/2, 777/ VK
Fzxt3 2 R ZMICBIT 57 vy NEYFEAROME X
X, R THOLNIMRR LB L THRENST
(Table 13, Fig.4~6) . —fic, FxFUEFIMEOREI L
> THEMNTORETHESIR RR ML, SRRRE —5LH
FEYFEMROEENKEL 2D EPMOENTEY, &
YT NE = Tetranychus kanzawai Kishida (4 =H : 4=
B OBBANGRARBR L IO Z L IFHRIh TV
GE, 197) . LEEN-T, 77 7=/ FANCKT
% R BHilL, BEICETMESRE L, EFANREES

Probit of mortality

b L L
0.1 1 10 100 1000
Chlorantraniliprole concentration (ppm)

Fig. 11. Dose responses of Adoxophyes honmai R, S, F|, and
F,' strains to chlorantraniliprole.

2 L .
0.1 1 10 100 1000
Chlorantraniliprole concentration (ppm)

Fig. 12. Dose responses of Adoxophyes honmai F, and F,'
strains to chlorantraniliprole.

Probit of mortality

0.1 1 10 100 1000
Chlorantraniliprole concentration (ppm)

Fig. 13. Dose responses of Adoxophyes honmai backcross
strains to chlorantraniliprole.

& RR THURLSh Qo iz b g a5, —, 2HEYT
I FREBEBANCKT S R BFUL, 70007 X FAIC
K% LCsEAAFNDH FREE 100ppm 2050 EENYD, 2
07y b7 = 7 e — VBN U CIRRIRR I R
S0ppm ZHEF FEIS7-. TARCDT 2 FENCKT 2 R
BRI DEIFEAROME XL, 5 TR LN MRET
L UCRIRE F 7213/ &< (Table 14, Fig 8~10) ,
FRRICZ Bo > b7 =) 7e— A2k 35 R BHICE
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B EREAROMEE & RIRE 7213/ & 0o 7= (Table
15, Fig 11~13) . F£7=, 70 U7 2 REIZEBIT%
KON BB OKIGEE —LRROT 1w ME, S R
DIZAE LTz (Fig 9) . L3> TC, @Y7 Rk
AoANCT 5 R A0, EHMEOREE ECHY, £
FINDFREHESR RR D& 7 O e b7 nEE K
RS ROREHEAGAE SS bE EN T LRSS,
ARBIZBWC, FY /) algEon<x0DT7T7 7= )
T RAIRO 2 FEYT I MR BRFNCRT 2Tk, L
BAIZHPEAIEOEERIN T L D R SEE OB R
ERTZEWRBRINT. Ty ) ah BN HIIE
V2 8% AHEH U E O BRI DV UL, ARFFED WIS
TOWE LD, N~ X HRERORBFEGMEIC OV
T, HEEHEDHEIC S TV D E—OFFIE LT, =
RU OB LV REA FEETESZET D, FQEiR
PEOEEIN T2 X 2 RS HEOBEHFERE T2 &N
RSN TS (Bowvieretal, 2001) . /=, 77 7=/
Y RANZH T 28BSOV T, YA TFEY I by
Spodeptera exigua (Hibner) (-2 U H : Y HFL) THE—DH
ERH Y, FREHEMEOEERE I L 5 EEL MO’
BREAA R T Z EAVRBEN TS (Jiaetal, 2009) . ¥
7 X RREEBANCHT 2PV, FEO =
AW Trr 7y b=V Fa—AHNIxd H bk
IVE YRR TR RS PEDBIGRENE TR 2 L AR
SNTWS (Guoetal, 2014b) . FOETIL, AFFFEOF
X ) ANTENTHIIHNT, 2T HOVT I RR%
AN D IREE M DR T 3BT 7 » Ty e
G&E - #I1, 2014 ; iEKD, 2014) , FBEIZET 5=
FHOTNR DT 2 RENSH T DD OB G
sEESHEICTVEV D (R, BME) . s 0HEHl
E, FX /NI AXOTT 72 )Y RAKRD 2
FEUT I RREEBRANKT 2T, Y aktos
HRFTHLEWV) ST LTWDER, Fx/ahy
EUNTF DOHBARTEEBEEOBEHERE R T LV RT
BipoTWa.
B2EMOEE 3E|ETIE, Ty /alsEr < )
DAH % IGR A>T X RR&RANT U CHpitE &
SHTCWDLEEREHOMNIC L. FFRFHERME O3 EY
Ralb—rva T, BREEETNMERETCH LS
B, TOREBEREIILHETHITEEOEAS L0 LI
L, ZOEBEHRIIEEDOBHACL > TEBIZEED
ZEDVRIBEILUTUVND  (Georghiou and Taylor, 1977a ; Taylor
and Georghiou, 1979) . ZDHF XIS &, Rg2EE
ERLEF X/ BTN IOT T T2 FAK
O 2 Y7 I FRZEBFEGIET, Reastar L

fhoFa v HER BIzIE, = RV TorrraAf R
HHEBE (Bouvier etal, 2001) , vvaA FEVI hUDT
T 7=/ Y RERERME (Jaetal, 2009 , = HDrnT
v =0T e — VAR (Guoetal, 2014b) ) (2~
T, EHHEOFREIRNT EAVRIES D,

EBAEICBIT 2 U7 2 NREBANI K 25T,
PRk SicTFy / aprser Rl ary (&
M - AR, 2014 ;38K D, 2014) TGRS CWA. Fx
J AT EBNTRGHRRTIE, A U7 I RA
FOXruaZ s v7=07a—AANZx LT, 2010 EE N
2011 FIZZNZEND LCy HAVHE FRE A LRV, BI5T
DFERPLZENTI 4 LD 2 FETIRPUENEA FRE
DHHLYUIFELZ, —F, I H TIETIER KR ORE
IBEROMEREET, WIh 2013 RS T2
ERTWD (&M - A, 2014 ; TEAS, 2014) . Li=i
ST, VT I RREBANIIT D IEGUESTEL U7
X, Fx/ abreon=FRaF Tl RN &
2%, TS, WO YT I RRERFICHT
P OB OBEOABE S L WAL H D,
bbb, Fx ) ah oA TIIREEE,E b
FELSHICHEVWELRERXERLTRY (Fk, £
12) , EEOFTNEME LD GIRPTIER EERE 2N
(Georghiou and Taylor, 1977a ; Taylor and Georghiou, 1979)
ZEnh, Fx ) ah s T T TROBNCIGTE
DSBETE L LT= mTREMED B 5.

— AN, BEHERT LY b E—F I X EEES
Bl STV DA, RS TR LT VW e B %
LBNTWD. ZOZ L, L =K% (Roush and
McKenzie, 1987) <2, $HEM A = Metaseiulus occidentalis
(Nesbitt)y (F=H : 7V F=F}) ov'LABA FHKDY
H— 3 A — hEEHUE (Hoy etal, 1980 ; Roush and Hoy,
1981) IZBHT MR L W RS Tnb. Fr /a2l
JENTERDT T 7= )V REIR 2 YT I NR%
HANZRH DIPTEE, EERTIZ L > TS Tn
LT EDWRBENZZ L0, AUIEEE AR LIS
<<, Boz Rt L 5 ek E o sk ¢ 2 BT
FIELIFREENE 2 Db, 2B, 77 7=/ Y KAl
B 2 DT I RRE AN A HEIc RS 58
GFEIITHTH D7, Lande (1981) 1IEETFEROMET
FEEFRELTEY, SRITTORMRS 5.
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S

TNETIT, F¥/ alrEr<ROBBERGHE
2N, AEEDTIFEAEHES LW
28, FERAE CIB I DRSS T ISR 2 3 23
b5, T b, 1980 4, BAKHOT v~ F TR
PUEDZEEMN ST 725> TN A Y VA (I—/3 R
— %) (B - 78, 1984) 1225V T, Pz Eiigo
F¥ ) gy 7 HEREEC B MO T 0 s
Shiz (B3RS, 1988) . 1990 ERUC2 D b, foz R
WOTF v ) ah BN FERETE, 7R
2H| (BREY ) 7= Ta XN UH (BFLAn
A NFR) R EIHROZRBRNDOHR LT, 7772 /TR
Fler7 a7 VT Xa LA &SRO PR RANT L
THREMNET Loob 5 Z LGS (M,
1999) . L L2edsh, ZA6OHLEWFR LB
ThHY, FEOFBAMSIEORMBIIRHOE E4 A
IZE STV, ARIFZE T, BOZ FEHUIE O AFE (# (i
23, SRR EIESIMEIC e > TR Y, ThvE TAMIC
EghA R LARERAIL LA SN T& 72 IGR %
FIROTT 2 RRBEBANSE LT HEEOIE 2 3=
SHETCWDLEEEZHALMNC L OF 2 EROYWE 3 5) .
Fx ) AN TENTHDO DAH R IGRAIKR YT I FR
R BANT T HIEPUEO TR, AT L > THID T
LN STz, WIZ, AEOEGIHEORENEE Th
ST 772 P RAIE 2RV T I FREBRA (B 3
) 1Z2WT, ZOIPIEOEGHRRAEZEMICHRE L7z
L 25, WPN B ERRFIC L D R E o R
ERTIEEREXIED B 4% . FavAFERORK
HAHEIC OWT, A & R OBEHFERE R H )
%, a ooy hm— M (BEY R) ITT D
BEhiE (EH, 1989) LOELNTWRNWI &b, F
Y 3k I | N X O AT EOBGEREUIA R
MTHDZ LA L. RETHE, AR THELNZ
MAAEZHENCERL, Fx/ ahrETr "<FO/RA
FREHPEOBRE T T 5 & & BT, HezJsHigo AR
(N NG VA RNY - RENE PR AR 71T kv o= XS QALY U7
ZHEY T2,

F2ETE, Fy/  ahrEroA~FIFHERL T
D EERBAEERAICHELC, Ehbicd o
PEPFEE LR, 77 7=/ YRl (DAH R) 7 /v
Tx /)7 AZu Hl (BUR) EIZUHET S IGR Ff%HAl
IR LT, BANEHOBEEREDEZEZ R T I T0D

&

S

A\

ISR

FREAVHIB L7z, [RIRRC, Mz itiko @A cie v
ZvA FENZKRT DREZMEORT, S5IEY7 I MR
DTN PT I RRIRNZ a5y b Z =Y 7 a—/LA|
WX DR MEDIR T bR Sz, AT T
BEEEOIK T AR R AT 1112, BEOR
& (B - 115, 19845 /2, 199) &EH5 & 15 Al
L& ZH Ll bnd, AT 2GSRI
farCndEEZOND. N HRERO R U H
(EPUE 28 Lo AR - 22) oAt EA~F
(lA1:9) (APRD, 2015) &Hlsd5&, F¥/an”s
ELNTFOBEEGUET SRR KERO I KU U
WZICE L, BENLS TS, BRARIZ, V7 I RREHRA
IZRHT AP EOMERIL, T/ a7 EL 7T
BEBETIIFOTTHY, HRATITa T HIRNT 2
FHLpo7- (B 35) . [FEERIZ, DAH % IGR AT
HIRPUEREOMERL, Fv / ah I ATIREN
ECHDCOHRRIL 2o ((F3E) .

A BBHEHUE DR EE, B OFE R ERFEORICE &
b ETFE L CODIPIMERE T % b o e o83,
B AN X B AR OBRE 28 U RO FIE
BT ATHDE (Gow, 1957) . —fkiz, FHA
EHUEOFEIT, OERFIHEEE T OB K OBES
DIAZRIER, @ RFI D AIRECHEE IS ORI
HE, @F ORI S BEOAEMNER 2 &=
DOER MR- TS (Georghiou and Taylor, 1976 ;
Georghiou and Taylor, 1977a ; Georghiou and Taylor, 1977b ;
¥, 1996 ; FAO, 2012 ; LA, 2012) . Table 16 }%, FAO
(2012) A% TEEAPEHIMEEBICBIT A4 KT A4 0] 1
LT TEEARRSIME ORI 5-3 285/, BABRAIR
ORI ER & 2 O|FUEFZEOFTRENE] 2 HD £ &0
b ThD. ZHHDO=20EREZFLN, Fv /2
W7 N7 X O BANETEDORHEABLE LTV,
B—0 TEEFRPIEOREICR S 3 2B RAER) 12
SNT, Fa v RERICRIT AR RARTME OB
IR RAFOFEIC L > CTRARDLOD, %< ITHMEEIR
THIERHMBNTWD. BlZIE, =) H 0% bAFIEHT
PEDOEAERE (Table 17) 1, %< DA, LMETHD
(EH, 2015) . £77, N~XHRE R CHE—E RN
B OLNIe> TS a R U TOgED, BELAnadg
RENZSF 2T FEHR I KO R 22BHETH D
(Bouvieretal, 2001) . ZAUIKIL, Fv ./ 3hrEion
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~XOTT T =)V REIROYT I FRERFICxT D
BHEOBERERIL, & bICHERAREOERIN T2 X
LR CH T (F 4E) . Zo Lo, AHEIC
BT R BABSEOBEGHERE, thoTFa vAFRLE
RS> TNDH LI THD. 72720, aF T TabiLT
WA R DI (Table 17) , MBI OFEFRIZ L - CIIEpTiE
OGRS R 2 ATHEME D & 5. EHUEEE - O8N
FEWZOWTIE, BT X 0 EHEARE LTV E
SINTNWDHIEND (Table 16) , T/ A TEL N
FlIaFARa R U H I PR RE ST
LEZLND. Bz, BOAEICBT 2T HOYT

R BANC K IR esthEE s Sh (
e, FME) , ERAEZBIA L TND 7 ERICHO IR
PR TAAELTTWD2S (EH - )11, 2014 5 HK S,
2014) , Fy/aBrEIATIFOIT I NLRL DA
P, AU U7 R RRIOSE, BRBAER DT ) 4
B F 1 EOFERATRE 4E) ¢, /70 b o=07
2 — VRIS RBAGH T 2 4 @ 1 B
TEME2M]) TSN (Table12) .

Fio, BBAHEGMECRE ST 5B TN EEIFET D
LY E—TH D RO R R IEEIT RN B2 D
LTV 5 (Roush and McKenzie, 1987 ; Hoy et al, 1980 ;
Roush and Hoy, 1981) . BilxiX, =7 H DRk bARRHM:
RS DB THE, BRFIOREICLY SEIET
HY (Table 17) , —EDEME RNETZ LIXTE A
VW, Fy ) ah 7 ELATFOD IGR RRBAIR DT I
R BANHI D HPIEE, & IR T IO
ENTWBHZEND (5 4 %) , AEOEHIKT 5K
PR LICK WEEB X BND. 2o e, WAl
R DF ¥ ) ah 7T N X OHIME DG E I 7
EIZIRE SN T2 (Table 6, Table 7) JER DL D»
H LA,

U R TR L TR O R EH B IR B 5 LT
B, AN N SIS EOWE IEL 7
% (Georghiou and Taylor, 1997a) . # 3 ETHHEE L
N, Fx ) aBrxon<FOPT I RRFFBRFN T
DIERPIENEHIMICHEIE L 7=D1T (Table 12) , itk
BT OWBEE R @S T RN H 5. ZOZ LI,
TN DT I RAIO ETYSAE (2007 ), Bez Rt
MO LT BEREEO IS R T 2358 2 B RS
BIEISNZZ D002 D (Table3) .

AT LI ED A h =X 2%, O EE RO
T, OERAIZRT 2B RARZHEOIRT, O i
FESRIEVEORIR, @ 3 DI SN 52N (Bratisten et al,
1986 ; Scott, 1990) , /g A 7 =X NIERAICEIT S

R B FNRZMEDIRT & A o fREERTE M E O ROV
NHLIWEEIAVEE TS L&D (FEE, 2012) . F
a v BERO IGR 2% BANZ 3 2RO A 1 =
RBZDWTI, fRE o fRRESRIE ORI E32 &
WO WL ODOEENH S, & BA| ORI S
TR L LCE, F R a—2A P450, ILRFLTA
TI—X, INETFAUEBEENILNTWD (E
M, 2012) . ¥aAFEY=I hvD DAHR IGRA| (77
Tz )V RRIEIIEA PSR T2 P A (Smagghe et
al, 1998 ; Waldstein and Reissig, 2000 ; Smagghe etal, 2003 ;
Jaetal, 2009) (X2 KUY L HDOTT7 = /Y FENTHY
D8 UE (Reyesetal, 2004 ; loriattietal, 2007) ZIZVWNF4
HF R ue—2A PASO BE- L, NAFEANTXOT T
=/ Y RENZHH T 2 HBUEIC I VR V2 2T T —F

LT NEFH EBEERPEG TS LHRE STV
(Ahmad etal, 2002 ; Ahmad and Hollingworth, 2004) . Z &
X912, Fa v BERTII DAH % IGR FINZ k4 H3bTi:
FGEITITTF b7 u—24 PAS0 EIE U &3 DR
IEEOERMBEET SFREM &L, F¥/ ahrEy
N7RO IGR RRHANT T 28T GF 3 %) 1o
T H R fEERIEE ORI R RS L Q5 ATREMED &
5. —F, aFHOYT I RREBRFNT DGR
BOAN=ANIOWTL, (ERROV T ) V3574 K
DODERICE DB BFEZEOKTLEET L END
(Troczka et al., 2012 ; Guo et al, 20l4a ; Guo et al,
2014b) . L U7 h, L TIRY 7/ VU /IEER
FOFRBL~LOKT (Linetal, 2013 ; Gongetal, 2014)
HAHUNIHEKR (Sun et al, 2012) 2SR LTWD EVH
HHHY, RERHERZW (EA, 2015 . 20X
NS, Fx/ahrxLA~wXOUT I RRFEBRANKS
THEEWE G 3 %) ICIHERARDOZRAIBS O
DS LTV AR E X Db,

BB OZZAERFEICIY, EHUERED A =X L0
EHECEb->TWS., T72bb, FBRHOBRAOER
FITHERT DA NS L, FEROMERENMHL
EMBNZ LD, LIRLIERFRF O BAFIE TR
Pilkzm & &b, BRFOK BFIN CHB oM EiESR
DEYNCRERPEZ RT3 H 5 (BN - W,
2009) . HITETIE, Fv /AN TEL/NTFO DAH £
IGR FIR T I FRBRBADOZNZIUISONT, [F%
WAk AN ORZZEPIEO AR B 2 bz, 2o X
9 7[RRI DR AN DAZZERGTEIZ OV TCIE, a7
DT T 7 x ) PRERRA M7= P RAEl (OTh
% DAH % IGRA)  (Cao and Han, 2006) <ClRIFEDZ 77
VT2 Fa—EIRPTAR DT I RA] (TR
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HUT I RRFEHRAD)  (Wang et al, 2013) TH#E SR
TWa., ALk o2, Fx/abrZErn<FD
IGR R BAFIKR T I KR BFNKT 2P
g, ENEIEE S FERESRTE Y E O I R OYER A 0% i
RIS TS T 2 AREEN B 2 b b Z Linb,
EHUERED A =2 LG8 5 FRFE O AT
TP USRS 5. £z, B 3 |\
¥/ AR EATXROVT I FREBA RO
AR GBI ZS2 L TV D ATREME B & 2 b2,
ZAUTHDWTIED T I RREBANT S 2 B~ 1E
S DREMEAR T OS2 T4 5 Z &3 Lu.
LTedoC, RFEOVT I KRR BRANTIH DG
1%, VERLS ORGSR T O re &P REEETE IO
HRLBEET D HREMEA DS, WU LT, RO
U7 I FREBAR IGR R AN DI ER ED
AN =R BN IS % ORI fFAN NI TH 5.
BAREINTIE, WA — 2 = o —IT K A% AT
SRR S FOBER T ERZT b,

L ZAT, BBAEHUEICA RPN 55 &
BEHHEIZELSST W E SN TS (Table 16) . Bl L
72551, Frv/ah ey XD IGR B HEIK
U7 X RRB BB D EGUECIIR R UE O R 5
WEDOND Z LMD, AEOK AT EZ B E
LTS ATREMD 8 5.

B0 TEEARRPIMEOREICR S5 D BiBRAEIR) 12
DN, (X UHIT, FEAVEREE & i EREORMRIC
OUWTEELT 5. High doseefuge strategy (i3 {RHEX
HREE)  (Gould, 1998 ; FAO, 2012 ; #3K, 2012a ; 5K,
2012b) DEZFITHSL &, B RFUEHUEE S 73R 5E
SENT, B oRPEEE A2 ~7T 2 Th D RS{EK
DNE FRE ORI ORI AL, PN
FLIZS < (Table 16) , —75, RSEADH FHIREEOLIR
THEGETLIEAITERIIENBE LT WE END (Table
16) . Fx/aBrvNA<XOTT 7=/ Y REIRO 2
YT 2 REMERMEICSWTC, iR RR A, RS
TEAR ERSMERE SS EIR DA — JE R DBHR
(Fig. 4, Fig 8, Fig 11) 7"Oigd 5L, 7772/ VR
Hl, ZARXTUTIREIKR I T T2 T a—u
FIOH R (24 200ppm, 100ppm & T* S0ppm) T
%, RS EFRAFERIRETERNWI L3 D)5 (Fig 4,
Fig. 8, Fig 11) . ZDZ LiX, Fv/ abhrELATHEN
TT7 7)Y REIR 2 YT I RENS T 28T %
FESHRT VI L AR LTWA.

TWRER (MFEEROLL LT IEABEE B S E
) OTFEOH RS A BAPRGUEO R R EEAC B L

TEY, ZERERNMEET AHEEIEER O 5 IR
ENFET D EEDONTND (Table 16) . T ¥ 3BTl
Fv ) AR TENANTFOZRERE LTF vy <F0
FET 5. BEROES, Mic L @E5ERRR25
OO, WREITREL, TOREIXIEFRBETDLZ 00

(FE)IL - JHIER, 1979) ,  [A)l—#% Al Cifd % [FIRHZ B bR
THON—RHITH D, ZDI=D, Fv /) ahr7EN
VX OREBEN VI THF ¥y I RERAE LGS
i, RERERICTF v o B X A BRANC L BT
KEZTF LI LIZRD., Fx /alrErn~F L
W JFHIER DT+ N~ 3T DAH SR IGR AN XA
ZHBETLOooHEZ LN TEY (UMNE- W
t, 2013) , ZIREFHOF ¥ vFExIGE LT BA
BATEESMEIM LU TWD RS H 5. 29 L7z F vk
WCHERER G F v/ ah 7 &< X0 BARRT
PEDOREEE L QD RN S 5.

R BRI ARV EANE Y, e R
BELRLTNEESNTWD (Table 16) . Fx ./ ahrsEy
N2 FBROERAE UCTHER SN TE 72 IGR SR HBA
RVUT R RRFEBAN, ko REF LD LR
W (N, 2012) , EHFMEAFELLCTVES X
5. FE Fy ) ahrELAYF T, IGR R HA
FOY7 3 FRBHAN T L TAT L » b2 L szt
METFL (E2%E) , SEORFMELRELTWS (3
#) . &bIZ, AMD DAHAR IGRAI (777 =/ Y FAl
EARRTT 2 URAD ROWT I RRZRBA (T1
NPT I RAD SR SRR E ORI, ok
HAL Y N EAHBALTEY 3%, 2oL
2 ENBY, 2SO BAICIERPI R RE LT
WEEZ5.

BlEM oL, EMIRICh- v EHTIThbbiE
&, FIERAIOBAT LR TERTWITE, FBFIE
PUEIRE LTV E SNTWD (Table 16) . F v #k
X9 LR MHcH TR E 5. J720bb, FridFERko
KEEMEAE CIER 7 EHICRIEE SN D Z ENEN T &
5, HROMMRITENNS = L JERELTRY, EHIC
DI DEMHNT L DEFRDBNNT bId Z &Il b.
7o, FyET, BOECRBOTIREE, Foiok
J&% 10cm FREERELR L QD Z L BENERY 5o TH
n (B, 2008) , EfteSHNTERTV. 295 Lzl
Fite HIFRBAIOWRE AR Z Ade Z LB Y, 2 HF
DA ST TARSERE DL TIE,  HREUEEAR
BRSSP B, DD X 9 2aF v GO R
b, Fx ) afy e RO BEFFGIEOREICH
BEDNT DD ATRED B 5.
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B0 TEEARTIMEOREIZE 55 2 MR 12
ONWT, Fx AR ENATIIHER L B 5 E
RidA7evy (Table 16) 73, fBARE A XDORE SI3AME
DOFFHEOUESTHS. BT, AHEIZEBNT IGR 2k
HEE VT 2 R R& BANTH T D HPIEOFEN T
Th =Pz T gL, 59 7000ha &) KB CE & &
STZE—HIRT v OFIFM TN TWDH & &bl Fr
J aB | XERIT RIS Skm DLETRFR L CREEL
HCT 2887148 L Q% (Shirai and Kosugi, 2000) Z &
NE, RERERBEEZEAR L T AN E . AR
DEEREY A ZPRENE WD Z &1, BN OB
MEREEMETZN TN D EWVS ZETHHD. Thb
B, Fx ) 3B 0 E AR TR R TR
Bt 7=V EER L TODAREERHY, 2oL
LD, BBARPMEE LB Lo WO ATREED B
2.

ZOMOEBNERD 5 5, FEFRFHOE SIIAFED
OO ESTH L. MAIRNRESEIIECR> T\ D
FavEEADY L, aF AT 7T R EAEL
(Talekar and Shelton, 1993) , = KUV AIIFEICY IR0
FTUEORRBIEIZFTFAET D (van der Geest and Evenhuis,
191) . ZHUCKL T, F¥/ ahrENATXOFE
HPAIZ, 30 B 54 FELL L ORM, 1972 ; FJIL - FRUSETS,
1979) &% 90 FELL L (g - R, 2003) & LS4
TRV, BB TRV, FEFPFHAIAOIE SR HA
HHUERREELLT VI & (Table 16) , AFEORM:
DR SDFBAFEIIEE S HIZBE L QWD ATREER &
2.

F X ) AT NS B BAIGTEE
(Comins, 1977 ; Taylor and Georghiou, 1979 ; Georghiou,
1983 ; $57K, 2012a ; $57K, 2012b ; LLUA, 2012) (ZDWT
B TR E 720, FBFTMSEROUE 2L LT,
B MEOEERICR BRI Z AR T 2 FERH 5. BRI
o BRFHEPEDSHE L TV DIGE, T ORI [EHE X
BHITNE, ORZMEEERROBANRDD Z L, E7-13&
SRR DRER R 5 = L, OB EER OGRS
B MEER L HIENZ &, OEFTIENSHERET S 2
L, ODZOOFMNEETHD LD (Tabashnik et al,,
2003 ; A, 2012) . FH2EEIIBWC, Fy/ abhrsEs
N FROH—A— FEIROERHY HNxH 2R
1%, 1980 FAR~90 AR L LR L CEHE L T D 2 & 3R
BTz, BRR L72AS, F v 53 mAloBdEte H 23
TERTWNI &2 b, BBFIDEE LRI
EROFEX E LTHEL TV A EEZ NS, Fa v
BHERATHa I T2z lbrafFE20a b
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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" 14to 16 10
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Summary

Studies on insecticide resistance of the smaller tea tortrix, Adoxophyes honmai Yasuda
(Lepidoptera: Tortricidae)

UCHIYAMA, Toru

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 4. honmai collected from Makinohara. Furthermore, I investigated the
inheritance of resistance to tebufenozide and two diamides in 4. honmai by performing crossing experiments between
resistant (R) and susceptible (S) strains of 4. hionmai obtained from Shizuoka Prefecture. Finally, I analyzed the characteristic
of insecticide resistance in 4. hionmai 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.

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

Between 2004 and 2008, I investigated the susceptibility of 4. honmai 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. honmai populations 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 flubendiamide and chlorantraniliprole decreased in only 4. 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
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Between 2004 and 2011, I investigated the susceptibility of the Shimada-Yui strains to five IGRs by calculating lethal
concentration 50 (LCsp). LCsy 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 LCs, value for methoxyfenozide was lower than those for the other two insecticides. In contrast, LCs,
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 LCsg
values. LCsy values 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.

3. Inheritance of resistance to an IGR and diamides
(1) IGR (tebufenozide)

I investigated the inheritance of tebufenozide resistance in 4. honmai by performing crossing experiments between R and S
strains obtained from Shizuoka Prefecture. LCsy 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 A. honmai by performing crossing experiments between R and S
strains obtained from Shizuoka Prefecture. LCs, values (ppm) for flubendiamide in the R and S strains were 129 and 3.26,
respectively. LCs, 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. 1 multilaterally considered the insecticide
resistance mechanism in 4. 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 cross-resistance between insecticides ; operational factors
include the registered concentrations of the insecticides, presence of secondary pest (Homona magnanima Diakonoff),
residual activity of the insecticides, and the particularity of tea cultivation; and biological factors include the wide host range.
The causes why 4. 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 A. honmai.
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