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REWR BRI BT 5 F ¥ Camellia sinensis (L.) O. Kuntze # 55 D itdklT i <, OM
W& D&, BAERK (1305~1358) 28 &t (B 1 KE]) O FICAKME 2 E 7z &
X, FHEOOLTF vy HEFERY FE, BNICEE, ZThUEHNICEbo L &
D (SRR EFEEBEE S S, 1986). £/, [HRETRES) 0L d L,
ESFOBRILERAFIBLO FILUL, FOENICTFT v OKRELMEZ, PEICHE
i LloEfanTEY, TN ARRICEBITL2F ¥ ICEAT &b TV Rk
Lo T D (IR G IR EIRBLEK 2, 1986). Z0tk, ILARRTIZE
HEBRRICEREEOZ L ARITBROLERDL, KORHEITo7Z. LL,
SALERIC A ZHEOF ML E LT, ES~oBlRREHEZE LD, HRE
TIIRD Dol 1860 £ (T HEICA) ITIXRE DR ZH 0 i, BHES
PR AN Y, RWf, A7, BEIRICE-C, ZHLARE, BEVE B A A3 iE M
HzROOND &I (EIRERAERIERKHHE, 1986). T D%,
BTGNS A Y, AR ORGEZ LT L2/ S & o 722038, 1884 4E (HAE 17 4F),
BEBEETICLD REMGEAIN B IN oL HEIC, BRERTHAEM
BAMRER STz, S HIT, 1887 4 (IR 20 4F) O FIZ X 2 MEH AN E S &1
2B T, FEO 1888 F (BTG 21 F) IR EMEBESHAT (Bl IR R
REZHEID BFER L, FERR, WEKIKERERTEAEORENK O LT (B

VR RS IR L a2, 1986). = D% ITBIMRFE K, BIMRHER o ks 1109 70 Hi
DALAINT K0 B FER IR AR T, 2015 F ORI 5RO O R HifE T 8,610 ha,
ESRAEFEBIE 25,600t & 72 0, BehF AR, FRIRAAEPER & b HRI RICIR
X, REFE 2MOKOEERIAE L WD (REKEEREFESGS, 2016).

FrIZBITH2EFERFIENTIT 26 MRS TEY (HARISHEIWE L5 %,
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2006), PTHLEEBEEROF v HIBIZEBWTIE, ¥ /I FU kAT ang
Empoasca onukii Matsuda (# A LY H : S axA ), Fy / FAMur7¥PIvw
Scirtothrips dorsalis Hood (7 W I U~ H : 7THIU~E), B Fung=
Tetranychus kanzawai Kishida (¥ = H : "X =F), 7 0vsvabhA 07 Ly
Pseudaulacaspis pentagona (Targioni-Tozetti) (I A LT H : ~ Vv h A BT LV,
Fx /217 F /N~ X Adoxophyes honmai Yasuda (F 2 7 H : N~X TR, F
¥ /N~ % Homona magnanima Diakonoff (Fa v H : "~X TR, Fx /KT
Caloptilia theivora (Walsingham) (F a2 U H : &R Y TF) 2, NESHEICEELY
BRETEERERL LMEMNT O, ERBRONRERS>TND.
oL, Fx )R HIE, FXIINTIIFRITELHREINDITO—FTH
L. AFEREH (Fig, 1-D X HHEOBERIZ 1 Wi $ DI 5 (Fig. 1-2). SMEERZIC
DT, SR D EHEOMBICIEY AR, LIZ5 < AN E RET D

~

W) (Fig. 1-3). EBAMED L EOBRE %< (EREER) (Fig. 1-4). ZIBIIC

\

lf*

B HERBES LRI TH LS S A B L (A &) (Fig
5), TONETEREZREL (FF)I - HEH, 1960), =MAEIENICRFE L PR
D (= ABYEW) (F)I - IR, 1979) (Fig. 1-6). —f4BIENRAN LI #2306 H
WINTRIT, BEANCHL SN TR BEORETCREEABFRAZHD, B0
mE A% ST OMNA, 1975). PEEBEMOBAETIEMERTICE®RLNZ L
D, AT OPHFTFAKEEL, ZMABEHTIE Im? 272V 30~40 £ (/hA, 1975),
SABENTER S N EF O ETIE 3.7% CRE, 2000), FHFICxT25=/4
BEEOHREEEIG T 2% L@ - &A1, 2009) LIERSRESNLTEY, KAHEHR
DN TR EXOMEIR TICHR < EEEE 5 2 2% BTl e v ()i - 1,
1979) L ENDHL HLWVWATEITTF ¥y DEEER THDH. £72, HhALHUD BIV
XY 72 EOFEFETIE, HAEFICARERNZHEINETL2LZ20%OFT v DAEF

DIEIEST 5 & ENTWD ()l - JHES, 1979). AFEO45ARIL, AMLLE O B A
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HFHB LORE, TE, 1 FOES - ME, 2003) T, MEEDIE, VA
IR, Fv, Y%, D, $IFBLReIIX0 5 flEHs S
T2 (FEIL 1960).

AN T ¥ OEBEFERE L TRIICEHEHESINIZOIE, 1890 FikA 1T
Green 235 L7c & & D, 1891 FITiTE A v U EDIEARIZ L - T Walsingham
3 Gracilaria theivora £\ 9 4 % 5z 7= (F)Il, 1960). HHEIZB W THF ¥
OFEBRE L TOREITE <, 1900 4 0 a5 E WAGBR AT i E 5 4 RIZH 2
~ X ATORFORIC THMo 1 LA 2 FICk L TED RSB oRiTa6
LT 1 BOFEALBSHNITERT. R 1 BmHEET 223022 < I3
LRNCR THE L XU TITEAEHBERE D Z LTS &) (RXEE)
EREEI, TN T X S AR TORMOFEETH D EHEEIILTWD (I - fl
H, 1960). Z Ok, 1911 FICYEIE THFERER ) &5 BT, HEICET
T LML BIZOHFL LT (FF)I, 1960). 1912 FF IR H X, #IHTH v
AT N=FROLHEHNIEE L2 (FE), 1960). 20 2 DOHEDOH TRED
MEZEY, ROBEPRELIIKFTT D LEM TS (FE)I, 1960). 1918
AL ER I RN R R ERG1X, 7 A U 7@ Howard I[ZHEARKZ %S T, M4 N
Gracilaria theivora (Walsingham) T®H 5 = & Z MR L, 1922 4FIZIXBIBIZTHB N T
—@BICL ST [ Fr ) RwY T ofManGzoniz @I, 1960).

AR IR &R TIEEMIC 6~7 HRAET L (LR S, 1999). £0 55, K
RTITZ, =, WEABLOKFEBHOREICRAET I2HGITHENLEL D
7=, TR 2~4 EIBRZIT > T D . KIS 5 3EABLBRIT, =MA5LE
DI Z T, #HFEMOHREMICER T 2008 0EME SN TEBY (i
B, 1999), AFEOPRICHER S TEZBANL, BB EHI#E A (Insect
growth regulator ; BAF, IGRAI), XA =aF ) 4 RHRELIEDT I RROEH

mETHoT=. 2009 FEEHL D IGR FlD 55, BLAMERERZET DNV A
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JVIRFE R IGR FNZHOWT, AFEICK T 2 BIBRZIR O T A AR O kLT, L
M & — 4 & 9 2 BEEE Y B sk (DU R, FEBEHIR) (23 W\ THRH S iR o,
AR HIEEAEO MBI RS-, Lo, KFEOEKAKZHEIZOWTIXII
FTHMALNTW RN T, —RICEFERZMEZRET D56 13T DR M
bNREFBET DHDHREAT — VIR T 50, KFEIZOWTIEA AR 2R %
BT ORBFAT VLN R S TR o7z,

—J5, T, BOZE - RLOREICEE L AEEBICE T 5 MR E OB
DOEEVNS, ZEZNOIXREYMOLEEL L OB OME &, BUEK -
AL 7 AR 2 BR 3 A e D AR L & O T SL 23 FHE72 IPM (Integrated Pest Manage-
ment : A AV E R - MEE ) O KRD 5 TWD (WIS, 2005 ; B2
5, 2009). X512, EWNICK T 2EOEFEREL, ENWEOKEK S D O—
BRElEoTWVWDLHDOD, I TITMET — LR OERMEMEICLY A
AR OB ITIER LT\ 5. REEY Z i 3~ 2 BR300 AR T [E 0 7% 5 R S8 AL
(MRL : Maximum Residue Limit, AT, MRL) Z# 27 U 795 Z & BWHLETH 5 03,
F ¥ AR L T2 WA FETIEMRL A E SN TWD REN Do T
D, F IR ISR MRL AR E STV D 35 720 B AREWN Tl Ic Bk
LTHEESN TV A EZ0E Mt 2 L IZEEERRBICH 5 (B AKE
e s, 2018). A bDZ Linb, Fx /A Y HIZHLTH MRL 23
E SN TV D M E 721 MRL O E R RIS & 72 5 AL ZERIBG BRIE LA D PiERTE D
WLNEH Th ol Fa v AFRITHT I FMPRIELDSOTEE LT,
BT (Bacillus thuringiensis) H|SLE M7 = 0 & v 2 AW EBEIEICL 54D
IR ERIE S X ODEIR 2 FIH U 72 B RO BGBRIE (MBI &, 2005) 238 5 28, ARFEIC
ODNWTIEINGOREDHESLL TWRholo., b, RE\RILEZHRFT
L2 ETIRIMETHL AR DR « FEINCEAT 2 B2 MANZNE TR

MNoT.
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ZIT, Fx /B HONRELRYIRIEZWSLT D720, KX TIIUTO
Wz To72. £7, ENCBTO2AFEOERRZEZMNL T HTOEHKEAT —
VOFHEA g ERME L. 20%, AT = v E 2 AW ARZERILES
WRaFH LB BRIE L 5 %IT> T ETIIMEE 2 DR - EEIITHE)
AN L CGE 2 ®). RIS, SR BA DR Z BT 2I00 55 B3
BAT—VEBIOBBANCIIAT 2REREDON R EENRBR TH LT LT
(F3E). £/, B3I ETHOLNLLHRELEIERERAS N O EHRE LM
REEZ ML, IGR Al EABRBANIRERESTOREERAT —VIZO0THE
FlZMEREL FEm L7 (B 453). 61T, 3 HTBTHNRLRET L%
BAT—URNENRBRTHO NI o7 &b, ZKEICE VT BT AlOARIC
ORI ARG Lz (B 5 &), 72, #koFa v BEROPFRE
TGRSR & SN TEER, KEOFEEOBLRESIL, KE TRBENRAT
LB TOHD T L0 h, HBICHT HHEMZHBANDOHNRIZONVTHLNIZL
(6 ®), RBRICINODOMAEZSEXTT ¥ /A Y TOMEHRPIFRIC
WTEZLECGETHE).

ARBFFEO EBERRIE, BE S (2016), EESH (2017), k= (2017), EEDH

Q018 IZBWTHREL TWS.



Fig. 1-1. Adult of Caloptilia theivora.

Fig. 1-2. Egg of C. theivora.

Fig. 1-3. Leaf-minig stage of C. theivora.
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Fig. 1-6. Old larva and its feces in triangular-shaped leaf.
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Fxv )R HOEZEREAT —VICBITHBBHOMELBRTTT 272012
AEZENTRREATL, BREAT—VOFREARLHET ONLERD D
Flo, REOEBENLRAEEBDOOESDTHLIRRE - EIMTEHZHET L2 &I
KWL T DATEDO ZERMEERHEREER EOMET = v ' 2 0T PibRiE
ZBETT D ETEAWRTH L8 ZAHIZEAET D& L2, KFELUS DT
Y DOTaUVHERTHLIT ¥ ) a7 ENATIBILIOTF ¥ A~vxIx L TR
AT zm e 2R L REREESBICER S TV D UNE, 2012).
—HT, Fx /AR HOMEET = vE 0%, Andoetal (1985) 12 &V sy - [FE S
M, BAETEICAHAINTND (RE, 1992 MRS, 1999) 2%, EiRofkic
ZAGBELIERTER BZE~OIS A FRITE AL TR F 7o, KO PEIFRFZ A3
A S NAVEEGA T Y U AT 2 AW BB BR G5, 2012) IZ30W) TR
i) 2 i T, K= X MERHRILICHFLG TS ARERH 5.

ZZTCARETIHE, EFEABINTZT ¥ /A Y TOBEMNYD B OEHEFEGED,
201D EFIHL, REOEKEFKEAT —VOFEAKEFAE L 1 H). K
AKHEDOMET = v 2R LIz Z5HELESCOLIR 2R U 7z BRLRY 5 Rk o BY
FENZOIRD D LRI R 215 5 - 012, ATFEMERE O PR O Rt B s 52 B R
WCRIFTHELFE L GE 2 8. £, REBHEEOEWDR, HmORKREE -
PEIRBUZ BT TR OWTHAE L2 (G 3 ). 612, MOREIFFRFZIZ >N
THMELZCHE 4 ). ok, AEOTERFRIT, LEDL(2018)ICHBWTIHE

FLTWA.
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F1E FY/RVAOHKE
1. MPBLUVAZE
(1) RO RKEAF

Fx /R ATORREE L EZEQ017) B LU EEDS (2016) IZfEVy, EAKH
WX T O XS 12T o 72, WEMEEFEOREIC DN TIE, AREIXEREED
FTEATEBLTVDLZ LD ORI E TCOREZZDO®ROETE % HEIC
T5H., EOD, ZABEZERLEERBICRELZITo . Thbb, £FOD
4~6 HIZ, FEIREIREERRRA T o 2 — 30 (FE IR B R R JLN i BT
KEYNOTF v RN OAEO ZABELREL, TOHNLEULL 725 B
Frv (f R5ET)OHMFEQC~3 EW) A5 THEL, MESDLDETH
60~150 SHOR R &7, FBFICHWZHFESCLU TN ICHRMT 28IPHOF ¥
DFHE CF 20 AL 1~2 BB OEREBLE) 1L, B Pk L ThE 5
nNoHE9, BEOKMIZEAL LT, iHFOEBTRAT — 2 BERBICHIE L
ERENOERL .

FIVAICERB LB T v /& Y A OISR B L 5 R A 20 4
RHLOEEY, WEDQIDDOFHEICEI>TUTOLIICHE L., Thb
L, BEAZERLTTURL, A E L IS 0 DY A UIBR
L7z (Fig. 2-1 £7). WICHEDE > Iy # BAEH CE X, 5% DT a b
WaEANTERBE (D& 12cm, BE 6em) I 1 ATOM LA (LT, TERIFA
HREE ) (Fig. 2-2). ZOHIVHRRE 10 K% 77 25 v 7 BEE (BEE 12.9
cm, HE59em T, BE LIZEFUCKRESORB 10FHEEVTHS) Ity
ML AR, THIRHAHE]), ZhEIT — I AT (Fig. 2-3) . I8 —
VITERE 20 cm, &I 25 cm OFEH LT 7 U ABOMFEAESET BB —X
RIS TWD. I —I2iE, TROREBEES T 5 X TCHERE 2 <7 %

FlE <7, MEMEIE, IMEU A OB (20X27 cm, & S 36 cm T 2 f i



W28 REH LR - EITE

I—RBRD)T, 5%DY afEiREH L LT 3~4 AHEEE L Ek MRS
60~80 HH) H HATLEICIERAL. EISNHINARBRE IR A ICER L, %
BRICHI WD IS BEL 72 D IS 1~2 JRICR 2 L9, REIL R DINIETIHL
TR AR LT, BN — i3 m R 8~15fEt >y ML, BAMIZHIY
FHBRINLT-. 7235, BRIMHIRI PSR R 3FE T L7 A i3 2 OHB B pl i 2 4
L.

BINHRBRE 2 BNICHE L T &, ShaBe L, NEREZEZ AT
L. GhHITFEINH 8~9 H CHERKIZIEL, BMAONANTEIE LD 5 CGEKZE
EH)OT, ZORYICELRBRER M TR L. URLEEL &5
FIAMMER ) cm) 2T TAF v 7 vy — L (EHE 95 ecmXH S 2.2
cm) (ICB L7, 2Oy vy —LIZiE, BEHREENOHRE LCEY) I =M%
WZRSE LT DOERHF L, RGP e LTONRT 7 1 UK 5X
Tem) ZHAL, KEABRPHET 2 ETZORTHE Lz, 72k, Ei, Mk
BEFTH 150~200 SHO LR ZHERF L2, 2406 ORBHMERIL, 23.9+0.7°C,
14L:10D O EEREN TIT - /2.

(2) HKEBHRE

AL 2015 FICHRE LR E AW TEER 3 HARHEICITo 7. 20K
BRCIE, BEEE TE XD ICEINROINZE TR L TELLY 1I0C2 5
Lo L, BRET LR CEGCRBEEZITo 7. EINE MR LI-HINH
AR L, | RIZIEERZ (10~11 Ff) (TR ER OB BEAME L. Pk L
7o BRI IE S O TR CHEREZ IR L, MEZNZNORE A ELek L.
BARBNZILIE 1586, ME 14O T — X R L 7.

(3) #EEHARHT
FEH B E O MERER] 13 Welch O ¢ 8E TH L7z, BEIL, #5HY 7 b IMP

ver. 12.2.0 (SAS Institute, 2015) Z FH\T{T - 7=.

-10-
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2. 58
24°CIZBT D F ¥ / &Y HMERED 3 E A $ A Table 2-1 (278 Lz, PRMIRIZ 3
A, IEML 4.8~5.1 B, ExEEMT 24~2.6 A, =ABEMIT51~53 A,
MREARTIE 11.1~12.4 H, ISP E TORE H T 26.6~28.1 HThH - T-.
HFERBEIZOWTHMER Cleik T2 &, B, BEHEH, EREEHNB IO =M%
O TIEEZRD T (Welch @ ¢ #RE, p>0.05), WM O H Mt J5H3 % <

(Welch @ ¢t B &, p < 0.05), JI~PMb £ TORE B L HEO HF N 1.5 HEN - 7=,

-11 -
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Fig. 2-1. Leaf for breeding of C. theivora larva (Right).

Fig. 2-2. Test tube for laying eggs of C. theivora.

Fig. 2-3. Cage for laying eggs of C. theivora.

-12 -
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Table 2-1. Developmental period (days, mean + SE) of Caloptilia theivora at 24°C under 14L:10D condition

Larval phase Total time

Egg Triangular- elapsed from

1 . 2
Sex n pha562 Leaf—mn;lng Le'af-edge-2 shaped Pupal phase oviposition to
phase rolling phase leaf phase’ adult emergence’

Male 15 3.0+£0.0 48+0.2 2.6+0.2 5.1+03 11.1£0.3 26.6£0.3

N.S. N.S. N.S. N.S. * *
Female 14 3.0+0.0 5.1+0.1 24402 53£02 124+0.3 28.1+£0.5
Total 29 3.0+0.0 5.0+0.1 2.5+0.2 52+£02 11.7+0.3 27.3+0.3

' Number tested.

: Significant differences for Welch's ¢-test between sexes are indicated as * p < 0.05, and N.S. not significant.

-13 -
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E28 PLEOBRBARICHESIXREEDHTS

1. MPBLUVAZE

(1) ACLBHRTOMHEHRASHEICETIRERDHT
ARHid L OWKED T2 R AR 0 F PRI R E T 8] oRBRIC
R LT v 2 A YL, AEE 1 Ho ()ERBORREE] 27 LE
Ti ik TTHEIE L7z 2016 FITERE L7 BIKRE O B 2~5 A H ORZRAL R %
HWiz, OB T=AMEHNTZT TATF v I vy —1LIZ, ZMEENLHH
LTt L7k z 1 B > L, BmAPMLR AR Lz, PYELE P % 0
An & U, MmO R CHEREZ Y0 L7z, MERER %~ 12/ 10 BH T > 7T X F
v R (EA129cm, HE97ecm) 2B L, & LTS5% DY a iz LA
AERBERE 52 CERYA ETHRE L.

PHEO, 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16 BELW 18 H#&IZ, WL H

\Y

By ORZBHERE 1| ~T 2 RRBHREwICFAEI Y. ZoRMGHIE, RIVHE
JEWZ 7T 2AF v 7 5% (A 129 cm, & & 9.7 cm, ZAAFEHIL 2 cm U7 DX
HETA—RRV)Z W IFIINSELLOTHD. WHELFREE7EA
ICHEDREER & i L, WO OAEIC L 0 ZRE AW Lz, & HlRics L
THERE 20 <7 F O L 72,

(2) HELFIMRBROABRITERICRIFTEE

R (D) &R FIETHLPME 2 BlORZROMEE 721318 L, Pk
%0, 2, 4, 6, 8 10, 12, 14 B L 16 B FE L 72 R OMEE 72130 1
HERRHERAwICHE S, BA, oS4 MH L, FaoaicX
D AR BAENL & R L7z, A Bk U CHERE 15 X7 ok L7z,

(3) #EaEtfRHT
PHUEE — B sE £ O RREO BRI > 2k, R BlH oL RE

DX #£ 1% Steel-Dwass = TH I L7, MEIX, itV 7 b JMP ver

-14 -
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12.2.0 (SAS Institute, 2015) & JAWNTAT > 7=.

2. R

7 U H s OMEfE 2 M A G2 5E, PHEE AR o2 RRIT 2~10 HfnlHE
TN R THEITIK A - 72 (Steel-Dwass {%, p<0.05) (Fig. 2-4A). 1~16 H ]
TOMAEDLETIE, 2 HBICE—2ZICELER, 16 HBME TRRBRICAER
KTIERONR o7, LnL, 18 AlALOMAAbEICRD &ERRBFEIL
10% & 2~10 HisF L2 THEIE T L7 (Steel-Dwass 1%, p<0.05) (Fig.
2-4A) .

AR 2 O HEpk R DR RO E, 2 Hilis O MERk B A A I~ 7oA
X, P B (0 B OMEKROLZREIT 6.7% TH Y, 2~4 AlsDRLRHR L
LE_THEIZIKD - 72 (Steel-Dwass 75, p<0.05) (Fig. 2-4B). — 5 T, 2 HH#nD
KRS B 2 A0 FIZFER ORER 21T - 7o/ R, MORKRERIT PSP (0 A#) TH
67% T, 2 AEnLAREDOMED AZR R L ZNBRD B 1L/ o 7z (Steel-Dwass i,
p>0.05) (Fig. 2-4C). F7-, MEL b2 16 HEIZAe D L, KREBMFEN 2 BT

oo THRBHIL20%ITIE T L7 (Fig. 2-4B, 2-4C).

-15 -
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8 r A Identicaliy aged & x £
80 f ia‘:‘

ol e HEHH g e,
| on IRRIE
T [ U E R e
Oi_ill Pt it i i b B i
100 r B
- a a

lating (%)
[=}]
S
T

i
[

[

ol M
i G

ab;
20 | |||_|
. [

Fig. 2-4. Changes in copulation frequency with age for C. theivora adults at 24°C under
14L: 10D condition. A: Pairing of identically aged males and females, B: Pairing of
differently aged males with a 2—d old female, C: Pairing of differently aged females
with a 2—d old male. Bars with same letters are not significantly different

(Steel-Dwass test, p>0.05).
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EI3H XEEENIKABROEGOENKICRIFTEE
1. MPBLUVAZE
(1) XEHEENMRBROFG -ENRCRIFTEE
2 Al ORZRBMERL BT LT, HEFRBEIELIHEZ3IBYRELL.
AT E (MR 1 TS SRE SR TRHET 52 L) ETICRRBM 1 AT
THETHETHXCAT, MERRRBK), RAJZME 1 IHIC 2 A oKL RH1E
1HZFEBRYIADO 1 AT XTEETL2XELT, 1 BXTEHEX), KL
JEME 1 BHICZ DAEJEIC DI > T3 HEBEIZ 2~4 HORZJBHE | 982
THXELT, M7 fEX) 25T 7z, fl G I3RS 2 % E L7
RER A w TITV, AFLETIMRZEAFMEL, ETINIZ O EE TE
Uiz, B, BLONH BB (ThERE, 238 U7z, SE L 7o bV RE S0 & A L,
Wazit Lz, 1 BT EE X L7 H8E KICOW T, Barimd
ST MERL R D BT — & G Ui, MO BEEREEENE, MER AR R X I 20 §,
1 BT EE KL 17 86, M~ 7 857 XL 188 & L7,
(2) REBEINERBRDOEFRICRIZTEZE
2 Bl ORAZRIER R LT, MxREIELHEEZ 3B RE L.
NTEFETICRCRE 1A CT 5 E THET LXK (LT, ERZREKX),
RAZRHEVFAICH L CHILET D ETOM,2~4 HIO R RMZ 158 (LU T,
HEMEL: 1 X)), HHVIE3EEGIT, MM :3X) 92, 1 BBXICEHT D
Rz, MEIIREHARSTITY, BMALGFZHEL, HIEHLE
BRI R 2 MR U, RS 0% 2 2R RS A HI W L7z, B oo Bt e,
WERA XL 23 BH, MEME 1 1 X1X 22 98, MEME 1 3 XU 18FHE L7z,
(3) #EaEtfRHT
RRMEDORBIIET WO LAY EIE, | SHOBENZEL

7-HEDE D XM 1L Welch @ ¢ #ME T, HFmOXMEZEIZ ANOVA D%,

-17 -



2w RE LR - EINTH

Tukey-Kramer £ CHE L7, £72, MREINE O XEZOMT X, HERE DM
HEDOETEG L) 23 A, WEINRZISEEHLEL, Enhvr b
T=ENENZ EEEBELTCNE, 2010), AO _HAoMAdEfiEs 45
—ALMRIEE TV (GLM) IZ K DT 2, 3B OD 5L 2 B DA G b2
TOMICEM L. Z0%, Hohiz 3 2OXED p % Holm {EIC X
OAHIE L7e. el R A 500 o MEE A% o X [# 221X Mann-Whitney @ U f7E T
BH L7=. Welch @ ¢ #i7E, Tukey-Kramer 7£3 X O° Mann-Whitney @ U ¥ &
%, #FtY 7 K JMP ver. 12.2.0 (SAS Institute, 2015) %\ T1T > 7=. GLM I

#EFY 7 B R ver. 2.15.1 (R Development Core Team, 2012) Z W\ T{T > 7=

2. R
Table 2-2 \ZF ¥ / A Y AT MERRK B 0D 52 & M BT 73 93 4 S0 BE R E S R IE T 5 B %
AL, Mgk oFmid, TEREHEMNERLILBEMBICAEENRD LN
(ANOVA, df=2, F=26.88, p<0.05). MERZRBXDOFHFmiL, 1 BT fFH X0k
T H X RTHRBICE o 72 (Tukey-Kramer £, p<0.05). L2>L, &
FRBHFE DN B 72 D143 O 2 D OAER ] D F A A E 221X 72 5> o 72 (Tukey-Kramer 1%,
p>0.05). FPEEIIEIL, HERLEXDN O TH7ZDICK LT, HLFREIED
& 150 L EAEPEIF LTz, 72721, MPEINEIIAZ R DL - Tk~ 7 il
BROFN 1 BXTHER LY HEICE 1> 72 (GLM, z=45.19, p<0.05). L »
L, 1 BY720EIREIE, 1 AT EEX LM~ T8WEXOMICETRO bh
72n o 7= (Welch @ ¢ f7E, p>0.05). MR OB OOREHIL, 1 HXTHEX
T, 2FEEN 1 EThotz. ZhIZx LT, M7 HEXOMTIFE AL
OEEIFEEEZ 2 HRALTEY, HaORAEITLHBICHEEZDED b

7= (Mann-Whitney @ U & &, p<0.05).
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Table 2-3 (T F ¢ / AV A IR HL 0> 22 2 B BE 73 7 4 RO A SR HB IS KA T e 2
o Llc., HERRHROFmIT, REBRHEEOCRZZUHEBICAREENBD LT
(ANOVA, df=2, F=82.89, p<0.05). MEpkH & FIBRICRARRRER RS, BEAZ R
BRI R THMMN A EICE D o 72 (Tukey-Kramer %, p<0.05). 7272 L, X2
 SE 2B T, FAE LR R B OENICED LT, HMmICAEE 2L
720> 72 (Tukey-Kramer ¥4, p>0.05). 7=, BERR RS2 S W7 L R 0 %0,
|l HBEICRZRM I BHEAEH LT XL, 3BHAZEH LT XD FNA

BEIZZ o7 (Welch @ ¢ i E, p<0.05).
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Table 2-2. Effect of different mating regimes on longevity and fecundity of C. theivora females at 24°C under 14L:10D condition

No. of females having

b Total no. of No. of eggs the following no. of
Female mating regimes : Longevity eggs Taid® laid/day” d
(days, mean + SE) spermatophores
(mean + SE) (mean = SE)
1 2 3
Virgin for life 20 33.2+£20 a 0.0 a — -
Paired with a male for one day® 17 192+13 b 161.6 £19.6 b 93+12 NS 17 0 0 "
Paired with a male for life" 18 20.8+0.8 b 195.5+15.6 ¢ 9.6+0.8 2 16 0

* Number of 2-d old virgin females tested.

® Means followed by the same letter within the same column are not significantly different; longevity was analysed by ANOVA
followed by the Tukey-Kramer test, p>0.05 and total number of eggs laid was analysed by GLM test adjusted with
the Holm correction, p>0.05.

N.S. indicates that there was no significant difference between the treatments (Welch's ¢-test, p>0.05).
¢ An asterisk (*) indicates that there was a significant difference between the treatments (Mann-Whitney's U test, p<0.05).
¢ Virgin males (2—d old) were used for the first day of the experiment.

fVirgin males (2-4 d old) were used; they were replaced by new ones of the same age every four days until the female died.
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Table 2-3. Effect of different mating regimes on longevity and mating ability of
C. theivora males at 24°C under 14L:10D condition

No. of females

L . b . . ¢ dc
Male mating regimes a ongevity ihseminate
(days, mean = SE) (mean = SE)
(Min — Max)
Virgin for life 23 338+2.1 a -
Paired with 1 female 22 13.5+£0.6 b 3.0+0.3 (0-5) .
Paired with 3 females" 22 120£0.7 b 3.9+03 (1-7)

* Number of 2—d old virgin males tested.

® Means followed by the same letter within the same column are not significantly
different (Tukey-Kramer test, p>0.05).

¢ An asterisk (*) indicates that there was a significant difference between the treatments
(Welch's ¢-test, p<0.05).

¢ Virgin females (2—4 d old) were used; they were replaced by new ones of the same age
on alternate days until the male died.

-21 -



2w RE LR - EINTH

S 4ET EINESY
1. MEBLUHE
(1) BEZIBI EIRB DR
ARBRIAEF 1§ (DERRROBREF) R LEFETHELE
2014 FERMAEHNCTEHESE 4 R BT o 72, UL EZ OMERES T 50
~60 BAZ B FNTRIE S, 3~4 Bl & X (CHERE 2 <7 21L& 2
L7z, b opidid, SRINVHRERE 2 10 A4 L2 BRIV G M 2 3R E L 72
ROV — NI Uiz, BRI — X I8l L, Zh o oRIpr—v
201448 A 13 H 18 RFIC A AR DN (R E OFRFE L7 L) ICHE L7z,
BRI — 23y Mg, 2RI T 20, 22, 24, 2, 4 BLX U 6 RRICMERIC
3T oMU L, EINFERE TICF v BEICEF SN BEZFHE L. F—
DOEINr — V2 REFICHAE LR 0> o0k, JHERFO RPN, D
PEONATENIC B 2 MIT T A2 B @ L7200 Th 5.
(2) #EHERAT
s 21 1) B2 R PE R oD X [ 72 O X [#] 721X Steel-Dwass {E THiHE L7z, BES,

¥EF Y 7 b IMP ver. 12.2.0 (SAS Institute, 2015) Z Fi\WTHT - 7=.

2. #BR
Fig. 2-512F v / a8V MR R O RF LI Bl BRARPE SR D HERS 2~ LTz, 8 Rfds &
OF 20 RRICIEIY L7238 B UNITRERS S 9, T ook, PESIEUIHEIN L T 24 KLl
BEIIZIE—E ISR o7, ok, 24 KLU O RBPEINVICA R R E2ITRB D bhi

Mo 7= (Steel-Dwass 7%, p>0.05) .
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Fig. 2-5. Changes in mean accumulated number of eggs laid by C. theivora females
under natural light in August. Error bars indicate standard error. Same letters are not

significantly different among values (Steel-Dwass test, p>0.05).

-23 -



2w RE LR - EINTH

FEoH B
Fx /R AL 24°CIZBWVWTHE TN O EREEMNE TR 8 HLET, ¥EKE

EWIIK 25 BTHY, IR E TR 27 B ThH - 7= (Table 2-1). Ziuld,

25°C NSl BPME E TORBERTE A %% 26.3 A (MEHEDOXHIZ2 L) & Lo 8

(1982) DFER LIFIFER UETHo7-. ZNHORBRNS, F 3 BITEITDHE%H

BAT =V OKBFLER T, INIAPES | A%, AT ZEIN 4 A%,

BRI 2 EIN 6 Hi%, EREEMZEINS HRRICIT) Z& & L.

F v R Y HE, WL HEOMELEAGDOEZSES, PHEE A (0 ) X
EANERRB LD o7 (Fig. 2-4A). LU, MEHER ~ IZRJBEESIZH~5 &,
HEZ 0 HI TIRIZEAERRE LRV OD, #iX 0 A bR THD Z
EDB S E o7 (Fig. 2-4B, C). 1€- T, P HFRELOARE TARERPIK
WHIRITHEICH D2 & B bz, PHYEY B OMERER E231E L A EZR LRV
KELT, FavHOMBETIIMELDOa—Y 700 (fEXAT
Brachmia macroscopa Meyrick (F 2 7 H : % /3% F}) ; Hirano and Muramoto, 1976)
R, MEHEIZ BT D EMBATEI ORI O T (F > I U R Y T Spulerina astaurota
(Meyrick) (Fa v H : R Y TR ; KRS, 2013) R ERFETFonTWD. Fx /
WY TOHENPUE S BICRRE LR WRKIE, ROFZETIEHA L NI TE R0 o
=0, SBIZIMEY BT 20 ~ORSIEER EERET HILELD A
7.

Fx /R TOREE, MLV IS AR IHET L2 BN ER T2
(Table 2-1) . AFED J 5 IZHE L D & LETPRLIRF 2 OO EEME R RTEZ < O B
THOLNTEY, AL OERSCRZRBESOMRR L, ZRE D < DD
BIHERIE OO & > & & TV 5 (Wiklund and Fagerstrom, 1977 ; Kainoh, 1986 ;
Pompanon et al., 1995). F ¥ /& YV T OHES HEVESL B OB A2 L 5 Z L1

0, PHEHEBIZKRE LW E W) AR EZHD TWHONE LRy, —F
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T, Tx /R TOMIT, REZROBSE, ZRFEHOEELD 13 HE <,

%) 33 A AAFE L7z (Table 2-2) 2%, 16 H#n LI IXZBAE /13 K& <K K L 7z (Fig.
24). TNHDOZ LD, AEEXGE L THERMET7 = 0 E I X 5 REHRILE
17556, 16 HinEH £ TREOMEZMTEE, BIBRIRBH/TE L L
Exbhbd. EEE, Fa v HOMETSRRIELEIC K DR T ABhERH

DR Mo BN RE S TWD (Bl 2 0F, #Kf, 1990; Fraser and Trimble, 2001) .
712 L, Fyan~exevaA FEYI MY Spodoptera exigua (Hiibner) (F 2 7

H: VIR CIEREEBIEIC L VR ZETIE L7011 90% U EOmEm WA
JEPHSE SR A M L S LT U5 (Kiritani and Kanoh, 1984 ; #54F, 1990). 7=, F
YEONF LAV L TCAERMET7 20 N X5 REBRILEZR A T-FH T

X, 7=2vEF RGO RKTREMES 25 LREREDIRDBBES D2 L

WEINTND UNE, 2012). 207D, Fx /K HORERILEZITI HAE

b, AMET7 2T XA RBHERESZORRIEIC OV TR T 5 0%

N5 .

F v )R Y HORZREMET, EEEBIORZRIT LY EINES I L 7= (Table
2-2). Fa v BAERTITEBEIORRBICT L0 EIPBRSENT 2FFRTEALER
<, ZLOfEIE 1 BHORRETHEEDOZREINE N 2EBOHFE2ZITID &
SNTWD (B, 1981 ; AN S, 1983 ;5 /L, 1985). ZdD7eH, ZD X577
AEHMEOMEE IZF a v AERTEELVWERALEELZOND. — KT, FavH
EROMENERE, RETHILIEEZ OB THEINTWD (B 21X, Fujiie,
1973 5 [LH, 1979 ; B, 1981 ; MG, 1983 72 &). F v /K Y T ORRJEHE
b, EHEOMEEZZL, FEMETFOMELRRZHCT ERRBEED & E 203,
ZOFMILFEBHFEN 1 HOLE L RRE CTh o7z (Table2-3) . 7 xrE U %
MWTHEZ REFHT 256, BPEREIZRET 2 TIX, FEIhRhoT
HENEROMEE ZRT 52 L 2P0, MRREZREZICHEFRTILEND D
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(HfF, 1995). 207, Frv /KA HICBWTH, AE7 v Er 20
THEOREBFRIIVIRNRENBIHFCERneEEXON5.

Fx /AR Y A OMETEBNCEINT 2 (FF)1 - FEH, 1960) Z & 23 ST
D0, ZHVETEINKANIAHTH 72, RFFRIZB VT, &I 2 R
THELZEZA, AL 20 KD 24 FEORIZEFRIICFEIIL, 24 FED 6
REICIRIZIEPEIN L2\ 2 & DS & 87 o 72 (Fig. 2-5). AWFFETIE 24 FRLIRE
b, BEIZIFEINRRAR=AN RSN TWieZ Lnb, EIFYGFT O
MEIMTEIZHIBR L Tz L ixB o< v, BRI, EERARPI & TNIcAT
ST B TIE, 1 BIC 10 BELL EEIRT S Z L bbb ol UEDZ &b, K
MITEE D 95 20 KD 24 BRICEINT 2 ABIRHAAL TV EEILN
5. 7L, REATEHT 5T 3 v HERTIEZOREO RESLREIC X - TT
BREANET D & (FE - NEE, 19792005, FEICHED ADO A BZ D%
e L, PEINBHMIFAZ G TABSELWREELZEZA DD,

Fx /R TOYHBPERE LT, HET MY UL 2 KBEGE AL S D
FEPRAL DI, HERBRORKMHE & —AEBEROBD 2R L TV 5D (F,
2012). —f&IZ, Y AEICHT D HEEEOERERE I, FRBAIC X 0 EIR A G
AR UIEBIHINECS 2 LIckdEInTWD (alk, 2002). 7=, T v
b A7 A Grapholita molesta (Busck) (F 3 7 H : /"~ F HF) TIIOLHE T
BWTEINBDOEAD PZHE S TWD UM, 2007). S5, £ FADNAE
>3 N7 Spodoptera litura (Fabricius) (F 2 U H : ¥ HF) OFFERIZHE LT 2 H
To BT, A RIT 0 B ST &2 2R 1% 5~9 We A L T b 2EIRHN ] ) 3R 23
BOLNTND (F S, 2003). AFFIRICEBWNTTF ¥ /K Y T OEINREZ N 5
PIZTRoTZ emb, KFEIZEBWTHIEAET Y U LT O SATR R 2 i T &
LAREMERH Y, ARITIFL TOEIMERROMLEL A D .

KR TR BN, Fx /AR Y TR ORZRATECHEME R, MEKE D 2 5
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KRR L OPEINRZ OMIL, Fx¥ /R TOERMET7 x a2 HW-22E
BIEB LN Z AW HEA G BRIEOBRICERN L FR MR L&
bbb, 5%, AEMoa—Y o 7787 EORMBITEIRCARZ RS, BX

G ORI ICBET 2 MR ELSLETH S D .
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B3E FY/RVADBREFERAT—VICETH2EERRFODE

F ¥ /R Y HITHT 2EAIBBRIL, ZABEORREN T2, [F v O
B2 HBEMCE T 20N BEME SND RS, 1999). LrL, Z0
BiBRIE IO EIT T ¥ O FOLEFTICEDLEL LD THY, KFOFEEFAT —
CHOFZBRAODFITEE S LT AV, RREITSEEZICINED D EHEED
FRRICHE VAL, LIS EMBAMAEREFTL, EmIIRd LERICTHTH
LWEZ =ML, TONMTERLREET L (M) - MHE, 1960). Z0
T, REBBATHEN B 2 L, T ARBAOMEICLY, ERERT
— VKT OMRRNPERD N TREND. Eo, FEARZMERE 21T
DYoo T, HRBERANKOIREEHTDIEEAT — V2 /HRITE
TOHLERDD.

/I (2000, 2000b) 1%, ARFEDIICL) RS %A L7 B 3F A 4% 2 & 2R B s B BRH
LTINICHEALEERE L, RRDFEEAT — DT 2K RA O R OE N
EWELEZ. L2L, TRNETEATAEYROEFLZEHL, BEAT —V
BINTAR 2 2 R AN DN R 2 3l L 7o & 172w, £ 2T, & 2 ETHLIIR
STERERBTAT—VOMEAREEL, FREAT— VBT 5 &M EH O
REHEL, £ D OREEM S KRR B A 0% R 7o RIS SV TRFS
L72CE 1 8. SHic, ZEAERANCIAT 5 EAEAEOHRIZ OV T H MG
L7 (B 2 8i). 7eds, AEOIELRFIRIL, EEDLQ016)ICEWTHEEZL T

5.
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FE1H FEREAT—VICEBTPEBRAFNOME
1. MHBELVAHE
(1) RS IUHHAER

RBRICHR L7e T v 7R Y WL, H2EE 1O [()#ERB o R NAEHEF )
(R LT FIECHRTE L7 2012 8 L OV 2013 IS E4E L 72 R RE O R 1~4
HAREE Le, I — VI3 B EBRORE 8~14E1 > ML, FEIN ST
FRHFERE (LT, RBRE) TR AICERL, SMeEoghhFELoFE%i<
72, BERICHOWDIINEL 20 I 1~2 25 L5, REILRDI0E
BECIE L CIER A REE Lc., SR BAOREICIE, S —IY b T4
DAT2~3 KT OEATLEEE 12~20 KT O OREE 2 3 L7z, [ o
BREIZTOEEHBEENICHEL, IV —YnoEMLZAZEIN0 B H
L7z

PRI R L2 R AN, 12 RfE 28 FifH & L 7= (Table 3-1). fHEE B Al
D R4 X IRAC (Insecticide Resistance Action Committee) O E F # 4% 43 %
(IRAC, 2016)IZHt~o7z. 7272 L, B BAIOLFEFHIZ X - TT R L7
Mole B BEIND o7, ZNENORBANIAEAKTHEHREICHRL, %t
FRIS AR CEL LT, Zeds, BAEANIIMA L o7z,

(2) EFINERS LV A E

W EE I OREND, WELEEL LT, I EIR 1 A%, B
AT PEON 4 Ak, WEIERM : I 6 P, BERRCERIEM  EIN 8 Ak A R E
L.

IR, o K OMESERTH, WESM ORI, RBEL Y S EIC L TE
FIRIC S OMREL, EICHE LR RERET 4 v ¥ aX—— 2k
IEE-%, RBRELCICHE L CREZIELZEICkviToT.

Hehn B B OFRAVL BT, A2 HEERICRIE T 2 (LUT, BEE
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W3 AREAT— OB B AR A OSR

BRALEE) 7, EFLBE L TV W ISR E 2 AR LI 2 L W E T 5
(LLF, B0 Z L2 iTo 7.

BEEEOH TIE, KI5 HHIRELHEE, Jab Lo E A2 W BRE
BE O (B RR S 5y) CEI D B L, 18 5w 72 AHE (B 9em, BLTF[RIER) % v
127 T AF w7 vy — L (EA 9em, LLUTREER) IS, AT 087 2F &
Bl

BIEMBLPE TIX, EREELFEALEETICRBRER O CORLE.
ZTOEREEL, WOV AMETRNEZTTIAF v 7 vy —LNIC, K
10 FPERE LR L7 fiif & & bICWiE L. 7ok, BEEEE: - M
WML L, TTAF 97 —LNICNT 7 4 UK 5XT em, LLTFRIER)
rANWEMBITE Lz, 2d, FROMKBEIT 17~40 fEL L LT,
REAE

ARFEIIEGZEEN E CBET 7120, LHEBEORE AT — Y OHE% 8152
TLZ IRV EBAONEEMBENICHMM L. Thbb, H2EE 1
DFERDOBRAT —VIZET H 2 ENBEISNDHE A2 ED, FAERFIZZO
AT —=VICHE L TWARWEREZEL & Le. hd, BEBES CAFREZRE
HIZLEZ B ot

BARIY 72 R FEHIRNTLL T O X 21247 o 7=, IRMT(BESR 1 A %) A8 ; FESR 4
A% DS bOAEE, PEIN S A% DREREEDAE, HEENTH (EIN4 AR B
FOVEIEL ) (BEDN 6 H %) LB ; pEUN 8 HEROEREREOA B, FEIN 13 H
BO=MEEOFE, HEGEEY (EIN 8 A %)WL ; PEIN 13 HE O =M%
WEORME, FEINK 20 AEROMWLOFE. ok, —MEESCH bz HET S

op

, WEGOEREEERBREM OB T VML, SHEEEPRS ¢

N

O DEEREHIEL ELICE O E-AREZH N T TAF I vy — L

%)
WIZANTERB 2k L. £77, ¥y —LVHNICIXEmBETE LTRT 7 4
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UHE AT,
BEMBLHTIE, ZABELIEHRT Db O DL HE S 728 B
DWT LR =AFE, mbofi s 3hlic, AEEEZFELL. REESL
ET DO —ABELDRT HEZOROMEICELEL 525120,
ARIHA, EHLHE, =ABENERINDEIN 14 A% (W 6 A1R) %
HALZ —EFT 2T o7, APFEIR, =MABELSML, HEEI LTV 5 R
BELUTOZL—RiZbiF, TRk hEfEgs R L

1: BENICRERDTNCROLND.

2 BIENDAR—ZAD 1/4 KEIZHRERRBDHND.

3:BENDOANR—=ZAD 1/4 LI E~12 RIFGIZHENRBEOLND.

4: BENDOARX—=ZAD 1/2 LL E~3/4 RIGIZHENRBEOHHND.

5:BENOAR—2D 3/4 0 FICHENRRDONS.

HEEH=100X (2 (LD 7 L — FEXEZ L — FICST 28 ER)/(5X
A B ERD)
(4) #REEHERHT

FAR DO SLE, EGEER, =ABELR, WMo T7—21%, KO
X &% IRIX 2 562 LT Fisher O IEfEMERME THE L. 2D, fohic
BEMEDN, BEKES%ERBPE DA CH > TBEL VNS WEAICEERE
728 0 &fE L7z (Bonferroni ¥£) . F 7, HERSIEN O&BFEMEELHIZI T
HHRFEFNEO BEREEIT, FHRX L DL ELBKRE (Steel 1£) Z1T-o72. &
ENL, #EtY 7 N IMP ver. 12.2.0 (SAS Institute, 2015) Z# W T{To72. 51k
R, WEREREIEAE, ZMARERAE, MR, SEREESRICL, 2
NENORER DB R, Abbott (1925) DIERIZ LV, ZHRZ I ERIPE
(AT, FIPR), #IEBERAMLESR (LLT, BEBMMEESR), #fEm{u
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FROT, WA ESR) 2RO, 612, BEEEIZOWTH R ERD
S HRAEMFIREZ KD,

2. #BR

(1) DR EE

(2)

L2 R LUK, 3F=aF /A4 FR, BLXOXTA X ¥
VRO RA], EHICAE V%R, VT RR, BEIOBT Alo
— O BEAFNL, 90%LL EDOEWEEIIR %k LTz (Fig. 3-1). $FlC, L A
ARV UREXF=aF /A RRIT 100% ORI 2 7~ 7 du Al
Zofs. SHIL,BTHIOF TIEY 7Y F7 07 7 LOHPREIC 100%
DEWEINREZR L. IGR R, TULAZ F U FR, Eu—LROaaz%
HAlL, EHICAE R EVT I FROMERAZBAO—HB LY 7V F
©7u 7 T NEER BT AUIRIIERIME N S22, 21060 9 5 IGR K TR
DIEM ST A FF T T =) P R (64%) Z RV T fEaE: hANL, EREER K
F TR & WO EE A B B E R (79~100%) Z 7~ L7z,

—J7, AU %R L METI O 2R B A IOV 7Y 77 v 7 71 %k
< BT AN, B LR DHDEZFEILIVR E TOHRITK L R E R
I mol.

BEAHNE

L2 R ELRYUVRETRULAZF U ROBBANIEZGEED Y
% eI BLE L7z (Fig. 3-2). AE ) R EVT 2 RRIE, oK aH
TN EERRER E CTICE W IERBEE R ER L R LR, ZARELE
T 5 E CORMBTIMT 2 &, B RHN 96%LL LD EW\ =AEIE K
FHERLZ R L. 20O, X774 A X%, Er—/L RO B A

L, IGR R, *A=aF /) A K%, BLXOBT Alo—#of%bHIx, HEHE
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IR END2 0D, ZABELZBRT HHE TICEBMRER L (=
PRI AP 2R 2N 70% LA 1)

—J7, AU R E METI ORI BANT, & A EMRE RS Rro
7.

(3) BEHRHWNE

LA R BV R, TRLVATFUR, BIXORYT I RHRDO—
DR A DS 90% LL LD @ W IEREILIE IR E R E R L, = AEEOIMHE
EFECCIHMMT 2L, U7 I FRO—HEZRWTHEZR 100% % 7~ L 7= (Fig.
3-3). ZOft, FTAARXFTUR, A UROEMRBERA L BT A
O—H OB BANT, ERBEEIIERINDIDDOD, 90%LL LD @\ =A% %E
TERR PR =R &2 7R L7z,

—J7, IGR%, AU VR, x4 =aF /A KK, METI#l, BLUOt=m
— VRO EHEEE B H & BTAIO 3 BANT, 1T &AM ENRERIS holz.

(4) EREEHNBEEEERRELE)

LA R EL IR, TRALRAIZFUR, X574 A NFTURK,
BLROAE ) R0l b e T I FRO O BHFID 90% LA
Fomn=AREREKRRERZ R L (Fig. 3-4). £70, = MAEBEFIERIN
550D, 80%L EOMLILELRAZ R L& RA L LT, IGREZD/LT = X
=V SRl

—J7, AV VR, A =aF /A RFK, €r—/L%k, BILOMETIAlD
SR ERA L, IGR RO 3 ZHBFHl, BT Ao 2 FZBANL, 1Z&AEHEER
Sl

(5) EREEHNBECEEMBELE)
RXTARARNRT R, AV VUK, BLROYT I FROSMEREE RH L

L 2aA4 R LN UVR, TV RATF RO ORERAFD 90%LL
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DEW ZABRIER L ERZ R L7 (Fig. 3-5). £72, IGR %, B'o—/IL%&,
BELO BT floaflalfhfle, 2ol R L M) UK, TR
FUR, BIXOxA=aF /4 FRO-HOKBANI ZABRENEREIND
HDOD, WTNH 0% EOEmWIRLIRERZ R L. Z09b, Er—/L
#, BTHIO &R RA L, TV A 7 F L H0 1 FBA, IGR RO 3 H
Hl, xA=aF /4 FHrD 1 ZBHFX, 70%LL LD BHFEMEIE%Z R LT (Fig.
3-6) .

—J7, AU VR, METLAl, BXOxrA=aF /4 FRrDO 5HFERKD S

H4RBANT, Z< 0P mAE L, SIRPEO LN T
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Table 3-1. Insecticides tested in the present study
IRAC inati
Type of insecticide N Common Japanese name (brand name) Active component (%) Dilution Examination

Code Year
Benzoylurea IGR 15 B2 —RYLF(ZALT =) 7 20Y) Flufenoxuron (10) %4000 2012
~ J—E%Lfﬂ V7 x=xXnmy) Lufenuron (5.0) x2000 2013
Teflubenzuron (5.0) %2000 2012

Diacylhydrazine IGR a7 I A PR T = PR) Methoxyfenozide (20) %4000 2012
Pyrethroid * Pyrethrin FLARVEHAI(Z h 7 =Ty 7 R) Etofenprox (20) %2000 2013
0 4 = A (T =T aNh YY) Fenpropathrin (10) x1000 2013
BReAGRA (L R Y V) Pyrethrin (3.0) x1000 2013
Organophosphate IB 27 F4 A FLHI (DMTP) (X F & F 4 >) Methidathion (40) %1000 2013
T X UCHAI(Fr T = ) R R) Profenofos (40) %1000 2013
Avermectin 6 TITU AT ®(7 NRA T F ) Abamectin (1.8) *x1000 2013
77 7 — LA (o~ A T F ke B Emamectin benzoate (1.0) x2000 2013
Neonicotinoid A Fr RYUKERI(ZuFT =0 0) Clothianidin (16) %2000 2013
AL — 7 NOERARER (P ) F 7T ) Dinotefuran (20) %2000 2012
TR A T —BRARIA (1 X F 7 r T K Imidacloprid (50) %5000 2013
YT — KUK A (F T 2w 7Y R) Thiacloprid (30) x2000 2013
T2 5 ERAKYER (FT A b F Y L)° Thiamethoxam (10) x2000 2013
Nereistoxin 14 82 L SGRIEHI (B V% v 7 i) Cartap hydrochloride (75) x1500 2013
Spinosyn 5 F4T7FYSCc(AER RTA) Spinetoram (11.7) %5000 2013
26 ) 2—2"T a7 T (R ¥ K) Spinosad (25) %4000 2013
Diamide 28 H Lz AT a7 I 0WZues 7= 7a—)) Chlorantraniliprole (10) *x4000 2012
T VULASSE(V Ty kT =) Fr—L) Cyantraniliprole (10.2) %2000 2012
Tre=y s AT AT I N(T AR VT I R) Flubendiamide (18) x4000 2012
Pyrrole 13 aFy*rarsa(zarz=F L) Chlorfenapyr (10) %2000 2012
METI” 20 ANFAFUIA (LT =2 BT R) Tolfenpyrad (10) x1000 2012
BT HA  F 7 ¢ o PRk Bacillus thuringiensis (10)d x1000 2013
= 2L 7 “DF Bacillus thuringiensis (10)° %1000 2012
F7YFTa T I Bacillus thuringiensis (10)Gl x1000 2013
T — U R AR A Bacillus thuringiensis (10)° <1000 2013

* Classified by IRAC (2016).
® Mitochondrial complex I electron transport inhibitors.

° These insecticides were not yet registered for the control of C. theivora in Japan as of January 2019.

¢ Spores and parasporal crystals of B. thuringiensis .
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|Application at egg stage
[Benzoylurea IGR]  Flufenoxuron
Lufenuron
Teflubenzuron
[Diacylhydrazine IGR] )
Methoxyfenozide
e : Etofenprox
[Pyrethroid*Pyrethrin] b, N
Pyrethrin
[Organophosphate] =~ Methidathion
Profenofos
A ti
[Avermectin] Abamectin
Emamectin benzoate
[Neonicotinoid] Clothianidin
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Imidacloprid
‘Thiacloprid
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Cartap hydrochloride
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Cyantraniliprole
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F3H BRERAT—VICBT 2R B OR

OMortality of eggs
W Failure rate of leaf edge rolling
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Corrected mortality of eggs and failure rate of leaf rolling (%)

Fig. 3-1. Effects of insecticides against at egg stage of C. theivora. Abbott's correction

(1925) for control (distilled water application) was applied to hatchability, rate of

creating leaf edge rolling, respectively. Asterisks (*) indicate that the values are sig-

nificantly higher in the treatments than in the control (Fisher's exact tests followed by

Bonferroni adjustment, p<0.05).

-36 -



F3H BRERAT—VICBT 2R B OR

|App1ication at early leaf-mining stage

OFailure rate of leaf edge rolling
®E Failure rate of triangular-shaped leaf
[Benzoylurea IGR]

Flufenoxuron *
Lufenuron *
Teflubenzuron ) *
[Diacylhydrazine IGR] U
Methoxyfenozide E— *
[PyrethroidsPyrethrin] Etofenprox 1 %
Fenpropathrin 1k
Pyrethrin 1k
[Organophosphate] -/ 1+ oihion ey T
Profenofos ———— e
[Avermectin] Abamectin T
Emamectin benzoate 1 %
[Neonicotinoid] Clothianidin —070o0o—0————— — %
Dinotefuran ] *
Imidacloprid = *
Thiacloprid =] *
. . Thiamethoxam [———mm
[Nereistoxin] = oo o o o e e
Cartap hydrochloride Eesse—e————— ¥
[Spinosyn] Spinetoram )k
Spinosad ek
[Diamide] @ [T7777TTTToTTTTTTToToooomsomommmmm
Chlorantraniliprole Bk
Cyantraniliprole ]k
Flubendiamide — ———=ss-s-s-ssssseeeeessessssn
(Pyrrole]  Chlorfenapyr = *
[METI] Tolfenpyrad ——m
[BT] Derufin ) *
Esumaruku [
Saburina ] *
Zentari ——
0 20

40 60 80 IOIO
Corrected failure rate ofleaf rolling (%)

Fig. 3-2. Effects of insecticides against at early leaf-mining stage of C. theivora. Abbott's
correction (1925) for control (distilled water application) was applied to rate of cre-
ating leaf edge rolling, rate of creating triangular-shaped leaf, respectively. Asterisks
(*) indicate that the values are significantly higher in the treatments than in the con-

trol (Fisher's exact tests followed by Bonferroni adjustment, p<0.05).
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‘Application at late leaf-mining stage |

OFailure rate of leaf edge rolling
mFailure rate of triangular-shaped leaf

Flufenoxuron E

Lufenuron

Teflubenzuron [

[Diacylhydrazine IGR] oo oo mememeoo -

Methoxyfenozide | T

[Benzoylurea IGR]

[PyrethroidePyrethrin] Etofenprox —

Fenpropathrin 1 sk

Pyrethrin e

[Organophosphate] .. . FG=="7TTmTmmmmmmoomomoomoomomoos
Profenofos | o

A t. ____________________________________

[Avermectin] Abamectin .k

Emamectin benzoate E— 3k

[Neonicotinoid] Clothianidin

[—
Dinotefuran —————m
Imidacloprid | 0
Thiacloprid |[r—
Thiamethoxam | 0
[Nereistoxin] = [m77mTmmommoosmmosmssmommoomooooooo
Cartap hydrochloride [ %
[Spinosyn] Spinetoram E—
i e
[Diamide) Spinosad |
Chlorantraniliprole —o——w-——————— *
Cyantraniliprole 1k
Flubendiamide —m---————ssssssssssssss——

[Pyrrole] Chlorfenapyr — ———

[METI] Tolfenpyrad F—— s
[BT] Derufin ==
Esumaruku e
Saburina T *
Zentari ==
0 20 40 60 80 100

Corrected failure rate of'leaf rolling (%)

Fig. 3-3. Effects of insecticides against at late leaf-mining stage of C. theivora. Abbott's
correction (1925) for control (distilled water application) was applied to rate of cre-
ating leaf edge rolling, rate of creating triangular-shaped leaf, respectively. Asterisks
(*) indicate that the values are significantly higher in the treatments than in the con-

trol (Fisher's exact tests followed by Bonferroni adjustment, p<0.05).
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|Direct application at leaf edge rolling stage

OFailure rate of triangular-shaped leaf

BFail t i
[Benzoylurea IGR] Failure rate of pupation

Flufenoxuron [— e
Lufenuron %
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Cartap hydrochloride 1k
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Zenta]’i [ k
0 20 40 60 80 100

Corrected failure rate of leaf rolling and putation (%)

Fig. 3-4. Effects of insecticides against at leaf edge rolling stage of C. theivora by direct
application. Abbott's correction (1925) for control (distilled water application) was
applied to rate of creating triangular-shaped leaf, rate of pupation, respectively. As-
terisks (*) indicate that the values are significantly higher in the treatments than in

the control (Fisher's exact tests followed by Bonferroni adjustment, p<0.05).
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|Indirect application at leaf edge rolling stage|

OFailure rate of triangular-shaped leaf
W Failure rate of pupation

HHE AT — VIR DE T BA ORR

[Benzoylurea IGR]  Flufenoxuron *
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) . Teflubenzuron *
[Diacylhydrazine IGR] = |remmmmm e e
Methoxyfenozide *
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[Avermectin] Abamectin ] %
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Dinotefuran 5

Imidacloprid
Thiacloprid | E——
L. Thiamethoxam [ T—
[Nereistoxin] [0 oo _____.
Cartap hydrochloride ]k
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Flubendiamide —  ————————————————————— ) *
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Zentari [ eeeseeeess—— *
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Corrected failure rate of leaf rolling and putation (%)

Fig. 3-5. Effects of insecticides against at leaf edge rolling stage of C. theivora by indi-
rect application. Abbott's correction (1925) for control (distilled water application)
was applied to rate of creating triangular-shaped leaf, rate of pupation, respectively.
Asterisks (*) indicate that the values are significantly higher in the treatments than in

the control (Fisher's exact tests followed by Bonferroni adjustment, p<0.05).
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|Indirect application at leaf edge rolling stage

[Benzoylurea IGR]  Flufenoxuron ] x
Lufenuron ] %
Teflubenzuron
[Diacylhydrazine IGR] = f==-------------mmmmmmommmmmmoooo o
Methoxyfenozide ] %
[PyrethroidePyrethrin] Pyrethrin -
[Avermectinl] @ 0 -7t mmmmmmsmmmmmmommm—mm———mo—---o—
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(Pyrrole] Chlorfenapyr ] %
(BT] Derufin ] %
Esumaruku ] *
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Zentari ] %
0 20 40 60 80 100

Corrected suppression rate of excretion of feces (%)

Fig. 3-6. Effect of insecticides against excretion of larval feces of C. theivora. Abbott's
correction (1925) for control (distilled water application) was applied to index of
larval feces. Asterisks (*) indicate that the values are significantly higher in the

treatments than in the control (Steel test, p<0.05).
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28 REFFOMAME

1. MBIV HE

(1) #E R, RAVLERHEIUVAE

RBICHR LTy /A HIE, B2EE 1EHO T() B0 RREE ]
IR L2 FIETRE L7z 2014 FICHRE L2 EEEO RZU 1~4 B & L7z,
WBLOFE AT — V0%, REF 1HO Q) EALHEKH I X O HE] LI
BROIRM - PESR 1 B2, TEZERTH] - PESP 4 A%, TEHE®RMW) - PEOF 6 A%, IE
AW EIN 8 HEZRE L. KUHREHICHK T o0 FES LD H
1EiD TQ)FEHLHIEFH I L OHE) TR LI FETITo. Tbb, 5
i, BEROWHERTY, BERMOEALMET, RREL Y S FICL THEL K
R 5 ENRIE LTc. BEREEM OEAILIIT, & E L HEERITRE
T5 (LLF, BIEESEQAI) 2y, SRALEL L T 72 W BERRHE 2 SN IR IE L

TR EWE T D (LU, BEMBAE) Z L2 VT,

(2) LA

BBANE, =A</ Z7®DF(BT) (10%), 7V 7=/ 7 A (10%), A b
7=/ TV FA0%) BLLE, IGR) Z#E L. 26 DR BANIARTES 1
HIZBW TR EZRET IAEORE AT —UNRRE ST D (IGR (EIP
Wi K OVEIERTH], BT IXHEHREEL) LW LN R o RAITH S .
JRAERFILREEMO & DM IMIER RO R H Th 5 IENEE 7Y &
UFR, BEORI AR oFLoAFo X UNENBRT AT Vi EDORER %2
& Tp Table 3-2 ([Z/R 9 7T Al & L7z,

REAHE

REF1HO [Q)REFIE) ICHEL, BEAT —VHEOMIITIE L TH

HEHEITHo 1.
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(4) #REHERHT
REHE 1O [ (@) FFHRIT) ICHEL, BF AT — VHICE LK &%
X % bt U7z,

(5) BgRHEEY )R DREZ
JENAEE 7V & U NIk 2 F v /A Y TINO PEEB SRR E (LCso) 22K D
Tosh, AREN KB T2HETOBRBARL, SR OKEKDR) 25 7 9 B
DIREDOKIK Z T L=, FEIN 1 BHROEININ-RERE (LT, RBRE) %
WXFICL, EXHERICS PHREL CTRAFZLE L, EIHELERY
WHEET 4 v a XN RIS E %, REBRE L CICERE L R S
i, MRICITAREKEZHERN Lz, BREOM R BIE 23~25 fEk L Lz,
PAIIARREE | HiCHEyy, PEIN 8 HEDMERBREDOF A A L7z, LCsfH

IZ%h B D FE T2 % HT Bliss (1935) @ Probit $E12 L W sk, [F1IFELRR O 4 B

A

OHEIIT PREE AW, 2L 0RHICITAREREEFEEFSNARL

V% Ecotox-Statics (http://www.intio.or.jp/jset/ecotox.htm) % H 7=,

2. @R

(1) DRERALIE
BAEAEOHEHTIE, BRIV 'Y RORBIHENE D & vz (Fig.
3-7). TA</LIODF, 7T =) 7 AulE, BEASLEORMAENE
DO oTZMm, ARNXF 72 P FEEHALY, RUAFomF Lo
XU UREBRT AT V(T 7 a—FCBD) # AT 5 & EREEOIKLE

RPN E -7
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(2) BEMHOE

BAEAEFEOHRMATIE, B2Vt ROLEZREEDALEL R PR
W Bz (Fig. 3-8) . BAEHFE L OIRMDIRPRBO NN oT2N, A FFT
T /Y RFIEALY, RV AFvFLoaAF v H URHB AT V(T
7 —F®BD ZMAT 5 & IPHLE & [FERIC BERER IO T R L E D AR
ol

(3) BEZRHNE

BEAFOHEHTIE, BWHEZ Y Y FOALEZEIEDE AR E LN
D HNTZ(Fig. 3-9). A FFv 7=/ U RIL, BEAILELEORHADENED D
NIpinoT=iy, TA<SLZ®DF, 7V 7/ 7 A (3HEHA LY, KNI A4F
VIEFLUTAFNLNT 2o —T ) (REZ Y UCA)FRIAR Y AR T
LUATFARY vadF o (E< U ZZNENINMHT L & EREEDI
FRBEFE N R E o 7.

(4) EREEHNBEEEERRELE)

RAERGE DR TIE, =ABEOHRMEEDRITED 5o (Fig.
3-10). TA~</LI®DF, 7N 7x /)7 Au ik, BEAISEORHBENR
oML, AMXFT 7/ NIIHALY, BBV Y Rz
M 2L =ZABEOTEMMED RN E E 7.

(5) EREEHNNEBCEEMZELE)

BEASORAL I OERA L DRATEZABEDOEKMEDRIIRD L

g o 7= (Fig. 3-11.).
(6) AERAEE V)R DREZM
HEWiE 77U & V) ROF % /K Y HOINHIC KT 5 2h RIX IR EK AT,

LCso (% 56.61ppm T & - 7= (Table 3-3).
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Application at egg stage

Spreaders only use

OMortality of eggs
O Failure rate of leaf edge rolling
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o
C
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Para. |2 .
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Il

Con.(Flufenoxuron only) ]
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Mortality of eggs and failure rate of leaf rolling (%)

Fig. 3-7.
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Esumaruku added each spreaders |

Dec. ]
Po.F. —4
Sor.+Po.E.R. P—
Sod.+Po.A.E. FL——1y
Po. M. —
Po.A.P. BP—

Para. [—L—y
Con.(Esumaruku only) =

* %

0 20 40 60 80 100

Mortality of eggs and failure rate of leaf rolling (%)

lMethoxyfenozide added each spreaders

Dec. %
Po. F. %
Sor. + Po. E.R. )

Sod. +Po. AE.

Po M.
Po. A.P. !

Para. |
Con.(Methoxyfenozide only) ey

0 20 40 60 80 100

Mortality of eggs and failure rate of leaf rolling (%)

Effect of spreaders added insecticides against egg stage of C. theivora.

The square boxes in each graph show the insecticides were applied. Added spreaders

are shown in the left vertical axis. Asterisk (*) indicates that the values are signifi-

cantly higher in the treatments than in the each control (Fisher's exact tests followed

by Bonferroni adjustment, p<0.05). Spreaders abbreviations are below.

Dec.: Decanoyloctanoylglycerol,

Po. F.: Polyoxyethylenehexitane fatty acid ester,

Sor. + Po. E. R.: Sorbitan fatty acid ester + Polyoxyethylene ester of rosin,

Sod. + Po. A. E.: Sodium dioctyl sulfosuccinate + Polyoxyethylene alkyl ether,

Po. M.: Polyoxyethylene methylpolysiloxane,

Po. A. P.: Polyoxyethylene alkyl phenyl ether,

Para.: Paraffin, Con.: Control
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Application at early leaf-mining stage

Spreaders only use

OFailure rate of leaf edge rolling
OFailure rate of triangular-shaped leaf
Dec. -
Po.F. /P4
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Failure rate of leaf rolling (%)
Fig. 3-8.

of C. theivora.

#
12
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Esumaruku added each spreaders ’
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Po.F. 4
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Sod.+Po.A.E. /=
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’Methoxyfenozide added each spreaders
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Po.F.
Sor. +Po.E.R. ey

Sod. +Po. A.E. /=
Po. M. ]

Po. A.P. ]
Para. fo b
Con.(Methoxyfenozide only) ==

E® HE

Failure rate of leaf rolling (%)

Effect of spreaders added insecticides against at early leaf-mining stage

The square boxes in each graph show the insecticides were applied.

Added spreaders are shown in the left vertical axis. Asterisk (*) indicates that the

values are significantly higher in the treatments than in the each control (Fisher's

exact tests followed by Bonferroni adjustment, p<0.05). Spreaders abbreviations re-

fer to Fig. 3-7.
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Application at late leaf-mining stage

Spreaders only use

OFailure rate of leaf edge rolling
OFailure rate of triangular-shaped leaf
Dec. L
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Fig. 3-9.

theivora.
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Sor.+Po.E.R. | ===
Sod. +Po.A.E. =t
PoM. =y
Po.A.P. =y
Para. [l
Con.(Methoxyfenozide only) ===

Failure rate of leaf rolling (%)

Effect of spreaders added insecticides against at late leaf-mining stage of C.

The square boxes in each graph show the insecticides were applied.

Added spreaders are shown in the left vertical axis. Asterisk (*) indicates that the

values are significantly higher in the treatments than in the each control (Fisher's

exact tests followed by Bonferroni adjustment, p<0.05). Spreaders abbreviations re-

fer to Fig. 3-7.
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Direct application at leaf edge rolling stage

Spreaders only use

OFailure rate of triangular-shaped leaf

OFailure rate of pupation
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Fig. 3-10.
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‘Esumaruku added each spreaders ‘
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Table 3-3. Median lethal concentration (LCs() of decanoyloctanoylglycerol to egg of C. theivora

95% confidence 5
.. LCSO o X
Insecticides n? (opm) limit of Slope .
m
P LCso (ppm) value
Decanoyloctanoylglycerol 214 56.61 41.45-79.85 2.16  2.09

* Number tested, including control.
b Log concentration probit mortality lines are a significantly good fit to the data (p <0.05).
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E3H B
AFEIZXTT D IGR RO BANZ DOV T/IZ (2000b) (X, 7V T = /) 7 Anm .,
TINRrRa R, KR, LERE LZINE XL O ERS RIcx L THERD
D, EREEMONMICKLTYH, ZABEEIERINI OO, =ZMAKEN
THHREZHETCICELTZ E2WME LTS, ARBRICBWTIE, IGR ZDFH
ANTINH I K OVEHERTH DAL B C, EZEHIL) Tk T~ D R s R &2 R L7229,
ZALABE D ALPE CIITERR AN O HITITIF E AV ERNREDB o T2, 7270 L EER
BELOMBZELH TIE, WMEOMEDIRIES, 7V T =/ 7 Any, V7=
Xuy, AM¥U 7V RTIHAEOH N BN O, 202 LT
IGR %D — D% BANZ, EFROEZEERHZ O RIC S K BZREZ IR
L, HECEsTHBRIREDHTONDZLERLTND. AE, EREE
D FEHN AR % B BEALEE L I BEALERIZ 5 1T 72 2 & T, IGR SR DR A AV B EEN
DHFIZEEEN LIzo Tide <, B, ohiIlcEITERTL L
MG o7z, Ik, AMA TIIHEAREIZI T 5 hEEHfA L PEIN 14 H
BIAT o720y, ZORHNITERICREE T UL EERNCH 5. BEND 2N
HAMFLX TIX, BENTHHRITIEEAENERT I LTV, %
BEIEZR SIZEY Zo#E R URBICHEN S GICHB I N D ATRfEikn &2
bz,
vranAf R-EL MUK, TRAVATF R, AV U%R, X274 A
FERIUR, BEOYT I FRORBANL, thoF a v BEFERICH L THEL
WRAT =V TRHIRNBBEDOHNTWD GBH B, 1992 ; &1l - KH, 2009 ; Wise et
al., 2010 ; Hardke et al., 2011 ; V- - 72, 2013 ; Nasir et al., 2013 ; Rafice-Dastjerdi
etal.,, 2013). ARBRICEB WV TH, AREICK LTINS EGAREY F TORILEW
RKEAT =V TEWVIENHB SN, ZhEOREORBANL, 54w L
WweEZ L.
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XA =aF ) A FROFHRANL, BIDRD DT HITIE 100% & @Ero 7o
B, TNLUBEOEBTAT =V TEPRMET L, HICEESBLUBETITIZEA
ENERBO N oTz, 2720, 727 a7V FIREGREEYOMBELE
THbEWRER L., 34 =aF /A4 RROFRAFNL, 2FV7 IEST T
T LR EWRHPEE BT LT R E WA A T d 5 (Kodandaram et al.,
2010) 2%, Cranberry fruitworm Acrobasis vaccinii Riley (a3 7 H : A A TF) °E
E U A H Carposina sasakii Matsumura (F 2 7 H : v 7 A TR 72 EF a v
HERICHTD2EINELRD LTS (AE, 2005 ; Wise etal.,, 2010). %
DI, RFRMOBBANL, FITIHEZSRIIBMAT 22N EEEE2 BN
D.

Er—/LRO7 a7 = EE, BRI E T OMLEE T 80% it DR sh i
RER LD, TORITFA=aF ) A4 RREFERICHEMET L. L
L, EBEEMNOMEZELIE TITEmWA BRI & BEMmHI R 2R L. AAIT
T a v HERIZK L THLHEBED 51 TE Y (Adamezyk et al., 1999 ; *F
B o 722, 2013), AMEICx LTI, EICEBRREORE AT — U EREEY
AR E LRI THRIEDZ WG IND. 7272 LARANL, 2019 4 1 HBLAE,
AR T D R ERIT 0.

BT Al O 238 AN EH B EM OMBELHE C=ABREL RSN b D
O, A EEL, REHHOMBIZIR MR I, BT A%, Az % h
DEET LI L THREZHEET 5 BAITH Y (Hofte and Whiteley, 1989 ;
Whalon and Wingerd, 2003), SMLE#% O IEZEREY F CEMMBNTEFT TS
AL, ARG BENICRELZVIRY 2R E2ERET IR0, LaL,
S RN BERRBIE A DRI S ABEL BT D BICIE, B & & ARy

ICEETHRERDH Y, I ZABIERRRICERENTES - LT
L, AMEOEFEORK & 25 h#EOHHPMH SN EBE2OND. I
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(2000a) 1%, AR D> D EREE U7 ATE O Bafg& 2 1 o i (H s lE B ISk LT, BT
I (Z A W= VKA, TN 7 4 SRR FIA]) 208 L, WL 3~4 A%IC4
TOMERECT D EEMELTND. KRBROMBR L Zh & FkOM N %
AL, BTHIOBAMEY & L CIIEREELM AR Y THL B2 LN, 0B,
Vegk - Vel (2009) 13, SR OFERRE N RSN E LN & 20 5 B
?® 2 [A D BT FlEAANARFEICT L TEWBIBRSIRZBET L2 L 28H)E LT
D, RIS TF v AR Y TR D PR A O FEAR I, 5 2 0~ B B T
L, ZORICZABELTITH) Zen@plThoz (RILRE D, 1999) 23, &K
ARG R, BBANZ K> X2 O FE L LT =ABERLN O L% H
a5 B SRR LTz,

mE, AR LIEBTAIOY B, 7057707 TLompn, ZRINEL
EEERTH R L OV WL HE O SEISh R iC T o R R 2 s Lz, SRR L
ZBTANXETERTHY, BEHERORMIZ, =A/LIDF LTV 7 ¢ kL
KFAFNN 7 VA B —F R, B 7V FT7 a7 7 s Z— U SERKF N T
APUARHETHY, ZNHORMBIFEHKDENCILD DO TIERNEEZD
o, 727, Y7V FTa T ITAORNBNTa T TAHTHY, GRS (BT) O
filL, Wi sk DMBR ALY TH D AEIIEE 7 V) £ Y RABEA ST\ 5 (i H, 2018).
FIHMORBRICEVENEZ VY FIZEACTHLAREOIN, BEMS IR
NHY, KO LCo BB ZDRBEIIE N ERHLNI o2, Tod, V¥
7TV ST a7 T A0 L OEEY S RIS T 52 R ITNENE Y ) NIiCH
kTorboeEZOND. ZNET, BEMEEZ VB Y FoRB/EREEL, =
FYUT IR TEHAMEHEALN TV GBS, 20008, Fv /K H
DI KOS HIOR L2 B E RS I A CTH 5. I3 58 R 13,
RO NIRR I 2 BT 5 Z LI K DR IEEO AR S & 528, BRSNS Rz
KT DKL, RONENICREL, ShBIEALEZbo RIS, B
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fe7 UV FoOMFEF a3 v HFERISHT 580K E LTI, =274 Plutella xy-
lostella (Linnaeus) (=2 7 H : 27 HF) O AFI E 721347 Y Fo7 07 70
AT H L TRBMENPBD LA TS (FEH, 2018) . 4%, S 5IT
T a v HEROICHRICKT DIEMEEZ Y £ Y ROMEIC OV TR F
g, ek, IENiEEZ Y Y RiX 20194 1 ABIE, F¥ CTEA P UuF =,
Fxv /) FTHYEX =TT HREREEEZALTNDLEN, F¥ /R HTITx LT
TEFERGEZA L TR,

HHEY V2D DMTP (A F X F ), a7 = /KA, METIO hv7 = ¥
7R, AFEORTOREAT — P THRNED - 72, RRBUHEE L 7281k
HERELLEAETIE, BRICINLOFHRAZITEA AL TWRNT2D,
PEEUE AR OB IR T O MRV EEZ X 5. /A - KRG (1971) 1ITAK
FEIZRF L CAHEEY v RrOZBFOH> B, 7L 7 2B KA (CVP) OZhFEIT
W H DD, DDVP, PAP O RIFE S A CAK Y >R O BA TS AR T
DNRIGENRH DL EEHREL TND.

ARBRICK Y, FMEBFDNIREBETDTF Y )R TDOREAT —IN
BHBANC LY R Z ERWALNI o7, ZORERZATR L7z & 5 I8 B Al
DRI L BWEOM, HHSZE D HODOREESCRENE, H 250 IFKICx
TOEMEOE N EBLEE LTV EEZBND. ZhbDMAITAER, K
HOIEFNEZ OB M AR T 5 DICARAIR R TH Y, Fr#lsk LA O
27N —= 7R ECBIEHTELZEEZDbND.

BUEATRIZ R LCIE, T OFFEREE T 2R HIFEM 2~4 [HOBER213TH
T\, SEFEHUME DR 2 BT 5 72 O IIHE 2 D R O #% B & /K R |8
T2 2 enRkDoNDD, KBROMRIZZOSEIIhDLEEZLND.
Fiz, BEAKRETEBCEOERBAMEM AR LIZGEE, ARFREORT —

BN ERH L ERHLMNCR TV T I RRRCAE ) R O R
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Mathk ABAAT 22 L TCEORMRPIIFHFIND Z ERALNL -T2,
£, ©LV MY R BT A ORI REEHFH A SR o7 2 &1, AR
HEROEIN & T FR R R TE A B A ) (0 B S I PR S 4L D i HE A& o g IR VW T
bR EEZ DN D.

F ¥ OFENETTHREHNL, Fv /A Y UMb F L ME ST H5HERT
HHFX /IR EAIaARSRT v ) AT FIV~OPRLEMLEL RS
(FE )1« AR, 1979). AMBRTF v /R Y FICH L CHEBHERTE2GM Y
LA A RR, XA=aF /A4 KR, V7IRZO—HIX, F¥ /I RFRJEA
Fang - Fx ) FARTHF IV LTHRERD Y FRPRS T
D0, MARIIHIEIC K0 RANESZ N R 5 (ILF 5, 2011 ; /M2 - 75, 2013)
2, HBFOBIICIIEETILERNDD.

HIER AN 9 2 BAE A% O RGHE TIx, bk LB ENiRS Y &
U RSO REEFNITHEHATIIRRZB D oo, AL, T —HoREA
FNZ DWW T BRA & OMAMERRO L. Ty OEFFALT VI &2
EUANAWAF I L —IOGEERE, BAEAZMHA LW &% 0. BA
HOMRE L L CHERESCEEELZ ®O D Z & CTRWMEELZ MG L, ZhF ok
Bt md L 2 E b TE 520 TREICEB W THIHRZ T4 2 220
H 5.

AREDOREBRTIZINT KT 22 RAEsB O 7=, FEINE O IP % x5 72 hA L
ZiTol. LonL, EEOKRREIZK T 2 AKMEOPIERIZEB W TIE, BEBEARAL,
PEIRT DN BAID A SND ZEbBESND. TNHDLEIZBW T,
AR A~ DR A O ERER 7R B RO EINROkE, B HBAIDAT A LIERICEICET S
NWTIRDFRINN R IR EIZOVWTOMANBMETH DL Z LD, F 6 ETIIAME
DR HICKE T 2 BAONR AT T 5. £lo, F ¥ OFFIFEFITHEVHTE
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WNIEBH LR 20T, FHEBEBAOHAMKICEM T 2E~DEDICTONTD

AREDICHMITTOIBEND S D .
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FA4E Fy/RVADIGREAIIHT HiEHE

F v /AR Y HITxT B iRERNT, Bk EREA (LT, IGR A, x4 ==
F A RRELFTYT I RROFBRANEH SN TE 72, IGR AN MR FHEE
MERT N A NVIRFER IGR Fl & WREE Z RS YT re R V0%
IGR ANZRBITE 508, NV A NVERFEFR IGR FNSHOWTIE, ARSI 5P
B0 DA T ASHE V& I O ReId v, B IUNI T 2 — 47 & 9 2 BEEE 2 B i i ek (LA
T, BEREHUIE) 1230 T 2009 FE SR S s, B AT E R O B
BEEDNTZ. 2O, RENAHITICE T 2 ARICxH 2 4 & B A o Bk
R FHIEZ M2 BRET 2 BN U

EROREANEZERE TIX, FRAEICZORBFNR LR ERIFT D%
BAT VIR T 5. 207D, BEAT =V RHio o s REICHERT 2
MERBHD. LnL, T /R TIZOWTIEIZED XK 9 REEF NN 2o 7z
Tosh, ARFEZRITBERS TV D BRI T 5 B2 O REBIZ OV TIEAH
Tholz. TOLH W, HIFETAMIHT S5 IGRAl, *4=2F /A KA,
CTIRNRBRERFEBBAPIREFEHET DIRERAT U BPAL NIRRT
(k=E5, 2016).

2T, FTHEREEBERSMBOBMEEICIESNTTF v /R Y T2kt RIHEH
ENTWVWD IGR Al & & i BRSOV THBREEZ MR L G 18D . &I, &
Huddl s HEREE U7 B IRRE A E L, SRR Aot 2 AR Z M2 e LT
GE28). TLT, 209 BEZMEOIR TR & 7= hukl % & T 50 o 7
HANZHSOWT LCoZ 3K, #MPIMEDRREIZ >V TR L7z G 2 ). 7eds, K

EOEBERLERIL, EES QDB THERELTWS.
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FE FMBREICETIHBROR
1. MPBLUVAZE

BRI 2010~2012 4D 3 BRI E IR B IR N & Hlsl D A8 [ TIT - 7. Bl
BANE, LT S5AIL, T7hbb, RUVANVREZDIGRAI THSH 7L
= /7 A CHA (P4 0 A — ROLAL FRIED 10%, & A BRUE %
4,000 f5) BLOT 7R X m ARG 0/ —FL FOELAL [ 5%, [F
4,000 fi5), YTV NE RTTPURDIGRAITHD A MF v 7 = /¥ KAKFIA
(B . 77 ar®rar7 7, [20%, [[4,000F), x4=aF /4K
RDOY )T 7T UKER (a4 0 A X — 7 VERIKRER], [F 20%, A 2,000
%), VTIRROI/aT L hT7=) T a—KmA @FE R4 - AT o
7710, [F10%, [ 4,000 %) & Uiz, 7o, HaE A0 R4 13X IRAC
O VE R BE (IRAC, 2016) 127z, FTo, 2 TORERBAL ORLIZOW
TiE, BT, o4 DOHTHKILT S, 2010FEIXZDIHA X7/ VR
BIOY /)T 77 o0 TIERBRITO R o T2

2010 FoRRERIE, FEVE RN iaE, RhEE, ZEHRE, SME
MAAOKEFETHEMmML, 8 H23 H~9 A 6 HICKRERA A HAL L. 2011
FORBRIL, AR T BCHORET, [ TR PEET, R LN T A 0 £ 2K R T FE M
L, 8 H31 A~9 A 1 RIZAFKRAAEAM L7z, 2012 F0REIT, B
A, REENNTAROERETEML, 8 24 A~9 H 6 AHIZ&K&RA %
B L7,

WP OFEORER S R IIKEEOAEBTWICH 720 BT Y A OO IEH
T 05~3EHMTH -7z, MBRXOMEMIL 1 X 5~6.3m?, 3 KEDOERKX % &
7, EELAFX G ENENRT . B RANTAKEK TEHIREICARL,

200L/10a fH Y & % 15 & X #) /1 8 Tl L 7=,
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A 14~16 HRRICH X O =B ER 23 8L, 3 KEOEHEZ M TR
DX (A ARMEWE R, 201212 XV IRREFEH L7z, BikRE 90% U L&
PIRzh R iz mmvy, 75% L E~90% Kl 2 BibR2 R 1T H 5, 60%LL E~T5% K
T 2 BIBRIRNT D 2 b OO ORREITIR Y, 60% A4l 2 BRI R ITIE Y, &
HE LTz,

BABRE (%) = (118041 X 0> = & SEH/ BEHAT X 00 = 48 5 40) X 100

FX O =B ERIL, #HEHY 7 N IMP ver. 12.2.0 (SAS Institute, 2015) @
Tukey-Kramer 75 % AV CTALEERE 25 &2 W L 7=,

. HER

FHUIIC 31 D BRI & Table 4-1 (278 L7z, RBVESCHIKIC L W F v / &
Y HDOREAERITRIR DI, EICHBRETHAMZIT > 7. 2010 £ OB Tidrg
UM O THX EE) IZBWT IV T2 ) 7 A BT IR X0 0
RBRXCIE, BIBREF DS 60% Kiii & SR PME o 7. 2 b o BANL, Zofho
MO (R UM TR, 8 5 T, ST CIEBIBRED 71% 8L L& R a R L7,
—F, /a7 b7 =20 7= TN RORETH ZABELIZITMZ, B
BrREE® 98% L R & mnoT.

2011 FEOFERIL, FAREHIL D B TRERZ 1T - 7. BLiR OB EET O 7 7 v
Ry Ay ORERE, IVT72 /) 7 A0 BT 70X Xa b bl
BRFEN 60% % FEIDBIBRNEDME > T0. A RFT 72 /PR, BEORY /7
77y, srrZy 7= 7 a— LTI O W T O T b BERZ R A
b7,

2012 FFORBRTIE, MIUNHOMEBEICBW T IV T =2/ 7 A0y BLORT 7
LRy R ORI TIEBBREE D 60% K & BRIV E DMK o7z, —J7, b
FENIAN T TIEWT o B Al S BRI R 08B bl
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Table 4-1. Effects of each insecticide on populations of Caloptilia theivora in tea fields for each examination district

. L Benzoylurea IGR Diacylhydrazine IGR
Examination District - " "
Flufenoxuron EC (x4,000) Teflubenzuron EC (x4,000) Methoxyfenozide F (x4,000)
Examination Application Number of Numbor of ‘Number of tranea
Year Date er of . Cr 0! . er of triangular- .
City District triangular-shaped leaf Protec(t’lvi triangular-shaped Pl'ObCC(I’IVi shaped Protec(t’lvi
/i (+SE) value (%) leaf /nt (+:SE) value (%) leaf /m’ (<SE) value (%)
Minamikyushu Chiran 2010 Aug. 23 1445 £19 b 59.6 2550 + 488 ab 28.8
Ei 2010 Aug. 23 118 £02 b 73.8 113 = 1.5 b 74.9 b
NT
Kirishima Makizono 2010 Sep. 6 21 £06 b 94.9 25 =+ 02 b 94.1
Shibushi Ariake 2010 Aug. 24 00 =00 ¢ 100 15 = 02 b 71.0
Makurazaki Ttashikihonmachi 2011 Aug. 31 22 £06 ab 32.1 33 £ 09 a 0.0 09 +02 b 73.6
Beppunishimachi 2011 Aug. 31 227 £15 b 472 152 = 04 ¢ 64.7 102 £ 06 cod 76.3
Minamikyushu Chiran 2011 Sep. 1 349 £07 a 22.1 422 = 19 a 59 12.0 £ 0.6 b 73.3
Minamikyushu ~ Chiran 2012 Aug. 24 113 +38 ab 10.7 56 = 0.5 abe 56.1 1.0 £05 ¢ 91.7
Satsumasendai  Iriki 2012 Sep. 6 1.9 £ 13 be 89.9 33 £ 07 b 82.2 00 +00 ¢ 100
Table 4- 1. (continued)
. L Neonicotinoid Diamide
Examination District - - - - No-
Dinotefuran SG (%2,000) Chlorantraniliprole F (x4,000)
Number of Protecti Number of Protecti Number of
City District triangular-shaped rotec lVi triangular-shaped rotec wi triangular-shaped
o alue (¢
leaf /ni* (+SE) value (%) lat i (:SE)  VAue (%) leaf/m’ (£SE)
Minamikyushu Chiran 07 £07 ¢ 99.8 3580 = 75 a
Ei b 00 +£00 b 100 452 + 104 a
Kirishima Makizono NT 00 +£00 b 100 418 =+ 81 a
Shibushi Ariake 01 01 ¢ 98.0 53 = 02 a
Makurazaki Ttashikihonmachi 06 £ 03 b 81.1 01 £01 b 98.1 33 £ 06 a
Beppunishimachi 77 £ 26 d 82.2 02 £02 e 99.6 430 = 22 a
Minamikyushu  Chiran 72 £ 2.1 be 83.9 05 £03 ¢ 989 449 = 48 a
Minamikyushu Chiran 39 + 04 be 69.4 01 =01 ¢ 99.0 127 = 0.7 a
Satsumasendai  Iriki 04 = 0.1 be 97.7 0.0 +00 ¢ 100 184 = 04 a

? Recommended field rate. EC: Emulsifiable concentrate, F:Flowable, SG: Water soluble granule.

" NT: Not tested.

© Protective value(%) = (1—(Number of tri lar-shaped leaves on block / Number of triangular-shaped leaves on no-treatment block ))x100.
4 Means followed by the same letter within the same rows are not significantly different(Tukey-Kramer test, p> 0.05).
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%28 EFRZMERE

1. MBIV HE

(1) R EAREFEMHEARRA

PEEEREEIL 2013 AE D 4~8 H £ T, LLFOBEEERN 10 HlTA O 13 %
G2 5 ERAE LTz (Fig. 4-1) . BARAYZRERERFH & 5 0T1%, 4 A I3A0IR i o [F R
M3 K OVE M, 5 A XS HARES L OERE TR, 6 AL v
DOFER LOME (BIREREERBERE B ¥ —REDNER), BAGHT
DLEFRXIOM, 7 AIXTESTEL, HAKIARY, SOFHRS., B
K, 8 HIFHZRNTHHT, £ 11357 o0hb, =ZMEIELK 80~120 3
BELE. Z05b, —HOMEKREC S\ TIRH% RO EICIEE (LCs) %
KOHHBRICHHA L7, ZABELLEN LS BICTF v (L O5E
) DOFHQ~3 ) 252 CTHE L, HHESDE T 60~100 JHD AL H % 15
oo B2 EEHE(EES016) OFEIC LN - T, HIEREWN(23.9+0.7°C)
TEHBEL, BonBmREFI~F) 2R Lz, 2k, A, HESFH Y
50~100 JH O i Hh A fERF L 7.

FEAREOLRIN T — DI B FROFE 8~10Ht >~ ML, BAMIZHEZY
HHERII L7z, 728, SWIPHIFE PR R AE LT LG ILT 040, ML
2. BREBAOBREICIE, FRIPF—I 00T H AT 2~3 ATORATRL
AR 12~20 KT o0 ERE 2 i L 7=,

BMEZBRFILE LT, ZNVT= /)RRy, TIARLRAay, VI)FT75
v, 7zuZ 7= —EER L. ENEN O BRANT AR K TH

WL, BEAIMA L R2h o7z,

(2) REAHZE

RN — VBRI L2 A ZE 0 HH & L7z, AT SBERIZIPED
ELEE, ENMBICIEAL, BN, EGSEN, —ABEHNORTARAT —
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Va5, BARAOLFRREEIL, i O fEE B R & %
BILOREAT—VEE3IEFH1H ; L=, 20160 &L T, 7VvT7 =/ 7R
ny, TIINARAuy, syagy 7= a— 3R GEIR 1 B %) B
KON IERTI (PEIR 4 A18) &, Y/ 7 7 T 300 GESR 1 B#%) 2@ L.

BAUNC, & BFOFMREICBT 2L EEREM. 2Ok, —HOME
PRHE & B AN DWW TR BB IR BE (LCso) & 3R & D 7o O B H0R BE 4 AL L
THERLPFANTZ., ZOFERTEIBRBRANZZEKT2ETOERBARL,
KGR KD ) B I 6~14 B EDORE O 2R L. RARE 2 S
FITL, EAERKICS DMIBEL TRBAEZLIE L, BITHE LAY
BaT 4y v aX— "= TR S 7%, RBE L CICHE L ORI,
I IZ AR B AR 2R Lo, &R mAIX - B8 O g msid 17~29 fE ik &
L.

(3) MEAE

AL 3 HE 1 (RES (2016) 121> 72. 7ok, fHHE - AAITMEE—
B (23.940.7°C) TITo7c/o®, BHEELER & THEFR 2 H &l L7z
Z&iF ot BARRZASEHBNE, IREILER O, FEIN 8 HIZDKE
BEEOHRE, WEMPLHEOEAX, EIN 13 B0 = AREOFEE2H
BT DHIETIToe. ok, ZMABELTET LHE1L, FEIN8 ARICER
BELZRBPEROHTORL, ZABELERIEL00@RERHEFL &
B DETZAMEB N T T AF v 7 % — L (EHE9 em W) IT AT THA
A & ke L 7.

(4) #REHERHT

B LR OETRIE, TNENEZEEERAESR, BLXUO=M5E

BRBLE R & L TRk, X GEREKAR) O CE2BET D720

Abbott (1925) D IE&#ITo7=. F7-, FXDOEFH %), WEEE0) XA
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L 7-1%, Steel-Dwass OREIZ LY ZEHLIK A 1T o 7=, Steel-Dwass D i

I% IMP ver. 12.2.0 (SAS Institute, 2015) Z N7z

LCso M 13 %0 H 0D SE 155 % H(C Bliss (1935) @ Probit 52 L 0 R, AR EHE
DEEEOHEICIE P REEZHAVE. 2L 0HEHICIT AARREEE RS
/AF L T 5 Ecotox-Statics (http://www.intio.or.jp/jset/ecotox.htm) % 7=,

2. @BR

A7 0 A D IR AT ek 3 2 45 MUl O AR BE D R R & Table 4-2 1SR L7z, 7
VT )7 AR AR LT, B BEHIE O I T o> 2 M XK oo (8 (A RE Y I S
OEEER T AL DO W L D ALEE & FE LR DK) 10~51% & &Ko 7=, Lo~ LIFAHE
BerF JUM T D 2 LXK 3 K OB LI LIS OB BE TIIW TN ORFT AT — VI
EEL TH 85~95% LU EDOEWIETRAZ /R L. 770X X ixf LT
T e 38 D RLIRY 77 36 X OVF LN T O 4 1 HE X oD (B B 3 DI 3 AL B -C 38 12 SR 239
18~49% L K> 7= IEEERT AL T IV 9 o Hidsk o (EIREE © 69% LA L D 3E
UCRERLE. —F, /777y, /a7 =07a—iL, £TOH
REED 95% A LD m W T RE R LT,

EHIBOEAREDO TNV T =)V A0y, V)T 7Ty, /usrh7=07
12— /LZx%f9 % LCsofE % Table 4-3 12/ R L7c. 7V T = /) 7 Av 2% % LCso
IV, AR IRE 17 ) LT AR B oD ST AL HE -C 21.48 ppm, 1532 A ALEE C 24.01 ppm,
5 T F 2>CHT BB DO BERTHILEL T 57.01 ppm TH o 7=, T b OEITRZ
PEAE A R (B2 A o BTAE ) R HE) 0 LCso fE (SR HIALER - 0.09 ppm, 8 ZEATHILEL -
0.16 ppm) (2 H~"THY 150~356 {5 (BRPLELL) & @ <, & A RIEE (25 ppm) &
AT HIZIERE D EVME & 72 o 7o E2m SUN T HERT O LCso fE H 1.22~
1.46 ppm CTHRPIMELL K 9O~14 5 CTH Y, mpEHIRLIL D LCso fE (0.01~0.16
ppm) &R D L EWMEEZ R L2, VT 7 T CRkT D LCso X, it

AL 722 TOMEKREE T 4.43~14.26 ppm OFFHIZH 0, H H AR E (100 ppm)
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LHARTKH /I~ RBEORWEZ R L., 7T b7 =) 7 a— 2%

95 LCso fE1E, B L 722 TOMKEENINHLEL T 0.01~0.07 ppm, 153 fij #
JLERC 0.12~0.22 ppm & & H AR (25 ppm) & LT 1/100 BLF & FE# ITIK

VWE &R LT,
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Satsuma T. Yusui T.

Kirishima C.

Soo C.

Minamikyushu C.

Kanoya C.
Makurazaki C.
Kinko T.
< -~
- Nishinoomote C.
0
Yakushima T.

>

Tanegashima Is.

Yakushima Is.

Drawing figure by Craft MAP (http://www.craftmap.box-i.net/)

Fig. 4-1. Location of collected population of C. theivora for susceptibility
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FEIH BE

ARENZ X0 R R VR oo p pE U (RLIRS T, BT IR T2 F v /&R Y T A
BRI, 772/ 7 An T SRR ERHA O NRY, £, 7
TNR A0 BEZEDRTRBEDOOND Z bRV A VRFEFR IGR
Al IR L CHOIMPIMEZ R 2 ERHER SN D, ARITHIE Z & 2R —
DOPBRERNFER S TEY, FHIRNICIBWTITTF ¥ 2 A Y Tt d 5B
ER—ETHDHI L, BRZMREITHER L 2@ERELRELZARIZENE
NOHX TTF v NEMPUICHEBE SN TV AIHEXNICH I AREEZRTE L. o
HBOZ D, SROBZHEREMBITENENOMX ZRRTHHERLEE X
bihd.

TNTx )7 Aa L, RRORETIE 1994 FE0nbER S HGS, Y%
Fy /I RVeArIang, Fyx)FAur7¥Iu~, Fx /) abhsE N~
X, BIOTFy n~XREOF v /AR Y TUNOEEERIZH L THEL)ZR
LTWe., 207®, MEHKTIIT Yy /Ay V25D b ERE R,
AHNZH 10 FLLEIZHE > THFE 2~3BIEZHEH L W HEGRH - 72, Mg
WU TIEZ DX D FHIT <, ZOBWEIKERSRI_IKDF ¥ /K Y )
TNTx ) 7 Al L TR EABZEIELEROO L2 LHERSIND.
AT HBR Y AIVIRFEFR IGR FOFK BAN X U THRGUME 2 5 L2 Fp) T
AR B OEFGERANZOER L LTETFOEN TS (B - IIF,
1994) .

ks, Fx /R TLISNOR Y ITFOFEFEZ DV TIE, Phyllonorycter
mespilella (Hibner) (F 2 U H : AV TR BAKEY > RIEANT LT (Varela et
al., 1997), Phyllonorycter blancardella (Fabricius) (F 3 7 H : &K Y HE) N A1
VY, v¥rzanaA K, XY INLOEZBFNTH L THIREEE #5 L2 RmENH

% (Pree etal., 1990). —JF5, X2V A VJRFERIGR AN H>W\WTIE, I an
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% 7' U Phyllocnistis citrella Stainton (=2 7 B : 7 % #}) (Mafi and Ohbayashi,
2006) < P. blancardella (Marshall et al., 1988) TIZZERHR S TEBY, <
VA NVIRFEFR IGR AN KT 2 PIEOME TBIAEE TR A 520,

fihod>F a v BF B D IGRAK RANI X 2 \PUEFF & LTI T ToRE
S E NS T\ (Talekar and Shelton, 1983 ; # (L 5, 2004 ; Furlong et al., 2013).
AF T DN A VIRFEFR IGR AN T 2 PO FEFITIE, 7 o707 X
o (EREE 25 ppm) ICK 5 LCsofifi & LT 1.25~46.2 ppm GEHiM:H 25~
924 fi#) (&S« [UF, 1994)%, 11.8~329 ppm CRK 5, 1992) D#HENH 5.
—J, TINAR R (FEHEE 25 ppm) X9 5 LCso fll & LTIk 0.80
ppm (FEFLHEFE 12 fi%) (Perng et al, 1988) <>, 23.9~100> ppm (KK 5, 1992) D
WENDHD., £, Fr /R Y HUNDOF v ERLTHLF ¥ A~ FITHONTH
RV ANVIRFEFR IGR AN 2 MEUEOFF A HE STV D, BI2IE, 7
27T A kT D LCs fEE LT 27.4~189 ppm (HEHiELL 48.1~332
%) UMK« KH, 2001), 707 =/ 7 &0 (MRS 25 ppm) (2% 5 LCso
& LT 107.0 ppm (BEFTPELL 305.7 £5) D - NI, 2013) A STV 5
A REOEBERIEOF ¥ )RV T 7NV Tz ) 720802 LTI DHE
il & (A FRE O HRPTME (BRI T O AR EE O IRPTME L 239~356 ) # AL T\WH Z
ERHER SN D.

B, TINR A NIOWTIE LCs fEZ RO TV RWH OO, FF ik
OBHIZE RIS T 2 BRI 1L 60% i & K<, RILVEPUEEZHF L TV D W]
REMEMHERI S 7=, LL, T 74Xy X w2 dr el Tl 2 50m o 8 &
fToTWFHBNI R, LER-T, T 740X a0l aiEESx, 71
T ) A ORPIEES L RELTWDLARERE LD, EE, =T

77 (Ismail and Wright, 1991)X°= KU > % Cydia pomonella (L.) (F 2 7 H :
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X 77 #}) (Sauphanor and Bouvier, 1995) TIL~X> Y A JLJRFE R D IGR AlIfE] TO
RRARBERRE I TND.

B ARPUIEFEE D A B = R 23— fkIC, OREEEEOIKT, O
NDOEZYEDIR T, O nMREEFRIEM DI K, (2K & 5 (Brattsten et al,
1986 ; Scott, 1986). Z?d 5 b, K& ZR[EL 2 2HEIC (T 7 ) fiR I
FZOWR LB OBRZHEDK T OWT NS WIEHFAES L5
EEZLNTWD (R, 2012). FavRFROR Y A )VJRFER IGR AN X
TOEPMEA D =X DO TIE, e RERIEEOHERBES L TnD L&
WOHERHY, TOHFTTF M7 a—L P450 7 ENTERREN RS L LT
FFonTnd (FEH, 2012). KFETHLNCRoTeTF v /)R TOR Y
A VIRFEFR IGR AN 3 5 itk b i 0 B R IEME D R 5 LTV 5
AREPEDN B 2 D FEMIT S % DM B LETH 5.

AWFTETIE, RIS OF T, EREIINT, SHEHORRIZENT
X7 N7 ) 7 AarOBREIEE N2, 2, BENRARICEB O TH M
Mtk LLA O B AREE 125 RIS CRORNE o Tz, & HIC, FEREMIK LA O fEl (K
BOTZNVT /)7 ZAa 2% T % LCso 1IN T 0.01~0.09 ppm, ¥ ZEFTH D5
HT0.05~0.16 ppm TH U, W T 40 b B VEERHE & RRRE OKVWETH - 7-.
IHILZINLDEIE, KAOHERGENWEENLIZT T NOYHO—FE
Spodoptera littoralis (Boisduval)(F =2 7 H : ¥ 7 #) ® LCso f& (0.05~0.09
ppm) (El-Sayed and Aamir, 2011) & b _XCTHRBEEOEVETH VD, BEILE RN
THHUIKIC L > CTF ¥ /R Y DOARANCH T DREZENRE S B b Z LR
HOENIRoTe. 0B, XUV ANVRFRIGRUS D VT 2 BT PR IGR
FOA N T2 ) VR, 2A=aF /A RROY /)T 77 VBIOY T IR

Zorsus 7= Fa—L, FOMBOKETHUIBRIENTED LT,
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ARG Z D I H AN O FEA L, MERR DR 2K hHOn —F —
a VEHTH D (I, 1996). Z D7, BUE, KR TIZF ¥ /R Y T LT,
HISE L2 I U CR A D B e 5 8 A & L & b W T AR R PG BRIC & 0 IR F
DELEZ X > TW5D. BARIICIE, RV A VRFER IGR 5T 5 HPTNE A HE
RENTEZHEBEHMEX T _HFERXTIN T2 ) 7 AB IR ATA MY T =)
CRERFZRF U RT =Y Ta—, ZEFRTY )T T T ORRN & E
HTND. XY A VIRFEFR IGR DRRDGED BT 2 B i LLSk D Hitls T i3
CH/ECTON Tz 7 AR ERIF s e T =) e —, ZFRTIEY
ST 7T DRRVIREEO TN 5.

F¥ TEFY /AR HUSMCOEERFa v AEFRELTTF Y ) a DI E
AN F, FRATIRBEAEL, 6 2EELORESL, LFTLLT v
JRYHTE=HK LWL DODOF v /R Y HEFEB L& BB NBERICHER S
NTW5b., 20k, 5H b5 &k X 2o H RO BANT K3 2 /%M
EEWRTOMLENDD. £, 5735 HARGMER 0GB, o
(xS LTV 72 oIz b BT Al 7z EALEE Bk A LS OB ERIE & BB AY 2
D ATV ARSR P BR A 4 Hulg 0 & 106 U CREE T 2 0 ER H A 5. BT Al

FIZB T DB OV TILE S ETHRIT 5.

-72 -



¥5E BT AZORE

BE5E Fry/RVYAIIHTEBTHEOHR

BT #l (Bacillus thuringiensis, LLF BT #) 1%, B HRREMEMENELET HER
ARAE LA TH L2 LD ABBLORBICEZEN/ NIV E S TH,
1998), A CHLHHTE2HAITH L. ARAOEHBEERIE—BEOUICKO X
INZHEITT D LB X 5TV 5 (Héfte and Whiteley,1989 ; Whalon and Wingerd,
2003) . ARFNOEMKD HVMITFESMEZ R 7 I O EOfE L I B B o
HRICEMmEND &, FIBICEL, ZOoHO 7T 0 U BRI LY aEle S
N5, O THEBMIEME S F 0 ERICHR S L, MRS /N LA Bk
L. TORER, MRNADREENT CZRE, MRAEEL, EIRDEIC
L. Fx /AR HTEIM, BEMCOHRAPREORELZERT IHSA 20
7=, RO THRERET DRI BT Allx, INHLCHEEL I3z R K.
Lo, EREEMCWHET 22 CEABELZRFICAKZERST S Z L
WLV =ABEFTERINDD, ZABENTHRNEREITETL, KA
FALDOER L 72 5 MEOPHMHI N ENRBR THO N o7 (B3 EE 1Hi; b
HD, 2016). 7o, KO RTA 7aT7 TAKMA L ITR 2O 7 a7
TNLEITHD BT FlOH TV FC7 a7 7uid, EEEEMOLTIEA < IPHS
WEMICOL RN S D Z LWL N> TS (B3 =H 1 Hi; EES,2016).
IHlZ, Y7V FECTr T T VICIRHAESTWAIEREZ VY Nix, HHTAK
FOIICEEMIC RN S D Z RIS TN D (5 3 B 2 fi). L
L, 2NH0fERIIVWINLENRBRICBIT 2R TH Y, AEIZKIT 2 BT Al
D FR 72 EHREIC OV TR RTWARN., 22 TAETIE, Z4#ub BT
B L O 3 = 1 BiCHRMNBEEARAT — VR LT o fofh o Bz
DWW, REICHET DR R HAAR I 2 Ra 2. RT3 VECE-> TT

o 7.
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F1H REICHTLBTHZFOUMR

1. MHBELVAHE

(1) 2013 £ AR
FRBRIE 2013 4, 2015 4F, 2016 FICEh Z IR REEFERERE ¥
— R (VN T EN B BTk ) N oo K [/ (Ll ‘S &7 ) TLEAMIAT
ST, R RFNL, BT H O A~/ 7 DF (FL5 10%, A& RGE
1,000 i), 7V 77 w7 70 (B 10%, & AR 1,000 f5), ~
VYA NRBZDIGRFTHD 7 NT =) 7 Av LAl (B4 0 A —
RERLA, A5 10%, & HARAEE 4,000 15), *F=aF /4 FZEDOY
)T 7 T KA (RS 0 AL — 7 VOERDKEE S, [\ 20%, [F 2,000 fi5),
CTIRROIu T v T =) T a— LKAl (FER4 AT e T T
V10, [A 10%, [F 4,000 f5) B X ONENiEEZ U Y F@Ems - o7 X4
JVEELALL H90%, [A) 1,500 %) & L, MEE X b7, RBREICL - T
B LR o T A B - 7o, BT AL DR A4 O RFLIZ DV T,
IR, B4 OH T T 2. B RIS &L B A THFEOAFTICE Y,
270 L 3 ool AR T 2. Ik, KRBoOMEREERAI OS> B, JEN
Bt V)Y FIZ2019 4 1 ABAE, Fx /&K Y TOPEREA & L To R
(o EC/NAY
20130 _FXMOWHEMIIS A2 ATH-o72. 11X 10.8m> D 3 KET
iTo72. ZOFEDORBRTIX, =TA~LVIDF, JVT7 =) 7 A0y, V)T
77y, smZ 7= = vE W, BHFEF G A 22 B) IR T
LHXELT, VT /) A0y, VI)TTT, /a2 T a—
N, 05 MG H 27 B)ICHAMT 5K E LT A /L7 DF & ERED 3 7%
WAlZ, 3FEH (6 A3 H)ICBAMTHXKELTETO4FRRAE L. B

1L 200L/10a fH Y B4 5 A WE HEFELR TITo 7=, 7B, = A~ /L7 DF O
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ELATEAT X 2R T 2o T2 DiX, RANIREMEEZ RiADRNE, Fx /&
VI OIS KO ELNIIZZRNERNZ ERH SRR > TN D728 (5
3EE 1M ; E=ED, 2016) THD.

£, TRENOFEBRFEM AICZDBEDOTF ¥ )R HTDREBEAT — T %
B 5202 5720, BBRACE & X OBz 2 &R (1 X 21.6 m?) 7 b HEAEZ
ZHHZ 1 AT T20 100 2 CTH 3 BETALEEL, BE AT — VBl% (IR
W, IR, SEGCRLEW, AN 2L, DIROMAET, MR
o6 H 10 B (@EMNS 16 %) IZ, 2 TORBRKX O = M55 % 5%,
BWML TIiTo72. ENCELRo=ABELHHL, T sz h#
BEEUTOZ L —FRNEE3IEFE1H ; RES, 2016) 21T, FioRITED
RERHRERE L.

1: BENICHREN DT NICRDLND.
2 BENDOAN—AD 1/4 RHICRENBEDOOND.
3:BENOAN—2AD 1/4 L E~12 RiHIZHERRBDOHND.
4 BENDAN—ZAD 12 LL E~3/4 RIFICHENEDOLND.
5:BENOAN—ZAD 3/4 LI EICHERBDOLND.
HEHFH=100X (2 (LD 7 L — FEXZE 7 L — FIZEY T 28R/ Xk
BIER))

S5, WTINORBRELHBRGNIZT ¥ /R Y TOM%T7 v E 2 %2ifEsl
BWETHLT—SENT —F % R Y TR, b 7rAb50R)) 280 13 7=
WiER N v 7 (SE 7 v THRER, oAb (BR)) 2 2 EixiE L, 13
FEEAFEBEAE L. BRI, 2K NI v TOFEHENS S A O

BENEH TR L.
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(2) 2015 FiRER

2015 DO _FXMOWHEMIIS A6 A ThH o7z, 1 X 21.6m> D 3 KET
{To7-. =A~</VLZ®DF, +7 UV F®rar 7L, Eigs7 VY R, 7a7
7= TFe—=ne v, 05 BEH G A 20 )ICBMATOIKELTY T
VFezar 7, BBVt ) RO/ es 7= a—1%, 3
WS A2 ICHfiT IR ELTZr T v T7=Y T a—LERLS 3&R
Al & U7z, HWoAii 1 200L/10a AH 2 & % 5 F R BA Bras (k) #2 ook L) T17 o 7=,
Fx )RV AOREAT — VFEIX, 2013 4 & RERICHRBRARICHET 24
ET, 1 iz 100 A5 3 b 0.5 EH G A 20 H), 2EH G H
25 H), 3HEMG H 29 A)ICEREL, &Lz, 2ROFMEIL, FHEEHO
6740 (BHEMD 19 A%) IS, £ TORBRKX O = #5851 2 550k, BRIL,

2013 FEOFER & FARIZAT - 72,

(3) 2016 R ER

2016 FED ZFKAMOWHEMITS A20 B TH o7, 11X 21.6m* D 3 KET
fTo7z. =TA</)LJ®DF, 7 U F®7a7 7)1, Bk V) K, 707
YEI7 =0T e— v HWo, 05 S A2 )ICHmTORE LTS
VFezar 7, @7Vt ) R/ e7 o= n—1%, 3
(6 H2 M) ICEfTAsRELTrZ Ty FT =Y Fa— Lkl EER<
3R HAIE Uiz, WA 1% 2001L/10a AH 4 & % 3 FA AU B ks () A2 oo bl 1) ©F7
Sl Fx RV IHTOFEEAT — VA, 2013 F & [FERIZ B 1 B
THRET, 1 WFrdH7=v 100 FE2F3 Barns 0.5 KEH (G A 23 H), 33
(6 A2 H)ICERL, A& L. 2hROPAEL, FMERFH O 6 A 6 B (Wi

W6 17 BR)IC, 2 TORBRXO ZMEEZFHE%, RIL, 2013 F0K
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Br L RARIZAT o 72
(4) #EEHAEMT
SHABERB LOHEMNEEY T o EE(Im? Y72 O = MAEERICHR
IR R A 3 U 7o) 1345 FE AL BE X [ 72 % Tukey-Kramer 5% W TRUE L7z
7o, BEEIT Steel-Dwass DEEIC LY ZHEK AT, 2 b OM

TELZ X JMP ver. 12.2.0 (SAS Institute, 2015) % FH 7=,

2. @BR
(1) 2013 F£RE&

HHEMIZS A2 BTHY, Fx /) SY THERBEOF R —271X5H 17THTH
-7 (Fig. 5-1). EWABICBT DT ¥ /B TOREAT — 0%, #HIFEEA(S
22 B)EIREIZS, 0.5 BEWI (5 A 27 R)IXIEES S, 3 M (6 H 3 ) I ERE
WM B L O =ABENN, ThENEKRTH -7 (Fig. 5-2). ok, “FEXHD
F v OFEFIIWI3~4 B TIHROFENERT 5.

BT #lO T A~ /L7 ®DF 1%, 0.5 EHOHA TIE=ABRENER I, Rk
bUHERE S T2, L L, 3EEM, T2bbEREENND —MABEDLR I MY
CEMMT 22 T2 ABERIREAINLDIOODREND RN o
(Tukey-Kramer, p<0.05) (Fig. 5-3 k[X)).

—Ji, 7Vv7x/) 72 (AGR), YT 7T (xA=aF A KL, #HIE
AR 0.5 W O WA TIX=ABELIH Lz b 0o, 3 BEHOHAN TIT = M55
& HRAEOIH| N T & 72 ) o 72 (Steel-Dwass, p<0.05). 7 a7 > v F =1 Fa—/
1342 T OHCAREH T = A B IE O ALY I S hu 7z (Tukey-Kramer, p<0.05) .

(2) 2015 FERE&
BHIEMIES A6 BTH Y, Fx /R TOHERBOFHRE—271X5A17THT

b o7z (Fig. 5-1). FEAMBICRBITHTF ¥ /R Y TORREAT—I1E, 0.5 FEH (S
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H 20 ) IZOREId K OVEEEMI AN, 3 EMI (5 H 29 R IFEREEL R, thtnE
KTdH - 7= (Fig. 5-2).

BT Al A~ /L7 ®DF (%, 3 BEHICHAMT 5 2 & CEABEIRAINDL D
OO BRIEN V2o 7= (Fig. 5-3 F1X). —J, WUEBTH THLH 7V F®7nm
T E, 0.5 EH OB T ZABREDO K & M 2 (Tukey-Kramer, p<0.05), &
HIZ 3 EHOWMMTHL =MEBEERIERINLD DD RERD RN
(Steel-Dwass, p<0.05).

fEIAlE 7 U 2D Rix, 0.5 EHOBMA TII=ABELIH LizboD, 3 HEH
DEFAMTIE=ABLE L REOMF N T ol

(3) 2016 FEAER

HEMITZS A20BTHY, Fx /A VOBERROFEZE—2H 5 A 20HT
o7z (Fig. 5-1). EWABICBIT LT X /R Y HOHEEAT—TF, 0.5 HEH(S
J123 B)IXIREIZAN, 3 B (6 H 2 B) I EERELEL Y, Z W2 EARTH - 7= (Fig.
5-2).

BT AlD = A=)V 7 *DF I&, 3 BEHHA T, 7 U7 w7 700, 0.5 %EH
A & 3 BB O W 5T, TRIAEE 7D & U RIE 3 MO TR E R L, 2015

LR DRER TH - 7= (Fig. 5-3 TIX).
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Fig. 5-1. Fluctuation of number of C. theivora moths captured by using pheromone trap

Number of captured trap indicated moving average of Sdays.

Arrows in graph show applied inscticides.
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Fig. 5-2. Percentage of each stages of C. theivora on each sprayed day.
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2013

Just before Flufenoxuron [ ab 1 bed a
sprouting Dinotefuran [ ab — bab a
Chlorantraniliprole a a a
Esumaruku 1 «cd — cd
05 Flufenoxuron [ ab I abed a
leaf-stage
Dinotefuran [ ab — bed a
Chlorantraniliprole a a a
Esumaruku [ ] cd — ab ab
3.0

Flufenoxuron [ —
leaf-stage bc abc ab
Dinotefuran [ b — be
Chlorantraniliprole [1 ab — ab a
Control d 1 «cd E‘d

- —_—
0 2 4 6 0 20 40 60 80 100 0 100 200 300
Number of Index of Number of Triangular-shapedleaf X
Triangular-shaped leaf (/m?) laraval feces Index of laraval feces
2015

Saburina :I a d a

0.5

leaf-stage Decanoyloctanoylglycerol :l a cb a

Chlorantraniliprole a a a
Saburina b :l ab a

3.0
leaf-stage | Decanoyloctanoylglycerol be cd b

o
o

Esumaruku ab :l

0 2 4 6 8 10 0 20 40 60 80 100 0 200 400 600 800
Number of Index of Number of Triangular-shapedleaf X
Triangular-shaped leaf (/m?) laraval feces Index of laraval feces

2016
Saburina :l b c b
05 Decanoyloctanoylglycerol j b b
leaf-stage canoyloe viglye ¢

Chlorantraniliprole a a a

Saburina

3.0

leaf-stage Decanoyloctanoylglycerol c c c
1] c = b b

Gontrol ] 4 e g
N I e e

Esumaruku

0 2 4 6 8 10 0 20 40 60 80 100 0 200 400 600 800
Number of Index of Number of Triangular-shapedleaf X
Triangular-shaped leaf (/m?2) laraval feces Index of laraval feces

Fig. 5-3. Effect of insecticides for C. theivora on each sprayed day in tea field. Insecti-
cides are shown in the left vertical axis. Same letters are not siginificant difference

(Tukey-Kramer or Steel-Dwass, p>0.05) .
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F28 B

FXICBTDLF v /A HOREFEIL, FELEHFICABENREBATLZ
LWZEVAET LD UNA, 1975). 70, F ¥ OB ORI £ TITAREHIL M FE,
ZOFEOKIMIZEVETOEIHIS LN FAXTIZ1TH, =FBHXTITH 14 A
Th2o(ERG, 1979). S bIT, ARFEERITT ¥ OFECOLEINT 5 (FE)I -
JHRE, 1979 ) 2 & X0, ARFEIL 24°C FCIXII O = ABER KRG E TR I12 AT
HHEE2FEFE1IH ; =S, 2018) Z &b, F v O FMAIHZICEK R AFAE
L7eWIRY, #EITHELR Y. T72b6, FyOf I X0 AR RO R4
B, BWGRITEN R EITE T, BVWLEEIE=ABENER I LD ATIC
MERIND272OTHD. ABIZLHMETITONTHOREBED F v O3 &
F v )R HTRBEOREPMREHZ L TV LEGETFTToORBRTH-T-. 0
&, Fr OFHFOLEF TIE 0.5 W, AFMOINE 2 TWEEMNT, 3 BEW N A
DIEGEIEW (—H, =MAEEEN) ITBERH Y L Tz (Fig. 5-2).

KRBT DT ¥ /A Y HIiZxt LT, BTHRIOWROATR CTH LA~ LY
“DF O A EYNIL, F ¥ OHFEOEBFTAT Y TIHIEHNTHD Z L BHL NI
ol FXOHFED IEME, FIROEBVTF Y ) KRV TOREAT—TT
FEBREEMCOH LD, EARBRICEI VA LNITR > TV AIERDOAIR T
2% BT HIOMRMRFEEAT —V EREEL) & —HL-CE3 EH 1 ; &
EH, 2016). ZTNHDZEND, Ty R Y HITH L TEZIRA O GE K O iR
L, ZABREORREZIHT -0 EMNLHEN L STy, =
A=)V 7 DF ORGR#EH E LT, FY OFFOLEFT AT — 2 Tld 3 BN L
TV EEZLND. o8, TAY/LYDF OEEREG EOfMERATBA4IX7 BT
HHZEMNDL, FYOHEOAFTAT -V THD 3 HEMEBAMANEET LY
BN D, W, =T A<V 7 DF & [l —p oy TRIFORE EORERAT B A ETH T

HHLVEZ Y —VDF R EiSnzl EnbMEEMAEnSEGITLre sV —u
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DF ORI b A EEZOND. 7uT TV AA TOBTAICTHLY 7Y Fo7 0
TINVETF X OFHEOABTEAT =T TIE, 05 B E I3 EHOWThHOEHRD
AR CTOLIREZRL, BAEMEALN E2RB SN, $7 ) STy
JTIIHE IR RO NENIEE 77 ) v Y RAGHE SN TEHY (f&H, 2018), ek
UtV RIZ3EHMTEIREZRST, 05EHMORDREZ R L. BENRARICE
WTHTT U FTaT TVEAKROIN, BEMNBIZHREH D Z LR ENT
WH(EIEFE 1H ; EED, 2016). ZhbDZ b, ¥ 7V F7 a7 710
0.5 BEMHAT O FITEZ B SN DMV ) FIcksb0T, 3 EHEA O
RIIAKOR G THHBTICL Db EEx b, AL, ¥ 7V F87a 77 L
LRBEAIEKITZ7TBETH D,

F ¥ AR Y T OWETFERARET, ZABELTIT Im? K720 30~40 £ UhiE,
1975) L SN TWD, THITHRENHER SN =ABELZMEL TWD. BT
FlOWAAIZ LY ZAREIRR SN bOO, WEIKTORKE 75 h#EDOHE
BTIH SND ZENHALNT R -T2 b, 5%IE BT Al 284 L-SHA D

AHEDOWEFAKEIZONT, WEROMEIZL Y RAETILERDH D,
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H6 RIS AR A O
B6E FY/RYARRICHTHIZERBFDOHE

—fRIZTF a v BEROBRIIFHBAONRE S & T - O BRI T
TENZV W ZIE, A - EAR1983) ; FBH(1998)) . F ¥ SR Y TOPERIZS
WTH, ZABEOBRE T2, I HIEEN (F v OB & BHEEN)
ICERT D OBHRAE SN TWD (RS, 1999) . BhkRFEHRAI S LTI,
IGRAl, *A4=aF /A4 FK, A/ VURBIOVT I RRZEBEHIN
TEY, BIETINLDORBAOIEMEIEICIS CI R EE AT — Y (U
MBE B AL L (RS, 2016).

LrL, ZHb0RBANTINT, EHEQLEA AT O R B O A7 EEIITE)
ICRIETHEITH O MR- TR, & 5HIT, KBESITAE LR RAKS
PIEAT R CARE, D F 0 AT R 02 O IR D PR Sk 5h B iz J i3 352
BHLARATHD. 2O KD 2B, B RFHA &R O b AR
DR RAE LFET, PEI G i< EEEO KR TIIBBR R LM+ 25 FTESE
Thod. FE, —HOKRFNL, MELOFa v AFRORBRICH LT, £0
i DIERALSCEEIN DA 72 E DR E R T Z E BB B2 722 > TV S (Sun
and Barrett, 1999 ; Knight, 2010 ; Pl - /N, 2014).

ZITAETIE, ETEREHOF v /R Y HRE~OBEPELIOFE L T
Ma L CIll <7z (B 1 ). S 510, RIESITAE Lo mA RS 03 M A
FRERE R Z DR MR OIS RN RIEFTHEL R T4 7 4V AIELERR

Bk E DT IE TR A 8 2 8.
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F1H RBREAOEZELEABRRICKIFTTEE
1. MHBELVAHE
(1) HEHERDOAKEAE

RBRICHR L7e T v /R Y WL, B2EH 1EHO [(D)ERRLOBRREF
IR LTe LR L7z 2016 4RICEREE L7z B RED B0 2~4 L H & L7,
M7 O EREE L, PUEY BRI ORI L0 MEREIZ 2351 L7z, ARRERL &R
X, PMEE AERRELEWEE 2% ; EED, 2018) 728, Pk 2~4 HEDORK
FEMERE R B A R L 72 BV B %R OB 1T 92T 23.9+0.7°C, 14L:10D O
FEEBRENTITo 7. 2k, ARBCHRE LT v /& Y TEEEIIARIH LRI
HOHR L ZRAICH L Oz EELonD (43, E=ED, 2017).

(2) HEZEA

RPThE AR B DAFIZRIETRHELRL2-BTIE, /v 7=V
7u—(97.14% ; T I KR), YT b T7=UFa— (993% ; T 2
F3%) (LLE, FMC Corporation), AE R kT 5 (95.0% ; A/ %), ¥
)T 7 7(99.0%; xF=aF /A FR) L, &L7 0 v AFYEHIEE (BR))
FeWimE 7 U & U K (90.0% ; KFAEEH) (o 7 B (BR)) & vz,

JRy AT FH 28 R D R RSP PEII AR RAE T B A AR DR B T, ERo 7
R 7= =), VTR = u—b, AR FT AV,
WFHORBRICEWTHEBANIT & F o THRL 2.

(3) ME AR LEERINER &

TSN TTF ¥ /R Y HORBHRIE, COy DA TITMMELA 270 1<
mololo®, COy BRI AMLHE Z 0 L7 (RE S, 2013). T74hbb,
RS BET O &2 ALERBRE (B & 18 em XN 1.5 cm) IC AN, CO, &
BREIZIEA L (i 49 10 L/min, EARER] @ 30 Bf)), RBREOMEEZ, &

SMEOHELTEBWEZ 2 oOHRGHAI (15ecmX2lecm, XA &Br v 7 X, K5
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M) 2 AW TS A, S HICHEBRE R 2 5 O RM AN R T 30 FEFHE L
7o (COL ALBRBREA D & DAFE 1 43 [) . BREEDS W T2l U T — B 2 80 T2 RF
FrCBE L, BEOMEEEIZ 1 Y720 01w OXEKE~A 7 a7 7V 7
— # — (Arnold automatic microapplicator, Burkard Manufacturing Co., Ltd.) T/&
Al U=, RIS 7> TUILL T D 2 DO EEREIT- 7=,

FT, RBROEFIZRIETRBELMN LM B TIE, 1 BB X 7213 LDso fE %
HHT 272D 2B&T D600 9 BBICAR LS REOZK BA L, KK
FROWERER 2 Z 4 20 BHICAEE L7z, BB OKRILX, I RXF v 7l
RE(EE 129 cm, FE 9.7cm) I 5% D > = Fic & £ 8 7= PR & J5 12 ik
Bl 2 12 10 B OINAE LTz,

WIZ, R - EEINC KT T B EZ TR 5 TIE, R ~ORER DI
LDso fELA T D 1 235 3 BeMEIC AR L= K IR B D&% Al &, R AR O Mk B
FNEI 20 BB L7, PO RIE, ERZAKEL LIRBRE (D&
1.2cm, m 3 6ecm T5% DY a FEEIKEA D) 2 L7 ER 0 5 P (A2 12.9 em,
FS 5.9em T, BRE LIZIERCKRE I ORD 10 EBAVTWD)IZ EiLo~
5 ATy 7 RIS CRBRIERIE 4em? D RZEX T — ZEV) (Fig. 6-1) 2.5
, M2 X7 FoMA L. 1EEICOT I08MmE Yy ML, &k, W
AT E LT, AKX & RBORZREMRBICT & N OB %Z /T H
L, AKX LREICEY b L.

RAEAHE

R DRI RE T B AT~ TIE, AF 1, 3, 5, 7 BRIZAERFR
MARAE L7z, < b 0OMmE I TEE BN WEERITETC RICE
Wiz, £z, BRI, KR EY TV S LB EN NS, M
NENEEICEAL 30 8HAZ FRROMERREICH L, fHE%, 1HYZYO

KEZHEH L. ZoEE(2Z2 N O@EEICA#H L T3 E#EYIKLZD
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Wt A 1B 20 ORE L L.

\

R - FEINC RIET BRI, 1 BRI 18 A THEIK
CHEREE N TN O AR A G, AR A RO, HEOWME, ELL
T 7o MR BRI U, BEES A ) LR @ O RERIC L 0 &R B 0 % H b L
2. 18 B ORAEHER A E THEF L TR AR b AR T HICFEEICR
RBOFEAZYHM L. 2B, AFHEL I8 HEETE LoDlE, RFEDMHE
X, HELRE IGO0 VEHHFEMMAN L9 B THDLZ &R0, MREILIZ 16 H
MUBRIIRREENME T T 2720 THD(E2FE; =D, 2018).

(5) #EEHARHT

B O AT TREZF LR TIT, LDofEITLE 7 HE O T
7> 5 Bliss (1935) @ Probit 1£1Z X 0 K&, [EIFE MO A L O E 11T P HE
EFRAVWE., CROORERHREICIE, AAREHREZSNAARLTNSD
Ecotox-Statics (http://www.intio.or.jp/jset/ecotox.htm) % FH 7=

SFE  PEUNIC RIE T HEBE TR I, EINEIC RIE T & A R B o
BT, WPRE AR, REINREISEERLE L, BT Y oM E R
G & T D5 —RILBIEE T L (GLM) Tt L7z, 72, RREICKFETH
MHIREOREL, 2Hr VAT v 7 BURSHTCRENT LTz, 7R 4T
I%, Kaplan-Meier {£1Z L 0 fi##r L, £ 5lBR X O AEAFFE O HEIE Log-rank 1R
ETHNT L7z, WTINOMITIZE W TS, 567 pfi%x Holm iEIC XV Al
EL7. ZhbDREX, #atY 7 b IMP ver. 12.2.0 (SAS Institute, 2015) %

AW TITo 7=,

2. 8
A L7z S BBFDI S, T I FREAY ) VU ZD 3 FHBAITET

RNEERKFCENL L., LA LEFOMO 2 B BFIIEEETCLET LA
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735 72 (Table 6-1) . ZWRBRD BTz 3 F Al O LDofE X, MR TR & 722
RO LT, 0.9~39ng/moth TH-7=. ZNH3FBFADI L, raTd
N7 =07 a— L Lsho 2 Z AL LDofE L 0 RV R EE CTREI 2 FLE L 72

(Table 6-2). 72721, Zh b QLR TIX, HmIIdRX L X THERZE
158 ® 51T (Log-rank test, p>0.05), 7R BHHEFEINRP-72QHRE Y

AT 4 v 7 Blm53 8, p>0.05) (Table 6-2) .
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Plastic container with
hole covered with gauze

Leaf blade

Test tube containing
5 % sucrose solution with cotton

— Egg collection pedestal

Fig. 6-1. Schema of a container releasing topically applied to virgin males and females.
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Table 6-1. Median lethal dose (LDso) of insecticides topically applied to C. theivora adult moths

95%
Number Confidence 5 Body LDso
Insecticide Sex  of adults limit of Slope ,  Wweight  (ug/gbody
a (ng/moth) value .
tested LDsp (mg) weight)
(ng/moth)
. ? 100 2.7 1.0 — 438 2.53 6.64 3.0 0.9
Chlorantraniliprole
" 100 2.8 1.6 — 45 3.12 6.64 2.0 1.4
. % 100 24 0.7 - 5.1 1.27 11.34 3.0 0.8
Cyantraniliprole
J 120 3.9 21 - 170 1.53 13.28 2.0 1.9
. % 120 0.9 04 - 49 2.01 6.64 3.0 0.3
Spinetoram
J 120 1.2 0.7 - 22 2.15 9.21 2.0 0.6
. % 20 >3960
Dinotefuran
J 20 >3960
% 20 >900
Decanoyloctanoylglycerol
J 20 >900

*Number of control adults: 20
PAll log concentration probit mortality lines are a significantly good fit to the data (p <0.05)
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Table 6-2. Effect of topically applied insecticides on the fecundity of C. theivora

IR R % AR A D2 2

Total number of

. d
. ( g/Lstol Dose Ofb If\lfumbeir eges Femaledlongewty 1 Maieda Mating
ng/female i ici .
nsecticide : “‘S"“‘“‘:E " ™ idindividual me;nafé 5 e (s 5 > rate® (%)
moth) (ng/moth) (mean + SE)
Chlorantraniliprole 2.7 1.5 20 584 + 109 156 + 0.7 — 164 + 0.7 — 100.0
1.5 20 84 + 163 + 137 + 1.3 70.0
Cyantraniliprole 2.4 0.4 20 21.6 + 143 + 15.1 £ 0.8 80.0
0.1 20 555 + 17.6 + 16.0 + 0.7 100.0
. 0.7 20 7.6 + 15.1 = 147 £ 1.0 65.0
Spinetoram 0.9
0.2 20 572 + 16.1 + 16.6 + 0.9 90.0
Control (acetone) - 20 84.6 + 164 + 16.2 + 0.8 - 100.0

*These values were transcribed from Table 6-1.

bOne to three doses less than LDsy were used for each insecticide.

“An asterisk (*) indicates a significant difference from the control (acetone) at p <0.05; total number of eggs laid was analyzed using
a generalized linear model (GLM) with Holm correction and the mating rate was analyzed using binomial logistic regression analysis

with Holm correction.

“N.S. indicates no significant difference among insecticides (log rank test with Holm correction, p>0.05).
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B RBFNOEBLEABRICRIFTEZE

1. MBIV HE

(1)

(2)

HE R R D%

TERADEBEE AL T2 DI KR OMERERL B %, F 72 FEIRECRO U A
WALR~DORBEZMARDLT-DICEREOM R 2 L. RRREARIZ L
SLOO R T FH O BR & RIS S L, PMEts 2~4 B B Ok AR L.
BEARZR R OMER B, ERROFETH SN TR LR OMERER B DK 60~80 51
Z2~3 HIH, SIERANTRE S EZBICHR L.

R E R EEF 0 AR

Table 6-3 12779 13 Z A2 MR L7z, & RANIAE K TFAMGRICHR
U7, RERRICIIZARRE K 2 e, iR, 7288 K FUmiE A O Tween20 (&
£ 7 4V BRI (BR)) & 10,000 {5 O E CTHINA L7z, B bl % #fi Lz
EENCENT, AFEO B R BFIDE LI RIS Lt 52 &
EREL, BANEGEE LT, RIA47 40 NEEERREEEZMAAED
FoHE NI - NS, 2014) ZHE L T To7z. T7bbh, oMz 77
£ /L 2® (Bemis Company, Inc) T - 72 iBRE (D& 1.2cm, & & 6em T 5%
DY a BRBAV)ICER 2KZEL LELO%Z 10 HEE L7z, Zh b % 3Kk
IS BRIRIE L, MELZICERIFH G EICEE LT (Fig. 6-2A). —F, Z0OH
JEWZINSEDER T 7 2AF v 7 BUEG (B 129em, &S 9.7 cm, &K
I 4em? D RZEZ TA—ZR D) ONMITHE N FATL—T2 pllem? D
MR E A LR L% (Fig. 6-2B), fRINABEIZH 587 (Fig. 6-2C). Z D
Lo e meE 10 %R L, ZHZNICKRRREOMERERR R 2 2T & 5 W IEBRE
RIEOMERS R 2 BHZ i L7z, R E LT, 5% DY a biiRkx & £8 72 hiAs

A 2emX2emX05cm DY ¥ — LI AN THED FICE W,
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(3) MEAHZE

RO IR AL U 7o R e NI AR L2 plc i, 2 B8 X V4 BRI AR
EPET LIk 2 A Uiz, BB OIKA L OB 2 Oth b RIC K E %
FIE LT D200 20, WHE 4 A% OFHERK T %I A Ao R
o ERICKZHL, SHICED2 A% L 6 Atk) & 4 HE (A 8 H)(ICIH
FROMEEIT o7, HERFRTHET LI T OB 8 HiEE CTAF L
T MERE I 70% = &% — VAT |, BEER & i LIS S oA EIC L Y RO
AEAMER L., ETINE SMEBROYR~DEELZFNL7-012, LB 4 H
FIZEI U7 & M ALE S U7 R 3B K OVLEE 8 H A2 IT[EIIN U 70 7% Hu A1) fiE AL
HOERT, ZAZh I 5125 ARBZICIHEEL, 10 BRIBEZICEEDO K
DR DOAFREZFE L.

(4) #EETHAR AT

A B O ERIT, Abbott (1925) DA EIC L 0 HH L7, & 38AI0 B
X D FE T H D L 1T Steel-Dwass V£ THEMT L 72, MERER D FE T R D Hig,
iR b, ShihoEFFEOKEIL, 2Hr Y A7 ¢ v 7 [BFE5HT (Binomial lo-
gistic regression analysis) THEAT L7=. F7-, FREEIIEITA IKANLHL X & %I
X & D%, SEAVLHE 2B HEE, RENREISEEKEL, X7 Y50
i & FA A S & T 5 —BALREE TV (GLM) TFT L7-. S 512, &AL
FIX O RE L OMEER] DS RO U O ik, BohipE
Z Holm i£IC KV MiIE L7z, 26 OMEIX, #atY 7 & IMP ver. 12.2.0 (SAS

Institute, 2015) Z AW TIT > 7=
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2. #R
(1) KK

REBILOEHIMHELEZ BERFDOO L, U7 I FR, A/ VR,
TV A F %, BT AlOV 7 U277 78X OGN VY RO
9 Fe AT RAZRBMERER B DT FE A2 X RIX LY A EIZE D72 (Steel-Dwass
1%, p<0.05) (Table 6-4). Zi 5 9FHBAID S B, 6 & bAIL, FBRFIZHf
LTCWE4 HEITIFEAEDMEENIET Lz, R0 O 3% bAG, FhHl
DRl A Kr>7- 4 HET 63~100% & % < OEIRNIET Lz, ZTHIZK LT
> IGR F D 2 & BT Fl D= A~ /L 7 ®DF I3 B ARNT L A LR,
ME DO CE LR THERENRD B ILR D o 72 (Steel-Dwass 1k,
p>0.05). XA =aF )4 ROV )T 77 IXHEBEO PRI 2 %R R %
~ LT,

Bk R OE o T2 9 Fx it (Table 6-4) 1%, EfFdicH L TREREIZF
E10% UL FICIR T S, FEINGIZIFTERICH A7 (Table 6-4). —J7, FpH
BHRMMED > 72 IGR FlD 2 #l & BT FlO = A< /L 7 ®DF 1, ZREFEINE
WZxF L THREILA LT XX OE % 7~ L7z (GLM, p>0.05). ZOW,
IGRAIDOTZNT =) 7 A A NEFY T2/ Y RTHE, BBANMNELE
REEINZE T SNIINISME L2, SR EETlicaTT L., 2E
L, Zo2#&mANT, FZBEFBMELTORVEE LRSS L, ETIIR
W ~DEE T L. BT AlOx 2~ /L7 ®DF 3] & ot it &
B2 D% bEIBELSMEE, BLOYMBEE~OEBETIZLE AR o7,
BB RN Koo A =aF /A4 RROY )T 77 0%, L&k
ST BRI L CEIE 2D S5, Larvs SMbEd5E8aIlcimf L.

(2) BEXR E

FEBLOERIHELEZ BERADOI S, V7 I PR, A/ VUK,
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TNV AZFFR, BT Flo7 U077 7 B8 X OENBRZYEY RO
9 & mANL, BEAZRMERR OB T R 26X LV A EIZE O (Steel-Dwass 14,
p<0.05), PEIIEH A EITIE T &7 (GLM, p<0.05) (Table 6-5). —J7, IGR
#lo 2 #l& BT Al = 2~ V7 ®DF 13BN ENEL, FEIIC b B L
727 7= (Table 6-5) .

BB R D@0 T2 9 B B ANT, B BFNIEA L TV 4 BT 80%LL
EoEAENET L, AFROEIE S XHX KD AEICE - 72 (GLM,
p<0.05) (Table 6-5). —J7, FEBHBER DKL) - 72 IGR AlD 2 #l & BT Al
T A< )LZ®DF 1%, FEIIS(GLM, p>0.05) L5 bR b 6 FRIX L N o7z
QEvYRAT 4 v 7 EUFHIHT, p>0.05). 7272L, Zhbd 95 IGR AL, &
BAIE OBMN TR 72D &, EINEM X KT THEIZHEA L7 (GLM,
p<0.05). 727 L, SMEE~DEE I o722 Ha P AT (v 7 BIRSHT,
p>0.05). XA =aF ) A RZDOY )T 77 ATFM RN ENMMEL EIF S H
bbb OD, ETINEIE S LD o7 (Table 6-5). L L, FbA L
A L2 < 725 & SMERITH MR AICEER LIZQ He P27 4 v 7 Bl
ST, p>0.05). 72k, AREBRICHWIZMEIFE TR O THRICHET L T

WO PN AER, BETRREH THoI2.
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Table 6-3. Insecticides tested

) . Common Japanese . Recommended b
Type of insecticide name® Active component (%) field rate ng/2ul
Diamide Samcor® FL 10 Chlorantraniliprole (10) %4000 50
Exirel” SE Cyantraniliprole (10.2) x2000 102
Phoenix” FL Flubendiamide (18) 4000 90
Spinosyn Diana® SC Spinetoram (11.7) x5000 46.8
Spinoace” FL Spinosad (25) %4000 125
Avermectin Agri—Mek® Abamectin (1.8) x1000 36
Affirm® EC Emamectin benzoate (1.0) x2000 10
Neonicotinoid Starkle/Albarin® SG Dinotefuran (20) %2000 200
Insect growth regulator Cascade® EC Flufenoxuron (10) *x4000 50
(IGR) Falcon” FL Methoxyfenozide (20) %4000 100
BT Esumaruku” DF Bacillus thuringiensis (10)° %1000 200
Saburina” FL Bacillus thuringiensis (10)° %1000 200
Spiracle blocking Suncrysta1® EC¢ Decanoyloctanoylglycerol (90.0) x1500 1197

* FL, Flowable; SE, Suspo emulsion; SC, Suspension concentrate;
EC, Emulsifiable concentrate; SG, Water soluble granule; DF, Dry flowable.

b .. .
Insecticides content in 2|,L]/cm2 of spray.

¢ Spores and parasporal crystals of B. thuringiensis .

¢ This insecticide is yet to be registered for the control of C. theivora i Japan as of January 2019.
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\ J

Fig. 6-2. Schema of treatment method of combining dry film residue and leaf residue. A:
Leaf residue method, B: Dry film method, C: Container of combining dry film resi-

due and leaf residue.
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E3H B
AFFRIZEY, FX /B HIIRL, VT RR, A VU ROZEBANT,
JFTHE S K& 2 BB A B D AR RPEIN R A MBI L=, F2, b0
FBAlO—HIL, RBROEFRITIZTEALEEE LR\ LDso L W IKWVIRE T, &
PRZHf Lz, &6, 26DV T I RER, AV URETRXVATF
&, BTAIOH 7V Fo7 a7 7B L OB U D Ri%, RESCESRICHE
L 72 553 DS TR BN i L D AR A7 RO PEIRE, 36 K OWRHEAR D IR D4k R & i)
THZLEBHOEMNTRo7z. EORRIEL, Zab0FknFR, Rl L%
DWHARDIFR S BT B2 KIZ T 720, BRI AE LS, FEIIA R <
EEEOPFRAER T, MERMHF LTI bEWBRREZEEL TV DA
REMEN B 5 .
fihtdF a v BEROKBIZEIT 2 /RATHAEIZ LD LDso EO#mEH & LT,

Tufted apple bud moth, Platynota idaeusalis (2 7 H : /~~ 5% HFF) Ok Bz %t
9% Azinphosmethy (A& U >) @ 352 u g/g (Meagher and Hull, 1986), [q]3&5Al
DA RV T (Fx 2 R T ERBREDKRE) DK MERZRFTIZRT 2 218 ng/moth
(Dunley and Welter, 2000) 72 ENH 5. ZiL5H D LDsp fEIZ LT, Ko 7
B2 T a—, TR =) T, BRERAE R N T LD LDs
BITEL, 2 b0 BANE, Fv /&Y FRICK LT EihdE 2 g4
LIENTRBEINT. BT, b3 HDIL, T T= T r—Lt
AER N T AL, R OETFITEEO WKW T EIRE 2 Bl L7z (Table
6-2). fihDF a v HFROKBIZB N TS, R OEFITHEL KT I VL
RETYH, REFESLENBICEEZRIEZTHAROFEFNRE SN TS, HF]
2, a PV oM T £2IR Ao rsn s o= 7 n—zfE
FifE 45 ERRBFEEZILTF D Z & A5 (Knight and Flexner, 2007). 1% 513%

DIFK Z D ZRATE N ER B2 Z T TWH o EHEM L T D, KRB TIE,
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VTR T2 T =l AR N T ADORRELAHIX TRERBROMETIZRD
S0 72 (Table 6-2). L7223-> T, 2D 2 7% HAIOEE X CREINE MBI L
ZERIE, REFOKT TR MOEINGENIBKT L0 EHEHllsND.
ARy CHEBROEREr — YV LENRE () )T T 7)Y RERITA D
FUT )V RELET DL, EINRCBEENMET TS Z EnmES A TY
% (Sun and Barrett, 199). Z O35 & 1D PEINCBEINITENIC EBEE KT L 7-
(Smagghe et al., 1996) Z & 3N & ST 5.

V7 IFRRKR, AV UROZBAE, Fa v HOMBEFE RO BRI LT
L RIA T4V AETHREZRTERARRESN TS, FlxE, AR LT
L((AE ) UR)Ba R OB OFMEESTL22L, BLX®7e T
YEI7=2U0 7= (VT I RR)VEBOLZRELINT EE S Z & (Knight,
2010) NEEINTND. EbiZ7ueTr h7=U e —LiEEEL 7 A4 HI
LT, LB 7~9 HRRIZITH 50% DR 2T S5 2 &0, EINERED S
FHrZENMEINTVD (A, 2011). AL H KRB UR)IE, Fr
J AR T E| AN X ORER RIS E BIEE A2 R U, MER RIS II R BE MR R VW b
DO, EIRBEBD SEDLEVIMELHD (NI - /NE, 2014). b OH
LRI, VT INR, AV UROBRANLT a v BF RO R R R A
AT EBREIFETES.

LoL, 2NHORBAEIXRHBER DT SVRA T F RO T Y F07n
TINVEIONEBRZ VY RIZonTiETa v BRSO RICEET % ®i5
MRG0, BTHIOY 7 U7 a7 7 niE, = A</L7®DF 72 Elo BT
H TR0 7772470 BT AT, BT sy AAMIHEY G ik O R
7 V%) RBEAESNTWD FEHE, 2018). 4 EORER TR mAI Ky & Bt S
5L BT HEMOT A<V 7® DF (XF v /R Y HRBIZHRE RS R

7205, BElfE 7D v U RiZF&m R zh 27k L 7= (Table 6-4, 6-5). Z D Z &b,
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Y7V FT a7 TAORMEENEIE, BTHIORZICL Db DTS G/ I
TWAEMBE 7 VY FicksabobExbhnsd. LarL, BBV EY R
XA T A BRI T 2 R ETIE TR A B R AER D B 7g 0o 72 (Table 6-2) . &
DIz, KFNRT A7 40 LELEFREEZMSE D5 TR R
Rz JEE U7 IR RN, ARH O 5 oy 23 B fik LU IS AT B 2> O fE I T RRHIZERL Y
RENTTD EHER SN DD, FMIISOICHRFPLETHS.

XFA=aF ) A RROY )T 7T U0F, BBAABRMHELEZAEBIOESRO
RERIZI N T, RAQRMERER A, BEASHERR Hh & & IZEHRR 72 8 B R A~ -
7z (Table 6-4, 6-5) 7%, RAZRMERED L2 Z2 M L, FEINE S D S 7z (Table
6-4). F7o, BERJBMEDFEINH G I S 72 (Table 6-5) . AR B Al S Jm AT it H 12
£ B EE LR O DAL o 72 (Table 6-2) Z & 2 &, HEALIAN TR DTN &
HHEShe, /27770 R—FRBEORA=aF ) A4 RRDOFKBRHF MO F
a UV HERORBICH L THOHRERLESEHELT, 7TEXZI T RBRNIA
TANDECE D a R OB OFEMERTSELZ LR HEIRLTY
% (Knight, 2010) .

VIIRREAE IV UR, TRVATZFUFR, BTHIOY 7 U F87a7 7
BLOEEEZ VY Rielo 9 Bomgld, ZROFPMAELCEECET SN
72N S EIHI N R 2 R 2 & 3 5 2T 7R o 72 (Table 6-5) . Z OfERIE, #L
Mt bk L CETININCH LTI OBRANBHRERET L L
R LTEY, RETOPBRDRIZEMRT2EZE20N0D. £/, 74T =/
JAwy, ARXTT7x /Y RAGR) Z LB L7 RIZET Sn2ilE, s
HHDDEDKOFENERE T I L (Table 6-5). 25 O BFNIIN~D
BEHEOAETYH, LT H2L0D0HHBITEFICHEE TE RV ERHLNICR -
TWs (5 3 & ; kEDH, 2016). ARBRE RN, 6 OBBFINEAM I

TERBINCEE T ST, AT ERAI O B2 1 2 /RN H 5.
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TRV UIAATHE, VoraFHicBnwrnir o= Fa— L& EI
BIARICBAT 32 2 L2k 0, BB RCZREEEIC L D EINERIHER,
SR OIS h DR BN R 78 E OB O R PR ERNIT/EM LTV D
(A, 2011). Fx /K Y HORRIZEB W T, A L7 BRFO—HIiEon
RO UK 2 EREMATORR GB35 ; EES, 2016) DA TIEZRL, K
BTk 2 EERCA OB R, 5 X OB BEE A Lo iAo & OBz,
fl 11 R0 2 DY D IR DRSS HIC bR A KT LTV D alREME A R
BINTe. 2L REANBRHRESEDNEREOREOYRIZEBNT, o

EOICEBMLTWDDONASEBRIET HAHLENDH A 9.
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Fx /) RYTE, TNETELARTF Yy OERTH-LICHEDL TEHENR
HRERTHSTZENOMENEATEL T, TOEBOEAEZ MR EA
A2 mnZrole. ERERIEME LT, REITHEICOREINZIT S U
1, 1976) 7%, EEE 2D F ¥ OFHECH ITAFLNELS, Erb R L TkE
LLTHTSIZENRTLED 2 &, AMIIMIE, EEENETEETDZ
EIND OB OEEDORZENARFREIR Z &, S BICAREDIMEEDIT Y S %R
WIZBR B (R, 1960), HTEEANH IR T RE 722 OB EERED 23 70 N 2 L B IT X

I, FYEOLEMULEIZ L2 ARFEORBIENEHE I NGCED, 2011),
AKEZ HND Z &0 K0 AR D HMER 72 AR AN M7 ERk A I A 72
BB SN0tz RIFROE 2 T Clx, FREERNDRLRET L28E A
TV ERET 5 L THRERENFBRMETICBIT 2T ¥ /R TORKER
R EWAGNC LTz, 2k, Fr /R Y HITH L TRERELESY R
BibRiE A et 5 ECTEBERMA L RDIAREOLE « FEINMTEIO —FHIZ DN T
HOMNZ Lz, B3 ETIE, AEOEFEZEZHRET 5 L THERSHEK R
ORI EAT — U R LN olz. 4 W TEHE I ETHLALLM
% BT R O SEANE S MR E & AT\, VT R Uk o0 B i U8 L2 35 ) T IGR Al
KT O WPUEBEARESHBE L TS Z ERH LN o7, 7221, AL
SO ERFEIZ IGR ANk L TR METH L Z L b BT o7 S ETI,
MRL D% G4 T 0 AHEIEL S SR AT RE 72 BT H ORI 36 1T % 2 R 72 1k
MEHNZHSONT, FIHERTHONTLMALZEKIITF Y OHFOLEFTAT -V TR
3EMAIR THHZ LW LN L. £, a7 I H A 7O BT Al
R BATE L 0.5 W E/IT 3 EHTH D Z L bHLNITRY, BikRES
ME2N LN DA REE bR L7c. 61T, Fa v BERIT T 506k o B FRiEHx
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TR TH oW, Fx /A HRBICHRE R TERFNH DL E2E6
BETHLNMI L., AETIEIAMETHELNATL IO DA ZEKIZTF v /R Y
HOBAER LS H%OBBRIEIC OV THEm L, AROZEARBRIC OV TR
BHRBEERDD.

Fx )RV ATUIOF a v H TRELZEEMET D LICIVTFXYDEE
EHETL2HERTHLITF ¥y A~XFF v/ a b 7 E A~ FXOMRITAE IS
HHIRXIGR LD, 207D, 26 OEROBRE XK R OELEE— 7 )
57~10 A TH D (A KM ER 2, 2000). LrLF v/ KY TOEE,
RIIR O & 35 0 FEICOHBFEINT H 2 & UNA, 1976) R ENRE O MEICHEHER
B L bHBROBLRERLZ ORI OREIL, HIZATE DI AEOF SO
HTIHHETCE v, T72bb, AEOBENELL THLTF v OFEN 2
THIFEIINTET, FYyOFHFELVARERIBNL CTRAE LSS, MR
SHBENER I NN OTH L. EHEI OB E TOHMIZZFERXT
X 17 B, =FBATIEHN 148 EEBRD, 1979 L. 20, HiFEELRIRIC
ARFEZ PRI 5 BITERBRENE CTHLIMEAT I RICHET 2 LERH S, X
DIZZBE AR ZBREIBENNZWRHI T H L2 L0, TEL TWEZBERN
KRR EERGAGbH L. EhUI0 e EORHFERSCKIER L, FHIENRIES
HIEDORBIZ R B RVIGEAEOTF v /K TOMERIZ, #BRA O A IR
WMEFFOZENTE D, ZRETRBEICKT 2BBRIZ, 3L AEORBAFNF
Y OFFEOEFAT —VOHFMNOBEMCEAMA STz, LirL, K
ERIBRARICT 525G, AR ORICHEA 2EAGEAME L, AMICE o2k
A A BRI L2\ EBRRZIE 2B S\ 7r ER RN R BIBRICEE o e
AREPEDN B B

F v R HEDRGICERT 572002, BRI - 728 BElo@®IRIC

DOWTUTIZERT L. £F, ZBAL=FRTIIMERATA 2 14 BLAD
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BemF 2 BRIRT 5. H3ETHREEMT DARMOIEE AT — PR IO EER]
HICRESND ZEBRHALNIRSTZIGRAD 7 VT = 7 7 A2 v v (Fifai A
B:7H), 7R A (R TH)BLOCA N T2 2P R(E 7 H)
KX A =aF )4 RROY /)T T7 7 d T ) REFTF XY OHFEOAEEFTART
—VOFIETHLHFMNOHEMICEN T 20ERSH LS. BL, Y777
VIEEIETHOLMNIRSTE LI ICERINDROLEZH L TWDL DT, Ak
MENLNEIICEENLETHD. ZORHICHET A & TR E €72

WIEEIE, AEORBEAT —VNERT LI EOMEETCORRBEL RS Z
LD, BIBETETORBEAT —VICHEBNEHNZ ERH NI o 7o h
AT, MDOMRA AN ENERATHLYT I RROI/IRT T =) TR
—VEERATHE 3 )RR ) YU ROAER T AR 1 H) 72 E AT
T EINT 5.

Fo, B4ETITERESROMERBIZE W THEREFE-HOH LY A
NWRFERIGRAN (N T =) 7 A0 LT 70X X0 )23 2 T
BREEDHERR STz, 2 D70, Mgk TIE~ v Y A AV RFE R IGR Al O fEH X
BE, MR OBKBRANEHEHT L2 NN ETHSH. (AL, RHMELIS T
Y ANRFFRIGR FIOERBO TN D Z L b 2O HICMBEIE
WeEZOND. A%IE, FHEMAEORELNED T L2 LB HOFERITHK
BAART M ERT DDA ORBITEL < 705 (LA, 2012) 2 &b, Bl
o DR Al 2 BRI A TR T 2 72 0 O mAKHIE~ x ¥ 2 > b (IR,
2012) 344 EHEIZ/ D E&E 2 B L5, Georghiou and Taylor (1977) 38 L OY
FAO(2012) 1%, BHBAWHRIEDOREEICHEAG T2 E R L LT, BWER, £Y
FEER, BEBREVER D 3 &2, 2 b OERKROHIZ S 62 BRI B Al
BHMEREBICHF ST HBEICOWTEH L TWS., SHERINTZT v /R Y

TOFEHTEIINODOHERIZH TTEL2HANHD. ThiE, BarERKROH
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TlX, RERIUE (R Y A VRFE R IGR Al O R ZBPIPEICHOWTILHE 4 BT
WA72), AW ERO P T, FRPEAERBOZ S, BiIBRER O FTIE,
TRE R CY R E DA R AL AN M BE A ) OFELE, T SRIEW A R
IZ72 0 RV TR B L O A O RO RENR X T EN D, BIARMIC
T v /R Y AT, FE6~7HEFEAEL RREE, 1999), F ¥ ILKEMEEY
THEREE It SN KRN LN L, AEUSAOF a v AERTH S
T NIRRT ¥ /AN TETNATHRICS T ¥ /BT L FREOR: A D

HENE Wl eRXHTIETED. EEMMEEREIERE INTN Y A
JVIRFEFR IGR A, MENR RN ERHE S TWD (WL, 2012). 22BN
W(2012) 1%, Y7 FRZERALEIPEVERE LD, RKHFZETITHTL
WERZB T 2B THLYTINERDOI/nF v 7= 7 a— LR

FIEF IR Do 7 (GF 4 32) 3, MBS Tl =7 (Troczka et al., 2012 ; Wang and
Wu, 2012) , =27/ A A H Cnaphalocrocis medinalis Guenée (F 2 7 H : A A H
Ft) (Zhang et al., 2014), ENTIT =+ 5 GEH - W1, 2014), Fx /2 h 7 E
>~ % (Uchiyama and Ozawa, 2014) TY 7 I RAZBANI 3T 5 HEaTrE@EAR
HOMENBRICH L. ZBAREO /it zE THITL 2 21F, BFICEGR
WIRHIMEXI R 2T 5 Z L2272 5 (LA, 1998). E DU & DI Fk B Al
DIRDE VRIS T D2 EE T 5 2 LITEETH S (Brent, 1986).
ZDED, FAETHLNC RSV TIRROI/n T 7= 7o —10
FEH AR LCso fEIE, 55 DO ARKN O By & i 2 ECRE L /e 2 EH
mEREEZOND. Fo, EEMRELZBESELT-DICEABEORZ S
BiFlrzn—T—a U CHATLZ EIXERTH S (B, 1996; LA, 2012).

INHDEZFTEIECTF v /R Y Tk HIEAT O 8o F61 % Fig.7-1
IR Lz, MPERIELSNCIERob s 707 =2 ) 7 20 vy GRfi4 - _v Y

AVIRFERIGR, LLTEER) 2 &KL, /7770 (FA=aF /A4 Nx%
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SREIZ, VTR T =0T = (Y7 I R)EKFEOBRICENZEE L.
N A VPRFEFR IGR AT KT D HPUIEME R BE DN e iR S v 7o m g Tix 2 B
X7/ VRTTUNE RTVURIGR) & ZRKKICE L, =FALIFILE
DEHUK LIS E R OZ B A ER L. SB1, /eIy hT=U T a— (Y
TIRELFAER T ALARE ) V)2 I NOLOMEMBRICE L. 2
LORTT T T2 7= VBILOAERX NI AT F v /AR TORR
IZXI T 2R BE 6 ETHLNC 2> TE Y, REBEDRAT 2RI HAm LT
A IR RICK T 2R EORANICHREZRETL2bDEE2OND.

BB BT O AT RE 7 IR T D (EAROKES, 2000). ZDOH T
Fx /B Y TN 28R MRS 3 HB LI OH S ETHL NI -T2
BREGAASCBT A THLITZ A /L7 DF(LEZ J— 2 DF) B L RS 7 Y S
TaT TV AEEEEE CHERTRRTH S, AL, BRBEFILANL, T/ RO
MRV B AT — VIR’ H D (5 3 B) W, RIS THMRHE L, R n
WO EBEOHEHICITERENLETHD. Flo, TAVNLIDF(LES Y —
DR IXTF ¥ DFHFEOREAT —TV Th D 3 EMOBANHENT, 7 U5
Tu7 TR 05 EHELITIEHONTHORH OB THRRN TH D03, ¥
TV FOT T T OB T 2RSS (E3E, F5E) LA, 05
WEHOWMAMN L VIR TH D LB 2 B D (Fig.7-1).

LS b S HIEmMA PRI EE ORI, #WiHiEFEO MRL 2 5U& L7722
WraEHT L LRFiETH D (HH, 2015 . BRESRCIIWEHEFELE LTE
(CKEZHE LT D @, 2015) 2 &5, KETMRL &2 IS LTV 5 3K (E
WAKFEAL, 2018) DHMNLF v /R Y BT R I f% h A &2 it L 7= (Fig.7-1).

Fx AR Y HOEREH T, AR L FARICHF 2 INET HMEERTH L F ¥
JIRUVEBRI NS, Fx ) FAuTHF IV LPBROMSEE L TEHEETHS.

Fig.7-1 (Z/R LTERRAI D 5 HMFEIZBR O b 2R BANX, /77T, ¥7
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3

B

=
CEZEIRBEIT) ZEBRHLNI ol enh, 7 =rE LK DHED
KREFRICLIPBRIIRETHLbOD, 7 =o®r 2FH Lz RERILES
SR AW T EB RIS HF S TE DRI MR b NI o7,

ARWFFENT & DRI, T /&Y T2 BiERx AT LT BRIZ R A 0 B4Rl M 5
BERET 28BS B L R HRTAH%R, RO BANTK T 2 BBz 4
BT ETHLEETHS. i, HBERABRMGOR ) —=0 72T 2KICH
HERAMR THD. b2, AEOLZRITEHEOIAIL, 4%, Mt sk
Mo 57 = v N2 KD RAF@ELE e SALFHIBRIE I S 22 WBARIEIC b
FAFMEESZSZOND. 4%, AR THLNCRSTEL ODMANRTF v ) H Y

ORI DO EELRPIBRICS BICEHN SN Z L2/ 5.
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control = :
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(Except Nansatsu lufenoxuron | Dinotefuran | Cyantraniliprole
1‘ region) i (Chlorantraniliprole or Spinetoram)
‘ ] (complementary control)
F 0 1 =
| Conventional ?Aethqu Dinotefuran Cyantraniliprole
control enozide
(Nansatsu region) (Chlorantraniliprole or Spinetoram)
‘ - (complementary control)
- Control for ) = _
Organic | Pyrethrin | Esumaruku or Saburina \
:‘Control for Export:m Dinotefuran Spinetoram Cyantraniliprole

Fig. 7-1. Schema of efficient control for C. theivora (Arrows show applied insecticides).
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1. FY /R HTORELRE - EITH

Fx )RV T E 24°C TENMEL, FHEAT — Y OFTEB A T8
R, I GPMEE TOREE HEIL26.6~28.1 HTho7-. £, HEIMELY
15 BRI L2, WRIC, KFEOREBERL LOLZRE - I TEhZMAE L. B
B H, HIXIZEAERRB LR oT0n, HMIZREARIEETHo7-. 202 &
O, HEFTMEL 0 RIZPS 22 & T, MoOPHE L RIRFIZZ)RE TE LA 25 2
DL D BRI A L > TV D ATREMES /ARIE S 72, IR, B OO A R AR EE S
FEACPEINVIC RIET B AT L & 25, KRR OMERE I3 BEA R O
DWEMPARBICENoT2. 72720, MEE S 16 AELIRIZZEERIPET L
7o, ¥, WERELICHBEEOZRENAIEETH D, MEITEEIE 0 LR TEIIE N
HML7-. 5612, 8 A OBHARBOLOSRMET THEL 20~24 Br DOFNIZEEINT 5 Z
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2. FXYX/RITDOBRBRIRBAT—VIIRBITIEEZHA O R
Fx )R BOKFEAT— (I, EEaH, BERY, EBEREL) I
BIFAEFBEFNONEEZENRBRICBWTHRF L., ZofE, ZbBHick
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BIENTHRZAT S, AMEZ B ST DK L 7 2 B3O HER % #H)
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3. Fx /&Y HOIGRANZHT % EAEGLE

RV IRN A O REICIB W TTF ¥ /A Y HITkT 50 A VRFER IGR
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T oo RIS, RN HLO #UERTE I DWW TR PERUE 217 - 7265 2R,
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PiMELE 239~356 1) 2R L, VR TAMER SN, £ ORI O F B %
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Summary

Summary

Study of efficient control for the tea leafroller, Caloptilia theivora (Wal-

singham)

Takesh1i KAMIMURO

The tea leafroller, Caloptilia theivora (Walsingham) (Lepidoptera: Gracillariidae),
is one of the serious pests of tea plants in Japan. There is significant discoloration of
green tea extracts with infested leaves by larval feces, which causes a serious eco-
nomic problem for the tea industry in Japan. The aim of this study is obtaining the
knowledge that lead to efficient control of the tea leafroller inhabiting Japanese tea

field.

1. Copulation and egg-laying behavior of the tea leafroller at laboratory condition
First, I conducted a laboratory investigation on growth of the tea leafroller. Adult

males emerged earlier than adult females by 1.5 days at 24°C. Second, I investigated
mating and egg-laying behavior of the tea leafroller at laboratory condition. Female
moths were able to copulate from the day of emergence, but male adults did not have
mating ability. These observations suggested that males have adopted a mating strat-
egy in which emerging earlier than females, and getting mature before females emerge.
Next, I investigated the influence of copulation frequency on the adult longevity and
number of eggs laid by females. The male and female adult moths did not allow mat-
ing were significantly live longer than the mated males and females. Male and female

mated multiple times during adult period when allowed to mate freely; females ex-
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posed to males for adult period were laying more eggs than those exposed to a male

for only one day. Females laid eggs from at 22:00 to 24:00.

2. Laboratory evaluation of insecticides against different life stages of the tea
leafroller

The effects of 28 insecticides of 11 types on different life stages of the tea leaf
roller were investigated at laboratory condition. The following life stages were ex-
amined: egg stage, early leaf-mining stage, late leaf-mining stage, and leaf edge roll-
ing stage. I compared the effects of the different insecticides and examined which life
stages were most sensitive to each agent. Insect growth regulators (IGR) were found
to be highly effective from the egg stage to the early leaf-mining stage. Neonicotinoid
was highly effective in inhibiting egg hatching. Pyrethroidepyrethrin, avermectin,
spinosyn, nereistoxin, and diamide were all highly effective against all the life stages
tested. Application of BT and some IGRs during leaf edge rolling allowed making
triangular-shaped leaves, however, it killed the larvae in these leaves, reducing the
excretion of the larval feces that is responsible for discoloration of green tea extracts.
Organophosphate and METI were comparatively less effective against all life stages

tested.

3. Resistance of the tea leafroller to flufenoxuron in Kagoshima prefecture
I investigated the efficacy of insecticides to control the tea leafroller in tea fields
throughout Kagoshima Prefecture. Benzoylurea analog insect growth regulator insec-
ticides (IGRs) exhibited low efficacy against the tea leafroller in the Nansatsu region
(Makurazaki City, Minamikyushu City). In a subsequent investigation on the sensitiv-

ity of different tea leafroller populations in different regions of Kagoshima Prefecture,
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the LCs for flufenoxuron in the Nansatsu population was found to range from 21.5 to
57.0 ppm (resistance ratio of 239- to 356-fold), confirming the population's reduced
sensitivity. I supposed that this is due to the continuous use of this chemical to control
a range of insects, including the tea leafroller, for more than ten years. In addition,
benzoylurea analog IGRs exhibited high efficacy in all other populations outside the
Nansatsu region. Meanwhile, diacylhydrazine analog IGRs (methoxyfenozide), neon-
icotinoid (dinotefuran), and diamide (chlorantraniliprole) were confirmed to be effec-

tive against the tea leafroller in all regions of the prefecture.

4. Effect of BT agent against the tea leafroller in tea field
The effects of BT agent to the tea leafroller in tea field were evaluated. It was re-
vealed that the suitable spraying stage of Esumaruku®DF, which is a conventional
formulation of BT agent, is in the 3 leaf stage at the growing stage of tea sprouts. In
addition, Saburina®FL, a flowable type BT agent, showed effects in spraying of leaves
at 0.5 leaf stage or 3 leaf stage at the growing stage of tea sprouts, suggesting that the

suitable spreading range is wide.

5. Effect of direct and indirect treatment of insecticides on the adult tea leafroller
I investigated the effects of the direct and indirect application of insecticides on
the tea leafroller. Chlorantraniliprole, cyantraniliprole and spinetoram showed low
LDso values with topical application, indicating a strong adult killing effect with con-
tact of insecticides. The latter two insecticides suppressed the number of eggs laid
even at low concentrations, but did not affect the survival of adults.
Chlorantraniliprole, cyantraniliprole, flubendiamide, spinetoram, spinosad, abamectin,

emamectin benzoate, Saburina® FL, and decanoyloctanoylglycerol adhering to the tea
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leaves and rearing containers inhibited the mating of virgin adults and suppressed the
oviposition of mated females. The obtained results showed that these insecticides de-
crease the survival rate of adult insects, number of eggs laid and hatching rate of eggs,

and are effective in controlling the tea leafroller.
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