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Studies on use of the pesticide resistant predatory mite Amblyseius womersleyi

SchicHA (Acari: Phytoseiidae) for integrated pest management on tea plants

Masatoshi MOCHIZUKI

Synopsis

In tea cultivation as many species of pests occurr simultaneously, so integrated pest management (IPM) that
reduces pesticide application by harmoniously using pesticides and natural enemies, is important. However,
the outbreak (resurgence) of the Kanzawa spider mite, Tetranychus kanzawai KISHIDA, following use of
synthetic pyrethroid insecticides (SP) became a serious problem in pest management on tea plants. To solve
this problem, the SP-resistant predatory mite, Amblyseius womersleyi Schicha was found and its effectiveness
was evaluated in the tea pests management program. The variation in susceptibility to SP was successfully
detected and some promising SP resistant strains were selected from tea fields in the eastern part of Shizuoka
prefecture. The ecological traits of the selected SP-resistant strain were equal to those of the other native
populations in Japan. It was confirmed that this strain could successfully control the 7. kanzawai population
under SP application and two sucking pests (Scirtothrips dorsalis HOOD, Empoasca onukii
MATSUDA) were simultaneously controlled by SP in the field trial.

Key Words @ Amblyseius womersleyt, biological control, IPM, synthetic pyrethroid, pesticide resistance,
Tetranychus kanzawai, tea
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F v Camellia sinensis (L.) O. Kuntzeld, #[EF
EBIEEE D RARPEH Rk Th 5. FROE TIEBI R LLPE Dl
B Hi 2z, 1999 4R 50, 000ha DAL A 5 400, 000
t OHZENEFESH, RN LI TS (RMKEEA,
2000). IR LR TITbN, i LA 6~THETRE
7S RE DS e[ RE IS AT R T 5. DU I3HEF Th
0, M 3~4 o LR MTbh s, &
DEEITPE D MEEBREE DB A Y ET 570D, S5~T 4
S CTH OEEEH A MR E MY E L s n 58]0 B
NiThbh s,

F ¥ TEHMED SIF 100 FL LoERNERRE T
W3 (FEIS, 1979). 205 by 10 MAsMikrE %S 5
THEERTH Y, MEHEICK OB EEREZ L » <
PERIUC SN S, ML IS,
B, B, BIUMEMHET I EINS (Fig D.
CNSIEFAFAE U TREICERL L THG AR SET
W5, 2 UTHIEDT v EdifjlrrikTchEEnikito—
DTHBL BRI 72b BRI s TE, R
TLENB Hr 2~ D IEF D AT %W o SER 11 % 13
51, F v DEBEZRE Ui S i o 5 RS
s ERIN G, FHINEHERIE, RHEERON
17 5 ik LNK AR ENED 5N TS,

052 IRKMRLARE, 81T 1950 AR08 b S A HE 4 ok
WIS T v OFMPHERICE SN S X HI27E D mhnl -
2B U2 RET, £ 02 HAMELRIc >N BT

Dtk FHROIAIRIUIIEREE, £ L TREIHOEY
fLick2ERDO Y =2 = v 2 GEEERE) 5 EDH
TIREENSIBL L7 2 & o, SR ORI —E L
TRHOENTNE, ThsDERITIA TREREE L
TOA A —JREF, &S BN~ EITTHEO LRI
&b B M AAEO ML b RIEIRO B & & —
fEmE ST 5,

Ubro&gn»s, EEELDON<FHH (Homona
magnanima  DIAKONOFF ,  Adoxophyes
Yasupa) &XRIT, FHHILSOPFrEE LTET = o
T VHIANC & B35 < Lk & BRI 7 A OV 2R H39E
Jifbzhie CRZEH], 1988 ; B s, 1994). I 51T
< FHH, 77 vahAH T LY Pseudaulacaspis
pentagona (TARGIOND), 77 % 7 /% = Tetranychus
kanzawai KISHIDA Tld, KKl D S EAREICHIE L
reEFOFHNEHR I TS (EAK, 1974 ; =R,
1986 ; HJIl, 1993). L LZ0—hT, ¥EFWRHHED
F v /) ¥4 a7 Y I Y=< Scrtothrips dorsalis HOOD*
F ¥/ I KNVYktA3Ia/NA1 Empoasca onukii MATSUDA
TRIFILN DO HR SR SRATETH 0, LT
Pk 3R & U TR TBRTH 5.

DX HITTF ¥ FRTIRIALS OB kr A D Bl SE 2
BEMREIZ K O BB DT, HAEMBIRO 2D, %
DERFWI EFTHAL, BREZ2FERHTEMHAICTE
LR OBiBRFERZSGHEMNICHEG Uitk E
(IPM) OHEITINEETH 5.

honmai

2 FeERELTOAVFING =

N ZHE R EMIER S = H (Acard) IZET
BRE 0. 5Smm B OM/NSEMTH D, BRI EL,
—RIZAF EFHMNECD, 2 ORFYTOEEERT
b5, AAEEEEAOFAICLD 2R LicERE R T
b, &L FRIEM I X 2 Kikoiid & D% HEn B
e ST s (RIPPER, 1956). HAIEOD F + 1T
$H Yoy =, av /) oy = Eotetranychus
F & a7 % = Oligonychus
< v O — /N ¥ = Oligonychus

sexmaculatus (RILEY),
ilicis (MCGREGOR) ,
coffeae (NIETNER) D 4 FEiDNF =3%A4 L (FEI S,
1979 ; EHARA, 1999), M To A v HFINT =, F+
OTHT=ELTEHSMSAISN, F v, T, TFE,

AEFOEEERNTH 5. —RINITIEIARITHE, SHIE
ERITENTNEERE O ¥ — 7 8dh 2 LT O ZEHiE R
R L, BEEEZ CHED S BlE S RITIE B
THEE51EN, HELIZRLILEG/ICE, KECER
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Predatory mite
Amblyseius womersleyi

Heptophylla picea

Empoasca onukii

Pseudaulacaspis pentagona

Fig. 1 Major pests and their injuring parts on tea plant.

L E I 6= YOL [: 9 AV S

JHES (19672) EAMDFAARE L PEICBHT 2566
RFZED S, #H Gy =#D HEAREkREE L
TmRU7. UL, 1960 40U Loz, ARk
JHW 5 M 72 phenkapton 1243 % AL PEDAE U T
Ve OHEEB, 1967b), 1970 4E4RIC dicofol, 1980 4EfRIC
A% & cyhexatin 78 EFRELE Y = KNk 2 Kbk
BRI N OHEE, 1968 ; ek, 1985). Frkigks =
HlDBsE & 2 ke HRBUPERGE & 0 S BIFRO 7291,
BUE TRARE O AR R 2 ORDUIIER ICEHE T H
D (B S, 1989 /NEE, 1994), FEE @ BRI 75 3K
IZ K BRI SREEIT L > T B, Z 03I
KA LIS OO BRFS A v N7 =il Lo EE
LI T& K,

3 NY_HOEYMBBRRMELTONTUSY =5

KT & 5 E A =B ER 3 HNARAE U IS
wpikFEETH 5 (DEBACHS, 1990). # 7V & =H
BN =HHERAM UL Y =HH (Acard) 77V ¥ =%
(Phytoseiidae) 1ZJ@& L, /& —Ji7s ERmi2EtE s =
FOEBESMAERKE L THEH SN TE % (CHaNT,
1985). M THF U A1 7V ¥ = Phytoseiulus persimilis
ATHIAS-HENRIOT T3 KB IETH « IR 2 HESL & 4,
WK & UL T i 3% k% T D Tetranychus@ /% = 12Xt
BN EESFEAMI N TS, bAEAN S 1966 4
IEALRE, BHOEM~OF ARG S ko,
1977), 1995 4RI A F T DN i % ot G R 48 bk
sh, FMHBHFESh TS,

—J, DHBETS, fcofY TotEANTY V=M
ENG ZHOFEH AL, 8oy ZHE N7
HBEBRNS, 77475 =Amblyseius womersleyi
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SCHICHA, =t 5 —34 7V %= Amblyseius eharai
AMITAT et SWIRSKIZE EA3, /& —FAD AR EHI I G %D
AR E LTEoRABFEEH I THS (LES,
1993 ; %, 1964 ; %5, 1993 ; MORIS, 1979 ; SAITOS,
1981 ; TANAKA S, 1977 ; REK S, 1970).

NG ZFOEYNibE D 284, RN OREER
WCHO SN B FFI OB AR 5720, KBNS
U O i U R S HHR HUPE R B D R Vi & &
N, #7707 ZFFFEHEEEGE T 2Kl LTIk
HahTuwa, ko v J@Tidakky »#lE &k
Ptk 2 R EEDO N 7 ¥ = DR EK - fih S 1,
NG = &2 DO TEEFROFFERFRISKII LT 5
(Hoyr, 1969 ; Hoy, 1985). o kS icEHEEDILTE%E
B 6 H 7 S HI N ORISRk E0WZ 5.

4 FLBEIFTBZHVHFIONT ZOEYBIBABROEHE

RERE S

F ¥ DA YT NG AT BB ER OSBRI 73
A ELT, S (1975) EF VATV =F=A2FKEN
DG ZZFEEPTHE Uz, U U Z ORDE I3 &
JAPRICBE SN/ 5 2, TRHIPH T ORI IS A ZE IS AL
bR T x93, FEHAMITIEES D 5 7,

KR HTBLEAT )y FELTE, 7F7H
TV, kS —dHRTVEF=, FAHTV =
Indoseiulus liturivorus EHARA, I VY I # 7Y ¥ =
Amblyseius californicus (MCGREGOR) MW#iE I T
W5 OIS, 1967a ; =k, 1986 ; @iff, 1999). 72»
THIEA (1986) 37 F+4 470 ¥ =—oRETOREE
REEAHNRZ 2 A L, #IR PO AR T 5
EARHT AR Y VAP — N A A PRIRBUEEZ AL, C
NS OFEAIA T THHERLTH VTN F =2 HliET
BEEYPSMTI LI, ZOXSBEENSKETOH
YHFONT PSR OERBRICE, TFAAT) =D
EE L E LB OAEREY VAP — N A1 MENT K BB
Brik R EHL S, 1980 AEAHTH: O # i RN D K T
DY I VR A b €8 L XY 1A TARYAR

HBRE LV Zv A RREWH (LUT, &8 V&R
1, BHEHORBEGEL MY v R U IcRig A b B,
Fr/FATHIUT, F¥/INJEAITANAL
EDOFHF W TEREHIRE R THOIRE R L, ZFH)
W BBICHT 2 2 EHENEOEREZHA T3, &
ELRIEGULHERIT, A VR — A4 MO
BRI & 5 & A 5N B BBRRNRIBE N EFED 7 ¢ il
THAL B 72U 72 1980 AU 5 F + T OB

U7 (Prik, 1990). 1997 iz oS ELVHIZE T
ERNTF v OBEHRIE RIKD o450 1 %2505
(HAMEER S, 1997). LA LAELVRIBEfG SN
RERETR, HUFINT_OBREBZRE DY B Y F—
VAN ER 572 (R, 1986 ; KODOMARI,
198875 &), THbLbLEELRICKE v HFINF =D
PRI SR NDS, 7+ A /170 =34 VAR
DIEFITmNTCDEE VRIBM RO KRN S+ 77

)y o—m—fgEh, WX AHEERNNZH S
ING NG 5 X 51T 57 (IR, 1986).

By —HIFIMITE B 5 v F T 7 = OB BRI IRGTES
FEDPHHAIBABINC OB BENNH B0, Y4
HID U H— 2 2 v ZXRITHE E LRI E R R/ MR
D TH-72. L LZED—JTHRE SN 53
Wit RISE L TEEVRIOMRNLS R ohic
Lins, VH—Y 2 v ADEMEEBRKT 54 E LAIE
ML O BB TRt S, kT, H v
PONY ZPMEEEITB 5 ETC, N Ziod 2RIk
MBI L EIT 585 E VAl (B2 1E fenpropathrin
% bifenthrin 7% &) P EFW-PEERIT UTEH =
NTH5 GHEBEEG, 1997). o< F0HT, *
F UG B ERN S 2 B FHHRILIED T sl S h 7 bhg
I TS, 1994, EHABIERREZE5E VA
bifenthrin AT ShT0s UM, 1997).

COXIIHHETO TRBH#EAL b OD, HUHF T
NG ZETF A AT Y ZORAEEE VAIRIANERS -
EAITF VY=V v ADEKRENRD O, ZOIET
BELToRky AR, FEALREME 2
BEIMREO BRI OBMETHAHH. ZITF+D
EHEREZZ A0, GEVAIRHEZRRIZLIS
2T, BT ZHNTERARTELBONT — Ol TBE# T
BLENHY, TR ERST AT S =
A EVRIKIUE R E LTiiE S, Ao ony
—OHYNBibE ENT = UNOERADHE LA BTG L
TALZA BB AT N U7 R R B s i & h 3.

U7ehio TF v HROBAIE B M ZBFE L T ]
1TH, B EVHHRBUEE RS 7 IR AR R A %
B L, ZTORBEBN 2T 2 LBEENE DO TKRE
V. DREITERZ s TEE VRN L BT S0 ) - —
Uz v AMMHEA LIk ) v TRTIE, LEOAF
T vy ) AHA TV Y = Typhlodromus occidentalis
(NESBITT) %A E VHITHEIK U KPERKAEF KL,
Z DA LD & EVHIRIUEAAZEESE S 2 &
T, NF 2D H =Y v AT Lz (Hoy 5
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1981 ; Hovy o, 1983). LMW LINE Ty F+4A A7V 5=T
Y DH « 1= A A PHINOEPLIES R E ST
it EEy (P, 1986), & ELVAREHIPEREOTRS -

FIHEBHME LZRABRT IO TR IThh T,

5 AHEOEM

AFEO BN, GE VAR >4 A7) 5 =%
)i IRV A /N iy RAC AN OV it /)i 111 Rt 57 R S i d - A
X9 BALEMFIBR O WAL EKGE L, F + HEBANEEE
NOBHERTIETHS, ETHMRELEREROR
B2 S G RABER T O A E LA o &£ B AFA L
BEVANC X 2 BN TOIRIK 1T > THEBIEIUERHK
. SoIBAORBRARICENTS, AELVAZE
A U TP AR O O 2R Le CGRITE).

XA EVHIRGUEr 4 A 70§ =%y —Ho A4
WP RIS % 7o i1, SEHEIIHERETH - T
LHRH - i@?l_?‘at@éiiﬁﬁ’ﬂl\’] F— T VAME ST
LR oD, £ I TEE LAY VARBIMERMK &
HARZ M S BREE U THENL U 72 TER M & O TR E
M, PEUNRES), = U CHBEIEIEOHRIE & 75 2 IR % b
U7, S SICKERGP, EREZEEIREE L O3k
EIN D BHANDEIREIZIE, & VARG 2 E T
BB E LR Z0T, EMMOZREE TITE T 5Kk
O E Ok, IR & IR RO LM TH S
7R RHED G E VHIRZ 2 A Lic GEIVED).,

NS ORERE & LT VELRERBIFIERZ TIX/T-
o, ETF rHETORE VAR S F A A TY S =
DAENMEZERT 720, /NS KB SR U 7 ik
R K B H v INT Ol AT~ TSI
YR OHIHGE N Z RIS/ B dITiE, BRENH D
EHE D ZR T T NIERE S0, T TEEAR
HF - By =« BN A MR H &I B & O A
HORZIEARAE L. F2EVIETRA Y LRI
REERS L RE AT, &Y VR E&YUEr -4
717 5 = OPFINT K B R R o 2 T T & BE
Lz, SOEEA U INTEFIZX>TR Y FHA
TN —0BEICbBb S THEAOBESEL, BN
758 5 =R O LB/ R S e DT, BEPikRKEE
WEIT K BABMEEITZ 2 512, HEETHT 24
& AR S A B & OBR bRA L.

RBIZ, ThoOMERREESL LI, ¥FHATY 5=
mﬁﬁ+%®§ﬁcﬁbt%ﬁfﬁé Eximl, Fri

KA M BUZ o 7o A RSB RIR UL 7 7Y
ﬁ:®ﬁﬁ%ﬁiﬁ&ﬂmﬁﬁmom1%%%K%%bt

KX DIERICH 20, #IGHRYT 5 HEE &R
D57 % Wh > 12 R PR FEBE R FWE IO = e S M 42,
BRCBE D 57 2185 - 7o IR IEHER, VERZEA%AR,
Bt i, REMEEEEIIE LR L RT3,

F 7O RHRAE S A AR DU B 3 2 16 iR & SRR
fotofo i WA SRR, RN R IR A B 2 3 U
DA EB RSB D S %2, 7+ ATV S
ZOEAE U TR0 T IR B 4 e %
K@H$b£ﬁ5.

SITHFFE DR ITICHITRE S S 2 O FoniF = -
é%i%%é%ﬁﬁﬁiﬁﬁ BB, B2
R TE A B A EVFE P & B, A,
WL E AT, SRR, o v = P R 2
Wit v 7 — KA R ENIEE RICE LB U R
5. Fio, EBPDEOME RS L& B A ) A T
POV R IS, BOLE T IS, R ERN D A s
HLU LT3,

I RICEEBON T TR PR R R AT R v Y — K
Bpok P, REEBREEENTUT A IE A AR
XDEDEEDIZHIZDFE 2 BT ILR U LS5,

I HBEOMELTE

1 FHATIVS=DRAE

AKX E@B LT, ENFERICHW Y FAHT) 5=
OB FOFETIT-72. A7V 5 =D& L TH

I N TR Tetranychus urticae Kocuz vy, £ @
EHEEA 7)Y = OEESP SRS hc ATQRE
(a4 bboy) ATERELA U U= 4 (R
wlif) LTITRE - 7. BIERMIEE 25°C, FH6AEE
70~80%R. H., HE 16L-8D & L7 (Fig. 2).

rFHATY F=0fEE, 20~25C, T0~80%R.H.,
16L-8D &M T OEBEENTITA » 72, &l H JiE 3T
(199D IcHEL I, FTabDB, Tax%yﬁﬁbv—
(W300mm, D200mm, H70mm) WIZEE L7z XK >
VEANEZ—v— X, v— ML U\ﬁ——blm*’é
LicA v v A8RBEE, ST F AT V=%
HBALTHEEME LI, T A EEOLHIL 2~3
HRERTITE - 72, &7z, SHB~OXTEPGILT 5720
MU —WIZiRKER - 72 (Fig. 3).

2 RHRZMRESTE
KHETEr FH A7) 5 = OHEMIEHNTT 5 1Ek2Z
PEROE & TUTHERIL TIT - 72 O, s duisseh g 5 36541
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BRZMERE BRI DN THEHFE MO VETHE~N S, LA
FlFBAL S N b D E ML, BREANT DO TIHEEA]
% 10,000 fE i TMA L7z,

FTAE VAT 5 EztmE (Fig.4) T, B
JERI (7 V) ZZ WAL F Ly b)) ZMAT0.5%TERT
VEER IemD ¥ v — VIZEE, Bk, FIinF=
DAFA LA V7 < A% (HREH 3em) DIEHEE |
iz UCi &, IR Uy #4747 5 = MRkl
% 10~20 BHEERE L 7o, R IVOJHEZH S0 L]
Wo, KER-THT ) F 0B CEP NS, HERE 24
IR B 1 JE AR AR B T RR I A 2 L O B &, [l =08

HlgAa s (A3IFALED) 2H 0 THEKE 7.5me (4
mg,em’ HIME) i L7z, BBBAEMIZRNT =
DR EMETIO bR &, BRICERSHMIET 5 &
HITHFE L., ZOEEXBEVHIEGORBRIZLD
NTVTZMERDSERCT E2EBENNHSDT, UM
% O WA 5E & 72 1 HE i U 72 ELARAKY 6em D N 7 =%
HABE RITiE &, R0 RREE R 72 EFEOH
FETILEE % 48 R H 24TV, RO 2 Mooy =55k
WAPA LT, BfEH, BITARRR, JECH, sk,
FAARRHINZ B U7, BITARRREBIECRESZ L,
KEH, FTAARHREIECROFE D SR L,

Fig. 2 Rearing chamber of the Two spotted
spider mite, T. urticae, used as the prey for
the predatory mite, A. womersleyi. Tem-
perature is kept from 20—25°C throughout
the year and photoperiod is synchronized
with outdoor condition.

A. womersleyi

Agar gel (0.5%)

Rotary spray tower (manufac. by

Mizuho Scientific Co. LTD.)

A sprayed leaf was transferred onto

the fresh leaf inested with spider mite.

Fig.3 Rearing apparatus of A. womersleyi used
in the present study. Each strain of the
A. womersleyt was reared on the spider mite
infested kidney bean leaves.

Pesticide application to A. womersleyi

by rotary spray tower (see, photo)

A kidny bean leaf infested with T. urticae

Water sokaed cottons

—_—

The survivors on both leaves were

checked at 48hr after application

Fig. 4 Procedure of the susceptibility test of A. womersleyito synthetic pyrethroid.
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HEVHILISOIEANZ DN TR, EEIemDT 5 2F v
7V v —VNOE S B BilEH Ry =742 (BEEH
3cm) AEE, AT YoMk AR LT 24 I
MBI HERE R U, i th 48 el FIAESE% 58 Lic.
WIThOBAbH—RETORETIFHAMELT 1 KE
20~30 HAMEL, 2~4 K ORERET LD TIELTH
ERH U, 7 3~5 IRERETHRERLHN, Toky
MEIZ & D 3R FI D LCsfiiz 5 Lz,

m ZF# (ERELZOA FED EHiH
(B A% DEIR

FFRAHTY DL E VAIRZIERIETICEHN &
M EnTE Y (R, 1986), AELVHIE D%
K3 7o DI i3 i I RGP AL E T H B, £ T
BEVRIDEA SN RRIEGFT 25 F AT ) 5=
AL, 370 U CHRPUPER AR O ik 0 It rkis ki
DUMNBE LI BEEVHIBRZIEOL R ZRIETE 20 E
I;, A E VAR D 78 DB R e 2 S EREE L 7
AT S &D T, HEHRZEO IR AZTT - 72,

FERRPLEMEE T 0P FT LN T HTER—FH
DIEKIPHEH = 5 & PRS2 2 &
BXU, W ToOREFMIKIC X 0 ERNITE 2 KU
REEZALSREZZ EMMon TS (R, 1989).
RKTHB7rFHATIF=Th, Z0OXHICEKMNR
BYrEREER I 2 EnTENIE, G EFIRYE
R ENFNICERTEETHAD. £IT, 7F4AA
7 T =DOHE VAIUESERANO A E LA O #k
BT K > THEU B ED pERN.

1 EXRZHOEKEEER

a MREEFE

AU F A AT S EERERE, BRRE, ERE
L RO R TERE LA &, aFRo) v o
B EdbifFE D 74 M STRE L 2% 1RO &5
20 AATECTH 5. BRI T, B GRHTT) il s
iR (BHTT B X BB OEREZEE, FE
5 OIEARHI R EITE E L HFIDEA & - K TRE
L, D o OMEEREHIEAM S TORORED S R4
U, BREBICBL TRy F A ATV S =% id3h %Y
NTZDHFE U AEAZDF F = — VARICERI U7,
hoxHEMs - —ITRELTRibm- etk A7
Y F =R, S HRE & O KBRS TN E
FoTFHINT=DFLE LA V< ATEICRL, &

REIEZ2E L. 2 UTHEREIT D WO TOEE AL %
LR U C AR M AW U fe. SEFIRSE A8 12 F
FeHERI TN SISO AR Y ~H] (methidathion
40% ALK, H—s3 44 Ml (methomyl 45%7KFIAD,
A& ELVH| (permethrin 20%7KF1#]) TH 3. Methida-
thion & methomyl Tid 19 fE{A&R, permethrin {220
T 20 EARFIC DT, HATRED 1710 FEE ORI
TRZWREEIT - 72, S SITHMEED 3 (AR L BE
REREO 2HEAERIZIOLTE, ZhoHHO
LCxfli % 3R THANRIM O R ERE 2 L. 8
—HOFAITERER 18 » HUINITKT L7z,

b #& R

3HHANTHT 2 —ERIETOREREE, HAEFET &
12 Table 1 12789, Methidathion (Z3f 3 2 i fii] I 0 [
WO RZ T 2HITIK L, 40ppm TOILTHRFL 2.9
~23.3%ThH 7. FRERBFREOMERIZONTS
FLIREE AR (Makurazaki) ZEk & RO RN H S0
fo. Zhucxt L, %, dtiffad, BREAEE ORI
WIh b 88%LL kit L7z,

Methomyl Tl 50ppm TOILER%E A5 &, k5
PEDAIATEST N TH 8.3 ~43. 9% DIKRUVMEA R L 72,
—J7, fhofEEFE Tk, BREROEF AR (Aoto)
ZRE, WIS T0%L LSRR ER LT,

& E V#I permethrin 12569 % &z P (3 & i RS ©
PREE L7 IREETH] S TR BINICH b, £ DIETHR
BTN E S0%BLUTTH-7. ELITEHO 2 AR
(Hiranuma-1 &-2) OFRTHRIT 10%1C b7 i8h - 72
=%, ZofE &R TE, &R o R E R
(Okadahara) fEAFEDOIEILCH 59, 49630k HAK L, 1511
KEED S B 10 (AR TIELC R 80% UL T L Tz,

Table 2 121%, ¥ S0 3 kR, EBRE» SO 2
TEARED A FE 5 IAREIC DU T 3 A D LCxIl & R T
Methidathion T3 (Ide-1) fEIARED Makurazaki
EREED 2.5 %, methomyl T& Ide-1 fEAREILZE 7K
(Kikunaga) fEfA#ED 11. 2 fEo bk 2R L. %
72 permethrin T & Hiranuma-1 & & # 3 B &
(Minamihara) fE{&#ED 34, 3 O HPLlk AR Ui,
Methidathion, methomyl, permethrin @ ¥ % (%
zhZh 200~400ppm, 300~450ppm, 100~200ppm
72D T, Hiranuma-1 {#&HEE Ide-1 RIARE T D% HH|
D LCofl i3 # IR I <, & < 1T Hiranuma-1 f@{&
BT methidathion & permethrin @ LCsfil, % 7c
Ide-1 fE & #E T ¥ methidathion & methomyl ® LCsfifi
WHEHBEER UrZ Ll FITEL T,
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Table 1. Susceptibility of 20 A. womersleyi populations against 3 pesticides, methidathion (40%, EC),
methomyl (45%, WP) and permethrin (20%, WP)

9% Mortality* (n)

. Date of No. of mites Methidathion Permethrin
Population collection collected (40ppm) Methomyl (20ppm)
(50ppm)

Shizuoka Prefecture
Central region
Kanaya-1 Jun. 23, 1988 >100 10.9 (55) 11.4 (85) 93.2 (73)
Kanaya-2 Jun. 17, 1988 29 16.2 (69) 9.1 (33) 82.5 (40)
Kyuhatu Jun. 2,1988 47 9.8 (41) 8.3 (36) 68.8 (48)
Minamihara Jun. 7, 1988 >100 2.9 (69) 17.4 (46) 87.5 (40)
Numabushi Jun. 2,1988 >100 15.3 (59) 30.2 (43) 75.8 (62)
Okadahara Jun. 2,1988 >100 12.7 (55) 8.9 (56) 59.4 (64)
Eastern region
Hiranuma-1 May 15& Jun. 27,1989 T4 3.7° (54) 18.0° (50) 4.8 (84)
Hiranuma-2 Jun. 27, 1989 >100 — — 8.3 (60)
Ide-1 Jun. 8, 1988 63 23.3 (60) 43.9 (57) 27.9 (86)
Ide-2 Jun. 8, 1988 16 20.0 (45) 35.7 (56) 47.7 (44)
Nekoya Jun. 8, 1988 59 8.6 (35) 21.3 (61) 38.3 (60)
Kagoshima Prefecture
Aoto Jun. 9, 1988 47 21.7 (46) 32.4 (34) 74.1 (58)
Atuji Jun. 17,1988 10 27.3 (33) 96.8 (31) 91.2 (57)
Kikunaga Jun. 17,1988 >100 8.6 (35) 70.4 (54) 93.5 (31)
Makurazaki Jun. 1, 1988 >100 45.0 (114) 74.3 (70) 91.5 (82)
Ukibe Jun. 1,1988 >100 9.1 (33) 82.2 (45) 100.0 (14)
Yokomine Jun. 17,1988 33 11.1 (45) 74.3 (70) 74.1 (81)
Okinawa Prefecture
Nago Dec. 6, 1990 8 88.4 (69) 98.8 (84) 80.0 (60)
Iwate Prefecture
Morioka Sep. 8, 1988 >100 91.9 (37 100.0 (53) 92.5 (40)
Hokkaido
Naganuma Aug. 15, 1988 10 95.2 (21) 83.6 (61) 80.4 (107)

a Abbott's correction was not applied. The mortality of the Hiranuma-1 population with distilled water (control)
was 9.8% for an average of 13 replicates ranging from 0 to 20%.

b Mortality at 50ppm.
¢ Mortality at 62.5ppm.

Vbkmo, BEEEEHOREIZHE T permethrin #§
PUPEEARTED FELE ] & 22 0, [T 20 S AR
1% methidathion, methomyl #&HTE & IafiiZ Tu7c.

2 FETOEKX

a MHELTE

1) AEXEORE &EXHMH

1991 47 3 HICi M LR SRR A 1), BP0« ARkl
BNORE 6 5l (Pls&7 KRR, AAlmk 4. 0a)
D—#sr (P4 542) 1. 3a D EH#F 2~3m I B AT
# (EEHRF 50%) ZE L, SREN &EEHRZNT,

BT NTZMEZRLPTORROFML AL, Z0D
#%, 199145 H~10 H& 924E 5 H~8 Hiz, 1 MfH»
5 10 HEIFETAEF 22 B, 4 F¥H (fenpropathrin,
permethrin, fenvalerate, bifenthrin) ®& E L #|% 8
JIEZZIZT L DA Lic (Table 3). #tfizid 10a H72
200~400 ¢ &£ U, @A A% 10, 000 f5DHE TMM L.

2) TFANT VS ZDOREER EEFRZHORR

21k

B EVHIBAAFNET CO|BNEr + 477 ) 5 =k
HEORARNAEH S Mz 5720, R EHHITL T
T v INT =L F A H T T OEERA
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Table 2. LCsx values for three pesticides for five A. womersleyi populations

Pesticide Population

Concentration-mortality

LCsvalue (ppm)

Inter-strain

regression line* with 95% C.L. ratio”

Methidathion (40%, EC)

Shizuoka prefecture

Hiranuma-1 y=5+2.43 (x-2.39) 265.9 (178.5-396.1) 2.3

Ide-1 y=5+3.24 (x-2.40) 292.2 (163.1-523.9) 2.5

Minamihara y=5+2.24 (x-2.27) 185.7 (152.1-226.8) 1.6

Kagoshima prefecture

Kikunaga y=5+3.76 (x-2.09) 123.8 (107.9-142.1) 1.1

Makurazaki y=5+2.38 (x-2.06) 115.5 (94.8-140.8) 1.0
Methomyl (45%, WP)

Shizuoka prefecture

Hiranuma-1 y=5+3.10 (x-2.13) 134.4 (64.4-280.3) 3.9

Ide-1 y=5+1.33 (x-2.58) 383.0 (284.6-515.4) 11.2

Minamihara y=5+1.35 (x-2.08) 120.8 (187.5-166.8) 3.5

Kagoshima prefecture

Kikunaga y=5+2.43 (x-1.53) 34.2 (27.0-43.4) 1.0

Makurazaki y=5+1.87 (x-1.88) 76.6 (63.4- 92.6) 2.2
Permethrin (20%, WP)

Shizuoka prefecture

Hiranuma-1 y=5+2.98 (x-2.48) 301.9 (263.8-345.5) 34.3

Ide-1 y=5+1.42 (x-1.82) 66.5 ( 50.6- 87.5) 7.6

Minamihara y=5+2.64 (x-0.94) 8.8 ( 7.4-10.3) 1.0

Kagoshima prefecture

Kikunaga y=5+2.19 (x-1.17) 14.6 (12.2-17.5) 1.6

Makurazaki y=5+2.26 (x-1.21) 16.2 (13.7-19.1) 1.8

a x=log (Concentration (ppm)), y=value of probit.

b Makurazaki=1.0 (Methidathion), Kikunaga=1.0 (Methomyl) and Minamihara=1.0 (permethrin).

AT ot WEAZRREOPR 2 H9RELKS 2.5m T &I
12 KEZ 38U, 45X B 7 b fER T & MG 5
50 g > EEF 100 e kEEE S v &y L LT, v
RV—REROCTHEREBIE L, WifEO MRk Rz 55
L.

T A o 1991 427 H, 8 H, 10 H,
199242 7T HicZ 0B NP o REL I+ 4717
5 MK A b EITHENL L el ERITONT, FEL
#l fenpropathrin10% #L#| ® 50~100ppm (1000~2000
fi5) ot d B ARE Ui, 1993 4ELIRIE, o
AEANOEE L FIEAAG R A ER 1 & &, 1993
FeH, 19446 Hicb rF A7) F—2HELT
A E VRN 5 RS2 2 fkse i A L 7z,

b # R

Fig. 5 ICMifE DN R AR H 72 D MEURE TR
1914ED A v TNy = BEIE 5 H AP EA UG
b, TOBRABITHMUTTH 4 HICHST 2. 383
DE— 7T LIk, AT UTROWEE TRaE

Ufe., —H7F 77705 =137HITA- THID TR
SN, TOEEIIE—7RFTH 0,023 50 LKL,
N INTZDE—7EED 1,100 Th - 7z,

5| & e & SEAN M 2 RkBE U 72 1992 4E43, Wi o F4
HERIEEIREARE S/, AvFunNy =134 H
DOBIEEI NI WEEOLZMIE LAIRSNT, 6 29
Hizhd 0. 38 T Lcgid I o wmdb L. —
FirrF4A 705 =oRER 5 ARt d it s h,
6 Hh LI aucBEER ER LTH 7T HIZ0. 1887
BELHHAED SR IcETHmMU., ¥+ AA7) 5=
FEEEOEMIAR L TWAEN, ZoRKRICBHAED
TCDED KM A TEFITSATT 2 KL, Frild o JedmiBic
AT AR BIE SN, FRELEICEEH TS
R0k BEEINK, F—JICELEIR, &
ML, 8 Hic/ s EMERFATIIRATEL M-
te. YD XIS 2 HICAB Er A H T
) ¥ = O RE R BlEE S i,

HELB P ICRESN LY F AT ATV S =D
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Table 3. Application records of synthetic pyrethroids o2
25 .

to the tea field

Pesticide
(% AI, Formulation)

Dilution 0wt of
application®

Date
1991
May 20 Fenpropathrin (10%, EC) 1000 400

28 Permethrin (20%, EC) 2000 300

June 7 Fenvalerate (20%, EC) 1000 250

19 Fenpropathrin 1000 200

July 3 Fenpropathrin 1000 200

11 Fenpropathrin 1000 200

20 Fenpropathrin 1000 200

29 Fenvalerate 1000 200

Aug.5 Fenpropathrin 1000 200

Sep. 4 Fenpropathrin 1000 200

11 Permethrin 1000 200
1992

May 15 Bifenthrin (2%, WP) 1000 250

22 Permethrin 1000 250

29 Permethrin 1000 250

June 7 Bifenthrin 1000 250

12 Fenpropathrin 1000 250

22 Permethrin 1000 250

29 Fenpropathrin 1000 250

July 7 Permethrin 1000 250

16 Bifenthrin 1000 250

27 Fenpropathrin 1000 250

Aug. 4 Permethrin 1000 200

a Liter,/1,000m”.

fenpropathrin 109 L7 1000 %3 & O 2000 51265 %
RO AL Fig. 6 12779, 1000 £% (100ppm) TD
FECHRL 1991 4 7 HicsRE s i @E#ETIE 100% T
H o 7o, FHIEA RBOSHN S 212 >0 TIECHRNK
TLU, 924 7 HITERE S N7 A&#E TS fenpropathrin
109%6FL#1 1000 FFizxtd A FETCHRIE 12. 5%, 2000 £5 Tl
0% &7 572, ZORENDEE LHIEA R A 1 ([
IZ&E EB T 9B FELIFRICTRE S N EEEE (Kanaya9s,
94) T & fenpropathrin 1000~2000 £% T ® L 1= R 2
16.4~19.4%TdH b, MDA E LVH|, permethrin,

fluvalinate 122 T & FHRDOFEIRME Shic (Table 4).

3 & ¥

a EXRZHOEREMER

AT S ARERBRNC E R I E LA
ik b, & ATHM BRI O MEIREHZ A E VAR
ThHHIEMNAMEIZLDODTHSMIZsN K
(Table1, 2). EFHECHEICL S, EHWMEZT R

Synthetic pyrethroid application

1.5 | - 0.15
1k T. kanzawai . Jd o1
A. womersleyi
0.5 |- -1 0.05

No. of adult females of A. womersleyi | leaf

No. of adult females of T. kanzawai /leaf

'May 'Jun. "Jul. . Aug-' Sep.' Oct‘..' . Apr. . Ma‘y’ Jl;ﬂ.' J;‘I-|t "’Aug.
1991 1992

Fig. 5 Population density of T. kanzawai and its

predator A. womersleyi in the tea field

under synthetic pyrethroid treatment.

-
(=
o

(63)

B —@— 100ppm
o —O— 50ppm

Mortality(%) with Fenpropathrin(10% EC)
a
S
1

o

91/07 91/09 91/10 92/07

Fig. 6 Changes in the mortality of A. womersleyt
collected periodically from the synthetic
pyrethroid sprayed tea field. Suscep-
tibility test was finished within 4~7
months after sampling from the tea field.
Numerals in parentheses are the number of
individuals tested.

WIRSZ AT T oA Rk, 1986 ; H 1S, 1987)

Tl methidathion FL#I, methomyl 7KF1#]D LCsfH (%
W3IN b lppm LLF, F 7 permethrin KFIHI T &
S5ppm YL F7 DT, FHY »#l methidathion T® LCy
fifiAs 100ppm % 8k Z 72 LWL IR O KR O AT (Kikun
aga, Makurazaki B{ARE) 12 & HPTPEFEEDH S i
BETWa, I TREUSNOIESAREE 7 KV E

> VR SRS I NI AR T ERARZ A TIIAH
) UHNRSZPETS SICERIEH - ThH, KEOEPUEMEAK
FECILHT 2 LR R S Tu sy GRA, 1986 ;

RS, 1987 ; EfE S, 1986 ; WH, 1986). F72S
EKITA (1985) & HAD U v TREH & (FEFIKH L %R
TAHTV Y AR ERE L TOhRL, APIETH Y ~
JEEST A XMTRE L EKRBEOHETH 520, wWIh
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Table 4. Susceptibility to synthetic pyrethroid of A. womersleyi populations from an experimental tea field.

. Date of Pesticides Concentration o P
Population collection Date of test (% Al and formulation type) (ppm) % Mortality" (n)
Kanaya92 July 92 Dec. 92 Fenpropathrin (10%, EC) 100 12.5 (66)

Dec. 92 50 0.0 (47
Dec. 92 25 3.4 (46)
Feb. 93 Fluvalinate (209, WP) 100 17.6 (3D
Kanaya93 June 93 Apr. 94 Fenpropathrin (10%, EC) 100 14.8 (38)
Apr. 94 50 19.4 (66)
Apr. 94 25 23.5 (65)
Kanaya94 June 94 June 94 Fenpropathrin (10%, EC) 50 11.2 (40)
June 94 Permethrin (20%, WP) 100 13.6 (52)
June 94 Fluvalinate (20%, WP) 100 7.7 (43)
Kanaya91° Oct. 91 Dec. 91 Fenpropathrin (10%, EC) 100 85.6 (51)

a Abbott's correctiom was applied to the mortality calculation.

b Numbers of mites tested at each concentration.
¢ Collected from a tea field under conventional control.

bHANRZ M IIER @ P -, Ul o+ AAa7Y
& = O HFIRYIVETE 2 3R ERE 2T ICR o 28I
LEZoNA,

HHNRZHRE FIEP RN ORI RN D 570D,
Al DGR AE o SRR E A 7 = FHT oI E—
BT Emng, ARSI hicE E VAIRIUTE %
/% U 72 Hiranuma-1 @ permethrin 12 %} 9 % LCs fii
301. 9ppm (&, dLKFET » T XA 7Y ¥ = Amblyseius
fallacis (GARMAN) @ permethrin X HT ¥ % ¥ T O
LCxfifi 90ppm (STRICKLER &, 1982), % 7zId] UJbKiE
FEVTFUHYZHTY S =D permethrin EILTERH
TO LCyxfifi 38. Ippm (Hov o, 1981) % LAl - 7z,

—fZIZ B 5 = SO HEFHHRHUIE D SRR AT
X BRI A3 5. Z 2T Table 2 1Z/R L7 51
KEED 5 B, Minamihara, Hiranuma-1, Ide-1 @A
HERELLARTOREVAIMMIERICIER S 5 &,
Hiranuma-1 {8& 7 %2 R 8E U 7 286 T id 1985 FFE M S
HE VDM S, FFIZ 1987 4£121F fenvalerate {2
&# 4 0], cypermethrin 18], fluvalinate #&7# 1 [4],
1ETHREF6MSEELRIMNEM SN T/, Ide-1#
REEAERIE LKA T D, 1984~87 4E1T fenvalerate i
GRMNEGESHEMsh Tk, Zhicl,
Minamihara &2 L L RXETRAE VAIE A
CBAishTOER -7, 20X ITHE VAR
&S MEATED permethrin #RYTE & O T 1358 O B P

MR hic, Fi, Ide-1 HEHFORESLCHE T O E Y
MR E R OB X biho 2 AT NEPT
(Table 2), BEARFMHEDOHRNIALET 5 &5 Ide-1
TEATED permethrin MPLHEII T HE L EFZ Shic.
INS5DI EM S, permethrin 1IZXF 2 LI D F
DG E VAR ORI EHERITE 5.

KD T 7> 5247V T ZTHHEE VAN IERT
20 MY EWAT S NI ) v TR S A E L FHRLIEE 4
BEAZER S (STRICKLER 5, 1981), I @ &5 Mk
M2 & ST S N7 HFIESERM BB O & E LA
IR LA R L7c (CROFT S, 1983). AWFETH
Hiranuma-1 % # @ permethrin #§ #T ¥k 7 2% &
fenvalerate JR & #7% & permethrin N OEEDO A E
VAR ARG 5 2 Lo, A ELVAIBOR ALK
PLrEs = n 5.

b BFAXETOEZAKIC & ZIRMHEEGREEDER

Mg 2 B U7 1991 4213, @, RETor
HARhTN) T EEB AT E6HICE-TEH T 7=
BEEINh -7, F70 1988 4R IT A UZRR THREE L
7o+ 7Y ¥ = (Kanaya-2 & E) O
permethrin 20ppm TORTHE 0% U LicE LA E
L AR Z A < (Table 1), 1988~90 4F i3 & @ K[
~NOEE VA LZFiceEE->Ti, UEko
Z o, HERETRIBAMBERE? 56 E LAIRZ
OB FAA T S BHRShTOi IS h
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5. TOBRTHICIKREE RSSO r F 7770 5 =3
HMBLLIcZ &, 2 ORD SRR D T2 P
KFLUcboB#imLig oo EHEMEN S, 1992 4F
DORMERE TORARDLUIATE L K& S RITD, 6 HiC
TFAATY T ZEENEML, AU TS ZDERE
BHTE L O ESIZ oh, 199248 7 HURBICERE L
71 71 4 = @ fenpropathrin &2 kS A MUK L 72
ZEMS, B EVHHRIUEEAEE O R A # 2 4 H

SEHFICIRD, ATV T~ DA OERBITIT &
AWEBL B sceEZOoND, UL X ITKRE~DHE
e 75 SERIEA 13 A © L AHRBUPEE AR 2 %2k 3 5 D1
GRITH -1, A8, Fric S EFHRELE R i o & kB
EUTHEAREED &9 A, A HHI KU > W THRGEE
DAETH S,

Kk TlREEHHROIEFE O FHI D15, bAETIE
HANRBTER B EEH O F A A7) S = ICBRoh 3.
CHRPUEBIL T2 R O IR 7o & 7o E RENTAER L
THH, ERFKICL D ERshZ LS HERDO—>T
HAHH. I OITKETOHEFESLIEF N & 2 ERERY
HEME LT, I Kl & RN IS SRR & AR 5
CEBEEMHINTHS (CROFTS, 19755 1988).
OBED» SHEORMREA S &, F v I XH RO KREESE
MDId v F TNy I 3EMEE U THEET 5. AH
I3 Y ] Phenkapton #EHTYEAS 1961 4F 12 # i I
TGS TLE GRS, 1967b, 1968), Fli %~ o i
IIEAREL T E 0T, FEHMAAGEZTTL I
FECE IR T 2 A .

F /A (1986) 1%, RETY FA4 A7) F =ikt
PEDTEE LR D —> & UTAM ORI % & 1F, i
MEBHE L ITRETRIER AN L D12 Wi, 5H0EIK
BMb->TAT ) 7 —OMPIEEFESI I LHERL T
WA, FEBITHE &2 OO A O TR &2 LA
d, REEEM O EHITERIEMDO DT D 20%1F &1
EEFAHIER (FAA - A, 1976), BhIMEFELIC &
BT, WO 5% LR F o koo~
FELTLoT BRIS, 1987), FRAEICIEIEF A A
B UROENIEAEL, HRUPERE D I B W THAIH
HRIZOTNITERE LA TN TN D LS 5T
NG ZEAEUTERT 2RO EHEENh S,
DEHIERDr +4 77 & I IMBUER AR E
UCB%&MHREA->TED, SH%IIEREAEZKRNTLE T
ABITATIE - 126 EBH OB G & T, fMRIANEEToO
N =LA TN T OFRABIRE, IOV AR O Rk
DA L, 717V 5 = OSEHHRGTIE S E O o1 % fighr

5 ET, KM 5 EITTE S ERRE O ] % i o
BULEIID B.

IV ZEFEHUERBE QT

B U7 A EVRRBUERK 2 H o7 = o 4B
MIBERR Z21T 5 7291Tid, = O RMMERLRGE, = LTI
PEEARE O ESE 2 B & L B@EBBLETH D, 0
N D BRFEIZEB 0T & ARG R L OV TEERICHE
Ban a8 hd 5, SO RENM P&, K
HERBDRE 2 DAFERI /R T + — < v ADEFHLRARIC L
BLTHOSBWIEBEETHS., JOHIIODNTT F
HHTNT_DERE) v« =324 FFRGIHERK T
d, 2t S FEFMHERHUE D B — D T BB L TIT & » T
sh, = UTHY), #aae)), RIRMEICIIESZ IR
EDENNZ ENPShiTEh TS (R, 1986).

ULnL, APFETHRAENIEE VAR RHKO 2
NSRRI 72w, EENTMRAERAERS
WEMH B, T ITARETE, BIUEROFETH
A E VAR (Hiranuma-1) ~& 512 10 [m D
B EVHIBIKEMA 72 R# (SEL10) ZMEALL, <03
FIHCHUPERCEREE, B2 E U &9 BB/ 8T + —
<V A, T UTHNRME OAGEBIMEARA L. &
TARBUPERAR 2RI 3 23561013, A D 72 9 D HEFfIC
ENTORIUEAENANKEZEZSNBEDT, W Dh
O HFEFHEDLER KIS DV CRREF P ToOA E LA
B0l oL E2H#HAE L, & SITHENTORG R
B AR & PSRBT AT D BT DS, BFAL o %
ST & ORHIT KD ED K ST B AR
T 5720, WREMORHIZ X VIR IFREDOEE LA
permethrin &2 VLA A L7z,

1 EFERIEORERE

a M#E&EFAE

1) B EL ZRO4 K& permethrin IZ & 58K

Permethrin 12 & 2 ik ~DRIG% A 5 72, 1989 4
5 H & 6 Hf i W B E 1 O B TEREE U 7o E AT
% #AREE L7k (Hiranuma-1) % 1990 4F 2 H »»
5 91 4E 4 Hizh i TAEEF 10 [8] permethrin THIA U7z,
Z D FHilE permethrin, methidathion, methomyl iZ
T A2 A L GBI, WIKETTO permethrin20%
JKFIF D LCoffi i 4 TIZ 243. 2ppm TH - 72D T
(Table5), i 6 [A1D ¥ IK T % permethrin 20
% KA 400ppm (500 %) 1C&E Lz, F/—RE
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Table 5. LCx values of pesticides for the adult females of three A. womersleyi strains

Concentration-mortality

LCs value (ppm)

Inter-strain

Pesticide Strains Regression line* with 95% C.L. ratio”

Permethrin . -
(20%, WP) Hiranuma-1 y=5+2.57 (x-2.36) 243.2 (205.0-288.5) 1.00
SEL6* y=5+1.96 (x-2.30) 199.1 (155.8-254.5) 0.82
SEL10¢ y=5+1.95 (x-2.72) 522.6° (—) 2.15

Methidathion . _
(40%. £C) Hiranuma-1 vy=5+3.08 (x-2.50) 318.7 (268.7-366.1) 1.00
SEL6° vy=5+3.85 (x-2.50) 312.1 (276.8-352.0) 0.99

Methomyl . o
(45%, WP) Hiranuma-1 vy=5+2.04 (x-2.00) 100.8 (78.9-128.8) 1.00
SEL6* y=5+2.42 (x-2.11) 129.8 (109.3-154.0) 1.29

x=log (concentration (ppm A.I.)), y=value of probit.

Hiranuma-1=1.0.

The SEL10 strain was obtained from Hiranuma-1 with 10 permethrin selections.

a
b
¢ The SEL6 strain was obtained from Hiranuma-1 with 6 permethrin selections.
d
e

The data differed significantly (x? test, p<0.05) from the calculated dosage mortality line.

T3 permethrin FLHI D S AKFIFI L O & & OFETHR
maNTcid, T HUREOEIKGM: % permethrin 20
9% FL#I 50ppm (4000 fi5) IZEHE L TE 51T 4 [ Ik
A1z,

Ik %I Z 2 HEEE IR 2 IR 3 5 70, 1o
WK% 2~4 7V — U503 TITW, - At 500~900 8%
A U7z, & 70— 7 T OIERERZ EBOE 3T H O Hi—
IRETORFESEICHE U, £ KNEHIKTOAEAERIC
&, 7NV —TTORGFROFEMEE R, K7V —
T TOHAEARE £ EDIcS A THEEKE L, AEH
WHUE ORER U 7ctk, RIOIOWIKEIT -7, ZDXD
kARG, 1 ORI 2~4 B2 L7,

2) EELHIRMMEORERE

AEVARIItEO RERE A B 7o, 6mHE 10
[\ Hiikt: 0 R %2 2 £h SEL6, SEL10 R & L,
SEL6 Rt Tld, 5FHOAE LAl permethrin, flu-
valinate, fenpropathrin, cypermethrin, fenvalerate,
FH Y Kl metidathion, B XA =N A 4 bH
methomyl 129 % &5 % 90 4 9 H~12 Hizii& L
7o. F72 SEL10 R TIE, permethrin ~ D EZ PR E
% 91 4E 5 Hiz47 W, fluvalinate, fenpropathrin,
cypermethrin T [E4FED 10~12 HIZHHA L 7.

b # &8

Hiranuma-1 %t % permethrin THEFE K L 72
B D A7 RO RIFINZEAL % Fig. TSR L7z, Hijdo X
KWK E 2~4 TV =TI TF - 1o DT, Hiff
RIFFHIE TR L TWL S, permethrin /K Fl #l
(400ppm) TP A7 IZ IIKBIIEIF O 34. 8% s 5 K5

100

Permethrin 20% WP 400 ppm Permethrin 20% EC 50 ppm

Mean survival rate (%)
a
o
;

o

Selection

Fig. 7 Response of adult female A. womersleyi
(Hiranuma-1srtain) to selection with
permethrin. Permethrin (WP) of 400 ppm
was used during the selections 1-6, and
permethrin (EC) of 50 ppm during the

The 500-900

adult females were divided into 2-4 groups

continuing selections 7-10.

and treated with permethrin in each sele-
ction.

I EFA L, 6 HOMEIKKEIZIE 61, 6%I1278 - 72,
permethrin FL#| (50ppm) Y] V% Z 72 7 [l H O ik
TR, EFERREN-7CA 8 2%ITIE T Lichs, £k
MIKIC & O AAFREHC LA U 10 MIFEIKE I 31, 6%
1278 - 7z,

KIZ Hiranuma-1 8 & &8, #IKIT X D572 2 2#
(SEL6, SEL10) @ ##I&s2 1% Table 5 1278 L7z,
SEL6 %&#® permethrin, methidathion, methomyl
O B2 X IKHET @ Hiranuma-1 R0 T h & RKEE
Bh-tzbDd, SELI0 HR# TId permethrin KFIH D
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LCs il A3 i ¥] © #7 2 £5 (522, 6ppm) & 72 0,
Hiranuma-1 ##1Z lb#E U T permethrin &2 EAMK T
LT,

X512 Table612iE, h b 3RMICBI 2HHED A
E VAR PERGE ORGSR %2R Uc, SEL6 SR D 3 ik
Z M Hiranuma-1 &t & K275 <, fenpropathrin FL.
O HHIRETORRTHES131F 100% 122 LT 7o,
& 51T DEH A permethrin FLHIT 4 Ak L THE
SEL10 & # Tl fenpropathrin FL#] 100ppm (2%t 3 %
FELZIN 75.0% % TIKT L7,

2 HREMNT x—T U RDEE

a MEEHE

) s FrAhTus=

1989~94 i dbifgEin S R O KTy F A7 T
F=ABREL (Table D), Mok d &I LR

R E R % SRR L 7z,

2) EEHME

KB WM ORI ZEEZH S MIZT 5720, 25£0.5
°C, 16L-8D %<, SEL10, HK, ISHI, FL94 @ 4 %
MAEMGE L., TTHEHEIMD T IRF v I ¥V r—VL
P BN 7235 - 72 Baigs 112 1. 5em X 1, 5emD A 4 v
T AEROERME FIT U TA~5 k@ L, 22T,
Wik D ST T 12 R LINICEIN S nL 7o Bl 2 — i 97>
EWMLBEOM E LT Iy ik 5 BEA AT L 7.
INSDY ¥ —VL 6~ EENN—FEDT I XF v
7 — Z (it 30cm X f# 22em X 7 & S5em) (TINA L,
A vFaR—F—NIZBW, Ok, 7¥—2DH/N—
WNRERY, PNEIOIRE % T5%R. H. LI IZ38 L7,

PRAIE 12 K] & & ITAT U, SEAKBAMEE T TRE RN
Zaldk U7c, 59 2 47 IR IONT 2 U 72 IS D W TR
W ERERER LI BA ULRREITh 878, FEIIBH G

Table 6. Mortality (%) from synthetic pyrethroid in the two strains, SEL6 and SEL10 selected from the

Hiranuma-1 population

Synthetic pyrethroids Concentration 9% Mortality® (n)
(% Al and type of formulation) (ppm) Hiranuma-1 SEL6 SEL10
Cypermethrin (6%, WP) 60 41.4 ( 58) 52.3 ( 92) 49.2 (63)
30 18.2 (110) - -
Fenpropathrin (10%, EC) 100 100.0 (105) 100.0 (104) 75.0£8.1" (70,45,47)
50 100.0 C 86) - -
Fenvalerate (20%, EC) 200 74.4 ( 99) 83.8 (117 -
100 38.5 ( 96) - -
Fluvalinate (20%, WP) 200 47.6 (103) 36.6 ( 94) -
100 11.6 ( 86) - 31.1 (63)
Permethrin (20%, WP) 200 31.0 ( 87 55.6 ( 59) 52.1 (66)
100 17.2 ( 93) 24.2 ( 55) 30.1 (48)
Permethrin (20%, EC) 200 100.0 ( 46) 100.0 (104) 59.8 (66)
100 96.0 ( 50) 95.3 ( 69)  63.2E5.1° (48,42)

a Abbott's correction was applied to the calculation of mortality. Numerals in parentheses are the number of females

tested.
b Mean=®S.D. (n=3).
¢ Mean®=S.D. (n=2).

Table 7. Collection record of seven A. womersleyi strains

Strain Location (latitude: °N) Collection date Host plant
SEL10* Numazu, Shizuoka (35.1) May 15 and June 26, 1989 Tea

HK Sapporo, Hokkaido (43.0) Aug. 1993 Mulberry
FL92 Kanaya, Shizuoka (34.8) July 7, 1992 Tea

FL94 Kanaya, Shizuoka (34.8) May 31, 1994 Tea

MK Makurazaki, Kagoshima (31.3) May 7, 1993 Tea

OKI Nago, Okinawa (26.6) Dec. 6, 1990 Tea

ISHI Ishigaki, Okinawa (24.4) Dec. 12,1993 Kidney bean

a The SEL10 strain was obtained by selecting the Hiranuma-1 strain with permethrin under laboratory conditions.
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% THIZE U CREINHTIA & K o 72,

3) EIH
FFEAATN =025 CTO 1 HbH kI
PEINBARGT: 3 H HUMIZE — 7 1IC@# Lk, HHB=Z 0
BSR4 5 (Sarro o, 1981 ; #eft, 1986). £ C
THIH 2) &IR—iRME « HES%M T T, SEL10, HK,
ISHI, OKI, FL94 @ 5%MIT2T, LR 5~6
H#SIZZ A Z 7ol 10 fEfkic & 2 3 HIE O FEIRE %
Ko, ZoEEMERKOEINE L L TRERTO L

BT - 72,

Vv — LN - 7Bl icim 723 £ (2em X
3em) WKL 72 F IS MERRH 30 BHA BRI L T 1
HEEEDE = &, FBRh O fGM%2 5 = kh & = D
TINCEAZ . 7 FE ATV IO TIE, THE
2 A5 U I I & R A, IR Ui 7 = A A2

B LUTHMBE L, KBk 5~6 H i o BEs R &
ZONEHEER L. 0 XD BHEFOR, FibBoFk
ZTAZTNY ZFFETE Rkt 10 BiA LT3 H
MpEIN S 7, AR, INET T L 24z
S, ZoiEE OB OEINEE Ui, BRI,
EARRITIE SR K D WY =R AR FE U, K
HIIFLY RO A 10 M & U, fliR#iid 5 mFEE L.
Z OFEERIE 1994 4F 10~11 HiZhT - 7z,

4) IRERME

KIRYE D RFMZE R A S M Izd 5729, SELIO,
HK, FL92, FL94, MK, ISHI, OKI ® 7 Z#iz>W
THH%ZMHT (OL-15D) TORRAFZRKD .
LN D - 72 BlE# B 72 2em X 3em D EEF ~,  F
IS SR H 20~30 fE 1k &, 20~25°C, 60~80%
R.H., 16L-8D &/ TF<T1 HUWIZEIIN/Ir + 7
717 7 =P 20~30 lAKE L. ChoDii%Ey v —
LI ERRo r — 2 INE L, 15°C, 18°C, 20C (W
N b £0.5°C), IL-15D Fff T THREITE 5 & THHIG]
HUlk, Z95 U THfRR 2RO R E &b

Y-

189 >, NF =ikl % 5 8RR L7 1L S5em X 1. Sem
DR ETHEEBEE 21T, 2~3 HMRCEINOfH
WEFA LI, A7V HOKRIRIZ, LKREHE M
T D EE IRASE 1k 3 B U BE B IS D K IR 78 3 e TR
ah5 (VEERMAN, 1992). FEERAICIE, KREHTT
B LB RIS A — @ W IR Lisirhid, Zofi
RIRRIRGSRE s hic S HlrSh, ZoWIMIiZ 7~14 Hi &
I Tws (Hovy, 1975 ; OVERMEER 5, 1983 ;
MOREWOOD 5, 1991). ISHI Z# T Flsic & v
FEUNHTIOIR] 1 15°C, 18°C, 20CTcxh e 10 H, 5
H, 3HTH -72DT, AERTRIMEAKIEEHIAE

15°CT 14 HI#, 18°CT 10 HfE, 20°CT 7 HHLL LAPE
IO EAKIT R S Nt & & o &Il L7,

5) iR D ETER RN

SEL10, FL94, HK, ISHI, OKI ® 5 &%z,

G E VR RH & O FEK R & D RIS ARSI B
PEPET LThiandy, RHEFEBRETT > THRET L, &
IR S B ECT O HE 2 A HUER k) 20 BHE ML A A D
X FRRMO MR 10 8%, FiE 4) 1ISHEU TEK L
o ZFHETE RICEA L, 20~25°C, 60~80%R.
H., 16L-8D &M FT2~3 HMlZ v ¥ LIt R%E1TD
itk Fl&kes 2~3 HiEEN S, ETIEEH %
EDTHBAR LT = FEERICER L, Cho
DY EFiR D 2510, 5°C, 16L-8D &fE: Fick &, WL
RAM 3~4 HE, S ROELARE XK RO
(MM %8 6~T7 HERICHHA L,

b # R

1) FEELR

BRMOREEWM A Table8 I2F L/, 25°CITH I
% SEL10 R OO AWM X 5.22 HTH D, ISHI
Fifid L O FLY Rt & OBNICHEENED S o

(t-test, p<0.05),
EDLITMNTH -7,
FLYM R L0 bAE

ZoXEFENEN0.28H, 0.22 H
% 72 SEL10 A& @ 2 J0 i 0 [ 12
IZED - 72 (t-test, p<0.05).

Table 8. Comparison of development and pre-oviposition period (mean=®S.E.) in days among four strains of

A. womersleyi at 25°C under 16L8D

Developmental times (days)

Strain Pre-oviposition period (days)
Male Female
SEL10 5.00 (D" 5.22 £0.08 (27) 2.02 £0.09 2D
FL94 4.67%0.10 (6) 5.00%£0.07 (30) 1.75 = 0.08" (26)
HK 5.18%0.07 (17) 5.280.09 (20) 1.94+0.11 (18)
ISHI 5.000.00 (4) 5.50%0.07" (24) 2.05+0.09 (19)

a Numbers in parentheses are the number of mites tested.
* Significantly different from SELI10 strain (¢-test, p<0.05)
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BBHEOREEWIMIZ, SELI0 RO 1EMKICOWTHR  mERLUEZ. FHIC 18CL ETORIRRIZ DT H 10% U

SN725.0HTH O, D3 RKDORE WM 4. 67~
5.18 H &ERZE 12 - 72,

2) EINRES

RS 10 1k d 72 © @ 3 B D BEIIEE, OKI %t
Tk b2 <, FLIM ZHMNIED TH -7 (Table9).
SEL10 %4t D sEII%E 94.0 TH b, ISHI, OKI ##k
EHEEIZE D 572 (ttest, p>0.05), FL94, HK
ZHL O bEEIT (ttest, p<0.0D) Zh -7z,

3) {RERME

RERR AR RIZ /R L7c (Table 10). JdbifEE pE @
HK RO KRR Z2REX T 100% TH - 7. #
fij U o SEL10 RO RIRFE 20°C T 64. 4%, 18°CT
80.5%, 15°CTIXIFIT 1009122 L7z, & 72 il U b
PED FLI2 2T & 15°CTIF 100%, FLI4 A 18°C
TIE88. 7% %/~ L, 18CLIT @FlEiIE Tm UL IRIRER
Ut —7, BREBRED MK Z#OKIERIE 18
CTH0%ICEEE D, &oCi#IEMED OKL, ISHI %
HTid, BEEXTARIN, JbEERHLD S SO

Table 9. Comparison of fecundity of five strains
of A.womersleyi at 25 C :16L8D.
Females at 5-6 days after adult emer-
gence were used.

Number of eggs laid by ten females

Strain for three days (mean*S.E.)
SEL10 94.0£2.6 (5)"

FL94 63.92.0"" (10)

HK 79.61t2.3"" (5)

OKI 97.4+29 (5)

ISHI 83.6£3.7 (5)

a Numbers in parentheses are the number of replicates.
**The data differed significantly from the SEL10 strain
(t-test, p<0.01).

TTH 7. Yk SIRIRRICIERER ORI ITIE U7
ERNAED NI
4) iR OETER R
RIS I PE T S N7 IO RMLR, REWIH DO
HfERIZZN T 93.4~100%, 86.5~93.8% % /R L7
(Table 11). F7z, B ohioimotkl (k) X 0.55

~0.96 ThH -7z, RMEHE TOMLE, LR, T
Hicixg, RMATORELEOBICHERIRD 5N T

(Mann-Whitney U-test, p>0.10), R TD UK
Pt 13 72 U &I S 7,

3 EHmitEoREM

a MEEFE

1) & E VAR DRI ED

& E VHIRFME RS ENIRIC b 72 0 e Iciif s h 3
MmEIMEWSMIT B, & E VHEIERRKIZS
WT, BAEE M D OO TR S ORI IZE AL %R
H L7, 9, WiKkzEw THESL U7 SEL10 R TIE,
HIR# T bR REEF2ME L, WK %11 » H
Q143 H), 20 » H (92412 H), 36 » H (9444
H), 4»H (4F12H) 2R#HELIczhZhOlFA
T, permethrin KFIHNC 3 2 &2 PEME A 1T - 72,
WIT, BRHEH 156~T70 H BN R O RS2 HERE 21T - T
SGE VA AR TE 23 2# (Kanayad4,
Hiranuma-2, Kikugawa) 1220\ T, & S5ICEREE
kB U TA E LAl permethrin, fluvalinate, fenpro-
pathirn, cypermethrin IZx}d % &2 DL L% &
U7z, 738 Kikugawa SR (3 R A 320885 (i I
W/ NERRSG)IH]) CTEREE L 72,

2) REMRFELDOTHICLZEGELFIRREDOEL

IRZ VIR & DN G EVARIIMED S Iz ED &

Table 10. Diapause incidence (%) of seven strains of A. womersleyi under 9L15D at 15, 18 and 20°C

Diapause incidence (%)

Strains Temperature
15°C 18°C 20°C
SEL10 98.5 =1.5" (35,34)" 80.5 £9.2 (45,45,42) 64.4 +=11.8 (78,42)
HK 100.0 (38) 100.0 (30) 95.0 (40)
FL92 100.0 (33) - -
FL94 - 88.7 ( 53) -
MK - 53.1£13.7 (38,39) -
OKI 59.4%+6.0 (42,55,38) 10.9 (65) 5.0 (22)
ISHI 59.2+0.8 (20,24) 0.0 (48) 7.9 (38)
a Mean*=S.E.

b Numbers in parentheses are the number of mites tested in each replicate.
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Table 11. Egg hatchability, survival rate in the immature stage and sex ratio of progeny from intra- and

inter strain crosses

- S -
Cross (#xs7)  Hatchability (%) i e 0 oo
Intra-strain crossing

SEL10 94.7 (150)" 89.4 (142) 0.80 (127
FL94 98.8 (161) 91.8 (159) 0.83 (146)
HK 96.2 (106) 94.1 (102) 0.69 (96)
OKI 98.0 (153) 92.0 (150) 0.68 (138)
ISHI 94.1 (102) 90.6 (96) 0.82 (87)
Inter-strain crossing”

SEL10 X HK 96.0 (125) 90.8 (120) 0.92 (109
HK X SELI10 97.7 (13D 93.8 (128) 0.55 (120)
SEL10 X ISHI 93.4 (106) 92.9 (100) 0.91 (92)
ISHI X SEL10 97.1 (103) 92.0 (100) 0.91 (92)
SEL10 X OKI 95.1 (226) 86.5 (215) 0.96 (186)
OKI X SELI10 100.0 (181) 87.9 (181) 0.72 (159)
FL94 X ISHI 98.3 (115) 90.3 (113) 0.79 (102)
ISHI X FL94 99.2 (125) 88.7 (124) 0.84 (110)

a Numbers in parentheses are the number of individuals tested.
b No significant difference in hatchability, survival rate in the immature stage and sex ratio was observed between
inter- and intra strain crossings (Mann-Whitney U-test, p>0.10).

I EATZ BN B 12, Pk & RS R
BCRHEEITO, B OonKFRRIIOVLTAE LAIEZ
PhatE Ui, MR e LTENTRELVAICK S
K%M A 72 SEL10 %#k, &R & L CTibfiR4
FETPED Nago S 2 MW, WA TIEFMEAETT -
TH o NP O HFNRZ 2 T A L 7.

FITFRMEE S 720, EHEImD Y +— LN -
7o BelE S BT S~demITHEE LicF IS 0 FE
Ui V7 v AR ZEE, T JI0REICHREE R O
It o 55 2 35 B 15~20 UH & X R T O R # o Bk H
5~10 B A AR U 7c, $0E U7 2 Z5 SRR IS 77 -
RRBENT ZEMAELBNOEHE L, FEH LIS
i, CO¥ER%E 1I~2HBEITBZEL, ETFahii
EEE O THOCHE Uiy 23R ZEA~ R L,
20~25°C, 60~80%R. H., 16L-8D O fil & % P Tk
FTHAE L, SOXH I L THELF MRS E 55
L, Z£h 5D permethrin20% /KFIFIZ %4 5 &2
PEEE L.

b # R

1) & E VAR ORI E

SEL10 & # @ permethrin /KFI# D LCxfili 1%, AL
FE WK THOEN 5 F LK TR LTI
ZEL, 20 » HZIZT I3k E @ 645. 8ppm 122 L 7c.
LML, 2O®%RBEZESREICOIEL, 4 » H&IC

1000

100 }.\\\\\-

LC,, (ppm)

10 T T T T

10 20 30 40 50

Months

Fig. 8 Changes in LCs value of permethrin (WP)
for the SEL10 strain when left without
selections for 44 months.

3 53. 9ppm & MHIOK 1,710 14K F L. (Fig. 8).
Fig. 91213, A E VAIRIEZ/RT 3 RMORERD
A EVAERZEDZAL AR, Hiranuma-2 H# T3,
BRELT26~53 HEBEDAEE LHI 4 DT HER T20. 9~
60% A% 180 H #1213 47. 6~94. 3% ~ EH L, cyper-
methrin, fluvalinate, permethrin TIZZALIZH 2%
MAD SN (GHE, p<0.001). %7 Kanayad%4 %
T b 200 HE DR E T fenpropathrin &
permethrin ®FELTRMBHEIZ EFA L (GHE, p<
0.001). =51z, Kikugawa & Tid permethrin 7KF1
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#| 400ppm T O FE T R F K < Bl L 72 2%,
enpropathrin FL#I 100ppm T3 EREH 70 H~150 HD
I 47. 8% 5 100% ICHEICH & » 72 (GRRAE, p<
0.00D). ZokH1iz, RERITEHIKEMATICHEE
il IO RMRIC XA E VARZEORER A S,
2) BEMRHELOZHICLZEELFEREDOEL
SEL10 &#% (R) & Nago %#t (S) DIEHRZHETH
5 N7F D LCyf, 69.0ppm (R$ XSo") & 53. 4ppm

a) Hiranuma-2

100 *
* —a— Cypermethrin 60ppm
80 =7/ Fenvalarate 100ppm
60 * —ll— Fluvalinate 200ppm
40 O/O —O— Permethin 100ppm
20
0+ T T T T T 1
0 50 100 150 200 250 300

b) Kanaya94

100 *
—@— Fenpropathirn 50ppm
80+

—O—Permethrin 100pm

60+
40+

% Mortality

AN

20+

0
0

T T T T T 1
0 50 100 150 200 250 300

c) Kikugawa

100 =
80
60
404

—@— Fenpropathrin 100ppm

=—QO=—Permethrin 400ppm

N

20
0 . o——20

T T T T 1
0 50 100 150 200 250 300

Days after collection from the tea fields

Fig. 9 Recovery of susceptibility to several syn-
thetic pyrethroids in three A. womersleyi
strains.

Asterisks indicate significant difference
(G-test, p<0.001) in mortality between
susceptibility test times.

(8% XRo") {F, SELI0 R# TR S N7k KD LCxH
645. 8ppm O 1,710 12 & EF 572 (Table12). =
A S SITliflAEbEITDONT, StoNe (1968) 12
L VRO E VHIRFIEOBHIE R, 2hEh0.03,
0.02 &7 0, BRI BN E AT PR AR U,
DX ITHEIE EEZERK E oMt L 0 iF o
Fofitkoms i, MitERKL 0IKTF L.

4 B B

a B0 ERE

Permethrin 12 & % 8@tk &M A 5 & AR TR
B2 5 U723, permethrin /KFIH] T D LCxfE i3 #7 2
ERE LR LIl E -2, 202 &3, Hiranuma-1
FID permethrin FILPEA T TITHB D &L NIVITH
D, FiciRilikE S SITNA T IRtk s w2z o
LERLTOA., Lnl, WHIKOHEE 507 SELIO
ZFTIE, permethrin KFIHI D LCyfi (522. 6ppm)
XA E VAIRZ R D LCxWiE 3. 9ppm (ILA, 1986)
BLU8 8ppm (M= Minamihara AR @ 134
s K OB BEITHY L, FEHIEE 100~200ppm % K
&< k5 7. O permethrin iz, KRET
permethrin KFIF| #BEH#EHAINTHIE LA ERES
NIEOEOFNLRILVTHE EELOSNS.

JBRTREEVHAIEA®RO Y Y IETONY —HOZ
RAEMZ DI, T7IVAATVI=EFF VT 05
V277 Y 5 = THE VAHRIERR O R A 5N,
permethrin TO#IKIZL D, £D LCyEnZzh Ty
10 £%, #7560 fHicdgi a7z (STRICKLER &, 1982 ;
Hov o, 198D). Ih OB <iEiEkIGgIcaz0,
A EVHIRZIED RIS 2 HBEAREZRAG LD, £k
WIHMEARE & LT 200-300 86 D MR HL 2 B 44 A0 & il p 3
B L& - THEIZNERMEZ S D IR/ Z ML L THh
SHIREIT > T 5,

—77, AW TO Hiranuma-1 FREFEZAT—V %5

Table 12. Synthetic pyrethroid susceptibility of the F; hybrid from the cross between the resistant strain

(R) and the susceptible strain (S)

Strain Concentrati(.)n—m.ortahty LCs yalues (ppm) Resist.ance
regression line* with 95% C.L. ratio
R (SEL10)" y=5+1.655 (x-2.810) 645.8 (382.7-1089.7) 105.9
S (Nago) y=5+1.404 (x-0.781) 6.1 (4.7-7.8) 1.0
Fi (R$% XSd) y=5+2.504 (x-1.839) 69.0 (54.6-86.8) 11.3
Fi (S% XRd") y=5+2.174 (x-1.727) 53.4 (42.5-66.9) 8.8

a x=log (concentration (ppm)), y=value of probit.

b The SELI10 strain was obtained by selecting the Hiranuma-1 strain with permethrin under laboratory conditions.
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HTH 15 FHEW D DEIDP STELS N TOTRIZAZ FAs
INEWEALND D Z, ZD permethrin HEKILPE S 244
MOMIBOFNLNIZH -T2, T7 TV AATY =T
b, 38ME{K L WS DM SHENL SN, »D permethrin
R EDMEO R (Geneva ) Ik LcB &3,
permethrin @ LCyfED EAidbh a7 1.3 f5I2&EF D
(STRICKLER &, 1982), AWH7E &M LRt oh
T3, ZhoDI EMnS, AUIETRMEIRGROMEE
BRICIZBIRE R, $ TS ) OE|HTEL R
AT B > T BRBEA IR U & &8, RBUPE L~V 28
FITRLTE RN EEZ 5N B,

L Z AT, WiETIE permethrin #KHLTED T EREHE A
fenvalerate 75 & permethrin LIt @ & £ L #| D i [0l
L THW7eD T, &E LFIEOZZEIYE N
Eh T/, Z0HITDW T Hiranuma-1 % # ©
fenpropathrin (Z%49 2 FETCHR I 24 %] 100% T dh - 7223,
Z % permethrin T 10 [E#IK L TH 72 SEL10 RZ#T
13 fenpropathrin E&Z MW KT Lico T, WILtkiT &
ELHIBTRZET A EEBEZ OGNS, BB 6 MEIKLK
SEL6 % #t T @ methidathion, methomyl &3 7% i3
Hirauma-1 % & KZEMH7 <, permethrin #PiPk &
N S FEHIE D SZFEARGUPERIMR T HIIR & LS - 7e,

b EIHEREOERKNT +—7 /R

SELI0 R#ZZ L ET 5 4 RHD 2BCTOINN» 5
IR & TORE WM O FEfEIZ 5.0~5.5 HTH - 7z.
Ihoofiik, FTilbEahTns 25CTOREN
M4.4H GFES, 1975), 5.11 H GRfFF, 1986), %
U CRBREEID SR 25°CTORELMN 5.85 H
(L, 1984) & bR -7, Fi, KISHIMOTO
5 (1997 bAHOER, =, MO 3 RHKIZ>L
THAEL, 25CTOREMHEICIAERIRD SO
EHE LTV, UbkhoREHMORKHERIZ L
bTENTH 5.

AOORRETIE, KRHOEINEIELTHIBDOZ A -
PR 10 SO 3 HIMl & 72 0 BEIIEUR L & & T &
D, HEDOREE 5~10 LXK HKETE, FBMMIC
S RMAMAETE 2, 2 DRA, SELIO RH D PFEINEIZ
R 5 RO BN T 2HFBEICEZ L, £ DOEINGET PR
IR B &3 b -7, 2 LT HEDOHIET
ROTPEINBATIW] S NI RIMBE RN H B DT, &5
KEZHBORMERET 5 Z & TrREIRKO FIK T HEME
WRESNE., ZOXS BEROFEREZRNS 270,
A AT D 7 0 EIRBI O BN E A L, KBHM
DRI T — v ERFMNRE KT 5 C NS RLEE

Bbns.

18 CTOE R DRI R (IEREH DS ERE LI 512 &
LE U, HEERSED o, Fh, R
SRS L 72 SEL10, FL92, FL94 Rt & KA Hh bk An
5 ® OKI, ISHI %#t & @M o KIEHE D& 0,
KisgiMoTo & (1994) 12 & 2 KHR PRI A DR R & & —
U7, IRIRYE D R A FE 3 MO R BRI 5k < AR AE S
HEEZOLND.

IS ICAMTE, dKEOAF T UV RATY S
—THEEIN K S 1, AR EFREUE RS 5 R
oINS (CrRoFT, 1970 ; Hoy S, 1981) i
L Roniin ik,

UbkD X512, #ERLUCHE VHARIUMIRRICIRER
JOIRE e BEINRE )] D1 T OBIERAK T, KIRPED RF, A
FEAIREEED A & v o 72 BRI U T Sl s h
5.

c ERMOREM

SEL10 RAMICHEIKEMA TICHRMAEL TS, TD
permethrin #KHTED R X 13 20 » AT H 7z » TERE
LTRSS hic, oA 70 ¥ =HTid, AFv70%
JZAH TN F=—THBEY &l azinphosmethyl #Kprik:Hs
2 7, permethrin #KHTPED 7.5 » HBIEE U THERF
SNicfE»NH 5 (Hovs, 198D, FhTr v AAh
7 5 =T HH 1 AEM permethrin EHLIENZEE L THE
FahTuws (Crorrs, 1983). —K4, FUAT VS
Z® DAS ZHETIZEY V# fenitrothion BT AR
WETHY, FHWHEEZ 4~6 1T 5 &R
EES 2700, B CTEBINEREIRETE - T
YA ZEMNCHER T 2 DB DTS hTns (h
R, 1987). ThoofRELKTNIE, KD SELIO
RRITHB T B4 E VAIRGITER, RIUIFICD D e
ThHhbHENZ S,

Ui UL D& E LA A B TERSE L7 iR B S
WAL L7c R 3K c R E T2 LB ATEE
VRNRZ o MEZED Shtz, & 512 SELI0 R#MTH
IR D BREIE D40 » AL Efi &4 EVRIERZ M
DRFCIE Lic, SO XD mEHIRZ O MEBRIC
ISP AR T O BERE SR, KPP R 0 I S s
HET3EE£Z 5N TW5 (GEORGHIOU 5, 1977 ;
A, 1998). 7 & Zi$ 3 41 /¥ =Panonychus citri
McGREGOR® dicofol #HLPEIE, ATEASTED H—iz
T ko TBLE N, U b HRBUPEE (A O e AV RSz v
I ERDTMICE B0, WG ORAEN % R
AT 5 &, BZPEEADHINELRIME T & IESZPERIHE
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MEEBENAISNTNS EL, 1986). 7+ 474
7§ =04 E LAY O i@ mk I3 B Y & S ko b
MTH5IEBSNPDTRENIH, 0K BKZ
PEOIE O BERE 2 IRIA S B 721213, A5 & SIc’AiPEIC
5T 2 I BORENEEN S, FRENRTS
A T OREINGE ) O Wil T, IR G & R
HE B RO ER b EE N A, LD IERES
W3 AE Y TH 5, YT A O #IGE 2 B S M
T HDITE, A E VARBUEEARD S, HEHIKD 5
WA & B YRR &, KT & 0 RPUTE
DHEFF S N2 R HAMER LT, 20 ol RFEM ks
70 FEINE R S B MBS BH A S .

—HOFERN S, FEVANC X 2WWKEMAZNTE
WG %2175 &, BZURENZOES IR 60
DWFhoEiRKTb i oni, Lk - TR
bl & E VARIERHE E U TRMER T 2 o icid
FETOWKBBETH Y, TOIDORIILIEIKNST
FZOWTE SICFHIEFAEI KD SN 5. F Kbk
LRZMERME OF, TRIKTIEOBI MK T L, AE
L RIHEHTPEAE R TE O € 25 & H I IR U 7o BRPTrEE ik &,
1 O RZ A L OREMSE E NI, T 2 TOMEKE
TREGIED M S Ao SR O AErER b 5. =
DB EIRHIZ A E VRO PFHIC & 0 B PEEA & O
BAEZH LT 208N H A5, SoIHNATOEE VA
BV BWIRHER 3 2 201213, F + OERFRAR
2, MROGEVHIHEMAAL Z EPBELEEZ
oh 5.

V. EERUMERBE D EENREE & EF D

22388
s

B 5 TR U 7o SRR R AR D HEPE 2 AR U 7o 2R,
A E VHRRYUYED IR S AR T OMEMREICVERT % 5
IR LOVIZH D, KU IR 0 8 F 0 RS2 TR A
EDOTHIT R > THHRLIZ NI ENPHSMITE - T2,
X WS EDEEIY T+ —< v R S B OIERZE
A N A QY A N N W s B AN 1% 7 4 3 5 e S | |
L7eF v+ HHBAERAEED 2 c0iTid, EFEELVA
WA CHBUERMS NS = 2RI TE 5 2 &2 RTI
Bnd 5.

T F v OFRERPTRTNITIZAFE 100 FAELL EoFh
Fl o« By =Fl « BRI « RIS T3 (HAKH
YIRS, 1997). T D & 5 12% L OEFI O HHH
EIN DM T TEIERHE S £ s 5700

F, TEBRRITFAATY Y TEREO DI OHEH
DPFHMKRD SN B, AFED Zh S FANT 2 &2
A, HREEPARRORE TR ONEERETIN
FTIThbhTwah Gleff, 1986 5 HJil, 1989 5 1990),
AWFIE TR 7.6 B VARIUERFIC D0 TR, G E LA
VSN DOERIRAED b DONZ DT, [AEROHAICEX
DPFHTE 2HHEHSNIZT 52 EMBETH 5.
AETREY, S L/NIBGSHENDO F ¢ ITFHA
TEA L INT I UTT F AT = 2EL,
BEVHAIBA T TOMMOBELMEL/. 512D
HRYUVERA O MR L R E 1T 5, TR R A -
BEH « B =HO B2 ZNEMN P THAEL .

1 AVHFIONG ZIIxtd B HEMRE

GELVHIREME S F AT ) S ik B30 v ony
Z ORI R AR T B0, N _BEFETEF v
ZThERE L, MEOHEERAEL T,

a MREAFE

1) SEZZBN\ DK

EERFT 191 ESH 21 AP THITHZETOR 2 »
A, HBRENOREMRAT EM=E (26m®) NTTE - 7.
N FTNT I, BNRE» STRER S VT < A
LcREREBRORFEEMEL, ¥F AT F=iZo
WTIRA E VAIRBUE R & U T SEL10 R4i%,
DIEZYERM & U THFENPE Nago Rifiz /e,

| LRk A2 2 Eh 8 50em I L, B 30cm
OITHEZ 7o F v (M PREI) BREZMEL, &
PERMAE X (LI - R1~3 X), &2 M RHHER X
(UUF :S1~3X) ELTHK 3T >EMENITHEL
7o, SkEITOA T Y = OBE &P < 72 dITHRoTITHAE
# Pasg T 27Ty b)) BBGL, ShkbKEES
7oK BIzE W7,

NS X DOEEN S 5 A FINTRE O B0 &5 i
BY, IOIEKHENS 1HEES VY LTRY, Z o34l
2/ TN SR 10 BEST O A F] 50 B A B L /e
GH21R). "F=gftt140H 6H40) &£210
H 6H11H) 23, ¥+ AH7) 5 =M%= 4%
F I 2 909D 10 8, #RAEF 20 HHA A LA,
6 H5H, 12H, 19H, 7TH 16 HiZld, #Amtk (=
F I3+ X7 L —BH-565) % H T permethrin 20%
JKFH] 2000 5% F + @ BB EME 2 S¥E—I1T8k b 72 0
50em’#ifi U7c (BAFRIEINAD. CoMfim3ARET
DIEHER R AWM ETH 5 2002 10a 2 b &1, 1
o F v Mo EHEEREZE 0. 25m® (50%50em) & L
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TRk Tz,

B REFHITONT 1 HERBIRRE TR, W i
L 5Kz @A/ KL= (X16) THIZEL,
R D e R L AL JOIRE R o M N o K 1R
15C (5 H28H) ~39C (6 H29H) THh o7z,

2) INRIEZRENDOHRE

FEBRIE 1991 426 H 5 H~T H 17 HiZh i THBREN
RETIT- 72, & E VARG RIRCE X & MR X &
L 2 Moo= % 5m ORE4A BV TIEE Lz, &
=TI R Sm* D R & 2 DINE L, W5 IR - 7
W (B4 1TiE 50em @ FAL X % 4 X4,
At 8 KiFsE Lic (Fig. 10). F i &Bimai 5 A
23 H) 1Tid 4 HURRICAE L7 20 0 v & U Tl
PRI 2% 2 72,

WILE A+ A ATV F=—oiklis6 H6 H, 18 HD 2
[\77 - 72, BARRIC ISR X O 4 A XE N 5 RA S
MDA vHFEoNTFEREEZhZNN, HohLHFER
FENTHE U 72 SEL10 R D MERKH 5 BT > &2 M4 T
HERE U7 10 d 7 0 Ot fa kg3 200 B8, & s i
WL 40080 & L7z, 6 H7, 19, 28 HIZ/HH#AEFELS
% J T permethrin209% 7K FI & 2000 % 75 A N
) % 200 ¢ 10a FHY &G U7,

AT 1 EBRERE TR, FHEXENS Z V5 AL

AT 50 T Db BMHED 2 AFF400 FEE NV KL —
~RO(X16) THEBZEL, 71 ¥ INFZiZ>0 T
WA, rFAHH TS ZII o0 TR & AR A
Hli., SolHfXTBEINIrFA A7) 5 =0
HEVAIKBIE 2R 2700, 7TH EAITHX M S %
NENBRELILA 7Y V=2 R L TEHE L, mRHKEO
It 5% B 12 D W T permethrin 20% 7K 1 2000 £ T D 4L
THREHA L.
WIZHTFAHT NS ZRENC KB H o F TG =Dk
EMHINREZW ST B0, KX OMERE FICE
50cm® Xl & A5F 4 2#E U (Fig. 10), WX Tl
Wtz - Uie, N 22 & 2 NE B o &
LTERICEsDT, #AEK RO 7TH 17 HIT& X
X0 50 KFOEHE 200 KOFHEE S v & LITHRIL,
BHHFORFEABIER L TR HEMH S h 2 5225 L 72,
b # R

1) SHEZZRBTOEBOHER

MR TOH v INF =L FHH 7Y 7 =01
KA B & K & &I Fig. 111TRd. ITTERK % ik
flL72 R-1XTIE, &y FINF EERBIR i
300 HEYL RicHsm Lz b 0D, ¥+ H ATV IS =620
o AE R U, RRT28HITEL. R-2, 3K
T3 AR DAL R-1 I ik nid K < HER U,

N <t

Control plot (C)

3.3m

A
\

Released plot (R)

1.5m

——
0.5m Screen house

< ]
5m

5m

Screen house

Sampling areas for new leaves

Observation areas for mites

Fig. 10 Design of experimental tea fields, two set up in each screen house (5x5m)
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NG Z DM E S T ) T = ORISR AR T X
—J7, VR AT LB EE, S-1 XK TORAER
BzERuTA 7Yy =3l BiEzsnd, XTI
— OISR & THERE L 72, RS2 K TRIAA
I 7 = R ECs 2 B L T 200 fEALLE
LT,

2) NEEEXETOREORER

PR E A L AR TR AELAIBf F Ty
FAATY S EEREmL 7. (Fig. 12). &KX T
ATV S =6 H 12 HURBEBILTH S, A vy
NFZOHIMAEE - THEEMS LR L, TH3HIZIZ0.13
VA EOE—JITEL, TORAMICEEMMETL, T
H9 HURBRBESNE M-, —J, MEHEX TR
X & 2HEENG6H 26 B ->TrFAATY S
Bl LhbE—EERITHIHTO. 04881/
HWEWEXTORN 1L 3ICEEE 7. AvFINT =
OEBIFUEXE T - & R -7, BHEAXTO
W, TH3IHI 3.8 FTEL, KX TOE—
7EBED 15 5T #E L (Fig. 12). —ZEH D kR

Resistant strain Susceptible strain

300} R-1

130 300} s-1 430
permethrin (WP)

permethrin (WP)

200 420

100f

-
May  June July

=
- N
<
3 2
g @
[
S g
]
x< ()
= 2
w300} R-2 permethrin (WP) {30 300 S-2 ) 30 <
° permethrin (WP) -
o 200} lil l J20 200} {0 ©
K T kanzavel 0
© T. kanzawai . } 2
S 100} fomer 410 100} omersen 410 ®
g A | g
= o = T 0 o T T qq-’
S May June July May  June July =
e >
© T
5 -
° <]
2 o}
100F R-3  ermeinin we) {10 100} S-3 permethrin (WP) 110 =2

Lode

A womersieyi
: sl l\U/\,/"
MayI June July MayI June ' July

Fig. 11 Comparison of population changes in the

)

Kanzawa spider mite 7. kanzawai
and the two strains (resistant and
susceptible) of the predatory mite
A. womersleyi (====- ) under synthetic
pyrethroid application to tea planted in a
pot (30 cm in diameter).

EHMBOEFHBUTE B 7 7 ¥ = 4 UHL X [ T Hig
T5&, 6 HI2H»S TH 3 HIZWhFTUIME X D0
ml, MXETHEEZENED Shic (WILCOXOND FAL
FME, p<0.05). ZOR, #o¥FINF=TIX6H
19 HETH3BURREHXETHEICAEENRED S
N7z (WiLcoXoND AN A E, p<0.05). & S ITHEHK
£l X D FTBE T IER A 72, 1% T, BEAXIZB T 5
26.4% D 2. THHICEL, WEZITDBWEEICEA V¥
TNG ZINZR LI EMH S M TH - .

WERX TRE L2 F 4 H 7 & REEED ST L
728l B R D permethrin ZKFI#F] 100ppm (239 5 LT
HIZ10 H, 11 HEE T2 Eh 13.3%, 62.5%ic& &
F o fo, MR X HR O R BAED 1 HR A TOHR
AN S 81 7% ERWILLTHE N Shic (Table 13).

W AH SHAFOWIIEE DA, Ko HilfH
R 239 2 BICHE LRI TH 5. LA URKRARH
TOEmBIRE), AL (KE—K O FEmE, cm®),
NL (Im?d 7 0 &) officid LAI=NLx (AL

Released plot (R)

5 :
permethrin
4 ‘ \J 40.2
A. womersleyi
3F 200 200+
2k 40.1
1k
0 L—o= } } 0

June July

Control plot (C)

No. of adult females of T.kanzawai
No. of adult females and nymphs of
A. wormersleyi / leaf

5

permethrin
4+ l i i —40.2
3t
2k <40.1
1}

o

0 o0y —lo

June July

Fig. 12 Effect of the release of the predatory mite
A. womersleyi (-=---) resistant to synthtic
pyrethroid on the supression of the
Kanzawa spider mite 7. kanzawai (——)
in a netted house (5X5m). Two hundreds
of adult females were inoculated in each
release. Asterisks on the graph in the
released plot indicate a significant differ-
ence in the density of each species between
the two plots (p<0.05, Wilcoxon two
sample test).
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10, 000) D BfEMEK D LD, F + D LAI & AL I3,
5~6 & 11.8cm’ (OKANO 5, 1995) 3.64 & 15. bdem®
(BANERJEE, 1987) &ZhEh@WE SN T30 T,
XS Im*dh 72 b REER LB B L £ 2500~5000 £ &
fEEsh s, WENOKREEREIZ 1I0m* 8D T, #HBEH
25, 000~50, 000 & #& i il {1 1A %L 400 2 & 3K b 72 T il 55
BEIZ 0. 008~0. 016 56,/ L H#EE S 4, ERERBHIRRF DK
X TONY =128 /L DIF 11150~ 1:75
3ot

2 REXAIORE
M2 OIEFIBMEN SN 5 F + OFFRITERER T THE

KB 7771 70 & = %3 BRI RES B 5 7o i
3, ERENDTOCEHONHNEETHS. £ T
EHERARIT T 2 K FEF OB AFAE L 7.

a MREFE

1) MERKRICx T B EFIDFE

BeduiFl 20 #l, By =Hl 4 F, BeEHl 6 Ao A 30 3
#Hl (O FR B, Tableld) 1I220WT, H2HETO
&2 PR E S TR (SEL10 B4 DIELH %R
AU 1 20~30 AL, 2~4 RES OE
EEEDTRERLAEM Lz, BBRERIC LT
WX GERK) EHERXEbicEER (R AFoos
V7 2= bz —7)V20%) % 10000 £% D 2 EE T

Table 13. Susceptibility to permethrin (209, WP) of A. womersleyi collected from release and non release

tea field in July 1991

Origin of A. womersleyi No. of mites sampled

Dates of susceptibility test

% Mortality® at 100ppm

Released field 21

Non-released field 23

October, 1991 13.3 (23)"
December, 1991 62.5 (30)
January, 1992 81.7 (64)

a Abbott's correction was applied to the mortality calculation.
b Numbers in parentheses are the number of individuals tested.

Table 14. Mortalitiy (%) of adult female A. womersleyi (SEL10 strain) to pesticides

Pesticides Formulation Dilution Mortality (%) *
Synthetic pyrethroid
1. Bifenthrin 2% WP* 1000 78.9 (48)
2000 31.6 (5D
2. Cypermethrin 6% WP 1000 49.2 (63)
3. Fenpropathrin 10% EC! 1000 75.0£4.7 (70,45,47)"
4. Fluvalinate 20% WP 2000 31.1 (63)
5. Permethrin 20% WP 1000 52.1 (66)
2000 30.1 (43)
20% EC 1000 59.8 (66)
2000 63.213.6 (48,42)
Carbamate
6. NAC 85% WP 1000 97.3£2.7 (60,59)
2000 89.3t4.4 (49,51)
7. Methomyl 45% WP 1000 59.67.9 (60,61)
2000 51.0£8.0 (55,60)
8. Thiodicarb 75% WP 1000 12.5 (56)
2000 1.4 (49)
Organophosphate
9. Acephate 50% WP 1000 94.9 (61
10. Dichlorvos 75% EC 1000 78.7 (66)
2000 15.2 (51
11. EPN 45% EC 1000 43.0 (55)
2000 26.8 (31)
12. Fenitrothion 70% EC 1000 100.0 (72)
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Table 14. continue

2000 95.4 (45)
50% EC 1000 94.7 (60)

2000 31.2 (65)

13. Isoxathion 50% EC 1000 100.0 (55)
2000 98.3 (64)

14. Methidathion 40% EC 1000 89.3 (69)
2000 16.5 (59)

15. Naled 50% EC 1000 95.8 (77)
2000 47.1 (47D

16. Pyracrofos 35% WP 1000 100.0 (55)
2000 98.5 (7D

17. Profenofos 40% EC 1000 100.0 (76)
2000 100.0 (7D

Chloronicotinyl

18. Acetamiprid 20% WS* 2000 95.3 (65)

Insect growth regulater 4000 90.1 (41

19.Tebufenozide 20% FLf 1000 5.6 (48)
2000 0.0 (871

BT

20.Bacillus thuringiensis 10.3% WP 500 4.4 (46)
1000 0.1 (45)

Acaricides

21.Fenpyroximate 5% FL 1000 91.5 (69)
2000 77.0 (41)

22.Milbemectin 1% EC 1000 89.5 (45)
2000 72.3 (51)

23.Pyridaben 20% FL 1000 82.3 (47
2000 75.9 (44)

24.Chlorfenapyr 10% FL 1000 1.1 (49
2000 4.4 (44)

Fungicide

25.Benomyl 50% WP 2000 7.7 (45)

26.Chlorothalonil 40% FL 1000 20.7 (43)

27 Mancozeb 75% WP 500 10.9 (61

28.Maneb 75% WP 500 45.8 (b5)

29.Triadimefon 2% WP 2000 7.3 (54)

30.Zineb 72% WP 500 9.6 (66)

a Abbott's correction was applied. Numerals in parentheses are the number of mites tested.

b Mean*+S.E.

¢ WP: Wettable powder

d EC: Emulsifiable concentrate

e WS: Wettable solution

f FL: Flowable

L. TRATHOE, JERNBBLRS0%L N TH -
2) BIE & URILH ORE 15T 5 A DS SEIZ > T L7,
FFEHATY T DIREERE Lo IS ZFFETEIC TIAF w7V v —VNDWE - 2l gy =%F

HH WAL, B LWL LSO RE kel A% GemX2em) % 2 BOIE~N, 24 RELINICEIN S
UCTHEH OB EA L, MR OIELTHRD 100%L 72 20~30 IN &2 ME CHeftk, B2 L. Wtk
WERA AR T mUOECRE TFHEN 20T, 22 1 25%+0.5°C, T5%R.H. LI L, 16L-8D &HICfrEFL,
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3~4 HERITILE, 7 HRERISKIRANDFREE R EZ A L
7o, O ZBIELEFRNIC X DT LA, #E
B LTk m 2B LTy + 44 70 7 = oLk E
RSN EIEE L.

b # &R

1) MRRICXTT BHE

HEEHEAN T T 5 W HIRE TOIE TR % Table 14 12
AT, HEVANC K BTG 30. 1% (permethrin,
2000 £%)~178.9% (bifenthrin, 1000 £%), # —/3A A4
MAITIE 1.49% (thiodicarb, 2000 £%)~97.3% (NAC,
1000 fi%), HAHEV » #ITIL profenofos, fenitrothion
(70%, EC), isoxathion, pyraclofos 2% 95% VL I,
EPN, dichlorvos, methidathion, naled, fenitrothion
(50%, EC) Tix 15.2% (dichlorvos, 2000 £%)~
89. 3% (methidathion, 1000 %) THh -7, DK
IZ SEL10 R# T, L Lo 17T mEORRHIO S 5 10
FHCTHHBE TOIRLCRITSOBLUFTH >72. IHIC
IGR %3¢ tebufenozide, BT #|Bacillus thuringiensis
TONCERLMOTIEN o7, 7 oo _aF IV REHR
# acetamiprid 4000 £ 90. 19 & WFELC R AR L.

BT =HDH b5,
milbemectin Tl 2000 £%TODIETFDS T0% L Lo—7,
chlorfenapyr TiZ 5% Fic & &b, ALK
EEMNE SN, FBREAITIE, maneb OILLTH
M8 45, 8% & Ry WM ZE R L2 idn g, o3kl T
B0Fhd 30%LUTICEEE -7,

2) MBELUVHEROREBICXIT HHE

FHISEAM SN BE R TOIIDIECHR LML R D5
BRI O HEE A S & (Table 15), FHF O FIN
BIRPE L, JIFECHITIRK 11. 7% (methomyl, 1000
i) It EFE o, FIEHOTE LTI L 25 o%
HRWLEAB L, GEVRITE, SETHEH55.0% (per-
methrin, WP)~89.6% (fenpropathrin) T&»H,
TNERBICELL, S5 H—N"AA MAOD
methomyl & thiodicarb T & [RIERIC G4 HAETT 3 1E 20
%t L&D 5 7o, FRAKEY UHITIZ EPN TYA
DIELHR A 95. 9% 127 L7, dichlorvos & naled T
BFETCHRPR D TEA» - 72, ZHhid dichlorvos & naled
IV <, WHMERRIZIZ 4 TR R R R bh i
e EHEllE N 5.

—J, % =#|TI pyridaben @ JRFET A 87. 8%
IZ# L, fenpyroximate & milbemectin T & JRFETC K
7820.3% & 45.8% %~ L, BRI ESBEDHONI. &
SIZHEFIOMFE UcEER ETiMbshiid ks E <

fenpyroximate, pyridaben,

SPTICTNTELL, AL 3 EHRLThHREIC
XU THERENRKES -7, I S5ITKREATS maneb
& mancozeb I EWBRIIFIRMBE S0, HEFMIHELE
LM 2 RE T TITIELC Ly, D3
FI TR RIECRII 30% LU T TH - 72,

3 & =

a BELHEIERMTrFANhT VS mBAIckEh Y

P ONG Z D

PAZ D F v ITIRPUME Y 474 7 ) 5 = & i U 7ok
F (Fig. 11, RI~3RX TR A ¥ ¥ 7\ F ZfEEES M
BN F AT S O¥INsE E LRI T TRl
LN, WIS 7Y ¥ =3y = 2HIE L
7o, T ERBSITESZYE R E R U7 S1~3 X TR
NG ZREFREMLIZDOT, A7) S REBOAE
LRIBAGIC & - THRB L 7o ST & 5.

S o IcMENO/NBIBARE (Fig. 10, 12) T, 1K
FXTDrF A7 7Y 5 ZEENEMENX K 0 R RS
L, 6 HI2A~TH3 A TRKXBMXDOA 7 ¥ =5
BEBICECHER L, & S5ITitm X O g EER & K
FXD 1/ 3IEL A SNDIF, Vv FTINT =D
WEHMAEINCRZE TR s, FEF BB L TnE
T AEERDBDIE NS IclcdEZBZ ONE, S SITHEX
MR F 4470 =2 EVHIRitE 2R T 72
CE BB NIE, N TR I S n iR A
TV NBENTEENCH VFINT 2RI U7 &
HWrEh 5,

BRI B U IS DL, WA O K
THEGE U7 ARAREDS IS BE LTl 5 2 L TH &
%5 (OHES, 1967a). WEXT6 H FJETAHATY &
Bl I N T, WHEERSMEX O 3 FHIELD
3, A E VAP EIXIZRA T 2RO EZ M r + 77
H 7T fEREE AR L, BB S ORABMIE L
redd, BRIETHIE L ic S =W FEABE Lic 2 & &R
LT3, HENXTS 6 HRICIREEZ NS+ 7
T BRI, ThBROREOS E L HIK
ZHEEM - 72 (Table13). Zhid, A ELVFINRE
WKHBHEINTHS 10 HEL ERE L, EHOEAEKT
TE5HT, HFEOEFICK D EKIRMNBFENET,
FJAD S MR X A D IRSZ PR ATE DR A & E 4 ASild
X EERLTOBEDTHAS.

10m*ic 400 HiZ KA L 72D T, 1 N7 F —IVHHYE D4
EoDAyFo Ny =% 2 FARIITHEST 21213,
400,000 BE & DZHDr F /A7) ¥ I EER B
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Table 15. Effects of pesticides on A. womersleyi (SEL10 strain) development

Pesticide Dilution Egg mortality (%)*  Immature mortality (%)*
Insecticides
Synthetic pyrethroids
Fenpropathirn 1000 6.1+2.8 (30,81) 85.714.0 (29,72)"
2000 1.8 (60) 89.6 (56)
Fluvalinate 2000 6.5 (78) 56.5 (73)
Permethrin® 2000 5.6£3.3 (60,60,81) 55.0£3.1 (52,54,79)
Carbamate
Methomyl 1000 11.7 (82) 28.4 (68)
Thiodicarb 1000 2.8 (80) 24.8 (73)
Organophosphate
Dichlorvos 1000 0.2 (7D 0.0 (72)
EPN 1000 0.0 (56) 95.9 (55)
Methidathion 1000 4.1 (78) 57.5 (72)
Naled 1000 0.0 (6D 0.2 (59
Acaricides
Fenpyroximate 1000 20.3 (79 100.0 (63)
Milbemectin 1000 45.8 (83) 100.0 (10)
Pyridaben 1000 87.8 (82) 100.0 (45)
Fungicides
Benomyl 2000 0.0 (78 20.1 (77)
Chlorothalonil 1000 2.1 (86) 4.4 (82)
Maneb 500 97.2 (T1) 100.0 (2)
Mancozeb 500 92.2 (T7) 100.0 (6)
Triadimefon 2000 0.9 (8% 0.0 (85)
Zineb 500 0.7 (92) 29.5 (89)
a  Abbott's correction was applied. Numerals in parentheses are the number of females tested.
b Mean=*S.E.
c 20%WP

Enbh s, K TREFELERSZ %S 5 Tetranychus
macdanieli MCGREGOR, F I/N¥F =, IHhNF_%
#9272 dic, FEREIEOA F 2T 050 XA 7Y
F=mi S i (CrorT S, 1972 ; Hoy o, 1983),
By —oREIEENET 2 XD b, LLAKRSZ
YDA 7y =2 \IEICEEHA 5 2 ENHINE S M
5. T LTENSOWETIE, Mo b w#b)s EL
% 128~1000 A & LTV 3. F v BAKEPEIEHZ O T,
HBERMTO IO XS BNy HETERIGHTE 5 &
BZohb, 5%, EHCHESHEREHRS ML,
PRI R I 2 ML AR A TS F v BRI R 2 WG
BUNELINH B,

b TF+HATUSZLUSNDRBORE

RETREA 7 7 =HUNDO NG = FOFEZHEMEKX

W& LT N =7 % I 2 < Scolothrips takahashii
PRIESNER, /%77 V¥ (Oligota kashimirica NAOMI,
Oligota yasumatsui KISTNER) , i &P ¥ <= N =
(Feltiellasp) MHISH, T 60T = iflHRIFIHE
Hthbh T/ OlES, 1967a ; A, 1986 ; HiJIl,

1993 5 A S, 1991; 185, 1996). U Uihbi IR &4k
BROKETOMAEICINE, h oK FAZERIT

FFAATY K0 BIEL, R BEITIIC L 2
DRAEIME S GRA, 1986 ; H)ll, 1993). AFETH
INEBZRE T OMAERKRIO T H 3 HITMEREIX T, N5
=T IR R AR A TAE 6 AR Lk, <
DgH TG MR I EH 720 3.8 kD2
FRIRRBIZH D, HEOHEFEERS Z 2T T0%L R
U il (1993) &, H ST T,
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TONY ZFFHEIERD 100%12#ET 5 & 5 B E RIS T
RIS, N THFI v ENRH 7 YOG ER
NERTZEERDTNE. ZOXH IS KR
BN T ZMRE LRI IR 3, BE O gE
MBRRPFTERWEALN S,

L LIhs KRR oMaiEEn27) 5y =H&LD
b, NF=T7H I KRIE 30C TN Y = MK
RE—HHO T4EKEEL, ~2Ah 7V ERYHT
F—Hdkh 8MHAEVIFERICRVHARERT
(I, 1993). Uehs» TREERIUT S E 0w % % b
TR E0E LA, ZRULILAVFINT A
HMETHEL, ~NF—omBFILXEF +OEF LM G
B) NOBERBAZ ZHEnMTE 5. 4%, K
Bhofx 23t 570103, Z0&5 o
BN kAWML T 5 2 ENDETH B,

c BELBEFMTSFHhT U ZIcT EREE

[0} -2

SEL10 K DML H I >0 T, £ O FI&Z %
RO FTHEIC & 2 BEEE & Higd 5 &, 1970 £ 7
KR TRES NI FH ATV Y ZRABE LIz T
DAY VHIE A — XX A NFITH AR TOIECHE
113 100% 1 L (B S, 1978), 1980 4EARHT: 0
MRORE Dy +4747) 7y =TRRERY VHI&EH—N
A4 MRRIUE SR o, L L, TOAE VAR
S TE K, A SN 12 FHIO LCHil I3 H Al
REEZRE TR -7 GRfY, 1986). = SIciERRO
RE D+ 7Y 5 =12 EERBHENAED 5 hic
(I, 1989). —5 SEL10 ##ii, ¢ XTOEFE %
TRODEOBZLDOEE VA, BEY V#l, 71—/2
A MRNTHE AR T RES L OV 2 FE
T3 I EeWHTHATS .

triadimefon (%, SEL10 R TIEAH IS 5 HEpE
MR 1o, (KEBOr FH7A7 ) 5 =Tidu#s
BT T0%DE VIR &7 5 72 (I, 1990). %72
[E B 12 B NS )y 5 72 benomyl 126 LT &, Rl
D7 FUERMTIE, AU ELEEDOFIET TT% DI
CERMBEOoNTHS (BfES, 1978). ¥+ ATV 5
ZTERINE TREABIIESTEH S TSR,
S DREFIIBEANRZ O R ERARELTED,
SHRBHEHHEIIEO A MAETER T 208 NH A5, B8
F v T RB R RB I H =21 5 maneb,
mancozeb TIEIAEEMNE L HES L, Rifo sy =
FiEC A 7V F=HOFH%E Z 5B,
RO BB I FEONETH B,

o

SEL10 %D permethrin 7KF1H#] 2000 £% T D FET-HK
T 30, 1%, HEHTOH%TH - 7chs, RETO
BRI TH Y, rHA AT 5 ORI

BHESNITL, SR OZRETORAENERA I
Ehig GEH, 1986), methidathion #fai s + 4 #

7= OBBITEREEGZ TOIRLA, T OfEKEE
@ LCxfifiix# 30ppm 12 & &£ F - 7 (EfF, 1986). L
PUZDMHEERDIREILTRE o By Flkwn o
Kb 7w HEE (1000~2000 £%) T O MK HPE TR IZ
80~90% EHEE SN B, D &S ITH HILE O ENKRE
FERIC 0% LD THEN RSN 28HTH, KET
B F+777 07 =1 2 EBIECTNWT &b
5. UbasgAss, 401000~2000 £%0H kR
THERKH & S35 BB TR AT 0% LA itk EF iy
ELAl, BIEBEY F|D methidathion, dichlorvos,
EPN, naled 47 —/XA A ;D methomyl Ethiodicarb,
X SITIGR A, Bt #l, #E#I Tl benomyl, chloro-
thalonil, triadimefon IZEFAIZH WL T & WP RHE~
OEFBII VI EHENEN 5.

F v i3 2 OMHREEEIC KD, R RICB S 7ok
Flo > LIEFHEBICET 2 RISHA RO 20% 1 Lo
T (Kawars, 1999), 517y +AA7Y 5 =D
IEEIGITIE R OMFE LIZ WEOHEMZ DT, Bk~
DERI A RITELEOELZ VAL EED
h3., ChETIKAELVHICXEREATOA VIS
SOV H =V ANEELDIZ, ZOLIETF ¥ Ot
RHBIZ K > T F AT ) 5 =~ DI HERDINZ D
WINTS, TRTOEEENELLIEEANT V=D
JEZPE I o foted EffEllE G, COKSMERNE
WA TOEKBEOECOEEBRINIE, 4HBATY S
ZADEAIE R EICRE OB EZHNDDLEND B,

LI ATTF v ORBHEHTIE, MEMIEAEHI 54
Hi$2 D IR THEfE 2 K & N0 v &3] 0 BT T78
bihad, TOlkcwy, FIZENIEENS 5 LR S5T, &
PrEBEEE SRS T, ERIBMAE LT E5.
AWFETH 71— 4 1 MHINAC, HEY »#l acephate,
profenofos, fenitrothion (70%, EC), isoxathion,
pyraclofos Tl 1000 5 Ti1ZiF 100%, 2000 £%T & 1312
90% U LoFECH MK R T/RENIZDT, Th o HEH
MEHEMAE TR RR E WA E S EFIRETH
. Ulehio THHFEAICE, hs—MoFEH-HE
WZBRETHB, Fhh 7V 5= & BHlEBAT5
ETFRSN BT, BT =RFIhN T =8 %K
TWaFEELBM (R, 1983), AhEHA LS
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ZHID 5 B 3BTRS O IETHRIT T0% L Fice
L, $RFICOMOEEEMNR N, &Y =K
REIZ I AL IR & 72 D Wt &2 1 U THRINEB £ TA&IC
WHTBIEEEBEINE, TV S OB EHTT S
HI9IZid, mWECRERIRY —fEH0 5 xETR
TNTHAD.

MEREEFE TORMAA TIE, —HBITLBEZE F ~ D i
REHEBAGIC K > TORH R ERIAER S 1, 2
F v vy a+ Y F I Trialeurodes vaporariorum
(WESTWOOD) @ K ¥t A >~ ¥ Y ¥ 3 /3N F Encarsia
Sformosa GAHAN TIZ Z O JEHEIZEfEHR D 80% LL LD 38
fleans Gad, 1988). —HF v ik 57+ 47
7V E=OMMTIE, ENHBRTA 7 ) ¥ = MWEnET
RER LU THAETREXBEZIBOERNZH 2
ZENRRIND., EAMEL T TR FAATY =
EPFHTTRE SR E D S WS 2 2 Il A S, kK
LT DN e ] RE 7S O BRI 21775 5 1213,
NUHINT =L FH AT T =AU R 2R
Ben 70 5= RELTOBERER, XHET B
SEFN D HAT T T O i AR O flEl (R B B & i X & e g
BULEID B,

VI F+EREEBICEIIZEREER
D F) F

AR TEIK LG EVHARBUE Y A7 A7) 5 =D
BN K0, SRAA ZHM EREN O AR TE E LAl
FUTTOH VHFINT Ol ZHETE DT, K
RGP F A 7 ) = oG E T v HRBIRER
O—BELUTRTLENRD S, £ I TAENCETREYE
VHIRGLIE A 7477 70 & = 035 ss U 7 2kl C i R o i
WHEB ZHET 2 & &I, [W—RETHFEWR LS
BT 2 HEVANC X 2P ST L, AW
B &AL B B 0 W 37 & FERE L 72,

7 TG Z DRI B, REET OE K
BEOH L OMES—B L, KIETHM U 22 EARE
MU G2 & 75 B B SE~BB B U T4 2 88 k5
%, WA FEN L 2RI TR, EE—F RO
IMEL T3, —FAOHEEME ST, &L
A5 Hifl~6 H A0 /KA THMD., ZORElA »
FOINGT ZEEOWINHRNTT FHATY ¥ EES
Bmd 255, WiREORERDUC LD, N = OBERE
PRI B, HIZIE T =D AR T OHEREMN
BT E DD TH T ) F—DREMEL BT 5 &,

IRHEXT G2 T B " F/AM BT H LT 5.
FRNHEIMUANOREICE LS SR LSS, K
PZOHOFIFOAEEMGINREE S E x5 (F) -
W, 1979). LichioTHF A AT ) Y= %iGH LA
YHONG ZOREIIEO BT, 0K HlET
BF v OBERBUTIG Udc A 7Y 5 = OiF N % Wat
TRRENRD D, rFHAT )Y INEE SRR T,
Z 9 TROEEIZHNTH v F I ZOHFETERDE
WEWbh B h (FER, 1986 ; 15, 1996), #d &
FoBXUATY ¥ REREEOBRIIRRATH D,
HUF TN KB EICHTErFAATY =D
WP ORI BIC > O TOFHBIR 4 Thh T,
SSIH Y FINT ZOYEMITIIHELORICEEF
o (AL, 1979), KK TO M EMITIIAE T %
TTHB. Lo TH Y F NS LW E
DORFEEMED 5 7201213, T T E O R 0] RE 72 1
IZDONWTHKITENY DT LB EIIRT 277 ) 5=
O HD KOG R RET S B L EH 5.

Z I TABEBETE, —FAMRED S FRUIGE
BT BHMBEITHT B A TN g EO RN &
LT F AR TN T ZmED XS I MciER LD
O, WHOBEEHIEIIHT 55 =0 E ORI
DNVTHAE LT,

1 M#EFE

a FAEXEORTELEEXHT
FMETHOIRE 6 Z g0 A4 CRfifk 4. Oa,
AR P& A7) A FGIT 1994 AR R A RIS A%
1To7z. PG OFEE BB ENOEITE BIIHEL,
NPT kB —FATOWEER <D 3 H 10 H
1Z8% & =#l clofentezine 20% 7 1 7 7 V#2000 1% % 400
0/ 10a YA Lic, £h—FARHERE5 H9H,
Behek 5 H 16 HiAT- 72, RAARNMEF v/ F A0 ES
—Acaphylla theavagrans KADONOD % Iz H 725
DT, TIUTKBHEDOEZN T, 5 H 19 HITkS
=%l propargite 24 HIZH#f L7z (Table 16).
NYFING L FHHT )T —OBEEHETD
et & OBIR AN D fo DT, MR O FEACIR I
FRENRIL 2B ERET 2 LENH B, 1IN
7= DA E R 3 EBIE O RBIKPSERNORE, MEt-
KoKz &k bdssoT (B« S, 1979), AR
D43 1. 3a 1T 50% O Bk % 2~3m O
ESICRE LU TURNNO BRI L, ZDBREMNETE
Z1iay (LUt woEiin &) 2 7o (Fig. 13).
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Table 16. Spray schedules in an experimental tea field in 1994

Pesticides (% AI formulation type, dilution, Amount of application per 10a)

Conventional control
Area

Date of application Synthetic pyrethroid

Control area

March 10 Clofentezine (20%, FL*, 1000, 400) Clofentezine (20%, FL, 1000, 400)
May 19 Propargite (57%, EC®, 1000, 400) Propargite (67%, EC, 1000, 400)
May 31 Permethrin (20% WP, 2000, 200) Pyraclofos (50%. EC, 1000, 200)
June 8 Fluvalinate (20%, WP, 2000, 200) Methidathion (40%, EC, 1000, 200)
June 15 Fenpropathrin (10%, EC, 2000, 200)  Cartap (10%, WS?, 1000, 200)

a Flowable

b Emulsifiable concentrate
¢ Wettable powder
d Water soluble concentrate

Covered area Uncovered area N

v
A
v

— > —F <
SP Control Conventional control SP Control Conventional Control
L1
>
o —1 I i V4
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KXX] i
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ottt o
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l—
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27m

[XX
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[
foled
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Damage of new leaves | | |

| ] [

20-40% 40-60% 60%-

0-10% 10-20%

Fig. 13 Design of an experimental tea field at the Kanaya (Shizuoka) research institute. The 1.3a of the tea

field were covered with black cheesecloth (50% shading rate) at a height of 2—3m. Damage to new
leaves by T. kanzawai in each plot on June 22 are shown at 5 levels.

RIEEVHIBAGTTOr + 47 7Y 5 = ORANE
EHFWHEFE RO S I EEH S MTT B
B, WEHES, MBS OYSEGKE L 204 N
WX (U, AELVHIKER) & L7 BD O,
PERD S DBFIARRIZHE > THEEY Y HlB XU R T4 X
MY URIERE L, EITERIKE L (Fig. 13). Z
hoo#KIEA%Z5H 31 H, 6 H8H, 15 HD 3[{T-
7z (Table 16).

b AVYINTZETFHATUSZDOREER,
BLUHFOHRERE

199445 H 18 HAr 5 6 H 30 H % THifE 0 R4l E
ZH 1B S ITHA L, KEHIX O P % 10
FAAXE (HFE 2m®) 2Bl (Fig. 13), ThTho
HEER & PRI A © BCEE 25 BEF O AEF 50 A T v ¥ A
B, N RV —= (X16) TEIZ Ui MR R %
U7, 6 HhaLiR I /A EDNE U TR
RO, FRRITMATE S0 RKOHFES5 4
LB HERO A Z IR TIT > 7. B AFAT
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%, EHITEHREL T2 77Ol % 4 X i 0 Fedi A 00
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HHAIXOMBORANEZ o lc &% & LikIck ik
L, SoICHFomEFReMA L. FFRAEMNRIC
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HELK., T bBES 50cm, HEE 2emDE{bE = —
VBN A T %l > THIEFIXOERED 5 77T 10 |7
D45 50 Mk AN X, ZIFICHE L7z 25cm X 25cm @D
REAE B AT PE T U 7o Wi R oD Jli el e & SR BAMGER TRt
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HX 2N ZNOIEED 2 71T 20em X 20em D Ve % i
&, BENORHFERINL TEREARBRY, —AT
DHIRTEHIZR U THFHFRER T L.

2 BREIUEBRE

a AVHINTETFHATUT—DREBERS
SUHERE

ARERES N O RGBS 1T & 2 FH AR IR o SR K S

13£8.8°C (5 H20H), IEmxdiix34.5C (6 H27 H)

Th -7,

AU XIS Ui, A v Oy =%
BRGNS ESL L, ## 4 =#l propargite # i
BbilxhixBN L. SOICHAESRTREL F
AHh TV Y = MR D permethrin,
fenpropathrin 12 %4 % FEAEE TORTHE L 10% 5%
FETH->7cDT (Table17), RELITrFHATVS
A EVRIRIECTH B LRI nT.

Fig. 13 T, SHEBRETOH ¥ 75 g EiE
R BUHATRRL, & 5ITHEOEME BAGHEHA
ODRIZBZZTNZNONMX &I, WEORENE%:
Fig. 1412/ L7z, Wi &b ItA ELVHIK TORESY
W ooy ZEEMEITERAK LD &<, 20
FEODMHENEEZB LU TEE VAKX TO NS ZSHENE
CHER U7c—EIR S s N, gy (Fig. 14-1)
TEAVHFINT _BEEBEEVAIKTE H4HIZ
2.2 itk T AL, HEITEAKXTORKMEO. 69
9% GH2H) o358 Riciio, 5H 19 H~6
HA4HE6H 15 HIZREAXB THEENIRD SN
(WILcoxoN D EAL AR E, p<0.05). 7 F+A ATV 5
ZEES A YUY ZOBE RSN THmML, 6
H 15 HIZEEEVAIXTRATO. 198 /3L, 1§
ITHRAX TORAM 0. 12 81, /%A K& < Ry, 6 H4
HESHOEEITIHEAMXB THEENRD SNl
(WILCOXON D JIERLFIMEE, p<0.05). = 7 bk @ s
(Fig.14-2)) THEHEHEFIX EbIThH U FINT =6 H
4HIZ, 7+ AATVF=N6HIBHICE—Z7IZ#EL
oo NFZTIESHI9H, #7V 5 =TidF6H30H%
BRoCid, BEICEEAXETAEZZRD SNEh -
72 (WILCOXON D ARLAItRE, p>0.05). TDXHITH
Y TNG ZEEEING E L HIX THITHEAIX £ RN 5 68
MBS SN, FFAATVFZEEL LA LTE
D, AEVHBRBONT I NZRTEVH—D =
VABIRRE S NG D st DK D I X A

fluvalinate,

Table 17. Susceptibility of A. womersleyi collected
from an experimental tea field field in
1994

Pesticide (% AI, formulation, dilution) Mortality (%)*
Permethrin (20%, WP, 2000) 13.6 (52)"
Fluvalinate (20%, WP, 2000) 7.7 (43)
Fenpropathrin (10%, EC, 2000) 11.2 (40)

a Abbott's correction was not done.
b Numbers in parentheses are the number of individuals
tested.
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Fig. 14 Changes in population density (adult females per leaf) of T. kanzawai (——) and A. womersleyi
(===-- ) under 2 different pest control programs in experimental tea fields. Small graphs indicate
population changes in 2 species on new shoots. Arrows indicate insecticide application. Asterisks
indicate significant differences in density of each species between pest control programs on each
survey day (p<0.05, Wilcoxon two sample test).
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Fig.15 Population changes in T. kanzawai (——)
and A. womersleyi (====- ) in each of 10

areas of a tea field with the application of
synthetic pyrethroids under cheesecloth.
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Fig. 16 Effect of peak density of 7. kanzawai and
A. womersleyt on damage to new leaves
on June 22, 1994.
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Fig. 17 Damage to new leaves on June 22 related
to A. womersleyi/T. kanzawai density
ratio at their peak density. Data were
transformed by sin 'Vx.
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Table 18. Damage to new leaves by 7. kanzawai under different pest control programs in

an experimental tea field (Fig.11).

Damage rate (%) of new leaves (mean with 95% C.L.)*

Area

Synthetic pyrethroid control

Conventional control

23.2 (7.8-43.1)
5.0 (2.8- 7.8)

Covered area
Un-covered area

* 2.4 (0.4-6.3)
* 1.1 (0.0-2.6)

a Mean damage rate of 10 plots on 22 June 1994.

transformed by sin'vx.

Means and confidence limits were calculated after

* Significantly different between pest control programs in each area (p<0.05, t-test after transformed by

sin'vyx)
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Fig. 18 Changes in the number of sucking pests captured by beating under two spray schedules (synthetic
pyrethroids control (==--- ) and conventional control (——)) with two different managements.
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Table 19. Effect of pest control programs on the occurrence of sucking pests, Scirtothrips

dorsalis and Empoasca onukii

Number of individuals captured (mean with 95% C.L.)*

Condition of tea field Pest species

Synthetic pyrethroids control

Conventional control

Covered area S. dorsalis 23.9 (10.7-51.8) n.s.’ 36.7 (15.5-84.7)
E. onukii 0.6 (0.0-1.8) * 3.4 (2.3-4.9)

Uncovered area S. dorsalis 47.1 (21.6-101.6) n.s. 70.0 (36.1-134.8)
E. onukii 1.5 (0.5-3.4) n.s. 3.2 (1.6-5.7)

a Mean numbers of individuals captured by 9 times of beating methods conducted during the study periods (18

May-30 June, 1994).

Means and confidence limits were calculated after transformation by logi (x+1).
b Not significant between pest control programs (p>0.05, t-test after transformation by log, (x+1)).
* Significantly different between pest control programs (p<0.05, t-test after transformation by logi (x+1)).

Table 20. Effect of pest control program on injury to new shoots by sucking pests (Scirtothrips

dorsalis and Empoasca onukii)

Injury rate of new shoots (%)

Condition of tea field Pest species

Synthetic pyrethroid control

Conventional control

Covered area S. dorsalis 21.0 (637) * n.s.” 20.5 (625)
E. onukii 0.8 (637) * 3.7 (625)
Uncovered area S. dorsalis 31.5 (804) * 42.0 (861)
E. onukii 1.2(804) 6.0 (861)

a Number of new shoots observed.

b Not significant between spray schedules (G-test: p<0.05).
* Significantly different between spray schedules (G-test: p<0.05).
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Fig. 19 Relationship between the damage degree
index for new leaves on June 22 and yield
within a quadrate (20 X 20cm) in each
observation area on June 24, 1994, under
covered area (a) and uncovered area (b).
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Fig. 21 Damage to new leaves on June 22 related
to infestation of mature leaves by
T. kanzawai just before new bud sprout-

ing on May 31. Data were transformed
by sin 'Vx.
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Fig. 22 Damage to new leaves on June 22 related
to A.womersleyi / T. kanzawai density
ratio just before new bud sprouting on
May 31. Data were transformed by sin ™ 'vx.
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TR S NIRRT & IRk & 955 0 ZEAHRHTIE A
MREINTWD, ZhIFEIC & 2 BROHROME L SN
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TN SO AEIZSAK S HE 6 HRICEE LA
WA EITY, 175 QERZIERKEOHEER SRR D E
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HET L ERHAESE VAN X PR U7 O X T
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MR LB AR T, ORI HNEEE LRIRmG
% 1993 FEIT— AT - 7272 7208, FEHIBE THF
54 LHHRPTER AT 1994 4R1278 > THRAE L
(Tabled). ZOXHIZFIT—EREOEE VAIFIHZ
15 2 ETEWIKHIE L NV A T X 3 LHElla h B,
AELVHFHAORNE, & URZHEESEN L ThOh
R h v Iy = ZRAE DR b H 5 DT,
HFEM & U TEZIIHEED R D - T H h S B E
YiEbns.

—75, HRIEHEBOKE O & 5124 E L FIHRH AR K
BENEBROFKEBIY T TICRE L TLBEAITE, &
B LEOAE VAR NN Z > TERITA E L ARDUE
FEERITBETNNS 50T, FHHEEEFRO KD
PEFEE AT OHIPANICINZ 2 08 b 5. JLkD Y
vOETOEREM TR, BHEERI FY U4 Cydia
pomonella® /™7 = FHO KL E AR 5729,
O HBROHFANRZWE =7 1) v 71T & B\ ED
R, @R O RIRISEH & B iR O MLA G b
BT & B IRGLPER . @F ARG K i D 7% 2V
HTHO, RKEBGUEAKITIEEE (PRM ! Pesti-
cide Resistance Management) 1243 < BiBRIASR D &
5N T3 (PREE, 1990). A4#%I3F v+ THHATMA
A T Y = OREFHRGUIEE B A EEHIC AN 7 PikR
RRDORE EHAENLETH 5.

AR B T BT FH ATV LB v F TN
—OBEEWEHHOKE Fig. BBLU 14 &, #
T F = OYHEE PN T = E OBERBMEOE A
i, 77V Y=oy IS AR IR S & bR

LTW3, ZITr+AA7 ) ¥ =oiEEhwEiRE 20°C
Ulkths Rk, 1986) ZE&x2BEL, “FHARULIE
DONG ZWEGHD 120D+ 7 7Y & iR O w] ke
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R O LIRS & o0, RIS & ik
IS D ERIEBREICHE L BN RR AT TE 5 2 EAUR
manr, A VRN REESS T o RREE T
FRIIBRE Lo, BEZURMEORMITLDEL S
WA TEZENEES 20T, BB Tr+474
7 Y AREED G E L AHRIUIE 2 HERF S B 7o 013
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Studies on use of the pesticide resistant predatory mite Amblyseius
womersleyi ScHicHA (Acari: Phytoseiidae) for integrated pest management on tea plants

Masatoshi MOCHIZUKI

Summary

More than one hundred species of insect pests occur simultaneously and attack tea plants (Camellia
sinensis (L.) O. KunTzE). Although the development and exploitation of control methods that does not depend
on chemicals, such as biological controls, are eagerly needed, the achievement of these control methods differ
among pest species. For example, the predatory mite, Amblyseius womersleyi SCHICHA, is an effective natural
enemy of the Kanzawa spider mite, Tetranychus kanzawai KISHIDA, one of the most serious pests of tea plants
in Japan. Since organophosphate- and carbamate-resistant populations of this predatory mite have been found,
their survival during pesticide applications and control of 7. kanzawai was confirmed in the early 1980s in the
tea fields of Shizuoka prefecture, which is the largest tea production area in Japan. On the other hand, control
methods for sucking pests (e.g., the yellow tea thrips, Scirtothrips dorsalis HooD, and the tea green leafhopper,
Empoasca onukii MATSUDA) still depend on chemical applications. Therefore, integrated pest management
(IPM) that reduces pesticide application by harmoniously using pesticides and natural enemies is very
important in tea cultivation.

The synthetic pyrethroid (SP) is very effective for controlling sucking pests on tea; however, SP sometimes
causes an outbreak of 7. kanzawai that induces severe damage on new leaves. The outbreaks were the result of
the elimination of highly susceptible populations of A. womersleyi to SP. Since frequent acaricide applications
against the increased spider mite population would result in greater resistance, alternative methods are needed.
In the present study, to prevent the outbreak of 7. kanzawai after application of synthetic pyrethroid, I first
investigated the variation in susceptibility to SP. Some promising strains that showed resistance were found.
The ecological traits of the selected SP-resistant strain were compared among the other native populations in
Japan. The effect of the release of resistant A. womersleyi for the control of 7. kanzawai under SP applications
in the field was confirmed, and compatibility of many pesticides with the resistant A. womersleyi was evaluated
using a susceptibility test in the laboratory. Finally, I confirmed that integrated control of the spider mite and
the major two sucking pest populations by the SP resistant A. womersleyi and SP application was possible in a
field trial. The major results are as follows.

1. Among the 20 populations of A. womersleyi tested, the Hiranuma-1 and the Ide-1 populations collected from
eastern Shizuoka Prefecture were resistant to several synthetic pyrethroids in addition to organophosphate and
carbamate insecticides. These variations in synthetic pyrethroids susceptibility of A. womersleyi suggest that

A. womersleyt developed its SP resistance due to repeated application of the chemical to the tea fields. To test
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this hypothesis, the experimental tea fields were sprayed 22 times with synthetic pyrethroids from 1991 to 1992.
The population of A. womersleyi visibly increased at the beginning of July 1992. In addition, a decrease in
mortality caused by SP (Fenpropathrin) was observed in 1992.

2. To examine the SP resistance of A. womersleyi (Hiranuma-1 strain), 10 successive permethrin (one of the SP
insecticides) selections were carried out under laboratory conditions. Although the LCs of the selected strain
(SEL10) to permethrin increased to only twice as high as that of the initial strain during 10 selections, it is much
higher than the recommended permethrin concentration for tea growers. The resistance to organophosphate
and carbamate insecticides was also confirmed in the SEL10 strain. The developmental period, fecundity and
diapause attribute of the SELI10 strain were compared with several indigenous strains. The fecundity of the
SEL10 strain was significantly higher than other tested strains. There was a large variation in the diapausing
rate at 18° C under 9L15D between strains. Hatchability and survival rates were more than 90% and 85%,
respectively, regardless of the crossing. No reproductive incompatibility was observed at inter-strain crossing.
This indicates the possibility of breeding a new resistant strain of A. womersleyi by hybridization and selection
for release into deciduous fruit trees or into glasshouses with short day length. The resistance stability of the
SEL10 strain was monitored after the selection. The permethrin resistance level remained stable for 20 months
in the isolated rearing, but the resistance level decreased greatly in the F; generation after crosssing with the
susceptible strain.

3. To prevent the resurgence of the T. kanzawai on tea plants caused by the application of synthetic pyrethroid
insecticides (SP), a SP-resistant A. womersleyi was released onto tea bushes under SP (permethrin) application.
The released predators successfully survived and may be able to suppress T. kanzawai. In the plot where
A. womersleyi was released, the damage to new leaves was less severe than in the control plot and the predators
remained resistant to the permethrin in the bushes. The selective use of pesticides that are harmless against
natural enemies is necessary to achieve a program of integrated tea pest management. Although mortality of
adult females of the tested strain in response to SP was from 6.5 to 89.3%, and mortality was more than 95% in
response to several carbamate and organophosphate insecticides, usefulness of A. womersleyi as an agent of
biological control was successfully demonstrated in the present study. These facts indicate that the lethal
effects on the predatory mites observed in the laboratory were not fully expressed on the tea bushes because
deposition of chemicals was reduced in the tea bush by the thick leaf layer when the plucking surface was
sprayed. Therefore, as pruning removes the thick layer of leaves and pesticides applied can easily reach
A. womersleyt after pruning, the use of pesticides that cause high mortality should be avoided.

4. Integration of biological control of the spider mite with chemical control of other pests by SP application was
evaluated at experimental tea fields in the second tea season in 1994. The density of 7. kanzawai peaked in
mid-June, then declined. In response to this population change, the occurrence of A.womersleyi was also
confirmed. In 34 plots of 40 assessed in the tested field, damage to new leaves in plucking in late June was lower
than their economic injury level (EIL). The resistant A. womersleyi population generally suppressed the
T. kanzawai. Sucking pests, S. dorsalis and E. onukii were suppressed better by SP than other organophosphate
insecticides. Damage rate of new shoots by these sucking pests were also lower than those in the control plots
sprayed with organophosphate and carbamate insecticides. These results show that use of this resistant
A. womersleyi population can be successfully integrated with the use of synthetic pyrethroids to control other
pest species attacking tea plants. For the next step, techniques for release of the resistant A. womersleyi
population into tea fields should be evaluated when resistant populations do not occur in the fields.

5. Analyzing the relationship between occurrence of both species at sprouting time and damage rate of new

leaves at plucking time in each plot, damage rate tends to be lower as the peak density of A. womersleyi becomes
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higher. A significant negative correlation was detected between damage to new leaves at plucking time and
predator/prey ratio at sprouting time. The damage of new leaves by 7. kanzawai was well controlled by the
naturally occurring resistant A. womersleyi. The damage rate of new leaves at plucking time, however, become
higher as the infestation of 7. kanzawai on the mature leaves became severe. Therefore, these results suggest
that acaricide application harmless to A. womersleyi before sprouting time and additional release of the resistant

A. womersleyt in early spring or their integration is important to effectively control 7. kanzawai.



