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2
i)

A F = FragariaXananassa Duch. 1%, WKPEA F 2 Fragaria virginiana &5V pE
A F = Fragaria chiloensis DALV, 18 HAICA T v X CHBRENT-ATR O
AMREY) Td % (Darrow, 1966). REMZRAEEELE LT, FE, 77XV IRETLND
0, AARTOAEESBAT, 2013 FFEOAEMERIT 165,000t &, H#FE 10 fLI(ZET S (F
A0, 2017). TAEODOA F AT RETEEE SN TND A, FHIIUNHI TOREER £ <,
ZDOAEPERITEED 30REZ 55 (RHOKES, 2017a). fREARIZENGT 2 fLoA
FAAPEMT, 2014 FFEDEHBIL 196 (51 (RMOKES, 2015) &, RNTAEESH
HHEORTHE IMOEERGHECTHD. REERMTED TEH 6 51 (LU, iR
D ThERS] £T5) 1F, RENKEL, RRKT, FANRRVEWVWIFEELHET D
ZEnD (EHS, 2003), ENTENGOFHMEL &S, TETIE, FE, BB, Yol
Rz P 2R LT g (R IR, 2014).

mROSA, 10 AICBKZBERICEM L, BHE0 6 Ak ORAE LT )
—ZBE LRI, 9 ARRECHERBSLTEREL, 9 A TG 5 A THETE=L
U A &R U CRREET AR S (Fig 1), BEEHENESCIE S 20, R4+
LERHEL, ZoMRLEMBERSND. A FATRETHERL LT, ~"¥=
M (F=H: "F=f), TT7TLVH (W ALVH; 7776V, 7T¥VI v~ (7
VIv~H: 7Y Iv~R), YHE (Favl ; YR ERFTFoh, WETE, 5
E /T Sphaerotheca humuli (DG.) Burr., [RIAIH Glomerella cingulata, JRE7NON
Ji Botrytis cinerea Persoon, ¥&9% Phytophthora nicotianae var. parasitica %73%%
FoNsd. ZHETHE, REMWEDIEENRZ ED LN TWIER, (LFERIBERIESH
FEAIBABRIE & A A B T BBR O MU 2 et L (@R IR, 2008), B LT\,
UL, BIEIROREED WD 2, 4@ 5 5 mBAERET O T 4350 A& T, 2008 4ELIKE

MBI INK = Tetranychus urticae Koch (Fig.2) OFEAEMIBRENDEEM LD -,



FTINF=1E, KE 0.45 mm WA EBUNTEIE I8 m <, RO R, IEEHE DL
OEZEMEMET 2EHEERTH D (LI - HHE, 1993). A F T OIRAFREF Tl
NT ADINEBR GG LABE D D BRI 2 R L, @B e D L R RIR D
#E L7 RABIZ 722 0 3 LW 2ok 7297 (YUK - 727K, 1986) (Fig.3). T INF ={3mic
FELIDRETKRBEARDIAZND O (B - HFF, 1986), KRB THOFINF =D
WFEEZIEIT 2720120F, BHRHOBRAMIE ST 2LERSH L. FINT =TT D
TR BEBRIBI IR AT X DL FIIBEBRIETH VO, @SV BBRIEEZG D 72012, AR

ZHEOB A (BRI, 2008) <2, JINDHRE TOREFT AT —VICx L TRAEE LA
T LIEFIER (HAMDBE S, 2016) & FEICBE L7 A @RI BB 2 320t L C
W5, Lanl, AZEBS T, ERPBRZHIEL THLI6000567, 7INF=0
FEAEDIH SNV EFRZ RO LN TS, MIRTH T I NF =AM
Lo TERY (BMKES, 2017b), ZOHRKLE LT, AN 2 A B ORSZHEMRT
BEZHND.

T INL = OEANRZ I T I3 o ERICH_TELL OHE « B4, 2009), Hik
W (I - AR, 2013), RER (EAR, 2010) T EEEAN 5 B2 R T 253
BEENTEBY, RRICBWTY, BEICHEM L7 RANRZ MR E O R (F R, 2008)
L0 HEICHBEMET LTV D ATEEMESE . ERIC, (@O X Mg & v Bk
LicF IS =0 ERE CERAMSZEOR TR RES LTV Z &S (KB - H1H,
2015), BHBRGVEAEMHI-0ICE, A F I THRAT LT INT = OIAIRZEOB M %
R L 20T 6. £z, FINF=PRTHHIND FEERDIZE A LITR
BRATYER 202 (A AREBINIE RS, 2016), BAi LT 34 U2 X 95 (IS8R E Bt %
WIET 2 LERH D03, AHER OBE LIS 1EEABEOBIMARMELE s> TnD Z &
e, HHRSZ OB & OHET, BHLOBREIROBRENRLETH 5.

KL TUE, T INF =OFAER L 725 BE R ORI IRIEORL 2 AH L,

EF, B 1ETIE, RERAOAF I EEMNOERE LT INF =125 2 HASZ



PRRE 2 FEhE L, ARORZEOBMEZH LIS Lz, 2 E T, B o RN
e LT, RETEZOAANELNTND T INY =0 135 KEaE HE (L -
Fitt, 2006 ; FEARD, 2007 ; BEIAD, 2009) & A FIISHT L0, BEEEHIC
AT D TERBMOE 2 ML, 13&KBZER L7ZPiBRIA RO RTREMEIZ DV Tk
FEL7-. HB3ETIE, H2ECTHOLMNILE, A FIEHMOBLSETHLINY =TV
I U~ Scolothrips takahashii Priesner (7 H# I U~H: 7THI U ~F) DXt LT
DRENEI T D72012, /W — D% iz SR FEHmaER (REF, 2003) &AM %
TR 2 72 OIS BB AN~ D BRI 2 i L 7=, 55 4 =CiE, ®miRoA
FAEFEHTHHNLTOBMBIGIZ T, ~NF =T %I U~ E0H#H A LBk o

AR AR L 7.
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Fig. 2. Tetranychus uriticae Koch and strawberry leaf damaged by 7. urticae.

a: Arrow and dashed line arrow indicate adult female of 7. wurticae and egg
respectively.

b: Strawberry leaf caused serious damage of 7. urticae is often observed

webbing spun by them (arrow).



Fig. 3. Healthy plant (left) and injured plant by Tetranychus uriticaeKoch (right)

Strawberries are caused serious damage by 7. wuriticae Koch, such as stunting of

plant growth and reduction in quality and yield.



BIE BEA FIATRET DT INF =DRANEZEOD M
BLE RRA FATRET DT INT =DOEAEZMEMRE

MR TIE, A FFTOF INZ=PIR®R L LT, WERYIBRATO R AT LEEHICEL
SEBPRAHEE L TRV, APEBY T, ZORETEERE LD, RMORRD
FHIOn—F—va rBfmEeEmL, TIN=PRefIEL TS, Lo, BT
X, EAPRZMEL TWDHIZHEOLLT, FING=0REENEIMERN & 72> TE
v, AROFEAFEZMETHEEIN TS, FINF =T L TEWHIBRIRZE S
72ITiE, ARROFAENR O & T, BRI IEOER 2 B £ 2 7220 R 72 5K H
DEENEETH L. TIT, T INF =DM RBERBAN 2 WL T 5 7260 D HFEE
BHEf5712012, R OA FIEEMTHEAET 5T INF =l R &IN5 3%

FEAN D IR MR E &2 S M L7z

e L O

fERl R X OBERRERA

S

MWD A HE, R F T EpER D 4 ik, $7ebn, @i, HU8, S5

1

BLOGZ IO 9 il 5157, 2015 4F 3 A ~6 HICE MK THEE SN TS ThE
B ORENE T ING=PNFELUEEZ 20~ 40 RE L, RERIT, 77 2F
JROEEE 7~ (W:49.0XD : 31.5XH:30.0cm) IZANTZ9em AU KRy DA 27
v~ A Phaseolus vulgaris Linnaeus [fhff : R—/3—] 10~12 fRICRE LT A F T
WEILB LA, BEETA 7 Ui EFIRCRH L, 25C « AR B RS T CTREE
FEZHERF LT,

HAHEANL Table LIRTERY, A FTIxL [NF = CRERREZETIH

DDOHFMNE, ZHNE TORZHERE CTEWIIENELILTVD IR T F kAl



TV AV FURBEBREAAIB L7 = 7€ — hKRA (@R, 2008) offt, K
PEZBAT 2R RPN b DD, FINY=OX{FEFTAT—VIERE AT D22 L h
SAEFEBY COMMPBEENE, TEX ) VAKMA, VTR N7 KAl v
JET T KA, BT IR Tz adyA— hKRAIOAR T HIZ®RE L
7. ZNUDHEKEKTHEDOREICHEL, BEAIL LTRIAFT T L AT R
Uvm¥tr 93.0% A% 5000 5L 70D KO ITA LR a2 L7z, iR L L C,

AEAKIT A 2 [FRRICIE Lic b 02 vz,

Table 1. List of the pesticides examined

TRAC * Pesticides  Formulation ” "C'1'° izfredient Dilution

6 Milbemectin Wwp 2 2,000

6 Emamectin EC 1 2,000

20B Acequinocyl SC 15 1, 000

20D Bifenazate SC 20 1, 000

25A Cyenopyrafen SC 20 2,000

25A Cyflumetofen SC 30 1,000

e o

2 Mode of action (MoA) (for insecticides) code number indicates the
classification prepared by the Insecticide Resistance Action

Committee (http://www. irac-online. org/documents/moa—classification/).
" WP: Wettable powder. EC: Emulsifiable concentrate. SC: Suspension concentrate

¢ Dilution registered on strawberry culture.



WRE ST

MERR R LSS RIT o E S LC, BH (1998) ICHEL Y —7F 4 AZIET POl
DIZAT - 7o, MERC R ORRE TIX, 50X50 mm (ZFHHE LT A 7 U BEZFKIKIT 10 FORIR 1A
SHIE, N R=F ANV ETRESE, Z0%, B0 mD T TAFy 7 v —1L
PIC MK Z2E 872 55X55 mm D AR P& ANT, Z0ORICA 7 A ERN
EERRDEHITEE L, MR DORTZE TeDIZKEKREEEETZIE5m DX > F
NR=R—=G4 ) =7 X I _X—=R— T4 F W) CEDOMIDEZFHATE (Fig. 4).
Wi, BAEE L7 EAEREO R R A, BEZHNTT VX LI 10~16 SFREL, U —
TT 4 AZITHERE LTz, BUEI 25°C - 16 efi] H RS TITV, $E7E 96 IR 2 10 F2R A
WEE (53R . X10) THIERL, BETHOOVWTHLELKILBZRWNWEDEFE TR E LT,
FECRZFEM L, ECRIFAEKLIEOE 2 & LT, Abbott (1925) DKV
MIE L7, 708, MEITAWLIE LS 3 KME, AFF24~36 51 CHEiE L 7=.

IORE T, B IOm DT T AT v 7 ¥ % — LI H3I2 K% & £/ 72 55X 55 mm
DARYPEANT, ZOEIZ50X50 mm ([CHHEL7oA 7 v EREHENELARD LD
(CERE L, ZAUCHERCR 2 B4 T 5~8 SRR L, MERI ORE & [RIFRIS, AGEKE & F
2R 5 mm OF v F o _R—=N"—TEOWNDZ 7, v —LNEZKTHROE. Zh%
25°C - 16 WF[E] R4 T C 48 RpflEHE L, HooICEIl S, MEEACEEZ AW T
MR A A UENDRRE LT, A 7 U 10 BRIBRIRICIRIE S B2k, A%
— 2 AN ETCRESE, BOTTAF v 7 vy —LADAR S DICHE . BRE MK
BT 5 R R & RO S FCITV, KPR 6 A 1212 FEIRBAMEE T C, RIE(LIP,
AT RB LTS RAFEL, HEEE FRIORTFAERIC LY BH L.

FEC = (RIGINEHE S h L) / BEERIR%) X 100

BUEITAAB & b 3 FUIE, &al 138~364 JRCHEN L, FK B RBRoGIEICHEL, 3

2R (X Abbott (1925) OFUZ LV HHIE L7-.



7ok, MERERE LI RBIEOLBDROREIZOWVTIE, KBS (2010) & FEEZ,
T0%ARWDH DA MGV & LTH-T-.

Fig.4. Leaf disc assay for monitoring insecticide susceptibility of
Tetranychus urticae Koch.
a: plastic dish ($90mm) b: sponge (55X556mm) c: kidney bean leaf disc

(50X 50mm) d: paper towel (55X 5mm)

-10-
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BERR I K5 5 B REEAI DR R

RN D F I~ F = 9 [EEAREDERY B2 56k 9 2 A FEEH D% HA) R % Table 2 1T
U7c. BERUEAREE 2 TS L TR BRIRDBE DN D AN Do 7o, R, 2
NRATF L TNA ST = TlE, ENENFE & ARK 4 OFIERNC L R
RITBO N o T, BEMIBR T INY =0 EFLRTRIIRE LR, FFT,
IEEK 1 OMESL LTI 13, 2~57. 1% & 2 TOHRATHBNROK T RED bhiz. 7

B, *MEOKEAKIZELER 0~13.9%Th->7-.

5P - JEfbsh BT S 2 B REEAIDOSE

O« WA bSh HIC XT3 2 S FAEA DN A Table 31T/8 L7z, MR B & [RARIC, $REH
BRCF IS =G - BHEh RO IERCRIIRE S Bipote, 2L, MR ORIERS
REFHRRY, BRAHRDPHER SN TOLER RO O, IARRAT7F U TIE, A
WK 5 OEARETOLRMEFLT R 49. 4% & BN ROETRRBOONTZH DD, MofH
BEECK L CIEmWERSEN G ON. TEF /UL, v /BT 72 Bliz~
AT F TR, ETOMERICK L THETER 70, Lo d - BIPEN GO, 72

B, MBOKEKITIELEERO~1.2%TH -7
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Table 2. Corrected mortality of adult females of Tetranychus urticae Koch

a)

Location
IRAC Pesticides
Fukuoka Chikuho  Buzen  Kurumel Kurume2 Kurume3 Kurume4 Kurumeb Kurume6

6 Milbemectin 8.3 81.5 55.1 16.0 26.9 0.5 42. 6 12.9 28.6
6 Emamectin 87.4 100 100 57.7 100 81.3 100 90. 3 96. 8
20B Acequinocyl 72.3 88.9 100 25.0 39.4 52.8 100 22.6 32.5
20D Bifenazate 90. 6 96. 3 100 47.7 100 91.7 100 71.5 18.7
25A Cyenopyrafen 55.6 65. 6 74. 4 21.8 72.0 69. 0 63. 1 89.3 55.4
25A Cyflumetofen 3.7 31.1 47.1 16.0 48.5 0.9 92.6 18.9 22.4
208 Pyflubunide - 37.0 53.3 96.3 13.2 48. 1 89.8 93.5 21.9 57. 1
21A Fenproximate

a: Location indicate the district of harvest field in which 7. urticae was

collected.

Table 3. Corrected mortality of egg stage and newly hatched larvae of 7. wurticae

Koch
Location
IRAC Pesticides
Fukuoka Chikuho Buzen Kurumel Kurume2 Kurume3 Kurume4 Kurumeb Kurume6

6 Milbemectin 99.7 100 100 100 100 100 98.7 494 100
6 Emamectin 100 100 100 100 100 100 100 100 100
20B Acequinocyl 100 100 100 100 100 100 98.4 100 100
20D Bifenazate 86.7 70.7 69.4 975 98.7 57.1 948 98.1 99.6
25A Cyenopyrafen 98.7 995 78.2 948 97.4 100 100 100 99.5
25A Cyflumetofen 86.3 54.7 64.2 250 36.9 804 65.7 81.9 88.4
258 Pyflubumide - 96.7 856 94.6 470 976 100 933 100 100
21A Fenproximate

-12-



BE

RS A T T & 5 B X =FN k3 DRk d & 57 - bsh o3 5 5%
FNRAERF Lz, ZOREER, 7 I = 9 @R MR BT 5%E LT R 7 SEANERR
HHIVT, 2007 FEOIKAFIRE (R@ERE, 2008) (ZHWTC, MERRRIZKTT 28R ED -
TZINRAT FUKFAF, =X 7 F o rLBEBREAAIBIOE T = 78— FAKFH O
BB REORTRRO bl ZORERIE, EEBY THINT=OBREIENET L
TWHHEFlZKMREELHDThH T2,

—MRAVIT, B BAOEGEREICRITTREZERO—> L LT, WIKEDRE - Ik
WO AR R E SBRFEF D (A - I, 1970). £z, FINF=0hfE, K
SRR RE & MERF T D B A T BRI H £ 0 FEE T, BIEHRIA DN &
LETIMEAREIELHERTHD LEZX LN TWD (FE- AT, 2003). 4 FTDOHE,
FEFHIM 28 L CHSGEUOBREZRIE L TWb 72, AT EREEREE A F I 5/4EM
REE L OBEEMZHOBSITIZE AL RNEEBEZOND. 2D, A F I THEERE
TLHFTINF =1, EMRREEABANIC X D EmWIRIKEZ Ak L T, ToRR, ¥
FEGUERRIE LB 2 6ND. (E- T, EEREERH TR B RICENRD b7 2K
1%, FHILTOWKREDENI LI Db LHRIESND. ok, SRIOEZMERE T,
2015 FFIC B SNTFHRFER O T NLT I R 72 F v A — FKANZBWN TS
—H DR TREZMEDIR TGO vz, T, T IS = O ERIUED R ZEITIE
HICHMEE L TEY, 2L 0EAMCBWTHRINTWDS Z L (O - B4, 2009)
D, KAENZOWT b & DRAERGIEN DD,

A EORAREDOFER LY, 2 TOFERIK L TRARE 700 E&moBikRgh R4
A UTEEEANL, O - Wbsh B3 2 =~ X 7 F U2 BEBEILA, 7'x 7 2K
FBLIOv = /BT 7 2V KRFIOHR T, H-T, ZTO3FERElE LTFHIAN

=P R el &N TEHEERADND. EL, ThozdEMTLZLT, #
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BENCHIKENEL 20, BRI REZHESELGEHRENREELZEHEZD
N5, UbozZnt, BEWNRERIFEEZSEDTZT TR, RARZHEE T 27

Z (A2 72012 BALZERIBGBR SN OX R 2 L S & 0 MBI BN LB 2 b,
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H2E RRA F BT BT INF = iTxd B B REUE DR
FB1IE AFIAFEIMREEST DT INY=OLERBHRE

A RN OIE RS A T T TRAET DT I F = 9 (BRBEIC x5 T 25K 0 2% th %)
RAFE LR, 9 MAEHATOMBRRIHREGT 2EANIMmr T Lng, ¥
AVESZPEDME T Lo BB R T2tk A F TIEE LT D aREMEAVRIB S v, %
RN GE LN D HANIEFEDH D OO, ZHOOFIZERT 5 2 & ThERAICIIKE
BEL 720, Bl DRI RELZ R S 2GRMENEEL 2 LB bR . - T,
LEMN IR RG220 Tl <, EHREZME T O Y X7 2B 572012 bk
HIBEBRLAS D5t 5 % LA G R T BIBR AR O SR B METH 5. B i O IR
LT, BERBOTEHBIEESILDM, N =FHO TERBUZOWTE, RETELL 0
MANGELNTWDEHOO (L - B, 2006 ; FAD, 2007 ; BAS, 2009) , A F =
TIE, +aRMANFELN TR, £ 2 TR T, B RAET 2 LE KR %

AL, A REE TS L 7BIBRRSR O RTEEMEIC DWW TREE L 7.

R KOSk

B ERE 5

4% 1. 5km LAPN [ 45 i A3 EL AR BEESE C 400m LL_EBEN T D I\ T 4 [ (M5 1, 2, 3
B4 L42) 2EL, 2010 4L 2011 2T INF =0 15 KEHE & 2 DOFEM
RaMA L7 (Fig.5). B bMBIL 600~800 mifRfE (B AL 2 TARRE), B3O
HHIR T, D 3 BHEFHLER N FICTe AL I HETEN L. ok, WG4 DHh
2VMFEL B TH ERE TE =PI K DM 21T o7, 4 BSGOJEL T, EIZA xR

Oryza sativa DMEFTIT &40, ZOMICHEY 2 TIX 10af2ED T R Vitis spp. D3HES

-15-



XRNTW. F7-, EdBSRE LT Table 4 TR L& BEA] - B X =KEFnEho
455 Tl L7z,

Field No.1 ' Field No.2

Fig.5. Four nursery fields in Yame region for survey on species composition
of natural enemies of Tetranychus urticae Koch.

Field No. 1 and No. 2: Potted plants were cultivated on metal stand in open field.
Field No. 3: Potted plants were cultivated on ground in open field. Field No. 4:
Potted plants were cultivated on metal stand in covering plastic vinyl field

until the beginning July.
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ATV NI v T ERAVEANT 2O EERBHEOREE

27BNV M UAICHEREL,9 em R Y Ry Mgk BT LIEWIAEERBASOA 7~ R
MRRAE - R—/3—) 6 #RIZ, fRMREAERGRBRS (LT, fmiaREAR) R
BLTWDF I AT MR ARG 720 10 SE~20 BEEERE L 72 b D& T v 7 & Lz
A F o — Lg% (W2 270XD : 170XH : 100 mm) O 7 X IZEAEE S cm FLE DR % 6 A
BT, ZNZENIZ LA U H A Z LA, (KR E L CRBNICHE B K ZTE O 7.
AU NT y FIREREa T (W 520XD : 365 XH : 305 mm, BEfa) (2 AL, 4% [H5
POMIZ 1E, =7 FBRAMEZEEMImT TE L (Fig. 6).

IDOALUF Y N Ty, 2010 4R 6 A 22 HAvH 9 A 19 HET, 2011 4E1X 7 A 4
H2H9HTHETHREL, TH~10 HHBETEHA L., BILLEZA 7 bT v I
FHol SN LEREE, 1~2 BHEICHERBMEE T TRl Lz, ek, TERBORTE
B <7eols, BN HA E COMMILT 7 AT v 7 Bk E 2% (W:490 mm X D:315 mm
XH:300 mm) ([ZANT 256~30C - BEARRARSFMTER L. H7 ) F=HITETHA
YT—RIETH U TT VAT — MERZER L, (CFHZEBMEE T TILIR (2007) % FEI2HE
B OAFEE L Lz, £, EBARICEVEE - MR R O b7 v 7,
(R & U TRRAERIG D HERV .

Fig. 6. A kidney bean trap used in nursery fields.
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A F BT EINF L LERBOBEHRRE

2010 FOFHAEIL, WP 1 L3 TE6H ITHNAHLIHIBHET, MFZ21L6H1TH
PH9H24BET, W4T THLIENS9H 156 HETHEMLZ. 2011 LM 4 O
H6 23 A9 A 14 BET, tho 3MYIL6 23 69 A THETHALKZ. #
BIZTH~I0 HMRE L, ZNENOEE B2 H A F T % 20~30 #RHIHE T 160~200
BRI L, 2010 4R PACEE 1 4E5E, 2011 4RI A05E 2 HEEDERIZAER T 27 =HHD
Rk & F D EERBO N =T Y I U~ Scolothrips takahashii Priesner MRLH,
BTV Z OB LONT =H~ /R Feltiella sp. (/\NTH ; X~ Axf) DL
HARWIRTHAELZ. 2B, ML TORIRFEEDTZD, 7 U ZF=FHOMIIFEE LRI

277,

S

ATV NT TRV = HOLERBHEORE
THEREAHOPREFERE Table 5 IR LTZ. 2 DMEL bNF=THFIU~, "NF=H
~NAZ, IYahTVE =, FFHHT VX = Amblyseius womersleyi Schicha 3 XY
RF U ATV = Amblyseius tsugawai Ehara WHERINT=Z. TDHH, 2 HFEET
DI THR SN LBERBIING =T FI U= 0BRThH -T2 (Fig. 7). NF=TH3

U TERSCEIGIC L AR AERBOEWNTIH D HOD, 8 ATAILIEENHZHESI &z,
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Fig. 7. Scolothrips takahasii Priesner, natural enemy of 7. urticae Koch.

a: adult female b: larva c: pupa.
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Table 5. Seasonal changes in the number of natural enemies of spider mites captured

on a kidney bean trap in 2010 and 2011

Period of setting kidney bean trap

Year Field No. Predatory insects and Phytoseiidmites  6/22~/7/1 ~7/8 ~7/14 ~17/20 ~T7/26 ~8/6

Scolothrips takahashii Priesner
No.1 Feltiella sp. 5

Neoseiulus californicus 1 2

Scolothrips takahashii Priesner
Feltiella sp.

No.2 Neoseiulus californicus 2 1
Amblyseius womersleyi Schicha

2010 Amblyseius tsugawai Ehara

Scolothrips takahashii Priesner - -

Feltiella sp. 4 - -
No.3
Neoseiulus californicus 2 2 - -
Amblyseius womersleyi Schicha - -
Scolothrips takahashii Priesner
NO.4  Neoseiulus californicus 1 1

Amblyseius tsugawai Ehara

Period of setting kidney bean trap

Year Field No.  Predatory insects and Phytoseiidmites ~8/12 ~8/19 ~8/24 ~9/2 ~9/9 ~9/19

Scolothrips takahashii Priesner 1 - 14 12 6
No.1 Feltiella sp. -

Neoseiulus californicus - 3

Scolothrips takahashii Priesner - 4 - 2 1

Feltiella sp. - -

No.2  Neoseiulus californicus - 6 - 3 3

Amblyseius womersleyi Schicha 2 - 1 1
2010 Amblyseius tsugawai Ehara - 3

Scolothrips takahashii Priesner 1 - 4 11
Feltiella sp. 4 -

No.3
Neoseiulus californicus 2 -
Amblyseius womersleyi Schicha - 2
Scolothrips takahashii Priesner - 2 - 2 17

NO.4  Neoseiulus californicus - _

Amblyseius tsugawai Ehara - - 1

Stages in parentheses indicate examined development stages.

—: Not examined.
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Table 5. Continued

Year

Field No.

Predatory insects and Phytoseiidmites

Period of setting kidney bean trap

7/4~T/12 ~1/20

~7/26

~8/3

~8/10

2011

No.1

Scolothrips takahashii Priesner
Amblyseius womersleyi Schicha

Neoseiulus californicus

2

No.2

Scolothrips takahashii Priesner
Neoseiulus californicus
Amblyseius womersleyi Schicha

Amblyseius tsugawai Ehara

No.3

Scolothrips takahashii Priesner
Feltiella sp.

Amblyseius womersleyi Schicha

Scolothrips takahashii Priesner
Neoseiulus californicus

Amblyseius womersleyi Schicha

Year

Field No.

Predatory insects and Phytoseiidmites

Period of setting kidney bean trap

~8/117

~8/23

~9/1

~9/7

2011

No.1

Scolothrips takahashii Priesner
Amblyseius womersleyi Schicha

Neoseilulus californicus

8
3

2

6

No.2

Scolothrips takahashii Priesner
Neoseiulus californicus
Amblyseius womersleyi Schicha

Amblyseius tsugawai Ehara

No.3

Scolothrips takahashii Priesner
Feltiella sp.

Amblyseius womersleyi Schicha

Scolothrips takahashii Priesner
Neoseiulus californicus

Amblyseius womersleyi Schicha

11

NN W =

11
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A F BT EINF L LERBOBEHRRE

2010 4F & 2011 AEDOFHAERE R A Fig. 8 & Fig. 9ICENTHIURLIZ. 2 0M4E L HITAT
DEGHIIBNTT I NG = dT A EAYIC I A LT,

1) 2010 4

B 1 Tk, "F=HHIT6 A TN 7HTRE TIREECHB LR, 7H TM”n
SAMICHMNL, 8 H 4 HIC 148 SA/HZE L B — 71T Lo, £ & =FHIBAn 1% 128 5%
DAL, 9 AP E CIREE CHE L. " =TI U~idIny =HOBENRN T
A EANOEENPRBO NN, "N =HOE—ZRIH 0. 0288/ EEICE EE T
22 L, NE=HENEAD L2 8 A TR OIREE CIIH 2N EERRDO N, T
X =39 A EAIC0.01 BH/MHIEL OTNTHER SN T Thole, "F=F~<N

ITRA MM 2 L TR S h oz,

355 2 Ti, 6 A PANC N Z =H1725 0. 2 B /MR D B ILIZS, T DRITEBENMET L,
7T A E TIREE THER Lo, 2 ORISR X =H OB 1A RBUTEED ST,
N OB TICBET 2 ERITHIRE Lishotz. UL, 7 A AL AE =4
DFEEREMUL, 8 A 4 HIT 0.46 Bi/HHEL v — 7 |TE L. KX =AITHAm I n
ST, BEIX 8 A TS L, 9 A TAE TIRSHEB L. ~"F=T¥FIv~
FNZ=HOFAELFEL 8 A LA ORI, 8 A THE TRO L. £DkIT
NN L9 ARRIZH DTN TIES 20RO o, A7 VX =HINF =
THIv~L0 O LENRTS A 12 HIZ0.06 JH/HEEMRE I, 8 H FAIE TRAENFE W
ey, NEZHEMNMRBE L 2o 9 AURIIRO b hoTe. £72, B 1 & RERIC
NG = H N IRER S o T,

B3 CTlx, " =HIXTAETIREE CThHo7223, 8H 4 AIT 1.54 BH/HHEL 2
WM LTz, NF=FHOEEIL 8 AP RORY =HIEAi# IR L, 8 A FTRLIRITIK

SHERB LT, "F=TFIU~3NF=HOEARHMLEFET 8 H 4 RIZRDLIL, 84
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12 HIZ 0. 04 BH/BEEIZZE LTc. ~F =D LTz 8 H RIS BARE EE 2203 B RN
oo, kB, AT VXN =2 AT IR IR o T

M 4 T, NF=HEOBEIXT A TR LAMICHEML 8 H 4 HIZ 2.67 BH/#HIE L
E—2I1Z#E L. UL, 8 ARRIE TRAOKRY —AIBHM%IIEENMIN L, Z20%
X9 A 9 BIZ R ERORIM L7, 9 APAIZIME RN L. ~"F=TH% Iy
~E, NFEFOEENE—7ICELZ 8 A EAIZITFEO LT, 8 H FAINLIAEMN
OB, FOR®KIX, NF =N RSN L7 9 AR aICHER S, £z, @
B3 LRERICH T U F = NF = F < NI O b Lo 7.

7pF, M 1~3 12O\ L, EMiE b Y = BEOMBBEGRAE 21T > 7283, & =N

B &5 10 A A £ T 0. 02 98/ R0 L IREE CTHEB LT-.
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Fig. 8. Seasonal occurrence of spider mites and their natural enemies on strawberry
seedlings in 2010. Black and white arrows indicate the date of insecticides and
acaricides application, respectively. Symbols: @, number of adult females of
spider mites; O, number of adults of Scolothrips takahasii Priesner ; [J, number
of adult phytoseiid mites. Bacause Feltiella sp. was not observed in survey period,

symbols of this predator were omitted.
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2) 2011 4¢

[ 1 CTid, " =8IE8 H LA E THAET,8 H 10 HIZ 0. 08 BH/EHEE O H T,
LovL, N =HITIERICREE CHERB L, 8 H 12 A DS =HIBAthIZRE Lo
To. NE=ZT I TSI AT ZFRRE LZFRIFIC, D30 Tidd 2 DB EDHER S
nic. nks, W7 VX =FHENF = " TR IR0 Tz.

M5 2 TIE, ~NF=FIX8 A LaroimL, 8 A 10 AIZ 0.53 JH/HHE L KEE TH
DW= LT, Y =T8S nolob oo, 8 A HAILIREILE 23 )
L, 9P RECTREETHBE L. "F=TFIU~iInF=HmN%ELT8H 10 H

\ZHERR S, 8 H 17 HIZ 0. 02 BH/BEEEICE L. 7o, W 1 LRERICH 7 U X =FH &
NE =2 AT IR SRR o T,

3% 3 Tix, " =837 A Ma»LHRAELE. LaL, N =BOBEITSMICH
ed, 8 A EAL 8 A TANCENEN 0.1 BH/MIERE L bFci@vbh, 9 AT
FCREETHE LI "N =TI~ I =R REE CTH o728 H 17 HIZ0.02
B/ EERDON. £, BIS1 L 2ERICA TV X NF =2~ "o ORAET
WO T

B 4 TiX, "F=FT 7 A ERICRENREO N, TORABMITEEN ML, 8
H 10 HIC 3. 33 BH/MEIEL v — 7 2 LT, 8 AA L TRIOZR S =Allfmtci3 9 AhH
FCREETHE L. ~"F=THIv~iE, ~NF=HOBEEMINM O 7 A I3RS
T, T ZFHOBENE— 22 L2 8 A 10 AT 0. 05 SH/EHERD L2 Th -
lo. A7V AR T A BRI 0,01 BH/EE, T H FAIC 0,02 BH/EEERR D B 72

Tholz. £, o 3MG ERERICNX = F v S| TER SR o T2,
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Fig. 9. Seasonal occurrence of spider mites and their natural enemies on strawberry
seedlings in 2011. Black and white arrows indicate the date of insecticides and
acaricides application, respectively. Symbols: @, number of adult females of
spider mites; O, number of adults of Scolothrips takahasii Priesner ; [J, number
of adult phytoseiid mites. Bacause Feltiella sp. was not observed in survey period,

symbols of this predator were omitted.
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BE

2 DMEDRBRIZEBNT, RTOMLOA 7 M7 v 7Tl Sz 15 KEuI~g
=TI HFEL T X =Thol. LnL, A T3 ETIE, £TORYGTRD
BNTEDIINF =TI T, "NF2FREEERTH D7) ¥ =L
BT UL SN oo, AR INZ T CFME L7 AR OMIC, KRR TH T
A FIEEINNT =T F I U~ PNEENICHEAET D2 EBRHRENTWD (FHD,
2012). R#st CR7E S, 2006 ; #FK, 2000) °F v (FAET - B&EB, 2010) TIEAT Y &=
B =HFRCIEHTE2MABELNTWEN, A FIFEEHHMTIEIN TV X =5
O NF =TI~ EFITHATEDAREERGVEEZEZOND.

NE=ZT P I ~IIA F A O =JHEEDMRORE DR AT 2 FHIN L0 -
To. RIS, EROEENMROERED D KBS ESET D & mOEEIHI RN B D
LEZ O (REF, 2003), A FATIEL, NF=JHITKT D07 V) =SHOYIE D

MEEBBRZVR D EmNZ ENFEFES TN D (FH - B, 2004 ; £, 1993). ik
FARIZ, NF=FHOBEENMRORER TAY =TI U NEET D Z &Ik ERE 7%
FETHIEEZLND. FTo, N =T HFI U~ IRMAER R CBERENSEL, &
EHAZDOIEM~DOBA - EENHI 7 VX =FEV R & (Fkb, 2008 ; Kishimoto,
2002) BLFIERTHLEEZZLND.

5 2 TiX, 2010 RIS T Y X = NZ =T HFI 7 ~3, 2011 FlIAF =T %3
U PNANE ZFHORELFRICA F A ETRO LI, Y =A2imd o2 &<
F=FDOBENHA Lz, EHE (2012) 1%, B P UNK =2 FAFHICHERL, 3
AT D LERBHE L EOBEEMFIDRERE LR, " =T Iy~vnd=s~
NEPBEEICEEL, TRDICE s TH U FUNT =B EMHNEI G N2 &
EZREL TS, SRIOFEFO I I ICAF =TI v~ @ EMICREL, ~NF =D

BN LI2FE0, Fv (P)I, 1988) °F 3 (JHEDS, 2000) THHEINTE

-28-



D, A FFIZBNTHENF ZHOBEIMBFINRICNZ =7 F I U~ B3HE L7 wTREMER
EZbND.

— 0, NEZHFHORAEN 1 HE/EED L RN EEECHBELTH, NF =TIy
VLK DNF OB MR PFBEO bW EF b R oz, ZOERKRE LT, 3
FIBAT O RBEINE 2 55 . 2010 FED R 1T, 7 H 26 H BN =N L7223,
NE=ZTHFI T~ OB L7220 -7, 7 A 29 BIZEAGT L7V 7 = X a LA
=T HFIv~ LR UETHIU~F (Thripidae) IZBETHI B AT I v~
EEE2ZE LETEELZEBRMESH TS (B 5,2000). £72, "N =THIv
~ O 2 W BT D BN E N & b S TVWD  (Mori and Gotoh, 2001). Z @
ZENnD, V72X AROBHANNANL =T IV DOII~YMETCORERAT —
IRV B 2 T2 ATREE N B 2 b D, 2010 4D 3 Tk, A =T I U~ %
ELTbDOD, N ZFHOBEMBIZRITHG SR o7z. TH 20 RIZHA LT 7 Y
TR U KRANTERE VA u A RREBRFT, —RICERE LA A FRECRANT
REBCAOTER) 2 RIRGEIT 2 2 ERRE SN TS (5 - /A, 1989). F7z, FHK
DT 2 Ta/N Y GINAFX =T FIVOMBELZE LD IEL 2 LBRRES
nNTns e (Lietal., 2006) 2°H, 727 UF b IKFMFBAZ =T W I 7~ DT
BN E RIZT L REMENE 2 6 b, 2010 O 4 TiE, %< OKEER BEEICxt
LTHERBNE SNLOERE VAT A FRPON— A — FRFRA (171 - MR,
1990 ; KB, 2000 ; [I'F, 2000) BNEHICHAM SN TNDeD, NF=TFITv~D
1TE 2 EIMIRRE Lz eENnE 2 6 b.

2011 DS 4 DA F I LTI, THOANF=SHTEBETh TR, "F=7TH%
U OREFRD LNl ORI BANTRA S TWianed, (57
YTy T ORRNOHERIT D L, BG4 LN TT AICHAELIEAF =TI U~ OfH

BER D 2o T /RN E R BND. o, MOBLOA 7 N7 v FIZFHLSn
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TonZ =TI v 7T I3 e, ANF=THFI I8 Ahbka I
I 2 EWEEROLEZOND.

RRBFER LY, T =FHIBRICAT =TV I U~ ZFIH CTX 5 /TREMIRIE S 7.
el L, "F=T7 I EEN LB EOMRIER 2T 57-0121%, Kilte L
TORBOFERES) Z RN 5 72 O EBRAFMAER (K2, 2003) &AHBICHT 53
B~ BB AMAER (Hassan, 1992 ; Waage, 1996) Z F2ffi L, ASHUIZEEED 22y A

RS OMENR DD EEZA DN
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HIE AMPBBREM L LTONT =T I v~ DR
B1E ERFUEHECES N =T FI U ORREE

fERROA FTHEHHNCIBNT, BAT L HERBHEZRAE LR, x5 K
MBEEL, A FATEINF=TFITVBBEENCHRETL2ZLBHALNE ST
=TI~ F Aoz, Fx (P, 1988), 7 (GHES, 2000), HF (|H
Kb, 2009), A X (FHb, 2008) FETHHRAENRESNTEY, W7V F=HEID b
RN NE N & (Gotoh et. al, 2004a; Gotoh et. al, 2004b) b6, A FIHH
BN THARRZEERE LTHATE ZABEREZZOND. £2T, "F=TH3
U~ DT INZ AT L BEMHI IR ARGES 7201, T 2 TIEFERFHRE (K
BF, 2003) ICHESE, PBREM E L TONK =T W I 7~ OREZ PG L 7-.

B KOk

BB 1 7 —VERAWET ING ST 5 EEMGIERR
(Lt

Lo Z =T I 7~iE, 2010 4£0 8~9 HIZEIM N\ LG cHiFEH S
A FAOENOTREL-BAERTH L. ZoBEEEL, FINF=FREh o F U
K= FESETH A X Glycinemax 17 7 22 71] % AWT 20~30C - 16 IFfi] H R 5
FOBNTRREE L7z, 708, F I =13 2000 FEICAR KT O T TE X 0 HRE
U7 fE e, B U =13 2010 FEICHUEREF T O & 1 XY & 0 848 LI AARET,

A=A TR=n=] TRAEELLLDOTHS.

RBRI7 Ik
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FTINGZ =T oNZ =T I U~ OBEMTHNREZHBIET 572012, HBRIX O
A () ANF=TH I 7~ 3001 AR (FINF =G =T F I 0~ ol sk
30:1), (2) NF=THFITUT 1001 HEKX (FINF =G =T % I 07~ Ol
2 10:1), (3) FU N7V K= Phytoseiulus Persimilis Athias-Henriot (A XA F v
JA®, TYRAZTATH AT AW) BEX (FINF=LF VBT Y F =Dk
2330:1) F K OMERGARIX D 4 KHE - 3R E L, MR T 2= (6. 0mX 8. Om)
IZC2012F8A3HMNDLI9AIHETIHEML.

FT, REEAR CHEE L2 9 ecmn AU ARy oA F A% 201247 H 26 A I
EHT T2 — (20X65X20 cm) (23 FiX 4R, TH28HBIO8H1H
2777 LVEOBBRE L THEREUC B O 20 e A b r P2k FaAl (Mori and Got
oh, 2001 ; #eAf - M, 2004) Z#AL, fMEOHMEEE (Hh S, 2011) (ZHEWE
L i, BEME= A28 mRAEE (F 70 cm, &S 074 cm) B2 1EBR
KICo& THRERD LD, IEMTZ7 2 —2 laz#EL, hoFhLRKOBAL
Bi<izoic, BERAE=L 2 H (EEO/NSWAE) & 0.4 m HEWOR Ry k3
(B0 oMl ZEIE L7/ —2 (96 X65X70 em) ZHH T, mikZRH1C
KEWEDHT (Fig. 10). 2%, KEIX Im &L, ELBECEE L7z, &#%IZ, 8 A1 & 2
BIZF I =M 2 63 30 B, K270 21080 70D K O WCHEREL, 8 H 3 HIZA
=TIy~ MR E72E TV A7) F =R R A SR RIS HE R LGB A
Bt L7z, SRAIE 8 H 8 B CREiERN 5 Hi&) 725 9 A 9 B (CR#iss 37 Hi&) T,
4 F72013 5 AT, RN SEEOERIZAERT2F I AT Y F = hm, 7 I

FofA BB LONY =TI U~ogh, ik X O h2dia L.
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Fig. 10. Greenhouse experiment releasing S. takahashii against T. urticae

Seven strawberry plants (planted in two planters) in each plot were placed on a
metal stand (width, 70 cm; height, 74 cm) covered with plastic vinyl which has tap
water to prevent the invasion of other insects including natural enemies, and were
put into the cage (width, 65 cm; depth, 96 cm; height, 70 cm), which was covered
with insect—proof screens (0.4 X 0.4 mm mesh) on three large faces and plastic
vinyl on two small faces to prevent invasion from outside by other natural enemies.

The plots were spaced 1 m apart from each other.
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Hearal

HROF ING ZfEEEIZDONT, F ING S R & IS, A X 2 AL,
AR, KOREMELZEERDREL LT, KEWESBIITIC THEEREZIT- 7.
X LB B CARAAFEMANRD b HEIs, BMENRRELZ AR FIcEm L,
Ry 7 zn—=3ETHIE LA EKREEZ W THIE L. lHIER D pfi: 0.05/8=0. 006
25). BEZEDRBDLNIZHAIT, Tukey’ s HSD MEIC & 0 XHfEOH B AME % Fhi
L7z (WHIE% D pfE: 0.05/8=0.00625). 7235, #atdLPRIZIE JMP 8 (SAS Institute, 2

008) & Fv 7=,

R 2. BHERICRB T 2N =T FIv~Ic LD T ING =0BENHIZERR
RERE 5

2015 FF Il R R ER G RERY; (R IRFERE i) OmFEMEY (HHf : 100 nf) 2
T9emARY Ry hOAFIAFHEZMNTE A 18 Hnb 9 A 26 H £ Taklr 4 F2hi L 7.
728, BSELTIE, FTUERIRFEEIN TR, ZHULDOEDIZT INT =0

Y UNT = DREITFEO LR o T

R

NE =T P I ICHBORWIER & 8B LI RERIAIX (LLT, fR#X) & EER
REWEEANZ B L TARREZHR LZBRERX (BUF, BRERX) 28&iJ72 (Table 6). %
NEZNOX %A 4 &P (T2 #K/f&FT) B, SLMEIC LY o2m R CRCE L 72 (Fig. 11). Bl
B L7oAF AT, BB THER L2 I =ERREZ 8 A 10 H & 156 AT frh st
L, ABORIE REE 0.5 56/ MIEICTHE L.

AT 4 H~7 AR E L, TNENORHEEFT N DEEDA F AH 20 BROPALE 1
BEEDREEZ L — (53 X3) TBEL, FTINF=fERENT =T FITvDRK

BRI EZNENFHE L. 2B, A FIOFEHIIETF v/ FA e T7HI U~ S
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irtothrips dorsalis Hood B34 L, KRB OMENEE ETROLNDZ N D, Kk
BRICTCT v /XA a7V I u~vDMECLDIEOBECH FEOMEE L2 /R L ilaRE
IZEE NS T2, RIENFT =T Y I U~ORREZBET 572012, KRB Cldsh a3

L7Zznot-.

BT ALE
X LBRER DT INY =L NT =T HFI T ORERICONT, FINF =%

NS =T A A (log,, (x+0.5)) LT 6N EE AL, #

X 2B AR, A H 2RI R L LT, KENED BT THEERE 21T 7.

70F3, WEEFALERIZIZ JMP 9 (SAS institute, 2010) &R M7=,

Table 6. Insecticides and acaricides applied in experimental field

Date of Treatment (conservation of predatory thrips) Control (exclusion of predatory thrips)
treatment MoA ®  Pesticides (% AI , Formulation”) TRAC No. Pesticides (% AT , Formulation)
Aug. 17 9B Pymetrozine (50. 0, Wp) 4A Acetamiprid (20.0, Sp)
Aug. 25 15 Lufenuron (5.0, Ec)
Sep. 3 9B Pymetrozine (50. 0, Wp) 4A Acetamiprid (20.0, Sp)
Sep. 12 5 Spinosad (25.0, Wp)
Sep. 18 15 Lufenuron (5.0, Ec)

a Mode of action (MoA) code number indicates the classification prepared by the
Insecticide Resistance Action Committee (IRAC)
bWp: Wettable powder. Ec: Emulsifiable concentrate. Sp: Water Soluble concentrate.

Sc : Suspension concentrate.
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2m ]/
Persimon

Pear Persimon

Fig. 11. Design of the experimental field for survey of the spider mite control effect
of S. takahashii.
Black and white square indicate treatment (conservation of predatory thrips) and

control (exclusion of predatory thrips) respectively.

RS

R L 7 —VEAWET ING ST 2 BEMHSERER

NE=ZTHI < 30:1 BLU10:1 BEIXIZEBT 5 F I =EEEE, #HOITH
DU, Bl 24 BBRUBETIET INF =OREITRD b2 oz (Fig. 12). E72liX
IZBWT, "F =TI U ~oihi & ima Bl 10 ARZRICBIE I, A F 3 ETOEEN
R b (Fig. 13). —hH T, EEEX TII S INF =L, fifl 14 H#LIET
NFE=ZTHFI U= 3001 BRO10: 1 EEK O X & A BEENRD b7z (Tukey’ s HSD
MAE, p<0.0001;Fig. 12 ; Table 7).

FUHTVE IR DT I NG AERORERIL, ~"F =T FI v~ 2 X &

FIARIZ, il 14 BB EKEX &R THEIZIK T L7 (Tukey’ s HSD #7E, p<0.0
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001;Fig. 12 ; Table 7). AR TIX, "F =T VI U~HER EF VY BT ) X =fifdX

EDOMIT, TINTARBOHRBICHEEEITRD Lo 7= (Fig. 12).
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Fig. 12 Suppression of Tetranychus urticae populations by the release of
Scolothrips takahasii and Phytoseiulus persimilis.

Symbols: O, the release of S takahashii (30:1); [J, the release of S. takahashii
(10:1); A, the release of P. persimilis (30:1); @, control treatment. Within the
same census date, means with different letters were significantly different, as
evaluated by Tukey’ s honestly significant difference (HSD) test weighted by the
Bonferroni correction (p < 0.05/n = 0.00625, n = 8: the number of census date after
the release), following the simple main effect test by census date (p < 0.05/8 =

0. 00625).
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Fig. 13 Changes in the numbers of mature and immature stages of the natural enemies
in the three treatments.

Symbols: @, larvae and pupae of Scolothrips takahashii; O, adults of S.
takahashii; A, adults and nymphs of Phytoseiulus persimilis. Error bars were

omitted.
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Table 7. Analyzed results of repeated measures ANOVA on treatment for the number

of spider mites on the back of three strawberry leaflets

Factor df SS F — value p — value
Treatment 3 667467. 7 37.0 < 0.0001
Census date 8 391924. 7 8.1 < 0.0001
Plot 2 1879. 7 0.6 0. 5484
Treatment X Census date 24 144464. 4 3.9 < 0.0001
Residuals 70 108569. 0

Interactions; treatment X block (#=2.168, df =6, p =0.063) and block X sample
date (F =4.150, df =16, p =0.6095) were no significant by full modeled repeated
measure ANOVA without three way interactions. Therefore, these results were
analyzed using repeated measure ANOVA removed these interactions. The levels of

significance is p =0. 05.
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RER 2. BHIEIRICRBIT ANF =T VI =il L5 F INF =B EMHIZRRR
BRI PICBIT 2T INF =T =TIV ORAEHRB L ZNEN Fig. 14 I
AL REX T, RBHHZE L CTFINY S IREETHRSR L. —H T, BRERX
T, TINF=OBEENRLIZHEML, 9 H 26 BIC 38E/MEEICEL, WXDOF I
X = DEETHEENRD DLl (RERES BT, £ =35.36, p <0.001) . N =
THI Ui S, WX TRAENBD ONED, REXOEERNAGEICE T
(R - SAERE BN, £, 6=20.77, p <0.001, B : KEBIE DT A 6=23. 01,

p €0.001) .
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O: Treatment (conservation of S.takahashii)
@: Control (exclusion of S.takahashii).

Fig.14. Changes in the numbers of Spider mite, Scolothrips takahashii in each
treatment.

Filled circles: treatment; open circles: control. There were significant
differences in the numbers of 7. urticae, S. takahashiibetween treatment and control

by repeated measures ANOVA.
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B

T W IS 2T L8 EIRE BRI W T, N F =TI T < ks
KIZBT DT INF =\EREOHBIL, TV 77 ) =X L REEOHB E2 R L2 L
Mo, FUNTVF =LA =TI TS F INY =TT DB EHNRE A
FTZEBHBMNE ol HIZ, BHIGMCTE L -RBIGNRRICB N TS, Iy
=% 0.5 BH/METEL, HEPBOKMEREEZLLT (JPP-NET, 2017) OEREERMAETH-ITH
PP BT, RBOAFIA~OBANRRBO b, KEUEERFOFBEENMRDNTLE,
EWE IR’ E O D Z L (REF, 2003) 2BETHLE, FINFRBERD
ODNF =TI BAFATBALLEZ S, PR EREATHLIEEZOND. £,
WARBR ClL, f F 3 L TAF =T F I U< B oM, RO B 00 638D Bk,
WX =TI OEFRIIEMREICL > TRV, 3~ Y ) Brassica rapa var.
perviridis X0 b A 7~ A TOELRPMENT LB HE SN TWD (Shimoda et
al.,2016). £7=, "F =T W I~ LFEBD Scolothrips longicornis &, A 7~
AE ETORBOAETGFRCEIN, WMREN Y ¥ Gossypium indicum \ZHA~_RTKRNZ &
WA STV D (Sengonca and Gerlach, 1984). A F BT HNL=THFIU~D
AT RIS 2 VB & Ll L 72 A 370 s, KRBT, A F 3 LTy =T
VIl bhoMic, KEROELRD i, I AT =TT B EMHBREIE S
NTNWDZENnD, KlEA FI~DEENEL, A FIAEHEHOF INT=Pikke L
THIThD EEBEZ LN,

EMRBEBRIE A FE R L L2 IPNTCIE, RiZ REFIH T 272012, BEBORVERRISE
KT 52 ENEETHD (Waage, 1996). A FITOBEEHHNIL, ~F =DM,
TTTAVHE, YHREOEDLL, 5 AT, RIEREDORENEET LD, £ D

e EANEHCHM SN TND. (o T, A FIFEHICBT AT =TIy

22
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~ G LI IPMAR 258 5556, AR 58 M - REAI OB L2 5 I 54
ERbDHEEZDNT.
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B2l NF=TFIVTITHBORVERE - REH DRI

FEBRAFEAME (R8P, 2003) ICHEDE, A FAFHINE SR ET 2 AF =T ¥
U~ DEYRIPBREM & U TRMEZFIHME L, 4 F I TRH SN T DHEMEXRIOT U
TV Z=LERRIS, T IN =TT BEMFHDIRBELNTND Z b, FTINS
=Bk LTHIREERBTHSL LB Z T, AMRIBIERIEL i & L7ZIPMTIE,
Kt ZRERI AT 272012, ZEORWERIRER ZEHNT 52 L NEETH D (aage,
1996). A FAOFRYNTIE, FERHEF RIS T 5% < O d - BREHDSEHAICEAM S
TWb7eh, A FAFHMNCBITLEINY =TIV~ E2IEH LI IPMERZMET 254,
AT DR - BEAIORBEZH LML, BEBORWIEK 28 L Ee 57
V.

ZIT, KRBRTIE, ~"F =TI v i agtiie, o F TR CoOAEER
EW26FEH O - HEANDOLEIZHOWTHA L. fFET, ZERRD b FEANZD
WTIERERBEEFEL, "F =T F IV~ ZIE LicA F 285 WO IPMASR O T REME

IZDOWTHBLE LT

e L O

LR

R L F =TI U ~<id, 2010 40 8~9 HICHE MR\ L O F i H THRg S
NeATFATHEL ) JORPORE LTERFETH L. ZOfEREL, I 2= (2010
FIHER R N\ L H O A F AARE TERE LIRS 72130 o F Uy = (2011 FICHE
[ RSERT T ON T AREBNOL A X TT7 728297 InOEE LTCBEERE) 2 FAES 87
A XN TEN (20-30° ¢, BARBERESM TRREEL, 2 Wshhaik. 2ok,

INLONZ=FHFA T r~A [ R—=n_—] ZHWT=ERHN (20—-30 ° C, 16 L: 8 D)
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THERFL, & A XA L7, FARER T Lk & RO T I & = E R 2 v

7.

BEASEA
ABREEANL, A FTERHOMREFRPIEBRTHEMN S TV D 26 MO H - BEHI & L

7z (Table 8). FHEANIKEAK THMREICARNL, MRXICITAREKREZHLEM L. Z

NHICRERORY) XL mF L AFARY X4 93.0%% 5,000 & 725 k%9

WA L7z,
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Table 8. List of the pesticides examined

Active MoA ©
Pesticides Formulation *  ingredient Dilution " or
% FRAC code
Insecticides
Thiacloprid WP 30.0 2,000 4A
Acetamiprid SP 20.0 2,000 4A
Nitenpyram SP 10.0 2,000 4A
Spinosad WP 25.0 5,000 5A
Pymetrozine WP 50.0 5,000 9B
Pyrifluquinazon WP 20.0 3,000 9B
Indoxacarb WP 5.0 2,000 22A
Chlorantraniliprole SC 5.0 2,000 28
Flubendiamide WP 20.0 2,000 28
Flonicamid WP 10.0 2,000 29
Pyridalyl SC 10.0 1,000 UN
Insect Growth Regulators
Lufenuron EC 5.0 1,000 15
Tebufenozide SC 20.0 2,000 18
Acaricides
Milbemectin WP 2.0 2,000 6
Hexythiazox WP 10.0 2,000 10A
Cyflumetofen SC 20.0 1,000 25A
Cyenopyrafen SC 30.0 2,000 25A
Fungicides
Penthiopyrad SC 20.0 2,000 7
Diethofencarb-Thiophanate methyl WP 12.5, 52.5 1,000 10,1
Azoxystrobin SC 20.0 2,000 11
Polyoxin WP 50.0 5,000 19
Oxine- copper SC 35.0 500 Mo1
Propineb WP 70.0 500 Mo3
Iminoctadine albesilate WP 30.0 1,000 MO7
Dithianon SC 40.0 1,000 M09
Cyflufenamid - Triflumizole WP 3.4,15.0 2,000 Uos, 3

2 WP: Wettable powder. EC: Emulsifiable concentrate. SP: Water soluble powder. SC:

Suspension concentrate.

b Dilution registered on strawberry culture.

¢ Mode of action  (MoA) (for insecticides) and Fungicide Resistance Action
Committee (FRAC) (for fungicides) code number indicates the classification
prepared by the Insecticide Resistance Action Committee and FRAC
(http://www. frac. info/docs/default—source/publications/frac—code—1list/frac—

code—1ist—2017-final. pdf?sfvrsn=2) respectively.
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R 1 FANCH T HNF =TI v~ 2 #nsh i o

MEIE, RS (2007) OFIEICHEL, HKITRESEA FAEL IKHOT 7 VL
BCHeEe Munger cell {EEZ MW=, 3726, 727 UK (50X70X1 mm) LIZFEERD
RESOR=R=Z AN ZRE, 10 BHFEERITRE L, 2~3 FrfHFHE L TR Sz
FAO/NE EHE 8~10 cm X HEfER 8~10 cm) Z#it, Zo LIZRE30Om DT 7V
A (BOXTOX6 mm) 2Nz, EDOROHFIL, "NF=THFIUOEEL LTHFINnT =
HERR B 20~25 FHA /NETHERE L7-#IC, WBEZHWIANY =TI~ 2 hhs
10~15BEMEA L, ZOENLARZER2mICT hurT—RA %77 7 UM (40 X50
X2 mm) YR, WAL TN Yy S CHEE L. Tk, - AR (2008) ICHEL,
TIAF v K (EA 13 em, &S 6 em) (SAKEK A 72 LT, EA 10 mm O IXABH N
Te B AW CHEMZ KSR L L7 (Fig. 16). MEIL, 25° C, 16 L:8 D TATV, Jifid 48
REHRIC T 7 U VR A BRI C, BRIARBIEE T (53 X10) THANZ =T ¥ I v~ 2@mh
DEFEMER L, FECRELRE M L. ok, &M 2~3 FEIEETHNATEH, 2@
ool flR) LT HRE L TR, MEIL 201547 AICFEmKL, 1IANCSX 3 X
#H, AFt30~358HE L7z,

#5572 SE T T TOBC/WPRS D # X4y (TC:TOBC toxicity category; Hassan, 1992)
IZHEL, RBBEE (JETER 30%AM : TC=1), 28U (FETER 30%LL | 80 %Al : TC=2),
B (FETT R 80%LA L 99%AT : TC=3), s8R (BELHR 99%LL I : TC=4) D 4 DIT5

FA L CRTfh L 7.
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Fig.15. Evaluation of the lethal effects of pesticides on S. takahashii by a

leaf-dip bioassay with Munger cells.

a: acrylic plate (length, 70 mm; width, 60 mm; height, 2 mm) , b: paper towel, c:
acrylic plate (length, 70 mm; width, 60 mm; height; 7 mm) in which a hole (diameter,
30 mm) had been made, d: acrylic plate (length, 50 mm; width, 40 mm; height, 2 mm)
in which a hole (diameter, 32 mm) had been made and covered with tetron gauze net

(mesh, 200 per inch), e: clips.
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RR 2 NF =TI U~ 2 s RIS EF ORI

FBDSGRO BV HEA] FETHE>30%) KR, "F =T HFIv~v 2+ s
FHIDOREHMAZTHE L. 9 em AU Ry MNCTEH LA F A O LH 2 3K 10
MRRIE S, HAMEE TH T ARE (26~30C) TEH L7, HEARELHER (0
H# L 92), 5 HAB LD 10 HRRIZ, ZRENOE»D 1 HIELZRE L, Bk 3 ICHE

CTHRELE. BMEX1EANC >E 3IE, A5 34~41 B THEM L=,

WEETALEE

NE =TI U< 2 s Ik L CRENRD bNANZSWT, Y AT 4 v 7 ([
JRIHTEATV, A TONY =T F I U EEOHBOEWEMIT L. T,
NEZTFITOREEOER TP AT ¢ 7 HIFRIZHE S LAE LT, FELTE 30%
Kiiti (TC=1) LR DHFN OB AR L HHE Liz. ZNDLOMHTIZIE, JMP 8 ZfEM L
7z.

RS

R 1 BHNCHTE2AF =TI v~ 2 g B oSz

ATFATHEAIND 26 EEOIEANZOWTHRIE LIEHER, AT =TI U~ 2 fmsh
Wkt L CRENRED ONEANL, F7 7 a7 Y RARFAl, 784170 RAKER, =
T BT AKEA, BV XU AKRAF, A Y RAMABLOLT = X0 iAo
6 A (TC=4) Th o7z (Table 10). —F5, A ¥ RI¥HH/THKFA, IN_A7F K
Fafl, 7V %A bw e r KAl L OEBEETKANS, FECHRARO bbb OO,
HEITEN ST (TIC=1). B, v/ ET7 = VKMAIREEX T, BhFoEEL
EZONDFINZ=OEEPEO NN, AR THE LN =T FI v~

BRI hoT.
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Table 10. Mortality of second-stadium larvae of Scolothrips takahashii treated

with the 26 pesticides

Pesticides No. thrips tested ~ Mortality % TC?
Insecticides
Thiacloprid 32 100 4
Acetamiprid 34 100 4
Nitenpyram 35 100 4
Spinosad 31 100 4
Pymetrozine 31 0 1
Pyrifluquinazon 33 1
Indoxacarb 32 6.3 1
Chlorantraniliprole 30 0 1
Flubendiamide 30 1
Flonicamid 35 0 1
Pyridalyl 35 100 4
Insect Growth Regulators
Lufenuron 35 100 4
Tebufenozide 31 0 1
Acaricides
Milbemectin 33 3.0 1
Hexythiazox 35 0 1
Cyflumetofen 30 0 1
Cyenopyrafen 30 0 1
Fungicides
Penthiopyrad 30 0 1
Diethofencarb-Thiophanate methyl 32 0 1
Azoxystrobin 35 2.9 1
Polyoxin 32 0 1
Oxine- copper 32 6.3 1
Propineb 34 0 1
Iminoctadine albesilate 33 0 1
Dithianon 30 0 1
Cyflufenamid- Triflumizole 33 0 1
Control 33 0 —

4 International Organization for Biological Control (IOBC) toxicity category: 1,

harmless; 2, slightly harmful; 3, moderately harmful; 4, harmful (Hassan, 1992).
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RR 2 NF =TI U~ 2 s RIS EF ORI

AL =TIy 2 [sh BTk L TRENRRO b 6 FIOFECREOHERE % Table 11
R LIz, " =T IUY 2 MO TROHERIL, EANZL > TR -7 (Tabl
e 12). 74X I 7V RAKEH, =7 EF LKEBEAIB LA 7 RAF#AlO 3 #FIiz>
WL, AL 5 B ORBITRO behoTle (IC=1). —J, LB 5 A OELT
FN AL EDFT 7 a7y RAKFIAL B U X VLKA L UL T = Xa HLF DR
UROHER HIAIM TR/Z2 Y (Table 12, 13), B U X U AKFF L LT = X v LA
L 10 AR £ TRENRO Oz (TC=2 £721E3). Ik, 77 v 7 U RARFANZ XS
TOINZ=T Y I U~ 2#E R OIET RPN 30%AwM (TC=1) LRDHEEMILT7.6 H (9
5% [EHEXM: 6.65—9.06 H) TH-otz. BEUXUAKFENLT =X o LA 10

H DT RN 400, ETH 72720, WHE T Rno7-.
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Table 12. Results of multiple logistic regression analysis on pesticides and day

after treatment

Factors df G-value p-value
Pesticide 5 18.01 0.0029
Day after treatment 1 372.49 <0.0001
Pesticide x Day after treatment 5 80.11 <0.0001

Table 13. Re-analyzed results of multiple logistic regression analysis on

pesticides (thiacloprid, pyridalyl, and lufenuron) and day after treatment

Factors df G-value  p-value
Pesticide 2 18.95 <0.0001
Day after treatment 1 78.62 <0.0001
Pesticide X Day after treatment 2 13.43 0.0012

To remove the interaction and classify the effect of pesticides, these data were
re—analyzed eliminating the data of the three pesticides, 1i.e., spinosad,

nitenpyram, and acetamiprid, which scarcely affected the survival of S. takahashii

5 days after treatment.
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B

A F AR S5 26 IO B -BREANTH T 2N =T FI v~ 2 mshho
EZMEEAE LR, F7 77 FKRA, 78FI7Y FKEA, =787 A
KR, ©VZ VKA, ALY RAKFAB L0V T = Xa CHAOF 6 FITRE

R (1C=4) PRDOOLNTZ. 205 H, TEZITU KKEAR, A3 RKmAIES
FONVT7 =X e CHANCDONTIE, KR CBRE LToF =T I v~ E@RFIC T 5
WEER (Mori and Gotoh, 2001) (ZBWTH, AL FREOBEBEZRL TV,

AR OFEMRR LY, €U XV KA L LT =X e CA1AITE 10 L ED
REPRO LN, KRR CIIMAORERBEHE CE hnoTen, RYUMEEL K
FTAREME L B R DD oD, NF =TI U~ E2REFHTL720121E, ZnboF
LD LRRFOIANOHEHELPEZ IR BREWEE 2 NG, —FH, XA=aF/
A FRHEA] MoA:4A) D H 5, F7 7wy RARRMATIE, L 10 ARICITEZENRED
LT, TEHXITY RKBAIE =7 8T LKERITE, A5 HZICITREITE)
ofc. Fiz, AE Y RAKRMAITHLEE 5 ARZRITITRBIIR O bR hole. "E=T
I8 ANOMAIIRET 22 s, BEBHMNE > 4 NN TIE,
F=THPIvOREHELZZEL, 7T AL TOFEHMY ChHITMHH TE 5 ATt
borEEZOLND.

flnod 20 FNZHONWTiX, ~NF =TI v~ 2zt 2 BT o/, 7u=
I RARFIAIE Y TS Y Uk TANE, BKET VI U~ EICK T AIEEE o
(Morita et al., 2007; F#h - S, 2011) DO, KRERTII N =T ¥ I v~ Txt
THRBIEMEITIRD bivZen otz 7r =0 I RAKFANEL, BRSO 7a=53I KR

TRV AL, ZNERIT LT 7T LTI o~ R P oatkE I
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%L CRERHRBENIET D (Morita et al., 2007). fiBVEONL=THF I T~inA(F
TEW L, KOZERET L0 ARHTHLH, EETIERWZ &b, KAIORE
TN EhoT=tEZ NS, £1-, BV TZAXF I UKmMANL, T/ FAnT7 Iy
~ Scirtothrips dorsalistood 72 &, ROENTZT H I U~V HIZ ORI BIE L RSO Z &
26 GGH - W, 2011), BIFECTH AT =7 I U~ IIARFOFEL T Ieho 7= A]
BEMENRBZ DD, 728, BA e Py KANZ OV T, Mori and Gotoh (2001) @
HEICBOTHRETRD 5TV,

A FIRBETHBEL 225, 5 EATHLPIHIRIL, BT D & KIERBIR A KT E
ThsH (KA, 1980 ; ML, 1989 ; FEH ©H, 2005). ZiHOEFRHEICKRIT HEHFEM 72
JEEEARBEEINIIMS SR TR e, B WIHIIEA RIS U 72 BB 4123 & IR 12
FINTND., KRR TIE, "F=7 I U~ 2okt 2%EAOREITERD L
NIRRT Z 2D, A FAFEHMIBIT 2R EVRERICNAZ =T ¥ I U~ 2 RiEF
H LB 2/l ATe Z L IXFRE CTH D EEZE X bND.

ARBUIC KD, A F ARG THAY =T F I U~ 2RI TE 5 20 FEOERA IS
EFRLMCL, BERBROEAICOWTIIZORBMM AT 52 & T, Rifk#x

BEICEWTHEASEEEZRT I ENRTE I, NE =T Y I U~ IThHT 2 3HA ORI
T DT LI et al. (2006) <2 Mori and Gotoh — (2001) DOHEIZR LN TV ®,
AFATHEAINDRD - FREAIZ G L LT ARRBREE R 1T, —5A F I EM T
ENTVWDINL =T VI U~ ZR#FH LI PiBREi 0% & (BE, 2016) O—B)& 72
D, BHONE=T P I T~ 2 REMNA LA F IO IPMBBREANOMSICEF 5T 5 b
DEEBEZBND. %I, NF=T VIV ERERA Lo FAEE MO IPM 2 fSL
T 572012, Bk oG MEE AFERS CRMiiT 20 ERH D LE X b,
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Bamw NF=THIVE2REFRA LT INF =PREROMH
FBLIE NF=TFIU2RENA LT INF =BiERO B FEFERBR

ZHNETOMZICT, A FITFEHELNRET 2T =TV I U~ DLW
G e LCRIEZRIM L, A F I TRIHS N TV OHEMERIOF U A7 ) # =L [EERIC,
FINZ KT HEEMEIIRERZEONTND I LD, KRARFINT=RE LT
BN LERBTHLZ RPN ERoTz. Flo, A TFIAFEMIBIT AT =T
U~ Z iR L2 IPMIA R 28557 5 7218, RRITKT 23 H - BREHI OB 2 57>
2L, RBORVMEOKA 2 EE D LTSI,

HARFEAET 5 1A RBERENMNT 2RTFER LS LT, ZThETIZ, BHs T 2 4%
B35 O KRR BN T, BIIEAZ ATz AT 2 LA VHORERIHIC LY, 7
PFIVFEZEOFEEERLZ DRI TE 52 EAHEIN TS OkIF, 1991 ; K
BF 5, 1995). A4 FTICBWTYH, BEMOIPMERZMHNTSH LT, ~"F=THF I~z
TReERIH L2 BIBRIEO G 2% AL PFER S TRl T2 Z LITEETH 5.

 ZTCARETIE, WROAFIEFEMTH DN\ L OBHIBSIC T, BINAIEH %

HANTAF =73 I U~ 2 RG#R A U I2BIBRES O A 20 2 574l L 72
MEE XUk

B HN ST 5

INZcifi 3 Y (HY 1,2 B8 K UN3 &9°25) Z@EL, 2012 £06 2014 4F £ T 3 EE
RBREAT o 72, B ML 800 mARE (B AR 2 HARE), MM (HERD 1,
/5 3 OAMKE T, o 2 BFIEEERCFIZT6 AnD 9 AETEE L. ok, &
B U 72 35 1 X EAR A C 400m LA BB TR0, 3 MO TIE, EITA FELA XN

EfF & Tz,
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R F &

BEUFEFIZIE, RBUSREORE W — A — MR BH (768 - M2, 1990; K
B, 2000 ; [UF, 2000), GRRELABA FREBA (HE - HA, 1989) O] % #2
2Te. Flo, A TFTOFHHIC INF =DM, BFET BT 7T LY Myzus persicae
(Sulzer), VAT 7T LB IONAEL I MY Spodoptera 1litura Fabricius 233/
L, BABBROMGRE 2D, ZNbOFEEEROIRICIE, NF=THFIv<ICEBD
IRWIEAN 2T L, FEBRICHEM L3 R & 2 oxt g F L& Table 14 (278 LT,

FAEHRIZZ T —OW VB LE2 O EMATE TOFHHIM, T7hbb, 2012 413
HIEEMAH9A 4 BET, 20134136 H 14 B2H9 A 17T HET, 2014416 A 10
A5 9H 16 HETE L, 6~12 HERR CHA Lz, AR, Iy =l h
DIz, "NEF=THFI TR L, BTV =HE L, EREROBHBENOA
F = & 20 BREIRRE T 100~200 HRARH L, HAL5E 1 EDOHEE 2L — (FFR: X3) T
BELIL. b, "=V IUvORBEHITSTCEHE L. ok, ARBRICTT
¥ /XA T YIS R OMEIC LD EOBEALHFOMEILEZ R Lo ilEKIT
o Toy, KB NF =TIy~ DREZEET 572D, AR TITSh A3 L

o7,
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Table 14. Insecticides and acaricides applied in each farmer’s field

Year Field No. Date of oA @ Pesticides b) Target pests
treatment (% AI , Formulation”)
Jun. 16 4A  Thiacloprid (30.0, Wp) Aphids
Jun. 26 28  Chlorantraniliprole (5.0, Wp) Lepidoptera
Aug. 1 20D Bifenazate (20.0, Wp) Spider mite
No. 1 Aug. 8 18  Chromafenozide (5.0, Sc) Lepidoptera
Aug. 16 29  Flonicamid (10.0, Wp) Aphids
Sep. 1 18  Methoxyfenozide (20.0, Wp) Lepidoptera
Sep. 12 25A  Cyflumetofen (20.0,Sc) Spider mite
Aug. 23 29  Flonicamid (10.0, Wp) Aphids
2012 No. 2 Sep. 2 9B  Pymetrozine (50.0, Wp) Aphids
Sep. 12 25A  Cyflumetofen (20.0,Sc) Spider mite
Jul. 2 9B  Pyrifluquinazon (20. 0, Wp) Aphids
Jul. 25 18  Methoxyfenozide (20. 0, Wp) Lepidoptera
Aug. 3 20D Bifenazate (20.0,Wp) Spider mite
No. 3 Aug. 16 9B  Pymetrozine (50.0, Wp) Aphids
Aug. 22 - Propylene glycol monolaurate (70.0, Ec) Spider mite
Sep. b 28  Chlorantraniliprole (5.0, Wp) Lepidoptera
Sep. 13 25A  Cyflumetofen (20.0,Sc) Spider mite
Jun. 18 4A  Nitenpyraml (10.0, Wp) Aphids
No. 1 Jul. 7 18  Chromafenozide (5.0, Sc) Lepidoptera
Jul. 18 29  Flonicamid (10.0,Wp) Aphids
Aug. 13 25A  Cyenopyrafen (30.0, Sc) Spider mite
Sep. 15 25A  Cyflumetofen (20.0,Sc) Spider mite
Jun. 18 4A  Nitenpyram (10.0, Wp) Aphids
No. 2 Jul. 7 18  Methoxyfenozide (20. 0, Wp) Lepidoptera
Aug. 16 9B  Pyrifluquinazon (20. 0, Wp) Aphids
2013 Sep. 13 25A  Cyenopyrafen (30.0, Sc) Spider mite
Jun. 16 9B Pyrifluquinazon (20.0, Wp) Aphids
No. 3 Jul. 25 29  Flonicamid (10.0, Wp) Aphids
Aug. 12 28  Chlorantraniliprole (5.0, Wp) Lepidoptera
Sep. 13 25A  Cyflumetofen (20.0,Sc) Spider mite
Jul. 2 18  Chromafenozide (5.0, Sc) Lepidoptera
No. 1 Jul. 15 29  Flonicamid (10.0, Wp) Aphids
Aug. 14 20D Bifenazate (20.0, Wp) Spider mite
Sep. 16 250  Cyflumetofen (20.0, Sc) Spider mite
Jul. 24 29  Flonicamid (10.0, Wp) Aphids
No. 2 Jul. 31 18  Chromafenozide (5.0, Sc) Lepidoptera
Sep. 4 9B  Pyrifluquinazon (20. 0, Wp) Aphids
2014 Sep. 10 25A  Cyflumetofen (20.0,Sc) Spider mite
Jun. 27 18  Methoxyfenozide (20. 0, Wp) Lepidoptera
Jul. 9 9B  Pymetrozine (50.0, Wp) Aphids
No. 3 Jul. 16 20D Bifenazate (20.0,Wp) Spider mite
Jul. 24 - Propylene glycol monolaurate (70.0,Ec) Spider mite
Aug. 17 28  Chlorantraniliprole (5.0, Wp) Lepidoptera
Sep. 12 25A  Cyflumetofen (20.0,Sc) Spider mite

aMode of action (MoA) (for insecticides)
b WP: Wettable powder. EC: Emulsifiable concentrate. SP: Water soluble powder. SC:

Suspension concentrate.
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S

FINF =L 2O LERBMOB AN % Fig. 16 [T L1z, 70k, 3 MFEOREIZIE W
T, AFAHETHT VX =HFHOREITRD N o7 (T —F0K).

1) 20124

B 1T, 7IZ=238H 21 HIZ0.013 8H/HIEL OFNICRO NI ThH
ST, TORFHIAF =T W I v~ B 0. 013 51/EIHERO Hii-. 8 A 28 HLAREIX
FING S TREETHR LT,

35 2 T, 8 AR T INF =DFENRD L, 8 H 28 HIZ 0. 458/ L v —
JIWZHE L, "E=TH I~ 3T I =0RAEICFRML THRAICHENL, 9AT7H
TIEALHLAY 0. 08 HH/HEEE, 78 0. 06 BH/EERO b ~NF =T ¥ I U~ pm L@l

INFL=OEENED L9 H 14 BIZbRD 5.

M5 3 TiE, FInF =126 H EANG 7T HETO. 1 BE/BEIERMCHB L T,
8 A 1 HICIREE ClEd 528 0. 3 B/ MBI Uiz, B =AIBA%IT T I =D
L7223, 8 H 28 HIZ 0. 15 JH/EIEL b TIEH 23580 bz, & =%l 2 [ 3 A
HBiX, FING=OREFBDONARNoT. N =T P I T BT I S =35
EL78H 1 HE 28 HIZO0.02BH/MEEFRD AL, 9 A 7 HITHEA 0. 01 BH/#HEERO L
7-.

2) 2013 4E

B 1 TlE, 8 HETT INF=DRAENRBD NPT, 8ATHE 12 HICE
MZEI0.05 BH/BEHEL 0.1 BH/HERO DT, ZORINT =T HFI U~ 0.05
HH/EHEL 0.01 BH/BEERR O biLlz. 8 A TRAILIEIZ T INF = nF =TI v~ D
EITRD bR o Tz,

B2 ik, 8 A 19 HIZTFHIAF=20.16 3H/HERD SN, 9H 4 BICIZEEET

TH D, 0.24 80/ BHEICE L. "NA =TI v~<RBIZ8 A 128,59 H 10 HFE
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THERSI, 9 A 4 HIC0.05 H/MHBEEICE L. £z, RAOWIEI A 4 HLRRIZ 0.02
HH/BEIERD b,

%5 3 Tk, AWK ZE L TFH I NF =725 0.09 SIEHRE/ R & AR CTHER L 7-.
LinL, "F=7HIv~id7H 25 HOREURICA FIELETESENRBD L, 9H
4 HFHARICIE, sl & i3 Eh 24 0. 03 BE/HE3E & 0. 02 JH/HIERD bz,

3) 2014 4

M 1 TIE, FINF =T ZE L TREECHBE L., "F=THFIv~<iX
8 H 12 HIZH 2 0. 1 BH/HIERD H T,

3% 2 Tix, 6 A 19 LT INF =RRBO b eh, EEEASBIcHmT2 2 &
72<, BEHIRIZ 0.5 5/ BEERM L IREETHRE L, " =TI v~wldixo A4
HIZ 0. 05 B/MHEERD H 4L, $hihb 9 A 10 HIZ 0. 05 F/ B EEMR S iz,

B3 Tk, I Z =136 H 30 HIZ0.280/HERD LN THRLAICHML, 7H 23
HIZLOFH/BEL E—JICE L. "N =T FIv~I T I =0RECHEFLT,
RRHEAY T A9 HIZ 0.01 BH/#EEE, WHA3 7 A 31 HIZ 0. 01 81/ HERD L7223, (ERENIT
WL o7z, 2 B OIFEARLEIT T INT =OBENHA L, 9 A 4 HUBEORAE
IO LN roTe, NF=T I U HE, FINF = MEEETHR L8 HLL
R b AR BT,

AEIO 3 PEOPFETIE, RTOMMBE TN =T FIVORENTO b, iz,
3% 2 & 3 T, 7 I = OEERER —FERITEIN L2 b 00, 9 A ORHEHHE TIX

FINFZFTROONT, BEHIfZE L&Y =AloBmiE 3 BIUNIZ L EE o7
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Fig. 16. Seasonal occurrence of spider mites, aphids and their natural enemies on

strawberry plug plants in farmer’s field.

o,

Filled inverted triangle indicates the date of acaricide application. Symbols:

number of adults of Scolothrips takahasii

number of Tetranychus urticae; O,

takahashii.

S.

Priesner ; /\, number of pupae of
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BE

HE MR TUE, 15 RO PREFI NS X D B EMHIBBRNER STl v (R,
2009), BRAYHH 2R L7BIBRIER O F LML, 5 A (Takemoto and Ohno, 1996)
A2 T Abelmoschus esculentus (L.) (Fijth, 2015) OIMIFEFERBRIZ TRAEA S h
TWh. ARBR T, BIRNERZ AN TAT =T 9 o~ 2 R#MH LZBhbRiEiC &
DT ING = OB EIMHINR 2 AEPEE Y TR L7z, £ ORR, 3 2RO B R

TIE, 7 INF =DRAEITNT OB TS ERhERAKYER B o 1 88/ /4E (JPP-NET, 2017)
UTFTHB LR, 2TOMBTAY=TFIvvRRBOLN, 17V XF=FIRD L
o,

COHHELT2Oo0ZEREXLND. £T, "N =TI U~OBEREINB AT
VXIS ENTHWD ZERBTF oD, &S (2008) 1%, &4 XELGITBNT,
WED B LERWAARIL, "N =T VIR I T IX=FHED B RF A X LITTRK
L2 eZHELTNWD. 9 108 E LT, A FITHHTLIIEADOEEL DT
UEFZEHEY 2T W2 ERFEToND. A FTD D EATRRIAIFIL, IR
% & RIEARBIZ SR ETH D (KK, 1980 ; 1L, 1989 ; FGH &, 2005) 7=, A pE
B CIRA R L 72 A EMIRICBfm SN TS, Z095hL, Y= R 7=l
T e FFT 72— R AFOIKFAIRT v R T AKRFNCOWTIE, FHES 7Y F =Tkt
TLERENWE SN TWD (AAREWRIBERRHH#RS, 2017). B A EHHIC o S
NOAFIAFEEINL, W7 VXTI ELZZ T TLEY, MRMICEENHREI N
TeA[REEDR B 2 BID.

2012~2014 FEI2BIT D EEE 2 L 2013 4RI 2@ 3 TlE, & =K l#fish T
WRWREHNI A =7 P I U~ BRBO b, FTINF =BT 5 2 & 7 REEECTHE
BLlz. ZOZ&hb, FIN=0BEMHIZ, NF=TH¥ I U~ ER L7 aTRett

NrEWEHERSND. o, REUEEROEHRFELEPMEITE, mOEEZEIHIR 1S
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bdZ e (REF, 2003) &[T HE, TINFREERFNPONTY =T HFI TR
AFATEA L L, BREREATHLEEZLND.

AR L o C, HPBRFERTHL T INT =K LT, NF =T F I v~ a2 R#EH
ML, BERAVEA 2 A8 DR B ORI RES iz, 2721, T 55
ROFEANIR SN TRY, ZbxEAT 52 & TH I =AM TICF
TLORNRDHD. W->T, TINF=ORBZMET ZEMEST 2720126, KO ER%)
REGSODLIVENRD. TOFEL LT, REDBKNEL T LEH0ME, R 2 it <
X 5 KEURAFY) 2 8N ¥ 2 i#501bi% (Landis et al., 2000 ; K8F, 2003 ; KEF, 2009)
DEANBZET 6N D, FERIC, BMEEEOAF 7 7120, KRR EFIHT 52 LT
UET 7T Ny OEAERPHEIN L, PIERZ R EIZLE LI FFRHE ST D (i
JLb, 2015). 1o T, Ak, 1A KEE B5EN TIEAF CX 2MWHEOERTE & £ OF M
HBEIZOWTORET O UER D D,
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o
K
2

FIANF=1E, KE0.45 mm IS & U THIE A 285 <, RIS A F T2V T
LML 2o TV A EEERTH D, ARRITKH T D EABFRRIEITERAIEARC L 52
BABRIETH 0, @OBBREIRZ 155 Tl FAIEZ oI 5D & EMIICBhkR % 5
fi LT\ b, ARIFFRIZBWT, (A A 7 2 Tl S 2 EEE L =FN x5k 2 ik
B E P - R S TR T D R AN R A BT L7 R, EEMNLRE LIS INF = 9
18 A RE DAY BT ek L CR R SEANTR S BT, 2007 FEOKIBE RERE, 200
8) IZBWNT, MERL BT T DMRBE NS T2INRA T FUKMF, =~ AT F Ui
BEBIELAB L O 7 = F B — hARAIOZR B ROETARBO L. Z ORI,
HEBEB T INZ =OBRIEPE T L T D HFAZKMREE L LD TH T2, A F
ICTHEERAET LT INT =1, EFR R ERBAI LD @O EIKE &Mk L T2,
FORER, EAMGENFE LB 6D, HIZ, 20156 41 LT S L2 B SRR o
E7NLVT IR 7z n v A — FKFANZ BT b —E O EREE TREZ LD T 23
BN b, FARZMHKTOU X7 2T 5 72O bk bhERUAN O %
REMDEDOETREROYURNBMLETH L EEZ BT

B ORI L LT, L&A RBOEH (L - £k 2006 5 F2ARS 2007 5 BIA
52009) ZREEL, HEREAHZHE LR, =7 I U~NEBELHICRET D
ZERBBMME Rl NE =T Y I T, HAEESCHINEREMNE (Gotohet al.,
2004a, b), BENIELHES) (Kishimoto, 2002; ZRD, 2008) Ofh, & =FHDOEIRHE
(Takahashi et al., 2001; Shimoda et al., 2002) IZENR TS LERETHD. 7
—VEAWE T INF =TT DB EMHIRRRICB N T, A =TI I T UN
TV F = EARRICT INZ =TT DBREM & LTHZITH 5 2 & 2or Lic. SRSt
THEM L7 RBRGNFRBR T, F I & =23 0. 5 58/#3E &, SRR HER DL T (JPP-NET

2017) DIREBESRMNTHSIZH 0 56T, KBOA FI~OBANRED LT, K
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HUE AR OFERBFEENMRNEE, SmWEEMRIDIRP R OND 2L (KREF, 2003) 2%
BT oL, TINFREERPONZ =T IUVRNAFIATBALILZ &1L, PR
FHETHDEEZOND. £, A F I LT =TI v<RBoMmIZ, RIFRO
WHHRBO LN, T INF KT HBEMHDR LB ONTND Z &b, Kb3AF
TADEENRL, AFAEEHMOFINT=PiRE L THSTHD LEX L.
ZHE T, 7 Pyrus pyrifoliavar. culta(Kishimoto 2002) 07 % Diospyros kaki
(A5, 2009), #A X Glycine max (L.) (FRH, 2008) SFIZHBNT, NF =7 H3
U~ DIFEPHER SIVTWD, N =R & U TR R 2 FEmA IR L7z iz
7L, BUED L Z A, FEALOREREZLBETIEA T X =HORHRFLTHD. Ln
L, BU B C 3 2MEENE LT, ~NZ =7 I 0~ 2 AR#FH L7205k R <X
FINF=DOFRAITNT IO Y T b B RAKERE D 1 81//E (JPP-NET, 2017) LA
TTHBLEZY, ETORG TN =THFIURROLN, BTV X=HHTEDOLN
AQINNoY

EEM e S0 LT, FEFRARELICHFEHT I LPNEETHY, 4 F

ZRWTH, #E R ZE LT IS =2 R\ I L2 570, 7 I
B = DR E LI T B3 AT 2 LB KRB BREM & L CHEREE 25 23, —ik
M, NEZEBMREE ORI B3AET 2 Kie LT, HEREN NSV T Y =
HRET O, FHESRENE W VAR BT U Oligota spp. A=t AT~V
Stethorus sp. FORKHER L ILA~D LEFREICEND EEXON TS (LA - FHiR,
1975) NA =TI~ I TV X =JHE RS LEHEREIIE VL OO, Eako Xt
B bR D EREREITRNZ RGN TR Y (1B, 2007), AFEMBIGIZ TS
SHEOBEMEONREH NS A 7Y R EIRFE U TARBDRA L] (D, 2008)
X, KRBT ELLEFEL (FHES, 2000) BDEDOLNTEYD, 4 FATBWNWTH T
INZ=PibRE L TARPEEREEZHS LEIOND. A TFIALTHT Y X =HFNR

RO No T EK E LT, BGELOMADOMIZ, HESRTEMMICHEHR ST

-65-



WA OFBEZ T AR LB OND. BEAIOADR S THDH T r R TR
FAT7 7 F—FAF ML, FUBT VX = Phytoseiulus persimilis Athias—Henriot
RATNAX—HT VX = Amblyseius swirskii Athias—Henriot ZEOHFEH 7 V) ¥ =
XL CREL RIFTZ EnWEINTND (AREMRIGRES, 2017). £D72D, A
FIERMNCRET DTV X =L RO EBEZ T, TORME, ALY LBHHE
INENDRAIMER DO N Z =T F I v~ (fi b, 2002; Kishimoto, 2002; Fx D5, 2008)
DEGED N HA FI~BAL, BEHLTES LEEEEREZ 6N,

HEHURRT CI, T RO RHEFRI I X 2R EDIBBRATER S TR Y (K,
2009), EIRAHEA z2FIH L7 PiBRAR O A 01ME, F-A (Takemoto and Ohno, 1996)
A2 T Abelmoschus esculentus (L.) (fijth, 2015) OILMIZFERABRIC TIEM S
TWd. KRR TIE, NF=TFIUDA FAFEHHOREE TN TAY = HOE
MHENCHE e TERBMTH D Z L2 0T L, SRIIEAIZ D TR R 2 RGEFRIH L
TeBBRIBIC K DT INF = OBEMGIR R E EFEBS TIHEL, FINF =cxtd 5k
BIBRIERR DA INEASIGET H Z N TE . RREIX, ~NF=7T I v~z RGERNHL
ToBhBREAN (Fig. 17, Table 15) Z#E/R LIZiRAIDOMETH . HEII T =T %3
U EIENT 5L T, FINY R EREEICHEETL LN TE, KBE~OFD
ABBBDT D LB B, K TOREREEMICONTIE, MEDH (2008) OF 7
UZ=%FM LIZPIBRAER PRI TE R L TWD Z L b, KERE O TLE
LB G N s LW TE 5. %72, "F=THFIU~TZKBEDO LA X (B
5, 2008) THRAENKLGICHROLNTND Z &b, JUNLSO A F T EEMTE A
b A PRERT L 72 BiBRi i S A 2 alfetE N B 2 b 5.

2L, fEHTE 2EINEAIIRONTEY, ZbZ2EHTLHZETHFINY =
DHEFUEH N TR T DRI B D, $€>TC, FINF = ORI T % [T 5
=0T, KEOBBRIEEZEHDDILENS. ZTOFEL LT, KEOSSLELETHEH

RALE, B2 UG T 2 KR 2 8 A S ki ik (Landis et al., 2000 ;
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KEF, 2003 ; KEF, 2009) OHEARETOLND. FEEIZ, BHEEOAF 7 12T, Kl
R ERIAT 2 2L TUET T I L OLERBMNEML, HRENEICLE L
ERERFEANHRE SN TS FHlITT S, 2015). NF=TF I U~ FIAF =& HEAICHET
HRETH DN, NF = LUK T T v a 2RI T2 2 & TRt o A4
HIFNKIEICYGE SN D 2 &R WMESINTEHY (Kishimoto and Adachi, 2010), Z A
WaBBENICEAT L Z L TAF=DBEMHDRREEDL LEZLNTND (BA,

2011). F7o, A FITOBFEWEYNIEL, "L =TI U~vOMICEEL 7 ) X =FHOFRAED
ROONDZENnD, ERL RO EBMBNIMNERTHZ LT, "NF=THIv~
Dl LERBE®BEG THRETE, T I T 20BN RN EIZLET 5 vl EE

WRBEZHND. -7, AL, LHEKEEBYNCHEACTE 2HEPFEDORE & Z 0
FIRIEIZOW T HIRFTT 2 L ER B 5.
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Contorl by natural enemy Scolothrips takahashii
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Chemical control (a)

€ >

Chemical control (b)

D e s e T L E R R S
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Fig.17. The spider mite control utilizing natural enemy Scolothrips takaha
shii in strawberry nursery period.

This IPM strategy is established by selective pesticides for utilizing S.

takahashii. This control system is (a) selective insecticides are used for pests,

(b) harmful insecticides which remained effective within 10 days after the

treatments against S. takahashii could be used until July when density of S.

takahashii is low, (c) harmful insecticides which remained effective up to

10 days after the treatments against S. takahashii or affect some natural enemy

in long term are not used.
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Table 15. List of insecticides for IPM strategy

IRAC Pesticide Target pests
Chemical control (a) 9B Pymetrozine Aphids
9B Pyrifluguinazon Aphids
29 Flonicamid Aphids
18 Chromafenozide Lepidoptera
18 Methoxyfenozide Lepidoptera
22A Indoxacarb Lepidoptera
28 Flubendiamide Lepidoptera
28 Chlorantraniliprole Lepidoptera
6 Milbemectin Spider mites
10A Hexythiazox Spider mites
20D Bifenazate Spider mites
25A Cyenopyrafen Spider mites
25A Cyflumetofen Spider mite
Chemical control (b) 4A Nitenpyram Aphids
4A Thiacloprid Aphids
4A Acetamiprid Aphids
5A Spinosad Lepidoptera
Chemical control (c) UN Pyridalyl Lepidoptera
15 Lufenuron Lepidoptera
1A Carbamate group Several pests
1B Organophosphorus compound group Several pests
3A Synthetic pyresroid group Several pests

See Fig. 17.
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L2

J I NH = Tetranychus urticae Koch 1%, {AE 0.45mm PN &8/ CHEGE ) 3 <
BRI, X FEDO L OREEMEMEL, A F B CILIAFER A &S
LTWOLHEEFERO—DOTHD. A FADMRMIETIE, T ZONMEBLGLIE) S T
ING MERED IR RBIBARIE A R L, @EEICe D S RARIRRZEE L2 REBIZ 2
FELWRIREZ KT, I =T HICHFELDRBTRBA~FFLIAEN D20, KM
TORBOPEEZIEIT H7201201%, BEFEHOMREMET 2 LER’H DS, LivL,
EFEBIS T, FEAIBREZMIEL TH2ICb0hb b, FINF=oRERMH S
BOVWEFINREZBOOENTWD. £, AFEFOEEMEICHE S XA O ME &
o TNDZ Emb, AEBENOIL, B LWBREMOBRREA RO TWD. 22
T, RERICET 2T INY = OFEAESZ OB Z R L, (L FRIBERE OB FRzh 5
LML BT, 4 F I TORERBATEH L7o# LOBEBREIR O AH 212 Mgt L

7.

1. AREGHEE A F A TEHER S D EERS =HNIx 2 MRk &I - B ks B k4
DB RAE MR LIoRER, T IS = 9 MIRREOMERL % L TR R 2 A3 0
ST, T ING=OEANESZIEDIK T O bz, ZORRIE, T INF =0k
DEMEFT LTV EHEFEZKISED DO TH Y, (LFAIBERICHEE LB R DR
RaeRmTRRE LT

2. TINF=DEFEZMRT 2B E A, BaBloFARIBBRIEDOREEINT L LT,
TAERBOEMAER L, @RARNLHOBM 4 BHIZT, A7 Ty FIZFHsI S
NEEERBHEE A FIATROONIEAEREIEZFAE L, b &G L7PiERER

DOAREMEICOWTHRGE L T2, TOHE, 2 To®BEOA 7 Ty 7 TR I+
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ERENIANF =T W2 7~ Scolothrips takahashii Priesner CBFEN 7Y X =Tdh >
7. LML, BTOMBFITBNT, A FITRHRD DN KFUINF =TI U ~-7ZFT

N BB BERFCTH A7) X =FIT OB T LER SR o To. ZOfER
EV0, AFIFEHEHTEIAT VXLV bNAF =TI U~ ZFIFHTE DRtk

WEWEBEZ BRI

3. EENICRET B AL =T P I T OPREM L LT ORI 57010,
EROGHEEICIES S, FIAF T 5T =7 P 7~ QBRI R % TF4 L
o =V BT IS SR B BRI T, RECE R X & ik L
TH I = DR R E I TS, FU DT ) = LRBICAY =T F I v~
FINF T DB E R T2 LA S L ot TID, BEHATE L
FRBUEARBRIC BN T Y, A FIEL~DAF =T P I I~ DBABRBRD b, T I

F = DR EIHINR DG DT,

4. A F ARFETHABENE N 26 FHNHT 2T =7 F I U~ Oz MERR %
Fhi LR, AV PR, v exXny, TRHXITYR, =FUETL, FTIR
ZU R, CUFIALTEENROONTZ. 2056, V7xXurbbeJFZ YTk
10 UL EORENRD BN, KD O 20 HEHOFEH T, ~"F=T7HF I~ 2
BT poTeZ ennn, BRAERE L THHTE 2 Z DAL ERY, Klial,

BREM & LTRIIT 2 7o DI BERERE[/DL N TE .

5. N&ioBith 3 MHIZT, NF =TV I v~ R#ERH L) I =BIBRIER
DFE MR 3 DAFEORBRICTIE Lz, ARBRTIE, T INF=0RETVThomES
T b EBBRAKERED 1 BH//NELL R THR L2, R TOMEG THAY =TI 7<2i
o, BT VXFTRO NN, o, B =HIDHAT STV 2R WERE I
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NEZTHFITRRO DI, FINF=ZDMINT 5 2 L7, (REE THB L= F4)
HEAD LN, AREBRICL T, "NF =T I U2 REAH LR RN T INE =
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Summary

Development of biological control method using natural enemy Scolothrips takahashii
Priesner against Tetranychus urticae Koch on strawberry in nursery period.

Hirotsugu Yanagita

Strawberry (Fragaria X ananassa Duchesne) is a major crop in Japan. One of the
most serious pests hindering strawberry production is the two—spotted spider mite
Tetranychs urticae Koch. 7. urticae causes serious damage to strawberries, such
as stunting of plant growth and reduction in quality and yield. In Fukuoka, chemical
method can’t control 7. urticae effectively. First, I monitored the effects of
several acaricides on 7. urticae. Then, to establish IPM program with natural enemy
in strawberry, I studied about dominant species composition of natural enemies
during nursery period of strawberry and evaluated about control effect of the
predominant natural enemy as a control of agent of 7. wuriticae. Finally, 1
investigated about the spider mite control effect of the conservation of natural

enemy by using selective pesticide (treatment) in the agricultural fields

1. T investigated the effects of seven acaricides on the two—spotted spider mite,
Tetranychus urticae Koch (green form) collected from nine strawberry
greenhouses in Fukuoka Prefecture, with the leaf disc dipping method. All the
tested females were barely susceptible to many acaricides. These results showed
acaricide resistant populations have become established in all fields. The

present results suggest that 7. urticaeKoch on strawberry are resistant to these
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2.

3.

acaricides and it would be difficult to control thismite with only agrochemicals

in Fukuoka Prefecture.

To validate the possibility of IPM utilizing natural enemies against 7. urticae
Koch which have the resistant to these acaricides during a nursery period of
strawberry, I investigated the species composition of their natural enemies both
on kidney bean traps infested with 7. wurticae Koch and on strawberry seedlings
in four nursery fields. While Scolothrips takahashii and phytoseiid mites were
predominantly captured on the traps, the predator was the only natural enemy
observed on strawberry seedlings in all fields. Even when the densities of spider
mites on strawberry seedlings were relatively low, the predatory thrips were
observed frequently. These results suggest that S. takahashii could be useful

to control spider mites in IPM for a seedling-rearing period of strawberry.

To determine whether the predatory thrips S. takahashii can be used as a control
agent of the two—spotted spider mite 7. wurticae Koch at strawberry nurseries
in summer, I examined the effects of releasing S. takahashii on populations of
T. urticae. In S. takahashii release treatments, 7. urticae numbers decreased
to almost zero within 24 days and were significantly lower than those in the
control treatment at 14 days; the decrease pattern of 7. wurticae populations in
these experimental treatments was similar to that seen with P. persimilisrelease.
Then we also examined the spider mite control effect of the conservation of &.

takahashii by using selective pesticide (treatment) in comparison with the
non-selective pesticides control method which excludes the predator (control)

in an experimental field. The number of spider mites in the S. takahashii
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conservation treatment was significantly lower than that in control by the
conservation of S. takahashii. These results suggest that S. takahashii can be
an effective control agent against 7. urticae in integrated pest management

programs to protect strawberry plug plants in summer.

Although S. takahashii Priesner is an important predator of spider mites in
strawberry, little is known about their susceptibility to pesticides. I examined
the influence of 26 pesticides commonly used in strawberry production on the
survival of S. takahashii larvae by using a leaf-dip bioassay method in a
laboratory. Acetamiprid, nitenpyram, thiacloprid, pyridalyl, spinosad and
lufenuron were harmful to the predators, because their mortality rates 48 h
after the applications were 100%. In contrast, other 20 pesticides were harmless
because of the low mortality rates (0-6.3 %). I also examined the residual
effectiveness of the six harmful pesticides and found that pyridalyl and

lufenuron remained extremely effective up to 10 day after the treatments

To evaluate integrated pest management (IPM) utilizing natural enemies S.
takahashii against 7. urticae Koch on strawberry during the seedling-rearing
period, we investigated the seasonal occurrence of spider mites and their natural
enemies on strawberry plug plants in the three agricultural fields to which
selective insecticides had been sprayed during 2012-2014. In the agricultural
field studies, S. takahashii was the only natural enemy observed on strawberry
plug plants while the spider mite numbers was low density in all fields in each

year. These results suggest that S. takahashii was an effective control agent
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against the spider mite, and could contribute to the development of IPM for

strawberry during the nursery period.

This is the first report about utilizing natural enemy S. takahashii in strawberry

in Japan. These research results will contribute to control 7. urticae effectively

and reducing acaricides applying time, avoidance lowering acaricides sensitively.
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