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BRUREE (LUF, (LR 23R E LI E BPIBRIIBRE~ D ELE
HOEFBGHEDORENBREIN D720, (LFEEOM M L AT 5 #

BRI E RSP (integrated pest management: IPM) @ BEE M (XLIFTIC HH L T

G

@< RO TS, FAEO IPM OB MAAE, 1950 4E0 5 1980 4R E Tl
I35 O F IR ETRKEDORE & ETERPLTH o7z (PFh, 1997, =
F,2005). L2vL, 1990 FERLAEIT, BREEDLRAELR MO, o HHAl
BHUEREY A7 B2 ENERIND L O 127D (i), 1997), {LFE3EIC
b 2 @B bRt o R ATE (B, 2005). £72, 1980 FARLIRRILE
HEREHIEAIZ 1L U & Uiz, B AALT MLOPRWEZEIRTH 5B
F OB LA ATON T (B, 1998). LA ED X 5 2B ERic L v, Fil
BAkR & KIORED NN RIS R -T2 2 & D, BIETIEE L DEEYTX
2 FIH U 72 A a9 BB 2 Besip it & 975 IPM 2MEE ST D (R LR 32
b2z, 2016; HfH - 11, 2020).

PR LZ O AEICITERTH D 7 v Z =N E OB M A
AR RSN T ) X = PO LERBN S ALT 2 (F, 1964; Lft
5, 1984; FH « &5, 1996; Kishimoto, 2002 72 &) . —J7, FASE O RistHkhs <

(ZAEREH O RERENIMNCIANT THEESN L2, RFEICHEZ KITTE
BT 5E SOl R ERIRE & 22 D E R ARSI, BB AT FLOJRVMET:
JEIR T I D IERPUEIRAI N BB I CHEH SN 2 EMA D o 72 (JHE, 1990; K,
1990; % % K, 1992; Kishimoto, 2002) . 13 KT IFERPUEIEA DB Z 52 1T R0
TN (FR, 1964; 1718 - f1)8, 1990; K7 5, 2003; ¥EH, 2010; FA 5, 2018, 2020
E) o, FEYRFR AR L LIRS LY HERBOHERS L, £ OR
B, ZWEH (Dutcher, 2007; Gross and Rosenheim, 2011) & L C/NA =JHNE 58
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THZENMBILTWAD (Kishimoto, 2002; #H + (L, 2021). 1990 X LART]
ORBE T, ~F=HEBIBRT 57208 F =AIDEM 3 [0 5 4 [T Sh
T2 (3, 1968; 5K, 2010; H93:, 2011). —J5, Z OE, FKFHCHUIED 3
BILL DK =D U — = & (resurgence: Ripper, 1956) 734 Hi Tl <
iz (JF L5, 1986; Furuhashi, 1990; 4, 2000) 728, {LFEEIEO IS 72
WAREBROBRRFIENSRD LTV, B X YT, 1980 FFICHEN S
J XA T I Unaspis yanonensis (Kuwana) D H S 7 A THH Y /) 1%
A 1 2 3F Aphytis yanonensis DeBach et Rosen & ¥ / 1 ¥ 22 /XF Coccobius
Sulvus (Compere et Annecke)? 2 fli73 56 I, - A Sh (BEF - 5K, 1981), €D
%, R CIE 1989 4R £ CHifE 2N IR S e (G - PEEF, 1994). 2
DIEHRIVEMILRICE O Y ) XA BT LY OFABEIIRBICET Lz

(Furuhashi and Nishino, 1983) Z L7225, 1990 FELABRIIAE iz x5 & L=
B R BB OBABEENME T Lz EHS,2018). F7z, o, Fv ./
XA v 7Y U~ Scirtothrips dorsalis Hood % %42 & LT=FHEREEAI, AkE L
A A FREBAIDN S —EHORBUZBEO/NS WA =aF ) A FREBA A~
ERAT L= ()2, 2005b). =7K > F 3 Pyrus pyrifolia (Burm. f.) Nakai var. culta
(Makino) Nakai CiZ, 1990 1% A LZ(E D < GLAIDS B3RS 2 &
WD, TNE T U T A LV A VHHE RGITEM 8[| 5 10 [BIHCAF
ENTWIALFEIE A RIBICHI T 5 2 LR A[RE & 72 o7 (FHE S, 2000; 7
JII - Tiligy, 2002) . 20 X 9 A BEEE BRI AL FERIEOLEIC LY, K
NAMCAERT D KIDMEE SN IBRENE ST LT, Z<OBETH T I X
=HEFERE L EBERBUIC L2 NF = ORI EBRENT (FHED,
2000; sie)ll -« [lRF, 2002; K7 6, 2003; 1k, 2005a) .

7V X =T R P ORI B EARRITERLTEY, 7=, ~
=, aFVI I, BLXOTFIv~EHE WS EBUNE R OEMBIBLERIC
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FIASNTWDIEEICAERRSEECH S (KB, 1999; McMurtry et al., 2013) .
N7V X =FIEEOBRMEICHES X, Tetranychus B2 = OWEMEREH TH D
Type 1, "Z =BT =DBVEHEE TH D Type 1, ~NF =FALISOBUNE
BN ELERTHLEMHES ThH 5 Type 1lI, BLOIEH OREEER
HTHYIREMHEETLH D Type IVD 45D H T T —IZKkELKSHEN
(McMurtry and Croft, 1997; McMurtry et al., 2013), BLBER&IE: & 72 2 F diflilc &
STHEEATOAT Y X =FERENZ T ON TS, Iz, MkEEEDT
1%, AHBUUNNZAHE (Saito, 1985; TLJR - ELHE, 1996; FHIFL 5, 2007) Z# k35 7
I NK = Tetranychus urticae Koch <0 > ' U /N = Tetranychus kanzawai Kishida
DISBRIZ Type 10 Phytoseiulus J& 7 7 U 4 =73 (McMurtry, 1982; van Lenteren and
Woets, 1988; # 5, 1993), =+ 7 IFHT I U~ O FRIC Type D
Amblyseius J& 71 7 V) % = (Gillespie, 1989; Messelink et al., 2008; Calvo et al.,
2011), ZNENAEDBEBREM E LRSI TS, £z, R T,
W72 2 R L 722\ 2 2N = Panonychus citri (McGregor) 0V > I NA =
Panonychus ulmi (Koch) @ B B& 2 Type I @ Neoseiulus J& 7 7 V) % = M
(Kishimoto, 2002; Katayama et al., 2006; fiF LI, 2010), & =37 o ¥ =4,
THI UL WS I EEREOE B OBERIZ Type IVOD Euseius &7 7 ) X =
73 (Tanigoshi et al., 1985; Smith and Papacek, 1991; Grafton-Cardwell and Ouyang,
1995), ZhZi L&EKEE L TRERH I TWD
FAEORBEICBWTY, Type INDIVIZK G SNDERDH 7Y X =34
DEHREERL TWAHR, FEROBEBRICFIH I LTV D DIXFEIC Type D X ¥
a4 7 X = Neoseiulus californicus (McGregor) T 5. Y a b7 U X =3I,
—HAEFEMICHAEL, o2 OEFREICH L ThE Y FEEZ TR
(Fil15,2012) Z &b, EITBERETH AKEUZ LD =FHOERER
DFEFR STV % (Amano, 2001; Kishimoto, 2002; Katayama et al., 2006) . #[if]
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WDh XV RERSC=R T VRICBNTS, Ival7 &=, Type IO =%
Z— 57V X = Amblyseius eharai Amitai et Swirski, 355 O Type IVDO a7 X
/75 7V B = Euseius sojaensis (Ehara)® 3 FEN EICH AT 5. midb Lz X 512,
F B o0 A1 2 [ TUE 1990 AR E TR Y =Hl 2 2 BB 75 2 LIk

DI TN =FPERL TV, 2000 FRICITI Yabh 7V F=%2FKE L
7o BAEREORERTIZ LD IPM BHEEE S, LRI 2 =AIZ X 5 BikRIEEL
DT L7 (5, 2018). Y ah 7 U =G Z=HHOKBE LH LRI
L <IToBEN THAT S (Kishimoto, 2002; Katayama et al., 2006) 7=, #¢E
FERKEDIROEZER B CIE, BAML S 72 AR KRB O B R RIE A RET S
W5 (RIS, 2021). —0F, =7 — TV X =Ra v X hT7 Y F =i
%< DALFEEOEBE L Z 0T W02, IBITHHRE CIEmEIIE & A CRA
L 72\ (Kishimoto, 2002; Katayama et al., 2006). Z D728, ZiILHILEMED D
7 IS TN A TR & 280 NE RISk D BRI R S IR ST
% (Kondo and Hiramatsu, 1999b; Kishimoto, 2002; Shibao et al., 2004; # &,
2018) IZH BT, BREFEAEEE TIERMA 2R HITITE > TH 2w,

IPM O FEEIZ L 0 FEE R T 2P RIEOHAMEE ZHI TE 52— T,
ZIVE CTHRFEBIBR STV e HF RO ENBIELT 2 & WO MR & 5 GFF,
2013; Messelink, 2014; fiiot, 2020; £ 5,2020). FHLAEORETIL, ZD XD
RBEERONRN ML LT, RELEESCRYKELIISREZT 7 ¥ =0
DETOND., X VHHTIEI D Y X = Aculops pelekassi (Keifer) D FHAl)
|EhirEoRE (S, 1997) 28, =ARrF v Tld=tF > ¥ v & = Eriophyes
chibaensis Kadono |Z X 5 7 A )L Z DS (Kubota et al., 2021) 23 K TR EHY
CHENERLTWA, AR Lz X 91c, ~F=Hox LT L8 Rika ir#
FIA L7 IPM P S, 2 = A OERBEE R RIBIZIKT Lz, 20—F5T,
A =HNZEONFZHHEFRRFICBR S LTV 7 & =583, IPM &
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HZETEHETLHEIIThoTo, "X =HHOWRBMERBEETHLIYanTY
B 7 A ST DRI B TE RN, TUX RS HE L
T, EPER TR 2 MIRRE 0K L =H 2 BN T 5 NENDH D (FHE,
2000; Ashihara et al., 2004). L7>L, 7 & =3HIC0F O @A +35 Kikic
XD RBEPRE WD, RERZFRECLIVRTLEIYansT ¥
=PRI, EORR, N =FHO VY=V 2 A E G SR T AREEN D
5 (BH - #H,2018). 20X HIT, 7UH ORI =Fl ORI
EHOEEMEE S Z &0, EERBDFFOERPBRDEEZGT 20870057,
EHOFEFIBGEDOREY) A7 % ERSELHERE RTINS,
BIEERENG L LIALFIBRICE U SI & Z 415 IPM OAEEZ L <
xR E LT, Hix A ERT S AR OXRBEFMAL, BEFROR
Br% b AIHE & 3 2 EMBIBEBRICHRHE L7287 7272 IPM OREENRFIT b b, i
£ TOEWMBIRTIX, BEOEBRFEDO A E SRS &+ 554, POHFEO
BEFE A ) =R B9 i B mTRE 7 DR R | o0 K31 & 41 Cuh7z (Symondson et al.,
2002; Taylor and Snyder, 2020). —J7, NI KEULRIGAEY <00k A7)
DI S Dkkx VR B L, FROREEIRAERE) S T OME KK HE
Fr-inse2 2 & CHIBRDIRZFHET S (McMurtry, 1992; Duso et al., 2004;
Palevsky et al., 2010; Warburg et al., 2019) . Symondson et al. (2002) 2L % &, JA
BHEREZE H W CTITh - EHRBEER O B2 LB CI, 181 Bl 140 §] TH h
WA U, AEHOULEIT 21 B9 20 Bl CHEINT 5 Z EDBRENTWD. FFIZ,
7 VA=K LY, FEMEY BICART D EEIRREN T Y X =X D
BHEANE S FEIN TS (Sabelis, 1996). 6D Z End, HAEO R
B CIEFROREERERNDILAEO =T —Ih TV X =FiFa v X
TATIVE=EFRAT LT, 7UX=HEMRTEOREERS DS, 2
FTOMERICLY, WL HIC—HH7 0 IRK 300 IELL D 7 o & =l k% fifi
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B AHETH Y (Kondo and Hiramatsu, 1999a), H:AstEE CIXifl) 7 o 4 =FH D%
JEZBAEMIZHIH L TV D & B 2 5T % (Kondo and Hiramatsu, 1999b). —
J5, JIREMEA 7Y =3 s o 2 F T o BAfEHaE R oM (BT,
FU RAHR) CFEFER O (LUF, /W) 247 9 (Schausberger and Croft,
2000a,b) 72, THHDOBMBIZ LY —EHON T ) X =FOEKERE LN mE D
+, ERPRRLTEED ATRELEM I LTV D (Walde et al., 1992;
Schausberger and Walzer, 2001). LA LD Z End, KB 7V X =%2FH LT
SR 72 IPM BT 2 72 D1iE, FHRBIRIEOEm WD 7Y ¥ = O % K5 iE
T5HELLEBIT, T RARIRL ZOHERW R E BRI KT TR R
TOMENDD.

AWFFETIE, IREMREEZFIT LIRS O 7 o 2 =B LONZ 1O A
HIBBRZ BRY & LT, FRx 2UNER LB RR LERfThH =T —=
BTV E=BLORavXrh7 )X =FERGERICB T 502 HRE Lz,
F2ETI, DR VEOI NP X =ZHiRRE LT, £, 2MEAR
PeA 7 ) & = OARGE BT 2 ARRE ) F L O EE B 2h 3 2 31m L 72 kI
BWVIRNGONTa T X 7 ) X =OFRAMEZRGET D720, RFEHEE
VYV REICARBE AR L, S h o e X =T AR R AR LT
WIETIE, =R 0=t F Y e F=BLO0h o FIUNT = 2Rk 45%
ELT, P, 22BN T Y F =D WU AT =TT DR A SR
Rl L7z, WIS, mWSIRNE N2 X7 A7) X =0OFEAMEE REET
LI, RRFERET = T VEICARRECE R L, = F e X =8k
OB P UNE =TT DR AR LTz, B4 ETIE, JABREAN T Y X
=OF L RAHEL LRV ERBGRIC RETEEL MU T 5720, =&
T7—AT7 V=L ag X7 )X =0F /N RNHR & LBV O 72 M
Ertigd ol blc, I =2ETVERLELTIND 2 AN
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N7V E = HFMEITREG AL, FERRREELFM L. S =TI,
JoNTHMAEZS LI, BEEROURAEZGAIRBLE T 2a X757 =12
K DM BR A GA LV TEF T2 70 IPM Z 18R T 5 & L b, KB TV X
S L D FERRAE A L0 RESE D2 EWRIC OV TERE L.

AHFFE D FEE 2L, Tsuchida and Masui (2020), +H - ¥ (2020), +
H - #H (2021), Tsuchida and Masui (2021), 35 & OF Tsuchida etal. (2022) I
BWTHZEK L7z, 723, Tsuchida and Masui (2020, 2021) 3 L OF Tsuchida et al.

(2022) 1% Springer Nature, M - ¥i3f (2020, 2021) (X HASHEMW) E 54
DFF#E & TN NG Tzl L7-.



F2E O UXVEICBU AL T XK BIH
N e A=Yt/ 5119514

TVE RO THL I X IR O Y O FEEMICIA
<AL TWD (McCoy, 1996) . AFEIT A > F VIO ERHEE, BLORES
MES L. 7y 2w 2 H > Citrus unshiu (Swingle) Marcow. D354 1%, AFEH 8
H23b 9 AICREZZE LIWHFMET 52 & TRENEBEGLRY, REINE
EHELSIBROIWENEC D O 1977; B4,1979). FsE TIXAEBRHAORE
FECHFERTHICHET SND P, #HERITHICZIANLRRWZD, KFE
HICKDREOMEFAEERIZE > TERRBRFEMEKL L2 (H, 1979;
Ashiharaetal.,, 2004). ZDZ LG, T VHEBFICBWNTCI A PEX =D
BiBRIZEE CTH D,

TREOH o YEBETCHFEERETHLIAN - FYRAR (RIEE:
Diaporthe citri (Faw.) Wolf) % BAFRT 5 72DV F A B — 3 X — b RIRAKIDAE R
BHEIEA SN TEY, AFIEI D e X =2 b BRI Z R 725, 1980
ERLIANEIARE B RIREELER STz, L L, 1990 4ERIZIZIE B A TR %R
SEHN 9 2 HRHOME 2 58 45F L 7oK S HIBL L, 0 o 3 S0 2B PEIC TR 2 e
FH &5 27 (Ashihara etal, 2004). FHif] T F AT — 3 A — FSREAN %
TOREZMEMET LI B o e ¥ =R EOR AN HERI N T (HH -
I 2018), AERNLIE LIEITIE, AEEIER 2 BIFLE 0% 7 =# %8
Jn#EAT LCPiBR LCu % (Ashihara et al., 2004; K74 5,2008). ZD Xk H7e3IH
Y =Tk 2 AN O EE O ENE, Bz 2 IEANT K L TR 2 %
EIELHRBERS S, o, R TIEEERBEEH LI DN =D
BHBRIARDPHESL STV D (HEH5,2018) 23, I W VX =IZ8@hZ R
SEHN D — 1T A8 RIS 33 28R R & (I - A, 2016, 1M - #IF,
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2019). ED7, I EX = EEKANZ X VBIBRT 5 & & KRB HER S,
SHNF =DV Y= AZ G| ZE T AREENH S (HH - ¥, 2018).
UbEDZ D, EHEGMERZEDO Y 27 2B L, 22 2OBEFED IPM & 7 JE 72
I HEX=DHEZL DI, 4%, TERBZEFHL TARERD
BibR % FIREIC T 2872 I AEMRIB R DN B EN D .

A VEHEMET L7 X =RTHRKEE LT, MgEORBSLH =
o, BHRRFARIREZRERI B TEY (McCoy, 1996), FriZA 7V # =JHI%
T H OB MBI B E o ZE A H o> TV D (Sabelis, 1996) . FeAEH O A
VEVREREDEDOBARTILIEIZI Y ah TV =, =T —T TV ¥ =,
BIRavXrh7 ) 4=03 @R ETSH (K5, 2003; Katayama et al.,
2006; FA D, 2007; HEH - I, 2017). v a b TV X = I =FEHEHR
BT ORAEERAEE CHIN, av Xy a7V A=Bll=tT7—ah7

SRR OWNF B EOMYEH L EET HLBEMEHARE TH D
(Sabelis, 1996; McMurtry and Croft, 1997). ZiLE TIZ, T b 2 FAEMED 7
= IXIETEMINCE T U ¥ & = Aculus fockeui (Nalepa et Trouessart) O % J& % 41])
LTSI EPRIBENTEY (Kondo and Hiramatsu, 1999b), I B4
=TT L AR E LTOMAREfRSL TS (8 5,2018). LaL,
INOOEMNI N EX = RRICBIRTE Z20F 60T I TR0,

THEDIERNMED 7 X =135 ik B EARERESEIC L > TRAR D,
Fo, MR LBRHFLMICL > TIPIBRIEN GO RN GE S H D (Maoz et
al,,2014). ZDOZ LG, I B U EX =OEWNIBLRRZE LA /T IPM % 1
FF 57220, BTV X = ORHNAREF BIZKIT 2 M ERE ) 36 L O B I
REZFHE T A2MERNH L. 22T, HE1HITIE, avXrh7 ) ¥=%I%
=k T —AN TV F I Y EX O REEL REBETE 2, £E
NORKIHBEREEZHE L. IR 2EAEMI TV X =1 ZI VX =0
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Hafie LG EaI3IE e A EHGE T E 2y (Kishimoto, 2014) 75, HAFHIZ 471
It AR 5 2 & T OB E N E E SRR, L LT TR
KERZPRTE HAEENDHD. 22T, H2HiTIE, av s 7)) 4=
HLIT=t 7 —Th 7V X =DkfE L RBEE L ToEmRE LA bE
TSt DI Y X = ORI R A BN L OB CTRGE LT, &L,
HI3ETIE, BWEEMBISENG LN v X 7Y F =0 RN E
570, BEHIED o F YV ETAREBORE & R LI o es
= DEWINIBR A il LTz,
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18 LREAITVFZOIAVHESZICHT HFEEREES

1. #8

HEZTICLLHFHBBROAEIEEL FRT 572021, HEETHLIERORK
EDOEIZK T 2/ EH 1 AAROHEEOEIOBEREZMD Z ENEETH D

(Oaten and Murdoch, 1975a, b; Riechert and Lockley, 1984). = ®OBIf%I% THERED
Kith ] (functional response: Solomon, 1949) & FEIEAL, 1o flA & AN EEEE |2 L)
LCHN, 1 i EOHEIMENRA ITIKT, L &S Rz 2
N, FOBRBLIIRT, O3 %A 71245505 (Holling, 1959). Z# X T,
AYAT TV =2BIO= T —a N T IV X =07 X =T HHERED
BOSIX, TEEFEX =255 L LELAIEY A 7% 275 (Kondo and
Hiramatsu, 1999a), I B P EX =25 RE LG EITH LT TR,
ZIT, aUuRTAT7T VA=l 0=kT7—a 7V Xz o e
H =R R a2 IR ChH 2 7258 OB EZ A L THREED KIS Z B 6 )
Db, A ORKHREEZHE L.

2. MHEBLUAE

(1) #i®

ARABRIZAL L7z S o B X = DR HE1E 2019 4F 8 AT Fi] R AR i b X R =
J7JEHET (34.78°N, 137.73°E) DU > 2T X 77 - FEREBIRIMNIZHFEAE L TV /-3
KHEZEFEE T2, ZORMEERENOT 7 VL7 — (400 x 400 x 400
mm?) PWICFRE L7=T Y XA XA Citrus natsudaidai Hayata O E/E 1 FC B
FLiZ. ay X7 A7) X =OFMIE 2014 4F 6 7 1§ VAR SE BT S A8t
et o & — (BTG K XEEE, 35.97°N, 138.49°E) N XA XA *Jl|
BERIZRAEL TCWIEREEZ R E 75, £, =27 —a W7V X =0D%

11



Heid 2014 4 6 HiZiEiafidbX =4 HH] (34.81°N, 137.53°E) DA > 37 [= )& I
IZHERR S 7= A X~ % Podocarpus macrophyllus (Thunb.) D. Don (%4 L T /=
EERBEEZERE T2, 2o 0RMITEE 2 — (FhiE/KX %M, 35.08°
N, 138.49°E) @ 20 + 2°C, 14 FF[E]WIH 10 REfAmEHT (DA, 14L: 10D O X 5 (2
i) OERENTRENREGE L. MEIZE, YI72AFy 7l y—1L (H
90 mm, & & 20 mm) WO KE G EWTBAEMR I A > 7 v~ A Phaseolus
vulgaris LOWIAEREZBENTER LIZ) —7F 0 27 20, L L CRifED
SEIZ 438 72 7 @~ Pinus thunbergii Parl. OBy (I - /i1, 2019) %5 %,
PEIRREE L L CRBAEZH V. 3 AL 4 AR CHZREmE 525 L L b
2, IINFE LB REH TRV — T T A AT Z LTI L. P,
fER3 T 2014 42225 2016 2D 4 A AN ERR RERR TN O 7 > % R JE A
iz o~y b b 2 EBREL, 50°C OEIRSM T2 AN S T2,
250 pm A v ¥ = OFRICEIE S T-20°C TRIF L2 b0 &2 L.

(2) HBAE

TIAF v 7By — L (H£90mm, &S 20mm) NOKE S EH 7R
R, 20%20mmEIC Ty P LT LY 2 I L DES AERS FICLTE
X, TU—F&ER L. BREEHPOFTY XA XA MDEI DX =NE
FAHELLERZUVERY, 7V —F EICHE L TAEORS A2/ L2, 24
REREIRR T XA XA DERZREL, 7V —TFT LZEELEI D P EX =
DS & FEIRTEMEE (Olympus SZX16) FTRH& L. 0%, 24 FEfiHE
BIEEING 10 BN 2y X5 7 )X =6 Lid=tT7—ah 7V
Z = DR R % 1 PSR L, 25°C, 16L: 8D OIEIRZFNICEE L7z, 24 FEE#%
CH TV X =2BREL, BEROI D=0 EN5AEFEL TV R E
FIKC IR VRSN REEREN L., A7 VX =1 #E{EIZH L TOED
DEFEE AWML, a X7 AT VX =CE 9L, =7 —3 7 ) X=X

12



47 L% D TRk 2 REFEE DR TICRB T SR EZHE L.

FONTAEE L LR EOMLRIL, TRLO Holling (1959) @MUY
TIEOH 7.

n=oXT/1 + ahX)

2T, nlIAE, XIXEEE, TR (B), hidny RV 7 XA L,
ol IRODLERTHSD. 70k, KFFEONHKFHIT AT 24 FHTH D72, T=
1 &Lz

3. R

ARG N TV X =B R= 7= T IV X =DI DX =TT D
FEREDBUS % Fig. 1 IZ/R LT, BEREORUSIE, MfEE IV P EX =0D%
FES i < 72 03 SR RTG53 EEINER TR 2 (AR L C A Fn R gl 2
, A TN THoT. alFa X5 7YX =T712803, =7 —a N7 VH
=TIE1.2399 LHEH STz, MBEGTBRANOHE L2y Ar 17 ) X=Xk
V=t 77— W7V ¥ =B O—R&H70 OIh o B X =i i K
BRI, TEN 3962 LK L4747 IETh -7z,

13



Fig. 1 Functional response of two species female of generalist phytoseiid mites, (a)
Euseius sojaensis and (b) Amblyseius eharai, to the density of nymphs and
adults of Aculops pelekassi. Curves were fitted to Holling’s disc-equation (E.

sojaensis: y = x / (0.781+2.524"107x), A. eharai: y = x / (0.807+2.107°1073x))
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B28 LEMHITVEIZAOKEBEL L TOEBREAI ALY
EX —DEYMIBARIZRIET ZE

1. #8

AR ATV F=BLP=t 77— T VX213 DI B P ex =
KEMHETLZERPLNITRo7 (F1H) bOO, Zb 2fERMED T
U IARERDORZE L LIS EITIE E A EHIFE T X 720 (Kishimoto, 2014).
S B OERPKEOE L L THE TRWES, KO FEREESE 2/ 572
DITITAEAE Z 12 Z L 3F 2 ToH 5 (Evans et al., 1999; Landis et al., 2000;
Wade et al., 2008). Z< OB T U X =2l o> THEBITRD EFERNRNEHETH S
(McMurtry and Croft, 1997) 73, FIZ K> CHRIFA CTX 2 M FEN R 2 5
(Kishimoto et al., 2014) . ¥{J - (Ll (2019) %, 7 m~>Y OEHEEE s L=
B aXrh 7V A=, =7 =T 7V XF=L LI BRENEN G,
Z OB MNHEFREIZ & o TR VI CH D Z L2 BT LTz, LTS5 ¢,
IH B =ORBERAERNS 7 a~Y Ok E 2D 2 KRS 7Y
ol 5 2 LT, TOMEBEEBEN B E MR, WEICE > T E LT
G TR WARERZ PR TEDMREERH L. ZNETIE, avXsr a7y
H=BIO=® T —an 7V X =334 LI BBRTIL 7 v ¥ =8O8 K
725 Z EFER S TS (Kondo and Hiramatsu, 1999b) & DD, ZitH D
IREMES 7 ) =B o EX = OB EMENIZ R TH 2 NI 5T 7
STWRW, 22T, agAXsr A7 4= 1L<Z=t7—a b7V ¥=%k
AL, UL L CoEmiREDFELEAGDOEGEDOI T P EX =T
K25 B BN R & 2N E L NS CHRRGE L 7.

2. MMBLVAHE
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(1) #ERs L UEY

AR L 72 I 0 ¥ B4 = DO R/HEIE 2015 4 10 7 (i R AR B 2E
AT Rt gEE o 2 — (FRETTE K XEEE) Aoy oy 2w 0 0 F BRI
IZHRA L TCWEREZ IR E 5. ZORFKE2FE 181 & REED J7 kTR
BlLle., avXFrh7 )X =8Xl0=tT7—aH 7V X=3F 1 HiLFLRK
BT L THWE.

7\ OERE 2016 4F 3 A FRE W ERARE AT SE AT R SE 2 o & — (§%
[ TG AKX B VE) N o Y EEICHER SN 7 v~ Y B IEF 2 &
£, 50°C OIEIRSEM T2 HEMNT THRE S E7%, 250 pum A v > 2 ORI
Wi S T200C TRAE LI DZEH L7,

(2) EAEER

KOt (v X7 A7) 2 =fflx, =k7—ah7 V2 =jiffx, &
WA X)) \ZIEmRtOFBAHAG DY 6 WX 2R T . 77 IV vr—y
(350 x 220 x 350 mm?®) N2, KUY =F LRy b (ER 90 mm x ES 75 mm)
[CEM LT Y A XA OFEAY (5 I 150 mm, 10 205 15 BEAKE) AW
DOIENERD X I3 ORE L TIKEE L, BLBXITOE 4 ERIT -
(6 ALFLX x3 ff x4 = FF 72 B &) . R TOEATOKE LI 100
WCDOI NP EL=NFELTER ZfE L COREFRAREME L7, 2 8%,
FREAEMNOEED 4 EXZEAZ 10mm O /Ly R—F7—TH bk &, R R
TET DIV EX =0 R EIRBEMET (Olympus SZX16) T TaHL7=.
ZORRTORE QM x4/ =123ER =942mm?) SOOI s
= O BHEITETORIRIXTHKI 200 IETh o 7. FEIPPHLE 1 B LA O I 23 IR
RUTEav R A7V =Fd=t 77— N7 ) X =DM R 25 E L7
P HE » TSRO X 10 PUjitfi Uiz, B 2 4247~ 2 A BRIXIZ 1T 3 #iT
DER0.02g D7 r~Y DM EMELHNTELITRY NI, Z07VF
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=T AT EICEEE L, EIE3 BG4 3T ISR L. #IEkE O
4 HMRBICKEEEEDPORBEO AN I R—F —TA4EREZILHNTHEET S
SHHEX=EHEL, TO%, ETOREEEZMKELTH T U X =Dk
BAFHE U7z, FEBRIZ 20 £ 1°C, 14L: 10D OIEIREN THE L7-.

(3) FrshERER

SEERIT 2016 4212 U SRR AT 20 AT AT 201 o &2 — (R B T I 7K X5,
35.08°N, 138.49°E) D FFHLML CHHa L7z, |ENER & RO 6 WX A 31T
7o, ABRICIZTASLERICER S NI SFEED Y v a v I U ERA B LT
HEEMN BEN 1.5m) 2RV, F—RfEO 382 BEVOKERERD KD
WCEAESETIRES L, FAHICHE 2 M 2 KB ZRR T 72 (6 LB x 3 §& x
2 infl x 2 {8 = 2 $RAMEH) . HREIZ 1S m U EORREE 2T TT &
LITHLE L7z, 5 H 30 RIS TOBOZE RIZK 200 lEO I o B4 =235 4E
L7cEEZ B HIZ0 SEOBEETAT 77— AW TEET HZ & TRERE
PHL7., avX 70X =80=7—a 7V X=1Z5 A6 7 HIZ
DT TH XY RN CREESZ NSS4 - i, 2017). 20790,
SH12H, 5A24H, BXW6 H 10 HITEHE LB XIZHE > TEINBALA 1
BRI OREEBIER L a o X5 7 ) X =Fzid=t 77— 7V X =D
MRS R A2 Mt & 72 0 30 DLk L7z, ek & Rt 2 EIXIZiZ s A 12 A, 5 H
1I8H, 5H25H, 6 A2 H, B3XLU6H 10 HIZHKEIZDE 200 mL DIEHEE
Wz Hcm Uiz, MBI SE R A TR S D s sl (A 5, 2008)
B35 0.008%D W 2 9T LOKEIRIZ 7 v~ OB & 1,000 fFIZARL,
HCEATICAER L. BRIV 7o O IEES B BIT —ARIBTT & L7223, (bR
HIFMBEH Lo 7.

5 A5 11 AT TEA 1RO THEEO 10 305 20 AT D 1 1L
HBEDT T AF v 7K (300 x300mm?) ETI0EAIE, S FLEAT U
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=FAFHT 5 L L 612 MA80 # (Saito and Osakabe, 1992) (Z[EIR L7z, W7

U % =383 Hoyer KIIZC~T > P LTCF LT — MERZER L, MRz
WTIENAHZEBRMEE (Olympus BXS1) T CHME IS L OWEIERED HFE A [R]E L
7= (Toyoshima et al., 2013)..

SAG 11 AT THEA 1 EIOBE TEBOETED 5 Ex, 6 Hb 11
AT TEA 1 FIOSHETERKEOEED 10 REeENENHELL. HEL
FEBIORECHET S IV EX = OB A EERBEMSE (Olympus
SZX16) T TEH L7z, RFECHOWTITREZ O RAE, A&, L ORIEHE
D 100 mm? FICFHETHI D oYX =2FL, 2 b OFEHHEICREFED
REMEZR L TCRELVOFEBEEZR L L., od, REFHELIEL,
B2 rmm & U CEBEE 4n2mm? & U CEHBE L2, 6 A5 10 12T
THA 1 ROHETETOREIZONWTHEOFELZ B TR L, KUK
DR ERFELRHI L.

3. HREHEEAT
WEEBRCTIE, KEURE & AERIE N 0 7 ) =B LI W s =D

5

=
BRI T EE —IEET /T K0T Uiz, BRI (RIE] AR 4
W) OB 7 V2 =HOEEER LI U o e =0 e ch s
B L L, Rt L fEmiRtits Lo 0B ZE# L L.
ARHAEHADTRD SN TG BT AL RBIEC & W T Eh O ZERBI AT

N

L, Bonferroni VEIZ XV AEAKMEZFE L. I 512, KEUKE OFEIFRD
HNT=HA 1L Tukey O HSD MREIZ LV i L= 7V &4 = OFEf] D 2 % fiF
Bri7e.

PO FEBR T, KEUKER AR IRIER T 7 ) ¥ =B LI h e s =0
BRI RIETHBE VIR TET MCEIVMIT L. 4 ADD 10 AETOR T
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U X =HHORMER EE LB I ORELOI D P X =D8ES =0 f ik E %
NENSEEEE L, K & Bt T2 6oL A/EM, HER %
ML L., 2095 b, KR LBkt T Zh & O A % E
ENR, MERZLEEDNRE L., KB OZREPRO 5612
Tukey ® HSD MBI L W A L= h 7V X =OREM OZE & T L=, 728, 4
Rl oy DHEEITIE REML (IBRAT & Foik) 2 iz, KR & Bk
10 A OBERBICKIZTTHELZ 0 AT ¢ v 7 RUFSHTIC L0 T L. Kk
HEDONFENBD NTHEITIX, 77V X =OFERN i o 2h 5 % FEh 7 %
Tesh, XFEA 7V F =0 fE & AR 2 bl U CiE# L, Bonferroni VA2 X

HAKMEZGEE L7z (P<0.05/2=0.025). W7 VX =HH~DIEHikoz R %
A 2 728, R X % 5 6D T A5 R XA Z DUV THER R HE D 2 R A2 BRE I
£ O #EAT L, Bonferroni 12 &V AE/KELFE LTZ (P<0.053=0.016).
THORE TH O ERITHALBIZEZ D o7,

FRE 21X IMP version 12 (SAS Institute, 2015) Z 7=, 7 —% 2 EBLT 5
7o, W7V =2BIOI X =ofEEIEEZE 0.5 Z A L Txt
#5751 (Yamamura, 1999) L 7-fE% Hv 7z,

4. &R

(1) ENRER

ARERAE T (Wl 4 W8[#%) OFERAEH EoB T VX =JHEI o es
=OEEE%E Fig. 2[R Lz, B 7 ) & =HOMEEIIREBILE (Fo, 18 =
623.21, P <0.0001) & AETERE (Fo,18)=103.62, P <0.0001) DZHRDEED HAL,
INOORZRAEA bR S (Fais =26.07, P<0.0001). 57V X =3O fH
REUT ek 2 REUHER O 2 RAZ DN CTHRLE R R E I K0 AT L7, JE
RO G DD LT RBBEAOHENBO BN (WS Y : Fo 9=

19



840.72, P <0.0001, fE¥ 72 L: F,9=141.19, P<0.0001), =7 X7 17 U X =}k
FX DA 7 ) X =HHOEEEIT = T —Fh TV Z = R KR R X 0 Z
KV bZinodc (Fig.2). W7V X =HHOBEEEIZ T 2 EHmREED R RIS
WTHMEZNRBREIC K VT L7ofE R, a v X007 ) X =HEK (Fue=
68.05, P <0.0001) BXP=tF—adh 7V X=X (Fue=4337,P<
0.0001) & HIHEMTRBEDOB R NGRD B, B afedt Lo F B3Rk L v
EV ATV F=OMEEITL) -7 (Fig. 2).

I Y X = OEEEIIREGRE (Fe, 1= 64.78, P <0.0001) & fE# 2t
(Fa,18)=47.59, P<0.0001) OZENEH LI, ZbDOLZAEHbRES
7= (Fe,18=45.77, P <0.0001). X %> % &% = OEEEI 3T 2 Kok o %h
AT OV CTHM DR E I L0 T L7, 18 2124 L7 X T A Kk
T DR DTS v (ER & D 2 Fo.9) = 69.42, P < 0.0001, fE¥)72 L: Fo.9 =
2.06,P=0.18), a2V X5 BTV X =JFERXDOI B oY X =OMEKIT=t T
— AN TV H = HERX RS X OZ KLY bR T (Fig.2). I
B4 = ORI 3 2 48 R B D B RIS U TR E I & 0 it L
AR, v X h T =X IR IREE O R BRD b (Fue =
66.89, P <0.0001) 73, =& 7 —aH 7V X=X (Fu,6=037,P=0.57) <
EHKEX (Fu,0=0.13, P=0.73) TIIERREODRITRO Lol =
URy BTV XTI AR L AR EE L R R b I
v X = O RS T A 727 (Fig. 2).

(2) BFHhEBR

xR EICBIT AT X oMK, EEBIORELEDI D W
B X = OEFE, AERCIDWEREOHBE A Fig. 3ITRL. A7) F=
B2 TONEX TRAENHER I, TOE—71X6 AN THATHS. il
BRI 7Y ¥ U O REUIER S Ve oo, 7 U Z =B OER
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BT KB DN RENTRD ST (Fe, 156 =3.90, P=0.02), feffefkozhf
(Fu.150 = 0.20, P=0.66) & ZAV 5D EMER (Fais=0.19, P=0.83) 1M
ENniehodc. av Xy h T ) X=X O H 7 ) 2 =HHOE R R X
DENEY L o7 (Fig.3). B 7V X =HOFMENK % Table 1 IR L7, X
R L7 h 7 ) =DM RO I D LT, avXrhT ) x=1t
=T —IHT V=R ETORTHRINZ. L, avXrh7 ) ¥=
BEAXTIXa g Xy 7 VX =3, =7 —a3h 7 )Xo lffdX Cli=tT—
IATVH=ZRERTHSTZ.

W LD v = OEIERBII KBRS (Feoise =10.32, P <0.0001) &4E
R DR (Fo, 156 =3.92, P=0.049) 2358 LAY, ZiuH DR AAERIE
B Enienoiz (Feiso=1.84,P=0.16). FFE LD I W4 & =Dk
X RBOLEI DD FDTEBD HIT-D (Fe133) =7.82, P=0.0006), {EHTEHLONTR
(Fu,133)=3.15,P=0.08) & ZNHDORENEM (Fe133=0.90, P=0.41) [T
SNierole. aUAT AT VX HEAXOKE LB IORELOI D S
—OEEBIE =T — I h TV F = FERSERE X O TR LD b0 7z
(Fig. 3).

AP EX =T LD 10 A O#ERFITRERE (2 =79.65,df =2, P <
0.0001) EAEMRMEEDZIF (2 =11.14,df =2, P<0.0001) 2358 Lii=n, =
NoORAAEMITME SN o7 (2=122,df=2,P=054). 7V X=D
RN HE O RZFHNT D728, av X7 7 ) X =BffiX Eid=t 7 —
27 F =R X e MR X A b LTS R, 2 U X T ) = R X O
WERRBOLNEBEEX OZN LY bR T (2 0 X7 7 ) X =X vs
R 42 =47.74,df=1,P<0.0001, =%t T —a 07U X=X vs HEhk
fAllX: 2=4.12,df=1,P=0.09, Fig.3). » 7 U & =~DOI#fko 2 % 37
T 5720, @2 REIC LD & BEERKIC OV CTHENT U7 fE S, 5 X Gl e
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BEONENBO LT (P =11.43,df=1,P<0.0001), =27 X7 7 U X =jk
X (2=197,df=1,P=0.16) & =T —aH7 VX=X (?=3.90,df=

1,P=0.048) TILZDORITHED N> T- (Fig. 3).
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Fig. 2 Mean number of (a) phytoseiid mites and (b) Aculops pelekassi on citrus
seedlings at the end of the trial in three predator release treatments: (1) Euseius
sojaensis release, (2) Amblyseius eharai release, and (3) no release. Error bars
indicate SE. The number of A. pelekassi was counted on 4 leaf discs (=314
mm?) x 3 seedlings. Asterisks indicate a significant difference between
treatments with and without pollen, according to a simple main effect test
weighted by using the Bonferroni correction (**P < 0.01/3, ***P < 0.001/3).

‘ns’ indicates no significant difference
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Fig. 3 Seasonal fluctuations in average numbers of (a) phytoseiid mites, (b) A.
pelekassi on leaves, (c) A. pelekassi on fruit, and (d) fruit injury on citrus trees
in 2016 in three predator release treatments: (1) E. sojaensis release, (2) A.
eharai release, and (3) no release. Asterisks indicate a significant difference in
fruit injury between treatments with and without pollen in October, according
to a chi-squared test weighted by using the Bonferroni correction (**P <

0.01/3). ‘ns’ indicates no significant difference. Error bars indicate SE
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Table 1 Species composition of adult females of phytoseiid mites captured by beating on citrus trees
in 2016

Treatment No. of identified adult females
Predator release Pollen provision E. sojaensis A. eharai
Euseius sojaensis + 24 (80.0) 6 (20.0)
— 18 (81.8) 4(18.2)
Amblyseius eharai + 3(16.7) 15 (83.3)
— 7 (41.1) 10 (58.9)
No release + 3(33.3) 6 (66.7)
— 8 (66.7) 4(33.3)

Numbers in parentheses indicate percentages of each species
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E3E RBEFBEHAOXVEICETSIVXTATIVFZITELES
h oY ER ZDEYMRIBER

1. #8

BREOA YRS EART 2 2BIABEI TV X =056, {EHED
RN S NAFFE T TR Tr I TV A= 6I D P =0
EMBIIRENE N ERHAO N oo (FE2H). 2O Enb, RFEHREE
IZBWTCay Xy a7 VX =4%FA L= B X =DEMRTEROEDLN
s s.

NXRVETIE, av X5 A7 VX =0%AEF6 Alce—r s (KDL,
2003; HEIE - 1L, 2017) 23, —AREYZRRRIEREE CIE U v Y BARR OB BRO
T2 T AT — " A — S RIERIPEMEREEAA S TBY, F1EEOR

BRI RN E D 6 A EHAITHD (247 5,2007). ARRHOHEAT =
DR HT V=R UTEENRRKE D (H -, 2019) Z b, &K
BIEE TIIARBUC L5 I o B = D% EIHIRN RN 452 E S T
RWHREMEN B D, 2T, BHEBRNOT R VEICBWNT, 6 HRETa
R A7V Z =5 O /N SO BRPUE A 2 R U 7o R B BREE & B A TR bR
R L, RRIOMEDREZMR L. T, REVBREIC2 Y X7
T =B R L, AREOD 2 0 Y X =Tk B BEER DR & TR
L.

2. MPBLUAHE

(1) i

AR LT a X 7V X3 1 EER LR TH L. ZORME
ZRAEE L THWE.
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(2) HERtE L UTHRER

el SRR T 00 2 HidiC 6 H R & CIERIEIRAIZ A L Ca v Xy a7y &
=R T o o VE (LIT, REMIRE) Z22h2h | FtEkE L. A
[ (35.01°N, 138.80°E, > ¥ =7 4 2 BRI L O RERIEM D IRAE,
it 20 0L E, AR 25a) TTIX 2017 5 2019 4200 34, B (35.01°
N, 138.85°E, ‘& BN, FHREBIRM I LR —T7 )V A L ¥ Citrus sinensis
Osbeck var. brasiliensis Tanaka ORAE, fflin 20 4ELL E, HEAEH) 60a) TiX 2018
F D 2019 FFD 2 FH, TN EalBra 3 L7z, MBRX DX % Fig. 4 IR L
Tz, FEHUERVERNI S U2 Bl (BB OIS S 2m OfH) THY, |1
XZ21BENS3E KW3anb8a ToriawI by 10816 198) & LT,
ARy H T Y F =X (BUF, X)) &R A AL AICRE L, 43
FABR T 72, Wi & b TR AN D D P IR O R X & S X & AR
Z CTHRBRIX & L E L7

AR IV Y X —ORRBAERMFTTEB L. a2 X7V 4=
ORI, V=77 4 27 D GEEIRBAE 10 B ELN OMERL 1149 20 PE & 49 50 IR
FETFSINTEBAREA T U2 APAELET WO ML, ®8H 0 5B I AGA
ol WO FIETHEMLUL., MEME HICHKX 10 BT ONTHEHTZD 105 2
V=TT 4 A7 OFET, 2017FI1X4H24H, SAI12H, BXOV5A23H,
2018 41X 4 H 18 H, SH21 H, BLW6 H4H, 2019%I1L4H16H, 5H9
H, 3B3XLU5 ] 23 HO4E3 B (B4 THERR B 2K 100 PE+250 JR/48H)  fid
L7z.

TR LR O 3K O AT B IE % Table 2 (2R L7z, SEMOAFEFRIZH L, 6
ARETOMRIZIZAU RS A7 U X =B/ WER (HH - #FE,
2019) ZFEE L1z, FRl, B XV BABOMRRIZIE, SHRMICCTFT A —N

ozt

I

4

s
&

A— N RIH L FRRE ORI EN/GECE 2T T /7 a7 711,000 %
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& (¥, 2017) O 1 [EHAT 246 E L. 7 H BB OIEFIHAR B L O—E 21X
BAEEE I F L.

A /3B X OB I BT 28ITHBRE 2 22 A (& BRI B L OvE
KBRIRN OJRAH, Htn 20 4ELL b, WA 30a) B X OB R (‘FFEREBIRM,
it 20 ELL E, mFEAI S0a) & LCEREL. 2L OEMTIZ T AKRE TIZ
B xRV BEROYRE B E LTOF A B — A — hREH O~ %7K
# 600 RN A 5 H oAb 6 H A dFIC 2 B S hizay, ThlAshc
AR H T =T BEO B D FEFNTEAT SR o T
(3) HWEHZE

1) ¥=%

Ay X7 ) =D EINT 2 4 A6 7 AETHEA 1 EIOBEET
PRAEDBRE F L MBI TBABRE O 7 7 ) X = OE RS & A Lz, FERilc~—
7 LT (BEXTIEay X7 ) =%t L) &KX 10 BHZOWT, &8
D 3 AT (K 150 BEAHET DA/ PT) & AdMDOBET T 2AF v 7 i ETH
10[EMIE, FEFL-BHEEHE L. L2 Toh 7Y X =HEITH 2 fi L
[FAR O IFIETEIR L, FEEE L.

4 A6 11 A £ TR 1 1E OB TR bi Rl o R X & MR X o X0 >
Y X = OEEEEZFE Lz, ADROAX 10 BHZDWT, B/OEED 10 %
(100 /X)) ZH o7V LTr—TF =Ry 7 RZAN, ERIZHFET DR
Bk & FERBEMSE (Olympus SZX16) T Tt L, 3EH7- 0 RS EFH L
oo Ik, YUY IR REFORICERLIZEDOR L L.

2) RIEPE

6 H7225 11 H £ T 1 RIS CORER] bR o i X & 5 R X o4 5 R
REPMAE L. 2017 FEIZERBEND R o122, FHRRERED 4 2 H
AiZ~—27 L, EBOMLED 50 £ (200 £/X) IOV TI B PeF=It &
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HEEOFEL AHRICL VAL, FROEERRERH L. 2018 4, 2019
FIIERENR S o112, FRICO X EHNRERED 5 B O% 3 #fi Tk %
FHNZ~—7 L, K EEOMLED 40 1 (600 F/X) ik & FIERIZHHA L
THKXOPFERFEZHEH L.

(4) HREHEEMT

AU R HT Y E =D X BICRAET D T ) F = OERE

FAFF B A — e 7 S Z 0 EMBNZ AT Lo, mEE $i20 7Y
H=FDOREY—7 ThD 6 A OMEMERZINELKE L, BfEEFRE LW
INHDRBEAEMEMAZERE L. ZAEAFEMANRED 6N GG ITITHEMED
RMREIC LY BTV F = FOEAREN 6t D Kchd 0 2 R & F RN ARMT L,
Bonferroni {52 & W AE/KMEZHRIE L7- (AR: P<0.05/3=0.016).

AU RN T VX =DREEANE LD I B o X = OB RIE TR R
ARG ET M X 0 EHBNCHENT Lz, ABRTIEI I v EX =ORAEDRD
HITZ 2017 FFEB L2018 FD 6 H (W7 VX =FHOREL—7) b 11 AF
TOELHT D BERAEICEEERE L, s F LOHEICR A S did
AAAH L LIz, Z095b, HEEFERBLIOZNOORAER % BHER,
FIZX A PSNTEHERZEEDRE L. BERTIEI VP EX =DFEN
WD HNTZ20184ED 6 HN S 11 HE TOEH -V BREKZISELEE L, K
fil, WEBAZDALEE Lz, 209 bifaxBEEE, fAEREERDRL
L7z, 7238, k) OHEEIZIT REML & vz,

AR ATV E=OREAN I TP X =OWERRIRTTEEL, —
ALAE T M X0 RHBNCAENT L2, A RTIE 2017 436 KOV 2018 4R > 11
HOMZAWTHEA L EBLOINS DL A EMEZRALERE TP RT «
> 7 BUFHTIZ K VRS LTz, ZZAEAERADRO DT 5E1E, @ BREIZ X D4
EN KRB Hbd O 5h B A RN HENT L, Bonferroni 12 X 0 A EKMEZFHEE L
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7= (P<0.052=0.025). BETIX2018 4 11 A Off 2 FV T Hiki 2 fi i 22 %k &
T D2 REIZ L M L7,

FRELZ I IMP version 12 (SAS Institute, 2015) Z H\\ /2. 7 —% #1EHLT 5
fodh, F=FEOMEEEIXE NI 0.5 ZIE L Txi# 2t (Yamamura, 1999)
L7cBEZ Wz, WENORETH O BRITFHAZBICE R o T,

3. #R

AU ATV E=w Rk LT ARB LI OBRERO A 7 U # =FHOEIRE O HE
B L6 ARt % Fig. 5 12 Lz, AREICEBIT S 2017 4E0>5 2019 £ 6 H
DA TV X =FAOMEAELITHER DO E (Fa.12)=25.23, P=0.0003) & FEDE
(F,12)=143.01, P < 0.0001) 2588 AL, T HDOREEM bR S (Fe
12)=35.63, P<0.0001). 77 U & =FDMEAEEN 64 2 i O FAT DV TH
PN RIRE N L0 BN L7 2R, 2017 FRITA B R DGO b AL7Ri»o
7= (Fa.4=851,P=0.04) 7%, 2018 4 (Fu.4)=175.96, P=0.0002) & 2019 4
(Fu,4=21.94, P=0.0094) ([ZIZAERZENEO LT, 2018 4L 2019 4ED
AR & b BB DO 7 U ¥ = HOMEBITEREXDOZNLD Lol
(Fig. 5). BREIZEIT 5 20184 & 2019 4FD 6 H D H 7'V ¥ =FHOERE I
R OZNE (Fa,12=204.79, P<0.0001) &FDEEE (Fu,12)=18.56, P =0.0026)
WERO BT, T b DR EAERNTIME S e h -7z (Fuin=0.01, P=0.96).
2019 DO H 7 U X =JHOEREIL 2018 FFDOEN LD 2 <, WTHOFEB K
BX DA 7Y Z =FHOEARBITERE X DOZ LY &%) -7 (Fig.5). 6 H
OFERERIY, BEOREIZ»»D LT, R TOETa X7 ) ZF=NER
Th ol RHEPBRE (AFEB KO BE) (ST 2 ETHRE (AFB IO
B’H) ®6 A7) ¥ =HDOMEKEI L O Z Table3 IR L72. ARB
FOBETITEKFAX THRTOREFETH 7 U X =P E S NTZD
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L, ABER L OBETIL 2017 4 & 2019 IV EB SN DOHRTH - 7.
HESNTHD 7T VX =T =T7 =T 7 VX = L FIYvas7 U ¥=,n
FRTH T,

I oYX =DREL TV EIREOHER & Fig. 6 128 L7z, 2019 43 [= He
EHICAREBRORENRD LN -T2. ARICEIT 5 2017 435 L V2018 4
D6HAMBIIAETOI I I X =DHEDH = FIRETE DO EIZEBD &
iz (Fu.ss)=17.83, P=0.007) 23, FE D BITZRH L9 (Fu.ss) = 1.87, P=0.20),
L DORAEAER bR S o7 (Fu,ss=0.04, P=0.84). FfAX DI 7
VY ES = OEEEITEEEX OZN LD b0tz (Fig. 6). BEICET
5201846 A0 D 11 AETOI BB X =0HEL = 0 BRSO %R
MABRDH HIL (Fu,209=7.22,P=0.012), HEAXO I T % X = OEREITEE]
X DENLY D772 (Fig. 6).

IH VX =T LD REEERRORSE A Fig. 7128 Lz, 2019 X MHE
Ll BT ERNRD Dotz 11 A OBRBEEERRIL, A BTk
R (#=59.53,df=1,P<0.0001) LAFEDEE (>=114.88,df=1,P <0.0001)
NRO LI, RAEEHLBHE ST (*=38.87,df =1, P<0.0001). RAREHER
PN 5 B OB FAZ DWW TERNZEHT L7/, 2017 4F (2 =6.12,df =1,
P=0.0133) & 2018 4F (42 =352.60,df=1,P <0.0001) D& HITAHBEREN
RO BAL, WITILOE S R X O B ERRIIEREXOZN LD BIE)»-
7z (Fig. 7). BETIE, KX D 11 H OREHEERFITEBE X OZN LY b

BEIE»>7- (2=92.84,df=1,P<0.0001; Fig. 7).
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Fig. 4 Schematic diagrams of two experimental terraced citrus orchards in
conservation control until late June in Numazu, Shizuoka, Japan. Open
circles: citrus trees (2—3 m tall). Solid lines: windbreaks and edges. Broken
lines: step of stone walls (about 2 m height). Investigation was conducted in
2017 to 2019 in orchard A and in 2018 to 2019 in orchard B. Two treatments
were designed with three replications in each orchard: in 2017 and 2019,
Euseius sojaensis release was in a-1, 2 and 3 but not in b-1, 2 or 3; in 2018, it
was released in b-1, 2 and 3, but not in a-1, 2 or 3. The conventional-control
orchards A’ and B’ which were located next to each experimental orchard,

are omitted from these diagrams
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Table 2 Pesticide use histories in two experimental citrus orchards

Orchard A
Time of application 2017 2018 2019
Early April Dithianon 42.0% FL (1,000)
Sulfur 52.0% FL (500)
Mid-April Petroleum oil 97.0% EC” (100)°
Dithianon 42.0% FL (1,000)
Late April Dithianon 42.0% FL (1,000)
Mid-May Petroleum oil 97.0% EC (100)
Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)
Late May Petroleum oil 97.0% EC (150) Petroleum oil 97.0% EC (100)
Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)
Early June Dithianon 42.0% FL (1,000) Pyrifluquinazon 20.0% WDG (3,000)
Dithianon 42.0% FL (1,000)
Mid-June Mixture of tiamethoxam 10.0%
& lufenuron 5.0% WDG (3,000)
Dithianon 42.0% FL (1,000)
Early July Chlorfenapyr 10.0% FL (4,000)
Methidathion 40.0% EC (1,500)
Maneb 75.0% WP (600)
Mid-July Lufenuron 5.0% EC (2,000)
Methidathion 40.0% EC (1,500)
Mancozeb 80.0% WP (500)
Late July Chlorfenapyr 10.0% FL (4,000)
Mancozeb 80.0% WP (500)
Early August Dinotefuran 20.0% WSG (2,000) Dinotefuran 20.0% WSG (2,000)
Mancozeb 80.0% WP (500) Mancozeb 80.0% WP (500)
Mid-August Chlorfenapyr 10.0% FL (4,000)

Late September

Chlorfenapyr 10.0% FL (4,000)
Pyflubumid 20.0% FL (4,000)
Mancozeb 80.0% WP (500)

Mancozeb 80.0% WP (500)
Fenpropathrin 10.0% EC (2,000)
Mixture of pyflubumide 15.0%

& fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500)

Dinotefuran 20.0% WSG (2,000)
Mixture of pyflubumide 15.0%

& fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500)

Orchard B
Time of application 2018 2019
Late March Petroleum oil 97.0% EC (60)
Mid-April Sulfer 52.0% FL (500)
Mid-May Petroleum oil 97.0% EC (100)
Mixture of cyprodinil 37.5%
& fludioxonil 25.0% WDG (3,000)
Late May Buprofezin 20.0% FL (1,000)
Petroleum oil 97.0% EC (100)
Mixture of pyraclostrobin 6.8%
& boscalid 13.6% WDG (2,000)
Mid-June Imidacloprid 50.0% WDG (10,000) Mixture of tiamethoxam 10.0%
Dithianon 42.0% FL (1,000) & lufenuron 5.0% WDG (3,000)
Dithianon 42.0% FL (1,000)
Mid-July Chlorfenapyr 10.0% FL (4,000) Chlorfenapyr 10.0% FL (4,000)
Mancozeb 80.0% WP (500) Mancozeb 80.0% WP (500)
DMTP 40.0% EC (1,500)
Mid-August Mixture of pyflubumide 15.0% Mixture of pyflubumide 15.0%
& fenpyroximate 5.0% FL (3,000) & fenpyroximate 5.0% FL (3,000)
Mancozeb 80.0% WP (500) Mancozeb 80.0% WP (500)
Early October Acequinocyl 15.0% FL (1,500)

Mancozeb 80.0% WP (500)

“EC: emulsion concentrate, FL: flowable, WDG: water-dispersible granules, WP: wettable powder, WSG: water-soluble granules

® Numbers in parentheses indicate dilution ratio
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Fig. 5 Seasonal changes in the mean density of phytoseiid mites and species
composition in June in two experimental orchards. Arrows indicate E.
sojaensis release dates. Numbers on bars indicate the number of identified

adult females. Error bars indicate SE
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Table 3 Total number and species composition of phytoseiid mites collected from conventional-control orchards in late June

Orchard” Year Total No. of identified adult female
aumber’ Euseius sojaensis Amblyseius eharai Neoseiulus californicus
A’ 2017 13 2(25.0) ¢ 6 (75.0) 0(0)
2018 0 - - -
2019 12 1 (12.5) 2 (25.0) 5(62.5)
B' 2018 0 - - -
2019 20 2 (13.3) 12 (80.0) 1 (6.7)

* Maneb, which is harmful to E. sojaensis was applied two times every year during mid-May to mid-June in orchards A' and
B' located next to orchards A and B shown in Fig. 1

b Phytoseiid mites were collected from 10 trees (3 branches per tree x 10 times beatings)

‘ Numbers in parentheses indicate percentage of each species



20 2.0

Fig. 6 Seasonal changes in the mean density of Aculops pelekassi on the leaves in two
experimental orchards. Arrows indicate application of registered pesticides for

A. pelekassi control (Table 2). Error bars indicate SE
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Fig. 7 Seasonal changes in the cumulative rate of fruit injury by A. pelekassi in two
experimental orchards. Arrows indicate thinning of injured fruits. Asterisks
indicate significant differences (*P < 0.025, ***P < 0.001) by chi-squared test
in November (using Bonferroni correction after logistic regression analysis in

orchard A)
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Bl AN T O AN T HREZMEME T LI W v P EX =328 L C
FBO (LM - I, 2018), APEF IR Y =H & ZREHEAG L CHIBRL TV 5.
ZOXIRI DY X =TT D RO MO, AFE RO
FIEREUHEIEZED UV X 7 @ 2 DR 63, Rtz kR4 2 2 & ThoF RO
V=V A& ERITAMENE S DH. 22T, 22T, BFEEDOR
IZHEORWI D X =DlifRTGiEE LT, HEDKEWED T ) X =%FIH
L2 ERIBEBRIZ DWW Cikam T 2. #IOIZ, RBEO D XY REICALT 5 =
DRATANTIH=2BIRN= T —I ATV =DIH ¥ =2k HHiR
RRAOZHLNCTDEEBIT, BERBIUEAERICLY 206 2 KD
TV F = OREFERICKT L EEMHD R L7, ZORRE, Wi bI2%
KOIB Y EX =GR AR T 50, EEORAGEHABE LIz FY
HOWEOB 2 HWEGRIEav X r A7 ) X =R NI D EX =DEER
FOZDWELIH TR TH L Z LB ERoT. ZHET, IAUTE
B = OEEMFINEPHER SN TV DL REUTI 7 r ) LB T 57 =D
—7#& Hirsutella thompsonii Fisher D T& VY (McCoy, 1996), Fe23E TIIAE &
DENRRBUTN 2N EZZ BT (B, 2001). 2O Z b, AR
X, aURXT AT V=R DY EX=DERICAEN R RBTHD 2 &%
NI LMD TORETH D, 61T, RFFEED o VREICBWNTay X
TRT V) ZABEO/NS WER S L CARBARET S L L b, AKX
W R 2 2 L T, I B UPEX=ORBRBRAHRETH D Z L2 LI
L7z, ZHET, BAETIEI I ¥ X = 0BT B FRIBEER L
HATWRWDS, AWFEIC LY, BEBEEICRK T30 X7 7 ) 2 =0F|
RN & 2 4EMBBiER O FEBLRTREtE S HT 72 1R STz,
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AR HT IV HE =R T —IH TV L=l 5 TIA P EL=FED
FESCHEINCE LA Tl 72w (Kishimoto, 2014) . —J5, I B P EH =k
HHRIZKT D2 —BHTEVRRBEEIZaV A7 U X =3 400 L, =& 7
— ATV X =03 500 ICEHEE S (Fig. 1), Ziun 2fILEMHED 7Y =
(TAFE TV (Fh) THLEL OEEREARTELLEX LMD, A
ERBEDTFEIC IV BTV X =07 U X =T 25— Al b K& %
HELLLHEICELDE, 20X BT VA =BL0=k7—a W7 ) X¥=3FE
BV X =22 E A 300 PLis L ONY 400 IEff &9 % (Kondo and Hiramatsu,
1999a). F£7z, HAETHAEMBIPFREM L LTSN TVD AT L ZF—
B 7 U X = Amblyseius swirskii Athias-Henriot X, ~~ k¥ ¥ % = Aculops
Iycopersici (Massee) % — H & 7= 0 K 103.4 [LI& 45 (Park etal, 2010). ZH
LOFERELTHE, avXr T VX =BL0=tT7—a W7V ¥=1%
AP XK L TEWHEBRIZR 2B 6N,

I EF KT DBV ERRERII=k T - T V¥ =D
MaAgRXrh7 IV E=50 %<, 20 &% Kondo and Hiramatsu  (1999a)
MEEYEL =ML LTSGR TORETH o7z, 202 enb, 7V ¥ =08
IZX T DR MR REII= T —I W TV X =D N a7 ) ZF=X
NHZNEBZOLND. LML, TN 2FABMI TV X =4I s
=RFAE LT Y O RSO R R U BEI il R & beise U 72 R,
AR TV X IARERORELZIMH TE LR, =k F7—a VTV X =T
il cEeno7c (Fig.2,3). A TH, TNoDA 7 U X =L [FED Euseius
B ¥ X Amblyseius J&D 7 2 X =Tk DBV E PN HE SN TEY,
TEB NEEHE & 5 51 Tl Euseius stipulatus (Athias-Henriot)<° Euseius scutalis
(Athias-Henriot)lZ 77 > % V3 # INET 5 7 > X = —F Phyllocoptruta oleivora
Ashmead DEEZIHI TE 52, RAUNARX—D T U X =(3% D% E I T
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RN ERHEINTVD (Maoz et al., 2014; Warburg et al., 2019). LA LD Z
e, ayRXr ATV =NET D Euseius BTV X =1%, T OMIKEEE
FENHERF SN T=HAICIIE 2 20 O 7 O X = OB E 2 | T X 2 "[REMED &
. AATINANRA—ANT VT OH XY E T Euseius JBH 7V X =)0
— X" A Chloris gayana Kunth Oy 2 FIH U CREEEZ M S &, 1%
HzEd 27 v =HOWMaemil+25Z L0835 Tws (Smith and
Papacek, 1991; Maoz et al., 2014; Warburg et al., 2018). Fk2ETH, 7 A/ F
Cinnamomum camphora (L)D¥E L CH =B OWNFICELET H 7 X =D —Fi
(sp. 1) ZERE L CavXrh7 ) F=nEHRL, HELg| &EZ3hfED 7
TH= (sp.2) BB L TEOELIHT L5 LN B TVD (Kasai et al.,
2005). L7eho T, REIEICK T 230X 7 )V F =07 =HITHT 5
BiERDANNEIL, ARKEODOEE L L TORE EOBEMEIT»1D 5T, R L
BINDEMET TR 2 L8R 5.

KEA~ORIZFEEOFRALIL, K50 E RO MRS A0 B Kol &
L ChFiiE TRWGAICE DEE ZAEFF T 5 ETAZITH S (Evans et al., 1999;
Landis et al., 2000; Wade et al., 2008) . % = C, % 2 fi CIZENI L OEHF LM
BWTC, avXsrh7 ) 4= 1< F=t7—3 7V ¥=DkkL i Kiko
R A A ORI A A G Y, I E X =B ER X OREKE
PR AR L7z, |BNERTIE, av X7 h7 Y ¥ =ofihd L ek ot
LEMAGOED Z LT, AKEOMEEEDHMLTER, I WP eEH=IC
%45 B BRI RS L Sz (Fig 2) . FEOAEA D B O EBAER 23Rk L
TWzEER BN D BAERTIE, (EHREOFEIIINDLT, avXrh
7V F = RBERAKTIEA 7Y X ORI ERE X Oz L0 b2, I
YU = OB EOEERRITEME X OZ & g LT o 72 (Fig. 3).
LLEDZ Enn, EERBICED I X =0EHmIBERRIL, EBREON
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BREENFAET DRMETCav X rh7 ) ¥ =2FHT52 0860 THY, 1t
BORMIIARBOBELFED D Z LD, I H U EH =TT 5B M
RERIT D ENHONE o7, 2B, BARRTITERFX TLa Y
RpHTVF == T =TTV X=REINTZ LG, RBRITTEED
QHEEINEMA TV X =P FETHRM T CERBINTZEEZOND. =T —
IHTIVHX=LFRBORATNAZT =TV X =Zay X7 ) Z=LtFERE
D E. scutalis X1V bEML/R L RAREE TH D720, TOFIED E. scutalis
DEEITADEEL JIFTREE bR S T D (Maozetal, 2014). 2405
DZEMD, IWEBYEAT U ZF=OREHAEIEHN I I o 4 =0 AEWrbikR
BT AR LR SN TEY, 208N TS 4 ETHEMICHEET 5.
i RPIER & LERBOREL TN S D702, RKEBUZEED & 5 K]
DAL LA RO B D 70 W IR A D8I e E 3B L 72 %5 (Ruberson et
al., 1998). W XV LTI, avXrh 7 U X =0RAEITENOHYEICE —
7 L72% (Fig.3) Zenb, Z ORI OFEE BBHERICITRIRIERER 2RI LT
KRR EARHEST D2 & T, KKBOI A Y EF =2/ DR RS HE S
hoaetExohd. 22T, FI3IMHTHE, BELEL - FVRICBWNT6 AKX
ETavAT ATV FTREONS VIR (LH - ¥, 2019) 2 LT
AR ZRET DL & BT, RRBOEMIBEIZ XD I o X =Dk
NRAERER LTz, TORE, EITHRE TN 7 U ¥ =D LR S i
7273 o7z (Table 3) 7%, EIMEIEFN ZHT U Ri&BIBRE TIidh 7V & =40
ZHEFEIN, TOBRERITIa XS AT I X =Thb-o7- (Fig.5). Z DOk
BOBREIC a0 X7 7 U X = 2 BRI HET 5 L, RICE > TEORRITRE
BHbO0, EHEX IO 7Y X HOMEEIIL Ry, HI oY
X =RV o7 (Fig. 6). £, avXrh7 ) X =fEKIZE
D PERRIIEHEROZ N E B L TR o772, LEOZ &0 D, @R
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HHIZFHAT L2 & TavXrh7 ) X=pr#ES, 62, KX
T 22 & TCIN Y EX=ZURATBETHLZ LN LN E R T,

W ILOEATRIBRE TS EF 5 A s 6 A RIS REOl %Y B
WOBYT % B E LY F A I — 2 — FRIEHINEAT S TNDH, A
RILOFEANT 2T X7 7 ) =TkT DN RE N (HH - #H, 2019).
—77, RERETHEASNEZYCFT ) Fay Xy h 7 ) X =ik R o E
SCPEINT AT TR/ NSV (W - #3,2019). Z0Z 2nb, 1BITBHERE
T v X h 7 ) X =AM S, REFRECIERBRERE o EXm
DARBDRES N EEZEZDOND. £, AWFZEE I Lo Hiliko I 0 4
EX = AERHI Y F A — A — P REHNS T DREZMEMET L TRY (&
- 53, 2018), A [ TITASRBEDOFEHAS 2017 42 & 2018 4124 3 [|], BT
1% 2018 AR 3 RIHUA ENTZIT b D 6T, RTORTHEHERLRBD L
(Table 2, Fig.7). T HDZ Lnh, BRFREER CARERNLRE T HERO
OEDELT, VFAN—N A= FRFEFOWAMZ L a0 X7 ) X=0D
BEBRE I D U EX =DREZERTIZE DV —V = AOA[HEMENRIB X
AUz, [ LR D& € Prunus persica (L.) Batsch [{ CTHHEOERE L A A K%
BAROBAICLY avXr B 7 VX =8l 0=t7—adh 7V X =P g%
Az, TEVEX =DV =V ARG & IS5 (Kondo and
Hiramatsu, 1999b). LA LD Z &b, REEICBITL2 7 4 =HDO ) y—T =
VAE S TEOIIE LA DOIREMEAD 7V X = O3 AR N IR IR KA 2 F
MT 5708, BEHAZEOTEVREROBBRFANPLETHS.
ARG AT VHXZEZI DY EX =R EEEE LTHE LGS, RRE
THB T2 (Kishimoto, 2014), AEFEF 2422 Z &12 K0 AR O
REEBEERE L DR, L L THE CIERWAEROBEZMEITE 5 (6
281) . Fo, avX T Y Xk iz A o e =g E—H b7
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D BRRTH 400 ILHi R FTRE E HEE Sz (BB 1 ED . b Z &b, &L
7o BT ORE AR B B F OB A s S o R TH Y, roay
R 737 ) B = J R K CIEA R 58 ST 6 A MBI 384 LT it
R, ZEOI DV EX =P B IN TEMEGEX LD H3E LOBEIME 2o
(Fig. 6) £Ex2bN5b. BT, IAVVEL=DENLRE~OBEHCR
F L CoiEIx 6 AlCiE S (B, 1979; K 5,2008) 72, a2 X5 7Y
K = Ji A XTI R FNC T AT HAE RO W 23 I S Lo fE S, MR X
F O OHERREMESHB LI (Fig.7) LH#ERIND. —JF, I e sd=
DFABER L FITFEPERMIC L > TRESRARY, FIZARETIZ2017 F &

(\\'r'

2018 FED 11 AT HE S il K DY E RN Z 14 23.7%F L N 48.1% & mi < 72 o
7= (Fig. 7). ZHET, IV EX=RNREELFRERERHO D %
RTEZRT LR HL0IE, FHRRKEAWLRWZHEEZEZ BN TWE (F
JF,2001). L L, 72226 HICavX s a7 ) X =DBENE kol L
Th, KRKHOBEEIZTHA?S 8 AICIHMETT 5 (Fig.3). avXrh7 )4
=DIH Y EH =TT OEEEDOSUNE S A TN TH Y (Fig. 1), 2D Z LT,
IH P X =R EHLL ETHEME O D L a v Xy T ) X =R &
STAREFEROEMEZME TE RN L ZRELTWS. LEDZ &b, KX
HUIE LD X Y B4 = O8N % il X 22V AalEEER H 5.

e LT, EERBICE D IV EF=0EmBbikL, EhRoREsE
AR DM EORBENFET DR TTCav X a7 ) ¥=2FM7T 5%
ZEREHTH Y, BREREETIEENLUIEICHT TRKI A R#R X Ok
AR T 5 2 L CRITE S, 2721, KRRKBOMRED L TITHIEWIM 4@ L
TIHUHEX=%iRT 52 LERNERGELHDH. 5%IE, EFOay X
THhT Y E OB TER A L BT, oY EICBT A AKED
TEARTEOMER? « HIPHBAN 2 FTT 2 L ERH 5.
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=R TUVEICBT AN 7TV X =il b=
T A =BLORT o INT =D LRI
I35

&
0

=Ry (UTF, 7¥) QT WHEOMEEEY = (AT =F: 9, 7 &=
B3 fl, Ao =28 BNEETL (ARSHEYE B2, 2006). =
DH L, REWRPEENEEL 2/, 74 =Bo—FThdr=tF ¥
EX=BILUONT =R THLND P UNT =0T INT=Ths (HHE, 1968;
NH, 1982; P, 1995; Hiff &, 2001; (L - Skl 2014) .

=S X IENOHENT THE T 20O EA3EEZ EITmEL, 6
HTFRNSTA ERCHFEBEN Y~ LD (L, 1995). AEHRICEE
ESNEEICAMHEENMET U (@H, 1989), VP EiERBsIsEZ D &
LI L CRMIEET S (=T, 1995). U4, =k v e F =23
T B HER KBS REE T A v R pear chlorotic leaf spot-associated virus
(PCLSaV: Kubota et al., 2021) (2 X 2 iB&kBERIER (LT, £V A 7IE) e
E R L o> TR (ARE,2020), Z ORI LL 225 & HELN
W5 KO BIECHIEDOZEN - BHER A O, SROFMMOLRUEIC L 5 5%
ERORENEZ D (i, 2013). T OREER E, FR S5 REITR
FEDTH FPAEE TICHE LTS TH L7720, BELBEEEEFEEHMRL
THPEMZAMER T 2121, AERZPRT LI EDEETHD.
NEZJITREA FITNF L, ERTERSCRIIRELs ISR, £/, K
FERORAEY — 7 ROBEENEWIEEREOECRECHEENME T 2 (WH,
1982) Z L0, EanERRFEZEET HTDICEIARFROYRPLHATH L.
ANE =T FEANR G 2 R ST W oo R 2 H R EFE R LR I T
BV RS - F42,2009), F Y TEANY =FHORECEAKRE,  HH) O A g
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IZ L > THANEZEOREN R D Z ERH LN E o T D (HHE, 1968; 11
I§F « S&ili, 2014).

BREOFT VR TlE=t T v X =2 X RITHERM 2 [FIFRE DR & = KI5
B STV d (HE, 2000; H3E5,2018; 15K 5,2019) 23, ARERNEHREL
THEIE, SOOI =HELBNMBAAT20ERH L. ZOLHh=tF
P X = ATHT HFEAOMEHEE O, REROIEAEIIMELZRZESE D
AR H 5. £, =T e =0T =HPELHETLHERNLE LT, #
ite & RLHANKZMEDIRT, BLOFEIRFRONEREZ BRY & L7 RS
O & 2 135 KO PEbR7Z EfEf S v T % (12, 2001; Kishimoto,
2002). ZHETIZ, T OEFEEMTIXLERKBEIER Lo =HFHOBLBRE
RISHESL S LTV D (FHE S, 2000; 5721 - [ill, 2002; T2 WA K EEET, 2020)
0B, =BT UH S =TRERD B D HFN DL AL HHERKBUSK T 5 BB RE
WOEARS, 2018, £ - HIE, 2019, FAD,2020). £ D7D, AFEH H A R
C R OBBRT D & EERBMHERR S, "F OV —V e R EFXEC
TN DD, Bk Z &, EABPIMEIREO Y X7 2R L, »oBE
FOIPM & FJERL = v ¥ = b nF = HOWFE L T-olcix, 4%,
THERBAEFRHA LTI b & =HORIREBABR & FTREIC § 2 B 7= 22 A B B s
HEND.

KOREOF VR TIEY =HOA /e AEREE LT, = AT MU,
FUNFE T T UHR, NE =T WX U~ Scolothrips takahashii Priensner, /% = ¥
~/NT.D—FH Fetiella sp. & W > T BMER BORMEO B 2O 7 ) &
SHENAER LTS (hihhn, 2000; FEfE 5, 2001; Kishimoto, 2002) . Fif L7z
FRMERE R IANY =2 EMMICHET 5720 (RIER e, 2016), £
LS O FE BRI D PR RITHIF T v, Ee, RBIETIE, ~F=
HORBIERAF OBE TN FHOBEE ER LFERES L < IX00BN T RS
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3% (& 5, 2001; Kishimoto, 2002; Funayama, 2015; Funayama et al., 2015; [1I
K« SR110,2015). ZDZ &b, REMMEE INF HOWKEZ KRR
ZENREERIGENH D, —J7, Type B LW Type IVOIREBM D7) X =
FNF =HUN OB NER LR AIEETH D (McMurtry, 1992; McMurtry and
Croft, 1997; Messelink et al., 2010) . F£7=, T BLAEMD 7V ¥ =13 FE B OKE
FERAREN SR Z RN L CEORAERE LR 752 4T, 7V ¥ =8
(352 %) /& =4 (Osakabe et al., 1987; Messelink et al., 2010) % F& 4 #)3]
MNHRBE IR TS, bz End, =X =L ¥ =HHE R
WZPIBRT 272 DITiE, JRBMEAD 7 U Z =% F B ORE AR S T 48 i
TR S ELZEBAMEEZONRD.

JREMEH 7V X = 2R LB RR R 253 5 BT, IGHlicBAET 2
THEOH TV X HOMATET 2NERH L. £ T, B 1HITIE, FEEE
WNORFRIE T VEICHAET 207V X2 HORBBEB X O o P U ANT =D
EEEZHLNIC L. BRNOT VR THRAET DL Z ERHALNE R oI REM
NTVE=TCoLHavRXrh7 )V ¥=BL0=t7—a 7V ¥=%, IV
TN =N @B ERICIERR T 2 A BRAINERICHEE Y, TERHREND
(Osakabe et al., 1987; Osakabe, 1988; filiot &, 2004). Z D7z, H2HITIX, &
PP UNE = DIRFEEREREN D INEBM A 7 ) X =OFE 2 m O H7-Diz, R
BEPREINOIFZMETICBWTav X s h 7 ) 4= L{i3=kT7—ah7
U X =l L, ATE RIS DM R & ERUREN THREE L 72, ik
I, BIETIE, EWEEMHDREAGEONTav XS T ) X =D FEREE
AT B 720, BT VE T CARRBORHE L AR L b=k e
=B LN P UNT =AW E R LTz,
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E1E BEAERRNO-KRUFUEICRETLHHT) X ZEOREH

1. #&

BREOFVERICBT 2 LEON 7 ) F = HOFRBERIT, Hil-oR8E 75,
SN DHA, BETLHERMIIL > TERARD (L5, 2000; Amano, 2001;
Kishimoto, 2002; Ishii et al., 2018) . % ZC, #lif] RN DR HET T [H T LA&EIR
BYEA 7V X =%FH LI AEMHIVIBRZ G 2720, BETLH 07U ¥ =5
DFE L NF =HADREBERZH LN L.

2. MBEBIUVAE

Ry (34.84°N, 138.23°E, ‘“B/K’, “SE/K°, “BRBIODHESE DIRMH,
MREAY 15 a, BRI 120 A) 36 L OMEAETT (34.81°N, 138.26°E, ‘=g/K B L OVE
A OVRAE, THFER 5 a, B 25 AK) OBHEEET RS 1 EMIZOVWT, 2018
FAaRAMPH10H FAETEA LRNG 2 BIOMAE THE L. FRBOTEED
10 8 (Rt 20 4E 05 30 4F) ZFRlic~—27 L, HSHOEED 40 8 (29
B30 FEHHHE 10 3E) 2O\ TH T U ¥ =g s LU0 =Rk i %
REYFHE L. B7 U & =JI3EH% MASO ¥ (Saito and Osakabe, 1992) (2
[IY L, Hoyer KiKIC~ T LT LRI — MEREZER L. 09 b,
WERR AT AR ZE A EE (Olympus BX51) THMBIS L ONWEBD TERED & 1 % 6] &
L7 (Toyoshima et al., 2013). W9 I DY & — i Bl I OSEAI B 1348 e
FEATE Lz, 2B, THEHIIMEOFARR CThoT.

3. #ER
i BN ORFRHEE T VEICB T2 7V X =\ N = HORENE %
Fig. 8 |2, W7 U X =HFHOMMN % Fig. 9 \oRx L. £7-, A O EALIERE %
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Table 4 |2/~ L7z, A7V X =F Il E HI25 H TANLEERER TH D
10 H FRIE TR S . flifEST= 7 U X =513 Type IOFT V7 U ¥ =
Phytoseiulus persimilis Athias-Henriot, Type IO I Y a7 ) X =B X W7+
717V X = Neoseiulus womersleyi (Schicha), Type IO =t 7 —2AH 7V ¥ =,
Type VO 2R AT VX =D5FEThHoT-. WTHOREHTEH N =FEN
FAL, BHTTIEXSHATE 8H RAD 2BIE—7 BNH BT, BEHETTT
29 A BRI —7 b, HEBIRFIZRE LI =FEFEICh %
INZ=Tholc. FIATIVH=, I¥vahdl¥x= BIXQRXTF+THT7Y
Z=13 6 HUBEDO I P UONT =) 3RELTEBRICE D an =—NTEL RS
Nz, =87 -7 VX TREMMZEC CESFETHY, FF28 And
9 I T EI Nz, a v X7V X =137 HLURBEOIAED D727
Sl e, BTV X =HFHUNOKEE, BERETTTT A FROREERICEIEO
NE=ZT P IV PNHERESNTDORTH-T- (F—FHWK).
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Fig. 8 Mean number of phytoseiid mites and spider mites per 40 leaves in two
commercial Japanese pear orchards in Shizuoka Prefecture in 2018: (a)

Shimada and (b) Yaizu. Error bars indicate SE
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Fig. 9 Species composition of phytoseiid mites captured in two commercial Japanese
pear orchards in Shizuoka Prefecture in 2018: (a) Shimada and (b) Yaizu.

Numbers on bars indicate the number of identified adult females
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Table 4 Pesticide” use histories in two Japanese pear orchards during investigation

Time of application

Shimada

Yaizu

Early April
Mid- April

Early May

Mid-May

Late May
Early June
Mid-June

Late June

Early July

Mid-July

Late July

Early August
Mid-August
Late August
Early September

Early October

TMTD 40.0% FL" (500)°
Difenoconazole 10.0% WDG (2,000)
Alanycarb 40.0% WP (1,000)
Dithianon 42.0% FL (1,000)
Acetamiprid 20.0% SP (2,000)
Pyribencarb 40.0% WDG (2,000)
CYAP 40.0% WP (1,000)
Polyoxin-complex 10.0% WP (1,000)
Dinotefuran 20.0% SG (2,000)
Mixture of captan 20.0%

& oxine-copper 30.0% WP (500)
PAP 50.0% WP (1,000)
Iminoctadine-albesilate 40.0% WP (1,000)
Chlorfenapyr 10.0% FL (2,000)
Fluazinam 39.5% SC (2,000)

DMTP 36.0% WP (1,500)
Polyoxin-complex 10.0% WP (1,000)
Thiacloprid 20.0% WDG (2,000)
Cyprodinil 50.0% WDG (2,000)
Imidacloprid 20.0% FL (5,000)
Mixture of pyraclostrobin 6.8%

& boscalid 13.6% WDG (2,000)
Thiamethoxam 10.0% SG (2,000)
Mixture of tebuconazole 17.7%

& fluopyram 17.7% FL (3,000)
Bifenthrin 2.0% WP (1,000)
Acetamiprid 20.0% SP (2,000)
Cyantraniliprole 10.2% SE (2,000)

Acequinocyl 15.0% FL (1,000)
Cypermethrin 6.0% WP (1,000)

Fenpropathrin 10.0 % WP (1,000)
Pyflubumide 20.0% FL (2,000)
Thiophanate-methyl 70.0% WP (1,000)
Permethrin 10.0% FL (1,500)
Dithianon 42.0% FL (1,000)

CYAP 40.0% WP (1,000)

Mandestrobin 40.0% FL (2,000)
Alanycarb 40.0% WP (1,000)
Imidacloprid 50.0% WDG (5,000)

Thiophanate-methyl 70.0% WP (1,000)
Clothianidin 16.0% SP (2,000)

Mixture of pyraclostrobin 6.8%

& boscalid 13.6% WDG (2,000)
Dinotefuran 20.0% SG (2,000)
Iminoctadine-albesilate 40.0% WP (1,000)

Iminoctadine-albesilate 40.0% WP (1,000)
Bifenthrin 2.0% WP (1,000)

Thiophanate-methyl 70.0% WP (1,000)
Milbemectin 1.0% WP (2,000)
Kresoxim-methyl 50.0% DF (2,000)

Bifenazate 20.0% FL (1,000)

Thiophanate-methyl 70.0% WP (1,000)
Clothianidin 16.0% SP (2,000)
Dinotefuran 20.0% SG (2,000)

Acequinocyl 15.0% FL (1,000)
Cypermethrin 6.0% WP (1,000)

Iminoctadine-albesilate 40.0% WP (1,000)
Dinotefuran 20.0% SG (2,000)

* Fungicides and Insecticides

® DF: dry flowable, EC: emulsion concentrate, FL: flowable, SC: suspension concentrate, SE: suspo emulsion, SG: water soluble granules,

SP: water soluble powder, WDG: water dispersible granules, WP: wettable powder

 Numbers in parentheses indicate dilution rate
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F28 ZARUFVICEBTALEBMENAT IS ZICKSNT ZBRE
N zh R

1. #8

FE R O REE T VECRAETDILBEEN TV X =Za v X 57 ) ¥ =
BLR=tT7 =TTV X=D2fTHLZ LRGN ERST (B 1E). L
ML, ZHETIE, TYOF=HHIBTDIREWN 7 ) X =DAMEL, U
3 v A 7 U X = Amblyseius orientalis Ehara (& K 5 4 7 b U N X =
Amphitetranychus viennensis (Zacher) OFEAEIFINE PR SN TNWLDHTH
% (Kishimoto, 2002) .

JREMES 7 ) F =13 = FOEIREDEIN Lic D 5 & & OF L 2 il T &
RNE DD, N ZHHORE R AR AR OB Z I L TnD L Eivd
(McMurtry, 1992; Messelink et al., 2010) . £ & 72 % 2 i OAR 5 B F& A B> © Kk
DR E 2R3 2 HIEO U E D & L TREBEOIREEN 21T 54 (Landis
et al., 2000; Wade et al., 2008), < O 7V ¥ =|Z & o T IE i b EE 2R
g CTd % (McMurtry and Croft, 1997). #i3t - Al (2019) 1%, 7 n~>Y DI
BERE LIS ARICav Ry A7)V =, =7 —adnT7 IV X=LHICHNER
BINENE <, ZOBMAMEIC L > TR VI TH DL Z LA LML
7. 22T, AP UNT=DIREERAERND 7 v~V 16 %2 T U8 Rl
MTH2ERMHETT, avX 7)== LE=T—a W7V ¥ =D
L DAREROREMBINEL LIRS 7V £ =OPERPAREROEEIC K
IF TR A RRGEE L7z

2. MBBIVHE
(1) #EBRE I VIEH
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AR L 7ea v X 7 VX =Bl 0=k 7 —an 7 V¥ =31 ®5E
FILRMTHD. ZORMEREET L THE.

RBREE L U CH I8 RICHUE L7 ERE, 2016 4F 4 A T B R AR B IR 52
TR ZE | o 7 — (i dE AR ER, 35.85°N, 137.80°E) D7 r~
YINBAEFZ EBRAEL, 50°C OEIR TIZ 2 HEFHE L CHM S H721%, 250 n
m A v ¥ a2 OFfICEE S b0 a M Lz, [R5 £ T-20°C Tk
BwLT.

(2) BB

AGABRIL 2018 A2 520 L 7. BNIZ & 2 Kiftls L OVE B FEO(R T &l 5
728, BRI R AR AR FE AT R A 2 o — (BRI TG K X 5EA) o SNk
77 Ak (M0 15mx BAT 14mx &S Sm) [SEM ST 16 8 (i
6 4, SE/KC8 M, WREKC8 M, AEALMINE: B 2.7 mx S 3m S 4m) &
AW, EFERTHLUV P IUNT =2NRBEOKRMEND, av AT A7) ¥ =%
BET DX, =87 —an7 V)X =% BT 5K, KEUIEZEDRKE WA
AT D REWBEBRIK, 6 X OMEME X A% 1T 72, 26 4 B & & 5L F LS
DE 1K 1B 2 EE UTR—QABENERE L 2L ORE L.

ARBRIIN o UNLT O BRBESRME T CERB L. a v X s a7 2=
BERXIB L=t 7 —a 07 ) ¥ =X TS 7V & = DRk h 2 8t &
720 30VCOEET4 A 12 HB LS A 9 HORF 2 [a5fE L7z, Bl iTmmeE
M, EESIBALE 10 BUUNOH a2 ) — 77 4 27 bl L, fEEDOR
ZOYERICHER L. RBEERRX TIXS A 14 BIZ7 =7 1 8 Y > 10.0%%
1 1,000 5%, 6 H15 HIcE 7= b U > 72%7 a7 7L 3,000 f5ik % Z i
FNERNZOE 1L OKETHEA L.

FERORBERERFOILEMNS 7V X =DF Ui E~OEH & iz e 7-
W, 4H12H, 5H9H, 5H24 A, BLXU6HT7HDE4E, Edborna
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~ Y DAEK & 1,000 F5IZ AR L 72 ARV HE 22 4548112 D & 589 500 mL 0D 7K & T4
W LTz,

ETORBI OB EEIT BT & L2, HEEITBRREd 28 & A cfib
NEDLRWEOBEEIE L., £z, 777 AVENPNETOMEXIZRA LT
728, 5H 9 BIZTFTT A BFH A 10.0%BRIKIEA] 3,000 {517 & &1 12D X 49
1L OKBETEBHIHA L2, &512, 8 H 9 HORERHC Y =HH D% &
WLilz®, FAICY= /BT 722 300%7 87 702,000 5K % %z
TR IL OKRETEBICHAT Lz, ok, MsxWNIZBIE Y — FO#E & FRE
(Z &R0 EITERSRE L L.

(3) AEAE

4 A H9HETHEA 1ENG 2 BIOBE THB OEEORE 5 %30 HEITA
BA 207V % = s KO0 v U F = iR ik & 2 oV TR
L7z, A7V F=HI3% 1 i & R0 FiETHEGICE L, fEEELE.
(4) #RETEEAT

SRS T B AET D0 7 ) = FIC RIETREL LT 5720, —i%
MILET M X 0T L=, S A0S 6 A TR (KRBRIZBIT D h Uy
=D 1HEOREE—2) BIORTA»DL 8 A B (KERO 2HHDHAEY
—27) ETO30¥EDHZYOERTOH T ) XS0 BIEMER 20 E R E L,
BB IO b DR AN Z@ALEEE L, AR RD b
S AT BN B SR B E 21TV, Tukey @ HSD BEIZ L 0 ALE M 0% %
AT L7, WIS, WP a X5 h 7 VX =B8l0=t 7 —a W7 J ¥ =03
AEARBUC ST HEL M T 52720, SAPL 6 A THETO 30 EDHZH D
BARMERL BECE ISR U, AL L T2 —BIEE T M LV i
M7z, BAEENED ONT-HA1E Tukey @ HSD BEI X 0 RPN ALBER
Z=h AT LTz,
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RS F M LI AET D2 oINS IR ET BT T 5720, —
R E T VIC L VIRNT L=, RERO I BIHORAEEY—27 THDH 6 H FAE
FOR2EHORAY -2 ThHDH8H LAID 0L =V DR ZINELEE L,
B EFFB L O b DR BN Z@AERE L. KRR LT
A TR B R M E 21TV, Tukey O HSD MEIZ & 0 ALBRRE 0D 7 %
fif b L7z,

FREIZ I IMP version 12 (SAS Institute, 2015) Z /=, F—% Z#1EHLT 5
7=, X =FOMEEEIXZENZI 0.5 ZINE L T2 # (Yamamura, 1999)
L7z vz, W omE T b s IEa 2T G R o 7.

3. R

4K (2T X 7 ) X=X, =7 —3a W7 U X =HEX, Kl
PEBRIX, BLOMEHRER) (BT D07V X =3 h I NE =OEEED
HeR % Fig. 10 1R L7z, A7 U X =0 RFEMEEITLIEOE (Fo 29 =
2711,P=0.07) &HIHOFE (Fa.29=1.09,P=031) [T 6NRN>T2N,
L DREEMITAEEREN B SN (Fe24=3.02,P=0.0497). Hil
FRMEIZ X0 WIFBN AR R O 2 it LT/ R, SA?G 6 H FTAIE T
DH TV H =4O RIERES T2 7 X T 7 ) = iR K KIEERRIX L 0
HEICE D) -7 (Tukey @ HSD K7, P<0.05; Table5). —J5, 77226 8 H E
MOHT IV E O BREMERITLHEB A BEREIRDO LN o Tz
(Tukey @ HSD #27E, P>0.05; Table 5). KUHEXIZIITH S AnG 6 A A
EFTOayX A7) F=b=tT—a BT V¥ =0 RFHES (Table 6) 1%
EBHITRHEDOHRPBEO b (VXA 7V H = F@12)=2762,P<
0.0001, =7 —3Hh 7V X =:F312=425P=0.0291). a7 X7 h7)X=
O RFEMER L2 X BTV F =K N R b %<, RO TR A% )

55



> 7= (Tukey ® HSD 7€, P<0.05;Table6). =t T —aHh 7 U & =0 Rk
BRI =k 7 —aA DT VX=X N a T X 7 ) X=X LD b AEIC
% 7> 7= (Tukey @ HSD &, P<0.05;Table 6). 7235, sHAHIMAZ@®LTH
7V F =Y O REUIHER SR 7.

NP INZ = OEEBITREE DN ER (Fi,29)=14.50 , P < 0.0001) F6 XU
MO8 (Fa24=7.84,P=0.0099) 2N@D 5L, ZHOHDOXAEMICHLAER
PR E T (Fe,29=3.29,P=0.0378). HMIENFMEIC L 0 BB
BRI OZA N LT8R, 6 A FAIOD I N iR EiTay X r a7
K= R X3 X OMES XS =t 7 — 0 7 U & =X L OVREHERRIX &
Db AEILDIRD o T2 (Tukey D HSD #i%E, P<0.05;Table5). —J7, 8 AL
WO TN AR EBITABE RN A B2 20580 H LT (Tukey @ HSD
E, P>0.05Table5), &2 TORTH P UNT =343 L7~ (Fig. 10).

7V X =IFHOFERER OHER A Fig. 11 1R Lz, a v X707 ) X = ifaX
CIEMEIXTIZ6 H FRAETCavXrh7 ) X=nELFEThHo7208, 7 HLL
BRIIAKBOR LT V72 o Te. =87 —aA 07V ¥ =X & RidkbRKX T
F=t 7 —ad BTV X =2PEEETHoT2. WTHOWBEX TH UL
ZMMEIE LTI T H 7V X =Y a7 U X =0EEREL o Tz,
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Fig. 10 Mean number of phytoseiid mites and Tetranychus kanzawai per 30 leaves in
four treatments in a Japanese pear greenhouse in 2018: (a) Euseius sojaensis
release, (b) Amblyseius eharai release, (c) synthetic pyrethroid application and
(d) no-release. Gray arrows indicate the release of 30 adult phytoseiid females
per tree. White, black and striped arrows indicate application of a
neonicotinoid, synthetic pyrethroid and acaricide, respectively. Pine pollen
was provided as alternative food for predatory mites in all treatments at 12
April, 9 May, 24 May and 7 June. Error bars indicate SE. See Fig. 11 for

species composition of phytoseiids
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Table 5 Cumulative number of phytoseiid mites and the number of 7. kanzawai per 30 leaves in each treatment

Phytoseiid mites (mean = SE)

T. kanzawai (mean = SE)

Treatment

May to late June July to early August Late June Early August
E. sojaensis release 1593+£279 a 593+184a 225+140 a 97.3+512a
A. eharai release 90.0+24.3 ab 920+183a 169.8+36.8 b 1750+ 12.1 a
Synthetic pyrethroid application 440+£129 b 66.5+19.0 a 3723+ 80.8 b 300.3+56.9 a
No release 61.0+ 7.2 ab 515+ 76a 10.25+ 3.5 a 158.5+54.4 a

Values with the same letter within each column are not significantly different by Tukey's HSD test, P >0.05



Table 6 Cumulative number of adult female of two generalist phytoseiid species per 30 leaves
from May to late June

Phytoseiid species (mean + SE)

Treatment

E. sojaensis A. eharai
E. sojaensis release 84.3+£279 a 3.3£13.6
A. eharai release 23+243 ¢ 205+ 1.1 a
Synthetic pyrethroid application 1.0£129 ¢ 53+ 0.7 ab
No release 11.5+£ 72 b 7.5+ 1.6 ab

Values with the same letter within each column are not significantly different by Tukey's HSD
test, P >>0.05
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Fig. 11 Species composition of phytoseiid mites captured from four treatments in a
Japanese pear greenhouse in 2018: (a) E. sojaensis release, (b) A. eharai
release, (¢) synthetic pyrethroid application and (d) no-release. Numbers on

bars indicate the number of identified adult females
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EI3H BEREZRVFVEICETEIVATHTIFZIZED
ZEF VY EFZE VAT INT DLW

1. #8

TVHETIE =T v e = OEEHEREEOMENC T 7 U =B EBN L T
W EREE STV D (R3EEF, 1995; Kishimoto, 2002) . ZALE TIZ, figk ) >
RIZRETHIHEEEO N 7 ) X =pb =t X =0 DNA BPBRH SN
HFNH D (Ishii etal., 2018) H DD, ZOBEEREIFIZI ST STV,
EBRICHEAETDIRBED T VX =05 G, avXr 7 ) F =13 emEoNR
BREE R U CTEEE A IS, Do VEENET L7 X =H52BBRT
X5 (FE2E). FUBECITavXra7 ) X=0BEIIENLHEITHT T
EEY E L, B2, = v e =M (LEE 5, 1982)
AT DM A H 5. LD Z &b, REEERICEWTay X7
F=%FH L=t T Y X =DEMRHNBROERPHFHSND.

ARy HT Y E =k TN = OIREFESR AR DT Uk R TR S
L2 LT, REROBAZMEI CELZ EnHLMNE o7 GE2H). L
L, RERIEFVETIX, EERERERT S 7 S IEBRPUEIEA A d
THA SN TWD (F 1H). 8, avXsh7 ) 7 =OEEE»ENT 5%
MBI TIHEREEREZHEH T2 &, KRBAPERS N, ZORE,
F=DY) =V = R eg| ST AREEN S D (5 2 &, 52 Hi). £Z T,
BRI RN OB FE: TV RICB W T, S A0 D 6 H TR S5 34 % i
RERFNCERE L Cay Xy h7 ) F =k Ri# L o>, KRiE AT 52 &
IZRY, =T v e =B O P U =Tk 2B R A fesd LT

2. MMBLVAHE
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(1) i

AR L a0 X5 7V X = 3FE 1 BERLRRETH L. ZORME,
vz /ViilaiEE N 7 L — b & V7o H5EEE  (Kishimoto, 2005) (2K D, #FE L
Tr/mr~Yofehz3 b 4 HERTHE X CHFEL, L. 7o, 1B
(32018 4FE> 4 A LA I ) VA SRR BT SR Fr AR ARAR DT 28 o & — (Teda i i
JEXARE) Ik Shie s m~ Y bIEF ZEBREL, 50°C OERSEMET2 A
PG S 72, 250 pm A > ¥ = OFFIZHE#E S HT-20°C TRIFL7ZH D& ff
HLT-.

(2) REREHE K VHBRRX

AFRBRIT 2019 0K L7z, #fhd WS M i (area 1: 34.84°N, 138.23°E) B K
OWEHEET (area 11: 34.81°N, 138.26°E) W D% 1 AFEF B FTA T 2 A O RO
b, 6 HRE CRIRMEEFZFIA L Ca v Xrh7 Y X =2 f#T D%
B UvREEZEEN 2 BERE L. B ORE % Fig. 12 2 L-. BHT
D A EHB LB EITW T OEM G EfEK 15a, =K, K, Bk, B
CHESXDORMTH Y, BT O C FIXEAER Sa, D REILmEEN 3a, Wi
NORERMS KR BIVEKRDEETH-72. ARB LOBRETIZENENLE
KBLOEAKR O 41 %2, CHRBELOD B TIEXENEI EK I LOEK
D& 4 EFERNCY—2 L, aUuXrh 7 ) X=mfax (LT, X)) &
R 2 EVNORENE R LRI D 1T X1 E L THEMEICOE 2 KERIT .
FHAEBNT A TR 20 FLL Eo b o & Lz, 7ok, BHTTO A RIS L OBEH
OCEIFTH 1HTHELZHEFR—TH 5.

ARBRII =T X =0 ARBAELMHE T CER L. MK ~0a v X
A7) F = OREN, BRGNP OIINE T SNTEREZERY L Tllo®F
M EAECORICHEE L, £ Dk, FEpsrIil TR 2 =i b IV TS H
EURTSEDLEWD HIETHEM L. BH7Z VK 150 PLo RS B +#) 200 IR
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BET, 4H19H, 4H26H, SH8H, BLUVS5 H 30 HD 4= (&7 600
UL +800 DR/48f) Jiide L7z

KAEPER OIRFN O WATIEREZ Table 7 127 L2, S AD 6 A FAICHER &
NDIEANIa T X 7 ) F =2 Bo/hS b o (B - 83, 2019) &L,
Z LSO A AT L O BT AEES IS E LT,

(3) #=FORE

ATV Z AR IO =T 4 A TG 11 A ERETHA 2EOHE T
ETOREBICOVTHRHE L. FHOMLED 303 (B2 5 %20 -+ HikyiE
10 3) OREEZRE L CH =L L. BTV X =JHIIE | fi & RO F
LR IR L, HERE L.

=t F e X =34 A TRPOEHEOMEIMFIET 25 6 A THE THA
2 [ OBE TETOREBC OV THRAE L. SBORBEM b 2VEE OHHY
EIELZY TV VL CHERICHEET DS & FERBEMEE (Olympus
SZX16) FCHEL, o v MR EZR L L.

(4) EOWERE
HEOHFHFETETOMEBNZOWNT 6 A FHICHAE L7z, FHOEE D 30 Hrid
[Z2WT, BRI 10 42 B TR L (300 3E/8), KEFEOHHEY A
7 FEIR CGEIEFS AN EE R FE D 50%LA L F 72 1T BEOREN LV IE) £ 7213 ek (B
DL AL, %) BHRLNLWERELFIEL, FHOEY A ZIEL IO
Y EIEDREERER LR L7z,

3. HEHARAT

2y R ATV E =OREER T U RICRAET DT U X oMk, =
TF U e F =R, BLOD T NE = OEEREIC RIE T R T
THI2D, BMIBIREET WVICE VM L. SHNPL 6 Adf G84Er—72)
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FTONT YV X =FHORBEEKE, SAPD 6 A TAIEFTO=tF e x=
RAEEAEE, S AND 9 AETOHI U UNT = BEEREEZ N E IS EE
Bl L, AHE, Hill, ZnoOLEEN, MBI X S izFE, 3 XU
BEFEHIZ R A ST ARAAEEE L, 205 b, FHll a2 L&
L, MERZRE L. T2 BT 5700, ¥ =FHoEKEITENE
1 0.5 Z M5 LR (Yamamura, 1999) L 7= fii% V7=,

Ay ATV =OREAN =T P XL DET A ZIES LY B
FEDIAEICRIETHBLTMT 2720, BT ¢ v Z ARSI L0 T L
72, 300 EH T2 OFY A VIEE T ITY CREORETER A IS LS E L, 0,
i, Z S ORZAEIER, HUgIc R A X zEH, 5 X Ok & E i R A
FENTMBEBHERE L, T2 I3 H MEBEL, Vs BEkiIe Y
v MIRE LTz, 72k, B—MHOWBRO Y X7 28T 5728, W iE i
L.

R IZ1% SAS OnDemand for Academics 2021 (SAS Institute, Cary, NC, USA) %

MWz, WFRORE TS anfl D ERNTHAEEIZZ Do 7.

4. $ER

FUB EICBIT AT X =8, =k F e XY=, BXUOANY =HEHOEIR
BOHER A Fig. 131ZR L7, A7 U X =FHORBAEITETOLBEX TR S
ZOMEEEIT 6 Hice—2r Ligotz., 6 AR E TON 7Y X =H D BEEFE K
B IR DY ERFRD BTz (Fa.26=191.51, P<0.001) A%, HERH 21358
S (Fu.2=18.40, P=0.05), [EHHIZEHIRD LR 272 (F.26 =0.58, P
=0.58). ALH & MO Z EAERIC O AR RATRE SR> 72 (Fu26=0.78,
P=0.39). HEEXIZIBIT 5 H 7 U & =FO BREEAREITE SR X D 244% TH -

SN T X = OFERER OHER A Fig. 14 ISR LTe. 2 TOME X
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TOHHPRETITavAr 7 VX =), 8§ HNAUKEITI=7—aTh 7V x
=HEHEThH T2, N =FHORBEMRBEE CHLTFINT I F=, I¥=
NTVE=, BEORTFTHT VX =ZZFRICD T INT =DEENEL 8o
EERICHIE S, AT 7Y X =EHUS ORI E LTNE =S~
R, NWE=ZTH I~ B ANTHALVENHERINTED, T OEEEIE
ENENHICORTH T (T —2EE).

=t F e =0 REEEEIIET O R RFRD Hivlc (Fa,2) = 34.46, P
<0.0001) 7%, HUFZEIZRO 5NT (Fu.»=0.03, P=0.87), EHIFEZESFED
e otz (Fee=2.14,P=0.14). W L HIROZAERICH A E R EIX
B E 72y o7z (Fu26 =063, P=044). BERXICEBIT o=t e x=
O PFEE RN L IR E X D 16% T - 7=

B P UG =0 BFEE LI OR3GO BTz (Fa.26=18.21, P=
0.0002) 7%, HUEHIAITFRD LT (Fu.»=0.72, P=0.48), [EHIFESHR
S inoTe (Fee =228, P=0.12). FEL IO HEEMIC A ERET
B SN otz (Fu2=0.14,P=0.71). BEXIZBTF DD FINL =D
PR RSB R X 0D 34% Th - 7.

S IC BT BBV A ZIER L O EREDOHERERE Fig. 15 1R L. £
A JIEDOWEIERI TG DR (2 =12.82,df=1, P=0.0004) & HUKM = (2 =
18.92,df=1,P<0.0001) 238D LN, ZHbHDOEZEER (?=021,df=1,P
=0.65) CEMMEFE (2=4.78,df=2,P=0.09) IZBO LN -T-. KEHIC
BT D HEAROEF A 7 IEOPWEERIIBEAROZN LY LA BICK,» > 7.
B EIE O EERIT R O R (2 =23.75,df =1, P<0.0001) & HIkE7= (2 =
8.75,df=1,P=0.0031) 2BD SN, ZNHDOLZE/EMA bR ST (=452,
df=1,P=0.033). FEHFAZEITRBO N> (*=5.00,df=2,P=0.08). &
T O THER X DY EFE O FEIERIIEAEF X OLN LD A RITE» -T2,
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Fig. 12 Locations of the Japanese pear trees in experimental orchards in area I
(Shimada City: A, B) and area II (Yaizu City: C, D). The distance between
arcas I and II is about 4 km, that between orchards A and B is about 100 m,

and that between orchards C and D is about 20 m
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Table 7 Pesticide use histories in two experimental Japanese pear orchards

Time of application

Area I (orchards A and B)

Areall (orchards C and D)

Late March
Early April

Mid- April

Late April
Early May

Mid-May

Late May
Early June
Mid-June

Late June

Early July

Mid-July

Late July

Mid-August

Late August
Early September
Late September

Oxpoconazole fumarate 20.0% WP* (2.000)°
Flonicamid 10.0% DF (2,000)

Thiram 40.0% FL (500)

Pymetrozine 50.0% WP (5,000)

Thiram 40.0% FL (500)

CYAP 40.0% WP (1,000)°

Difenoconazole 10.0% WDG (2,000)
Thiamethoxam 10.0% SG (2,000)

Dithianon 42.0% FL (1,000)

Buprofezin 20.0% FL (1,000)

Thiram 40.0% FL (500)

Dinotefuran 20.0% SG (2,000)

Captan 80.0% WP (1,000)
Cyantraniliprole 10.2% SE (5,000)
Iminoctadine-albesilate 40.0% WP (1,000)
Sulfoxaflor 9.5% FL (2,000)

Cyprodinil 50.0% WDG (2,000)
Thiacloprid 20.0% WDG (2,000)
Iminoctadine-albesilate 40.0% WP (1,000)
Thiamethoxam 10.0% SG (2,000)
Iprodione 50.0% WP (1,000)
Cyclaniliprole 4.5% (2,000)

Mixture of pyraclostrobin 6.8%

and boscalid 13.6% WDG (2,000)
Imidacloprid 20.0% FL (5,000)

Mixture of tebuconazole 17.7%

and fluopyram 17.7% FL (2,000)

Bifenthrin 2.0% WP (1,000)°
Azoxystrobin 10.0% FL (1,000)

Cypermethrin 6.0% WP (1,000)°
Milbemectin 1.0% WP (2,000)°

Thiophanate-methyl 70.0% WP (1,000)°
Clothianidin 16.0% SP (2,000)

Dinotefuran 20.0% SG (2,000)
Iminoctadine-albesilate 40.0% WP (1,000)

Dithianon 42.0% FL (1,000)
Alanycarb 40.0% WP (1,000)°
Mandestrobin 40.0% FL (2,000)
Difenoconazole 10.0% WDG (2,000)
Clothianidin 16.0% SP (2,000)

Dinotefuran 20.0% SG (2,000)

Thiram 40.0% FL (500)

Sulfoxaflor 9.5% FL (2,000)
Iminoctadine-albesilate 40.0% WP (1,000)
Thiamethoxam 10.0% SG (2,000)
Cyprodinil 50.0% WDG (2,000)

Pyrifluquinazon 20.0% WDG (3,000)
Penthiopyrad 15.0% FL (1,500)
Cyclaniliprole 4.5% L (2,000)
Iminoctadine-albesilate 40.0% WP (1,000)
Imidacloprid 50.0% WDG (5,000)
Tebuconazole 20.0% FL (2,000)
Thiamethoxam 10.0% SG (2,000)
Kresoxim-methyl 50.0% DF (2,000)

Chlorfenapyr 10.0% FL (2,000)
Thiophanate-methyl 70.0% WP (1,000)°

Cypermethrin 6.0% WP (1,000)°
Bifenazate 20.0% FL (1,000)
Cyclaniliprole 4.5% (2,000)
Dinotefuran 20.0% SG (2,000)

Clothianidin 16.0% SP (2,000)
Dinotefuran 20.0% SG (2,000)
Oxine-copper 35.0% FL (1,000)

* DF: dry flowable, EC: emulsion concentrate, FL: flowable, L: liquid formulation, SC: suspension concentrate, SE: suspension emulsion,

SG: water soluble granules, SP: water soluble powder, WDG: water dispersible granules, WP: wettable powder

® Numbers in parentheses indicate dilution rate

¢ Harmful pesticide to Euseius sojaensis (Tsuchida and Masui, 2019)
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Fig. 13 Seasonal fluctuations in average numbers of phytoseiid mites, Eriophyes
chibaensis, and Tetranychus kanzawai in 2019 on Japanese pear trees in
experimental orchards in area I (A, B) and area II (C, D). Horizontal dotted
lines indicate the control threshold of 50 E. chibaensis per leaf (Izawa,
2000a). Error bars indicate SE. See Fig. 14 for species composition of
phytoseiids
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Fig. 14 Species composition of phytoseiid mites captured in experimental orchards in
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BEOFVEMT=t T Y XL DA VIES, EHEOESIxIT S
JZMEPME T L7enZ =HIC XA 9EN SR L TR (i, 2013; (Ll - KL,
2014; TEEREAMOKEESRS, 2020), ‘ERESA 3R =AlZ2 L ¥ L TRk L T
W5, ZOL ) IR OMEREE OB, ¥ =D e KAN K 5 bt
PEBEIEDLAEENRH L. £2T, 22T, EFRIEOALITHEL W
BHRED X OIS EE LT, HEDIKEED TV ¥ =%FM LM
BRICOW TR 2. FERNORFRIE T ETIXSHEO D 7 ) ¥ =0k
BLTEY, ZOIBREMITZT I X =L L TCavX 7)==t —
IHATVZ=PRO LN, ZD 2FEEMED 7 U & = 3o Hilg oo 75 ik
BEEDOFETHILE L THRAET DL Z ERHERINTNSD (Ml 5, 2000; Amano,
2001; Kishimoto, 2002) . % ZC, MsglZHER S 72T & W CilifiEo 7
P UNGE =R T DREMBNRETE LIZFER, a0 X757 ) X =Dh)i
AREROREZMH AR TH o7, 2 X TV X =3 nF =F21FTh<
Hex RREEO7 VX =OBBRICHATE 5 aliltEnd 2 (2 %) 729, &
HIEF VEICBW AR EZRH L= o e =B L0 P Uy =
DRI AMGE L=, TOFE, a v X5k 7 ) X =T8O /NS WK %

L CARKE A R#ET D & &b, RRIE MEAMEHRT 5L T, Zhbi
RO X =FADRKRFRDAIETH D Z E LN E RS-, THET, =%
T e X =OBBRICES L RKEUIA LN IN TR LT, KERSLZTOMHE
FMEFREOLIC L > THBR SN TE R (FE, 2000; FH 5, 2018; KD,
2019). L7=MoT, RFFEIE, a v X a7 )X =n=tF % ¥ =0k
ICHB R RTH D Z EaM oML, BEBREIZB W TARRIOFAIC L
HEHAED X = O LRI BR O EBLRREMEZ R LTI TORETH 5.
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AR N TV E=2BIOR= T =T DTV X =3 h P UAT =D
DN LA O T2 811, AFBDTEA T 2 ARAISLAN I/ £ 0 ATEI 23 IR
ENDT8, Z O %I TX 720 (Osakabe et al., 1987; Osakabe, 1988; filior
5,2004). —J7, JREMS TV X =FZ = FHOARE R AR B RS O N
ZRHIL TS E &5 (McMurtry, 1992; Messelink et al., 2010), #lx 1%, =
Ry J3 7V Z =13Y 7 H T Cayratia japonica (Thunb.) Gagnep. 7D ELER{A % {3
L L CHIHT HZ & T, B P UNT=RNEFET HRNHEY HIZEST D8
B, REBRORBAEZMEITE S (Ozawa and Yano, 2009). 7=, FHROKENE
FWAERICBITDIREMED 7V X =DM L LT, {EHoRAREREIL T
% (Toyoshima et al., 2008; [EH 5,2017; 2 F) . £ T, FH2HTITH W
U NG = ORI LR AR B I 7 ROFEE T 2 7 v~ Y AER 8 - 248 BT A
BN SN DOFZMNT T, 20X 7 )= L 3=t 7—aTh 7V ¥
=R L, ARE RIS D I AR B A S L 7.

AR ATV Z AR T, 6 A TRETOHNT Y X =30 RIEH#EK
EREBHERK LY %<, 1EIEOD > FUNF =DF A C— 7 1T RKEERX
BLR=T7—an7 VX=X LY K-> 7 (Fig. 10, Table 5). Z D
MiX=2 X5 7 VA=A CIEa v X s a7 ) =P E5fTHY (Fig.
11a), ZOMEEEIIMOMBLX & i U CHEIZZ 0 o7 (Table6). —F7, =
T =N TV =HEAR T, 6 A TAETIR=tT7—ah 7V L=ME
HThHv (Fig 11b), TOMEEEILa Y X7 7 ) 7 =i X & bl LT 0
ST OO, B XL KR & OFERZ1T72< (Table6), 1 BIHDOA
PHRUNTZORAY =T TEmD o7 (Fig. 10b). T b OFERNG, P
N = DR EF AR NSRRI SN DR TIZBNWT, avXrn T
U &= R L OERBETR T 5 2 LT X 0 ARKE O BRBER A & £ 53,
AREROREZMHTE LI ENRENT. =87 =BTV X=X TH
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VHIONTZDRAEEMHITE 2o TzD1X, =87 —3TH 7 U X =/ Rix
D 7 U X =10 REFEDOIFRLLN R A4 A THET D MR H 5 (Jietal,
2015) Z &b, UBMEZERMIE L THEEVWSEBICEZ Y, ZOEKRESE
RO ONRNoTZ ENRKDOOEDEBEZ BND. B, ZOHRIZONT
(X5 4 B CEHMICHREET 5.

7T HURIZESE X 72T TR av Xy a7 ) X=X Ty av X757
VX =OEENMELS, 8 A LAICITETOUBEX TH U FUNT=NEHR LT
(Fig. 10). 2 X5 J1 7 Y X = 3 FERRESKA| O H OG0 57 7 A
TRLLEDI AN D72 (Fig. 9,11), 8 AMD 9 Al NF =HOBEN L7
B3 Y (Fig. 8,10), TYETOZD L S RREMED 7V X =L Z =X
DFEAIH R IT Kishimoto (2002) THHER SN TV D, £z, Mo REOBIAT
LavXrh T ) =it 6 AICREDOE —27 L b h, 7 HUKITEARICHE
PME T 5 (Kasai et al., 2002; 422 5, 2006; HiH: - Jril, 2017, 2 %), i
HOZ ENnD, FEHMAEL T a2 FIREEICERT 2720103
S, EFEOavXrh7 ) F=0BERTERZHA Lz BT, FI8kic
B 2 ARRBOEEREDMERF - BB 2 ET T 2 0B H 5.
FRECTIEHEAT 2 EFN OB L > TRET LN TV F =HFHOFENF =
HOBERRRLZ MmN TEY, FFRREOZR DHEZ L H LIS EI3A
B 7V = DFEN DI ANF =N LR T 508, IBPPEDOR B 25 H]
LIZ AT IL RN 7Y & =354 L TE =2 KB IS+ 5
(Amano, 2001; Kishimoto, 2002; Funayama, 2015; Funayama et al., 2015) . ASHF5E
TbH, 6 H FAIETIE, ARE L AT A RRERAIZ#HAA L7 KERIX Tk
IBMEH TV F = DFRET VIR A UANT =BNE5 LT (Fig. 10c, 11c),
I Jik i X CUI R IEBRIX & i L Ca v X7 1 7' ) 2 = D38 4E73% < (Table 6),
AERIIRBEEICHER S 7z (Fig. 10d, Table 5). 2D Z &b, HEEDO T
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FIcBWThH, ENDLUEOIBRRMERRFOBAILa T Xy b7 ) X =%
BRL, o P UNT =)=V AEF SR ITAREEND D, EEIC
51 ECIHA LIRERIEERTE, 6 HTHETICEREERTHLF ¥ AT
A J3 A I3 Plautia crossota stali Scott R°F > & X 32 7 A Grapholita molesta
(Busck), BHEEHRETH LTV EEIW (WL H: Venturia nashicola Tanaka et
Yamamoto) °7 ¥ BEER ()5 E: Alternaria alternata (Fries) Keissler) 72 & % %t
RUIREMEA 7V F =B O H H5H (FAD, 2018, 1H - I, 2019;
AKH,2020) BEAINTIEY (Tabled), 2 VR A7 VX =0DHDHEEIX
FRlZIK o7z (Fig. 9). BLEDOZ L, BRERKER TCa v X rh7 ) ¥ =z
KN =FORAEMEIN R ZE D72 DI2IE, RRBUTFZED /)N S WA 4 F|
L7 BiBRIAR 2T 2R B 5.

KOV & B O EF BBIBR A WL 2 720120%, BIRMESRA o6 1L
et & R ORI R 2 —BFHC 0 1T 2 42538 % (Ruberson et al., 1998) .
REETIZ, aUXT AT Y 3R SPEICHT TS 260 L L CHH
T LEND, ZORMOFEREREZRT 22DIEH SN LT RIEL
FEBPUESEA 2> D BRI FNCET L TAKRMARET S22 & T, KRiio~
VHE I T OIBRIR DB BEIND (B2 E). RWGEICEY, a v X0
7V H =3 U ETHEROBEENMENED DRI TEES 2 N S
H, WP UNT=OREEZNE TS GE2H) ZENPHLNERoTTD,
ARKMEFHAT L T F v X =B ION P UANY =% [FRFICBERR
T&HEZEZLN. 22T, HIHTIE, KRFEEFVRICBNT, 4 AT
W6 6 HINHETavXrh7 )2 =|ZHEO /NS WEEAZ M H L TARXKE
ARiET D L &b, ARBOBEREA AN X 2 EEFED & = DOBBRE R %
BatLiz. ZOER, avXrh 7 ) X =8N iiRT 2 &, BEX X
DH BTV FFHOMEEITELL D, W= F v EX =B IO Y
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NI = OEBEIT DI ot Ee, aURrHT Y K =K TR X
LR L TEY A ZIER L O EIEOHFEERITE o7, kD Z LD,
RRFEHIE T VEIZE N T, BIRMER 2T 2 2L TCavXrh7 4=
MIREST, SHIZ, ARMAZBEHERT 2 2L Tk TP eEX =B LU
VI NF = RIRHCBHBRFTEE CH D Z E N BN E o T2,

ARy HT VX =1E %L OT7 v F =ik L i L (Kondo and Hiramatsu,
1999a), A TITHRICHG SN DM EL S LTS 5720, & LT
DEIC LT 7 X HOMEREZME 25 Z LA THL GE25E). L
o T, PR L7z R EAE A & RIS & O ROBRE MRS S D ST
HY, oay X7 =R K CIEARRED MR ST e A BRI
BEEICRAE LR, 2Ho=tF VL =rlaih, RELROEEN
ZTOREYFKETHDIEHTZY 50 L (H#,2000) £ v HK< 22~ 72 (Fig. 13)
EEZLND. EBIT, =k F U EX =S AR TN L RBICEEN G E
D, 6 ATHN»DL 7T H ERIICERADE —7 Ligos TR EICHELSI S E T
(LimBr 5, 1982) T &b, av Ao 7 U4 =K CldARE b op %
FEDMH S-SR, MERATIX X0 b E A ZIER L O EE O#E R MK
<HH &7z (Fig 15) EHEEREIND. T b0 Z ik, AREZEFHT 5 Z
LT, AERIF =T e R L LIRS =HOBAM A TE 5 2
EERELTWD., 72720, BEEX CIZa v X s 7 ) F=m38ELTICH
Wb b, =k F U X =0 E A2 B BRAKELLTICMH TE ool
(Fig. 13). YLk Z &0 b, ERM L=t F & =DEWHINIROTZ0HIZ
%, TEOav X7 ) X EEEEORE S &b, KRR EARKE D
W 2 m O D7D D A GO D LE N DD, S bIZ, =)W
EX = OEIIMEICL > TR S (EEB, 1995) Z b, 5%IEZHk:
TR NWT 2T A T AT VX =ORNEERIET 20BN H 5.
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2y X7 H 7 ) F = Tk e B T 6 AR AED ¥ — 2 &7~ (Kondo and
Hiramatsu, 1999b; Shibao et al., 2004; %82 5, 2006; #H « F 1L, 2017; % 2 &)
72, WIEOIRIREEF OWANIARBEZPRL, FROV Y-V =z 2%
FlEE TN S. Bz, TEETIIHENLOIEOAKE L 20 A R
REBANOBMIZLY LFEOa s T ) ¥ ==t 7 =7V ¥ =)
frai, TEEHEX =D =Tz AR5 XS D (Kondo and
Hiramatsu, 1999b). X 512, B FYRETIEL 6 A LAIDO I >3 BERBBRO
DD FF =" A— NREFNOEANR a0 X 57 ) F =B B 25,
ARBMOIEANKT L TR AR NI IV e =D —V = A%
FlEE T (F2E). AWUETH, BHEMEEAIZ A7z 2019 42134 T oo H
Tavy Xy h7 U =NEHEE Sz (Fig. 14,15) 23, FEEIRMESEA]Z v
72 2018 FEII AR RO B E 1T > 7= (Fig. 8,9). L7z -> T, FETHIEE
REFERN 2 Z T HBRBITONTZGEI12E, 20 X5 7 U X =3RS,
=TI =DV =V A EGEE T REERD D.

N FUNE=OFRAERTPOT VB EICa v X5 7 ) X =PNEEL TS
TR, REROREZIHI TEZLERHALNER-T- B28H). 20z
CITREAIEE T ORI, AEMMAEL Ta vy X7 ) X=X O
PN = OEFEITIEBEXOZN LY bR IHE Lz (Fig. 13). Vo=
Malus pumila Mill. [§ TIX B 7 U X =R Y v I Y% X = Aculus
schlechtendali (Nalepa) Z{REEH & U CIEAREEE A HEFF L, TDORICHET D
K KA B AR ST (Hoyt, 1969; Sl « &4, 1993; Toyoshima et al.,
2011). THEFERRIS, TYETOav X s a7 ) Z=pm=tF e F=%2
AT & U TR RERS L A AR LTS R, 0 o P U = oI5 B 2 i) © &
TR D 5. Ak, aU X7 )X =%FH LT EEHEOE RO ER%
WSt 9% 1T, ARBONBEE L LTO=tF ¥ & =027 I4 % &%
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ENDD.
=BT X =DINEIC LD EYA 7 NER LU BYE O #E R T
LoTRRY, BEHTORMITFEETORMED b 2 O EERIME1 -
7z (Fig. 15). ZOHBOOEDE LT, FMBEDOMAEN 2 Y X517 ) Z =
IZ &k 2 RPN R EL RE LTRSS 5. & ETTORMIZKESZ
DREREIZ BT D A FRHERICHH £ TN 228, BEEETH 0O R M 3 3 B o 1
FIZAENTEY, BIETHEE LD SRS 214 B OB OER LN -T2 L

ﬁ

ERBID. Euseius &7 7V X =T OBREMEERE L WO WE RO

(McMurtry and Croft, 1997), {E¥3 DA 1XE OMEIRRERE B 2 HRr 95 LTI
\ZH%TH D (Duso et al., 2004; Ghasemzadeh et al., 2017; 52 &), A+ —A k7
U 7 TlX Euseius victoriensis (Womersley) 7>, A A 7 =)V CIiX E. scutalis X° E.
stipulatus 7371 2 Y RN S D v — X7 T ZDRBEIER 2R L T
fE AR Z BN S, FRCBFE 2 XY EEMET L 7 v X =Ro—FT
& 5 P. oleivora D E 7 M35 Z & D3GR ST % (Smith and Papacek,
1991; Maoz et al., 2014; Warburg et al., 2018). FNEOREFICHBNTH, 2w
RIrH3 7Y B =) A & X Digitaria ciliaris (Retz.) Koeler O JAEAE K 2 & &9
D2 ENHERSN TS (Warietal., 2016). & 512, {EHo#ftixa X770
TVE=DBEEGDDHZ b, 7UF =8 (2 %3) & =4 (Osakabe
etal., 1987) (T J 2B EMAIN R LML T D, LD Z Lann, 5O REH]
TIE, BEORAN DG SN D A AR ORI N a0 X7 7 ) X =1tk b
ERBRAEZ L Lo, BERHORME D b=t e =0fER
P SN2 ATREME R B D, 272 L, BTV X ==t v v X = O IRE
IZHUR R Z TR O bR o7 2 e b, S %BIFERIRAED 135 Ktk L OVE
HOEREEBIRRIC KT T B LI RAET 2 L ER D 5.

e LT, LAERBICE A=t T v EX =B8N P UNT=DEY
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AIBABRIE, & RO EEI AR DL E O RGN FET D& T Tay X
TRATIVE=2FHTLIEDANTHY, BRFERIEETIEENOHEITHT
TARXKM = R L O RT 5 Z L CHEBITE S, 2L, avXs a7
U ==t F P& =1Tx3 DBEENRITHIIC K > THERZR D RN &
5. 5%, FHNAAOR AL L OE 20 oG SN0 EORBEEN = ¥
Ry A7V E = ORI EIC KT T B AP Lz BT, ARKEOFE RFER
SR AL T D720 DA B H (habitat management: Landis et al., 2000) % &
AT ONERD L.

I, REICBITL2E2TORBRTHERINFI AT I =, I¥vanr
VA=, BIXOT T H 7Y Z =X Tetranychus J& % = DRBEMEHEE TH Y

(McMurtry and Croft, 1997), /¥ =AM RHE L7- ¥4 384F 3 2 (Sabelis and Van
de Baan, 1983; Maeda et al., 1999; Maeda and Takabayashi, 2001; Shimoda et al.,
2005). DO LMD, TNHAT U F TN ZENEETHEICESR LT
ar=—WNTHME L), REROZREFFICHEI ARG R m kol b
EZohnb. Z0ob, FUAT VX =O5AmITHHPERFEBS IO 7 U 7
RF U OHAFYEHELBEIZIR 540 T % (Takahashi and Chant, 1993). F£7-, A
IIIRIRPE Z BTz 722D, TS ETITIZVE Ko 7 A Tl AL T & 7
WEEZLN TV (FD,1993). LaL, 2009 42X E RO —HOT v
Camellia siensis (L.) O. Kuntze [{ CTF U 7 7V X =L B NER I N T-#%

(Ozawa et al., 2010), EDOHAMAIFIERL TEY, BUETIIARROF ¥ FHIZIA <
EALTWD LS TS CNE - NI, 2019) . 2014 FS I3RS RO 5
VETHTF VBTV X =DEEDRHR I TWD (L - SR, 2015) 2 &7
5, FROTVETHOAMENESE LTV D AREENEW. 4%, T U8k
BLXOEWNMIBITA2F VDT VX =DEIRREZHLNCT D EEHIT, N
SHOBERL L OHEOMHIC EORERRL T a2 M ii T2 LB H 5.
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Fa4E S E R NEEOTFE TSR 5 2 MIERMED 7
VXA =DF )L PRI IRV RA I Y B
Z = DEMRIPIERIC KIZ T 8

I #E

EMRIBIERZ B S D T2 OI2iE, R F U KT T EERN R B D 78
59, RitofN I L ORI A/ER N E R KT T RN R R L AT %
ZEDPHEHETHD., TV FAHESCERVITIEYHEICE N T RNICALND
FEPLRFE BE/EHR TH Y (Polis, 1981; Polis et al., 1989; Rosenheim et al., 1993;
Rosenheim et al., 1995), & 3 F BOMEEEIZ KIEFTREOREIZED 5 E

HrBlG:Th 5 (Rosenheim et al., 1995; Snyder and Ives, 2001; Finke and Denno,

:ml*

2003; Finke and Denno, 2004) . 712, fRHEAERER TIIREOLERMEIME 72 b 7
<, B AN D FREVEDN B 5 720, HRF KT B HiRH OB
HBRIZ 72 % (Strong, 1992; Polis et al., 2000). <D 7=, KO X /L KNHAE D
L<IEERWIETHAEE AROMAEE LI T S, REEMICIEERPBRZ R 255
D BHZENDH D (Walde et al., 1992; Rosenheim, 2001; Schausberger and Walzer,
2001; Snyder and Ives, 2001) . —f%Z, AEMBIBLGRRICHIAE S s KU R34
BT OEVMEOTEROHER TlIenwiz, FENE X OHEMAEAEIERD

‘Imb

W L CHfEDSIC 72 % (Janssen et al., 1998; Rosenheim, 1998; Finke and Denno,
2003). L7=23oC, AWIBEBRIARICEIT 50 A — N2 Tl L, #EFE
D KL E B OEAEE Z M3 2 ATREtE 2 B S 202 272012, Ko A
TER OB % 54 2 433 % 5 (Strong, 1992; Schmitz and Suttle, 2001; Finke
and Denno, 2003) .

7V =T A TR D EMIBR CIAK R ENTE D, 2R
W72 T IE 2 BRI 2 72012 L FRRSCHEE WP ETRICHIES N TE
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7= (Walzer and Schausberger, 1999; Schausberger and Croft, 2000a, b; Schausberger
and Walzer, 2001; Negloh et al., 2012; Calabuig et al., 2018) . JA&VERBUT E M
(CHERE XA TE L0, MOXRBEMAETH 2 & CHBEAICEEE O EHK
EEMSELZ2bHD. FrIZ, IRBMEOI 7Y X =1, ¥V FAHRE LR
WL > TREFOFEE/D ZENTE, hoh 7V X =% REHL L TH

9% Z &+ T&% (Schausberger and Croft, 2000a,b). L7=23->7T, Z#HHD

Zaning

BT EEARRICB T 2EMMEDO N 7Y X =2 X 5 ERERHEE REEIC
TORRMEDN D 5.

ZNETOMIENS, aUX T TV EX=2BNI DX =0PRICAZT
bHZENHBMNERST GBE2E) ¥, WX VYERTE=tI7—aTHhT7IH
=NEERE RS20 H D (EHF - A, 2021). ZRBIEEMEL T U X =13
WTNh 6 HRNBEOE—7 b Z s, BNBXOHEBMEAERIZL -
TEOREMERCE AR BN B E 2, ERREEICADEEE LI A
REMER DD, Lo T, GEIRAEWRIRERZMES H7-0I21L 2 HIA
BN TV X = OBIER M AEER 2 TME T 2 LERHDH. £ 2T, KETI,
AR ATV E = =T —IHT Y X =N LOFEMAMAEAEERN I
X =AM KIE TR E LTI L. XU DI, Zh b KEto
FHIZ I 72 7 v~ Y T OAFE T 723 TICB D ClEO $ v RNHE
B L OB VORI 2 5HE Lz, R, EHOFETTIND 2 A
BYED TV HF=DOHREEZ THEL, L RNBESCHEEVWRI I TR
= DEE LT RE S B A AL L7

2. MBEXIVAHE
(1) #EBRE I VEH
KRB L ea o X5 a7 )V A== 7 —a N7 V4=, BRI
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PEXZTFEIEELERLRETHD. INLORMKERREFT L THWEZ., 7
B~ OEMITHE I EOHIEH LF CHRO b DEEH Lz,
QEGRELGREEOFEETEFZFERETICETSFXILFRBESIUHAER
LDEE

M OHFET ERITEGFETICBNT, avXr a7 ) X=8l0=t7—
I 7Y X =D RIS X DR E 7 RN RO BEEERET 52 LI X
D, WO XL FARHAE L VOB R RE A TG L7z, 2 ISR 7
U X = ORI T 280 7 ) ¥ =fO I OMAGHEICONT, (1)
20 lED S +4ekyds L OY (2) 20 IEDS D H 0D 2 P4 50 RAEER L=, 7
TAF vy 78y —1 (EA9IOmm, &S 20mm) NOKES EHETZBiER L
a2 I N DERZEWTHER LY =77 4 27 2 Hvy, BER O
EROEIET 4 vy 2= 3—=THE, 20x20mm? OF V—F Z{ER L.
RBRBAINCRREABT IO a0 == 7V X =0Ii%EI L, HirT Y
—F LICERE L7z, 24 BT, %7 U — T bE®% O h 20 L2 L, fE
MABOWUE A IMZ 7=, FEHZRIETIXTIE, &7 U —7F120.005g D7 =
~ Ve ARt Uiz, BAREE PO ERED A LTzl h 2 Z > 7 L1208
L, 24 BFffR S 72%ICET UV — T LIET2EA L. EADS 24 I
MZICHBE SN B A L7, F28R1T 22 + 1°C;70 + 10% RH, 14L: 10D
OTEIREN TEE L7z,

(3) FILFAFBEEBVDENMGRICRIZTTEZE

EE R ABEOFETICENWT, ayX s a7 )V ¥=b=kI7—ah7Y
F=DREARREEZERTH T LICLD, MEOX /L RN LRV RI T
L =DEYHIIRICRIETEERE L. av XS aT7 )= =kT
—IH T VX =DREAERNIE2 D 5 OOWHKX (2 X7 ) 4= =%
F—ah7VHx==(A) 1:0, (B) 2:1, (C) 1:2, (D) 0:1, BLW (E) 0:0
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(M) ZRRE LTz, 727 U — (350 x 220 x 350 mm?) NIZ57-2D
FYEAZ A DOEAR (10 DD 15 FERE) 2 LVORIENERD K 5108
ESETRELTIXEL L, FRIXICOE 4 ERRIT 72 (S WP x2 H x
4R = FH40 A MEM) . FEAHEIARYZF LRy b (EA 90 mm x FES
75mm) [ZEML, EEHENOGOD T VX =DRTCE T2, KeRol
T AF w7 hbA (100 x 300 x 100 mm?®) FIZERE L7z, 7ok, EAERITF—
VNICHEM L2V E D ICEHE Lz, 2 TOEAEAHOELITHN 100 DI B
ZoPN T LR 28 E L CARER A L. 2 JM, #FE4Em» ot
HOAEZER1I0mm Q27 Rh—F —CH bk, R/ LICHFET LIV
Y v & =0 hE A ERIEHSE (Olympus SZX16) FTHE L., ZORETO
BiE 2 x43ER =8¥ER =628mm?) H72V DI Y X =D B
(+ SE) 1%, 89.9 £ 32LTH 7=,

IH Y X = EERELTH D 2 AEEIC, FEINBIAS 18 M LI O IEE A
KLTagXrh7 )= < iF=t 77— 7V X =Dl BEFHRE LT
RLPRIKAZHE > T2 MIC D& 24 L L. 7 U X =DREIRFEE & LT 5% 5x
lmm3ZHy L7 2V FERREHOEED M 7HIZ 4 Dfl LT, £ D%,
FEHNT0.025g D7 a~Y Ol EAE OE IR NF-. 27V
=137 BT EICHBEL, EMIE3 B0 4 BT L ICHRME L. IR
D 3 A% (E ZFR< FLBIC S & 72 HIRD 7 7Y 2 =R b & fidda L 72) 12
BRAGDOFBEO AN R—F —TA4EF 2BV THET I VT E
K =% FARBAMEE (Olympus SZX16) T THHT D & & biZ, BRTOFELEN %
fRIALCAHZ7 Y X =pph, B+l BIXOT7 /L h EOIFZFHR L.

717 ) =134 T Hoyer FKIEIC~ 7 > b L, NAHZEBE#SE (Olympus BX51)
TTHERB LU EN OB LU E AT — Y ZFE L7 (Toyoshima et
al. 2013) . FRIZMERL B DT DWW TRIE L7z, EHRIZ 22 £ 1°C; 70 = 10% RH,
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14L: 10D OEIR=EN T 5 @30 L 7-.
3. #rEtniE

N7V E=FEOFENFERE T RE D 7 X = o &I &IF

WEETMET 5720, T2 & —RBET MLV Lo, IREERIT
RSN EIZREY 7 ) =i e L, SEEIIN 7 ) ¥ =DfE
CHEMOABB IR INODOREAEAE Lz, KAEFHDPRD bNTZGE1T
Bonferroni {12 X 0 A8k A % (P <0.05/2=0.025) L7 CHMEZER
TEZATVY, AP O 75 %2 R L7z,

ARG T VH == T —FNT VX =OREALREOENRI T ) X =
BROI D X =OEEBICKIETHELTMT 2720, 7 —F & — i
ET ML RN LTz, IREEBIABK TRHOD T Y X =F1ZI v+
EX OB LN ROGEHE L, SASEITAE L Lz, AEENRD S
T2 A 1213 Tukey O HSD #RE I K 0 ALBRA] oD 7 2 i by L 7-.

WERN S 7Y X = OFERCRE AT — VI RIETRELTFMT 5720, T—4
T RBE T S LRIl L. INE RIS TR O a v X7 7 ) &
—ERF= T AN T X O R, WO/ R, Y, B X
YR e U, AR & LT A EZED M S 723555 121E Tukey @ HSD
RN K0 JLBRE 0 75 2 bt L7z,

2T ORIEIZIX IMP version 12 (SAS Institute, 2015) ZHW\\ 7=, 7 —# & EM
b3 2720, F=HFHOERKREIIZN TN 0.5 Z I L T4 # (Yamamura,
1999) L7=fEz Hv /e,

4. #ER
M DHFIET EITEFETIZBWT, av X s A7 4=l 0=t7 —
ATV Z=OMERRHR 1 IE 1T BRI S EES R (GERvy) 6 L URTEY)
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BV FNHR) OFHHRES Fig 16 R Lz, BV Snshmui s
7Y L =0 (Fu, 196 =335.31, P<0.0001) X OIEMOFE (Fa, 196 = 337.07,
P<0.0001) OFEELZT, ZNOOXEERBMmM I (Fo, 10 =211.58, P
<0.0001). fERDOHEIZ)NPDOT, av X A7) F=icdgunsiizgh
BlI=t 7 —a 7 IV ¥=DFZnNL0 bFELDRNoT JEMdH Y : Fa, 19 =
539.80, P < 0.0001; {EK72 L: Fa.196=7.09, P<0.01, Fig. 16). fif& & HAEK DOTF
EFTIEHIFFET I BBV SN BERNAERICD o Te (2T X0
7V K = Fa, 196 =541.37, P<0.0001; =7 —3H7 U ¥ =:Fu 190 =727P<
0.01). fEMOFETTIX, a X A7 U Z=DHENE 84%HAD L7z, =
T =TV X =D 14% DD TH o 7.

A SRS REIIH 7V F=DF (Fu, 19 =299.39, P<0.0001) 3 X
M DAFAE (Fa,196 =290.11, P< 0.0001) OFEEZF, 6O EER b K
47z (Fu196=196.18, P<0.0001). {EMyOFMIZ)H0b LT, a0 X7
TV X I BE SN RES BRI =T —a b TV X =0F N LD b HEEIC
Wiginotz (AEK® 0 Fa, e = 490.14, P < 0.0001; fEK 72 L: Fa,196) = 5.43, P=
0.021, Fig. 16). Mifli & ALK OFAE F TIXIEHFIE T LV bR Sz By h
BRAEZYRhoTc (X7 U X =:Fu, % =481.72, P<0.0001; =%
T =BTV H = Fa 196 =4.58,P=0.02). {LHOHFETTIE, avAXrh7
UZ=DF )N FHFFRIZ19%DEAD Tho7en, =87 —ah 7 F=DF L
RAHEIE 10% DD Th - 7=,

AR TREOFEAEN LICBIT 27 ) =L I o e X =D ffEE % Fig.
17 VR LTz, A7V X =OEEEE 2 IS D 7Y X =0k RIZ L - T
AT (F3.12=53.86, P<0.001), A (20U X7 7 U % =Hl) & B
(AU RXr ATV E= = T—Ih TV E= =2:1) Bigb%<, RWTC
(=1:2) £721ED (=7 —aH 7V XF=HMkE) OIEE 72 -7 (Tukey ®
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HSD #E, P<0.05). B H X =DA% 2 K& 7 ) ¥ =0 ffH
PRI Lo TR A ST (Fu15=32.06, P<0.001), A b0 72 <, W T B,
R%ZIZC, D EZITE (MEHER) DIEE 72> 72 (Tukey @ HSD f&7E, P < 0.05).
RERAE THREDO 7 U = DFf & K FEEF AT — VRO K% % Table 8 277 L
7o, MR & ghas d, IROBUT 2 TN &M 7 ) X = O ERIC X - TR
BT (2 X7 ) X =R Fooi2=911.66, P<0.001, =& 7 —37
7V K =R G Fo 2= 31.47, P < 0.005, $h# H: Fo, 12 = 96.34, P < 0.001, Jf:
F3,12=37.93,P<0.001). 20X h7 )X =Dk ¥iE, a2 v X7 n7Y
B =OREEALERENEE S o, —F, =k 77— W7V X =0lfipk ik
T=t T =W 7V X =DREALENENC THoTHavRTrH7 U H =)
BERBThHo7T-. FEHRSIIOKITALBRCLED LIV HE o7, O
RE, =87 =AW 7V HX=pnagXr a7 ) X=80 b2 A Sn5Ga,
KA OB A B0l 2 R L TN D.
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Fig. 16 Mean numbers of larvae consumed daily via (a) cannibalism and (b) intraguild
predation by a Euseius sojaensis or Amblyseius eharai female in the presence
or absence of high-quality food (pine pollen). Error bars indicate + SE.
Asterisks indicate significant differences following simple main effect test

with using Bonferroni correction (***P < 0.001, **P < 0.01, *P < 0.025)
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Fig. 17 Mean combined numbers of adults, nymphs, and larvae of (a) phytoseiid mites
and (b) Aculops pelekassi at the end of five treatments with different ratios of
release of E. sojaensis to A. eharai: A (1:0), B (2:1), C (1:2), D (0:1), and E
(0:0, no release) on two citrus seedlings. A total of 72 phytoseiid adult females
were released per two seedlings per cage in each treatment except E. Error
bars indicate SE. The number of A. pelekassi was counted on four leaf discs (=
314 mm?) per seedling. Values with the same letter are not significantly
different by Tukey’s HSD test, P> 0.05
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Table 8 Mean numbers (£SE) of adult female Fuseius sojaensis and Amblyseius eharai and total numbers of phytoseiid males, nymphs +

larvae, and eggs per seedlings pair at the end of the trial

Treatment Adult females

. ) ) ) Adult males Nymphs + larvae Eggs
(E. sojaensis to A. eharai ratio) E. sojaensis A. eharai
A (72:0) 66.0+28 a 0 b 0 a 16.8+0.5 a 56.0+22 a
B (48:24) 30023 b 48+10 a 0 a 11.8+23 a 343+49 a
C (24:48) 85+09 ¢ 40+£04 a 03+03 a 0803 b 143+27 b
D (0:72) 0 d 83+2.1 a 0 a 0 b 55+16 b

Values with the same letter within each column are not significantly different by Tukey's HSD test, P > 0.05

* Total number of phytoseiid adult females released per two seedlings during the trial



5. BR

ERMDOEEIZ )DL BT, =7 =7 VX =FavXrh7 )V 4=501%
AL L FRIHEAE B LOHREWHRE Th o 72, 1M OFE T TILIHAFE
T e L THfEDF /L RN & mgnaEisn. 2L, =kt7—=
ATV HE=DF NV RANBEIBNNEZaU X r A7) =0 b ki LTk
BTSN hole, a X7 ) X =2 Tt L7256, 27X
rHh T Z = OEEENEML, e = bk s i (Fig 17). —J7,
=T —IdN TV F =EHMTHE LT=5E, =87 —3h7 U X =Dk
IS, IV eI T OBRAIRIEA S Th o7 (Fig. 17).
HIZ, aUAFr AT VA== T —a BT ) X =k R LI5S, =
BT —I N TV E =OREEREN TR TV F = oEEEuE b, Ih
VYA =OEEXE» T (Fig. 17). ZRHORERNS, =7 —ah 7Y
=D, XL FRNEELEAVCE - THI TV ¥ =LE0HEELZKT &
¥, BREARANRBENFEET 25ATYH, EROBEICK L CHRENICIEDR)
REGBTEOTARENREINT. KREOHRRIT, BEABRIAELETDIER
MWh 7V X =Dk EEmD D Z L BET L AEMBIBRE K S5 DT T
FRNWZ EAEWRLTWD . SEBYRAMBINIERR Z 58T 2 72 O IZIT KL
DN L OFEMHEEN 2 ZERTO20ERDH D,

ARG H T VX =l =T —A N T ) X =L RRFICHE LGS, =k T
— BTV X =DOHEILRDE N TN ATV XL =D, S ROEMN D72 o
7= (Table8). L7z ->T, =k 77— W7 VX =(FFAEL L XREL TV X
—EIFATHET D RERS L. RBRETROAX (VX h7 U X =5
M) (2B 2 a v X7 ) X =0l 0, BRI NI K L7 =
TR AT AR BRI D 0.92 5 THoT-DICH L, BK (2 X7 HhT Y
H=: =T —3I N7 IVH==2:1) TIF063%, CKX (=1:2) TIL035(%T
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otz (Table8). T7bb, =7 —a W7 U X =OfFALLENENEE Y
R h 7V E = BEREORIERITE N -T2, ZOZEnD, =kTF—ah 7Y
H=PNag Xy 7YX =10 GEMRX L NNBRETHY, avXrh7
U X =DOMAEREORIEZINH L2 LR SN, £, =k T —a87Y
F = DREAENEN TN I P X =0FEITE»->7 (Fig. 17). LoD
ZEmD, ING2MMAEMEN T X = RNERICFEET 25, =T —3h
TV E=DOF )N RNFHRN T X h 7V & =12 X5 AWML E 15T % AT HE
MWD, ZO XD 7, EALRHEE OFIENHI O KRR X 2 REEZTD,
HEOEHE Ch DERE OMHIIRZ KT S & 5B80%, thofiesmory
M THHER SN TS (Rosenheim, 2001; Snyder and Ives, 2001; Snyder and Wise,
2001; Finke and Denno, 2003; Finke and Denno, 2004) . ARHFFEDERIL, AL F
LV RASRE (=87 —ah 7 ) ¥ =) BOREDSF L RAEREE (=20
RFATYVE=) CAOKBERIEL, Fh (I EF=) [T LTED
IR E LT T LWV AYRIMHEAEER O DO &> (Rosenheim et al., 1995;
Janssen et al., 2006) & —ET 5.

Ay X )7 ) Z = B X IR 2 7 X 7 ) 2 = O
WML 7z, =87 —ah 7 ) ¥ =HRBEXTiE=t 7 —ah 7 ¥ =0
BREUIHIIN L7e v o7 (Table 8). £/, IV EX =DFEEII=tT7—a7N
7V F = HMEERR N 2 v X 7 ) X = B R LD bR o T (Fig 17).
N6 ENG, =T =TV E=FavXr A7V F =10 b %I
HENEITVD, 2RI P EX =TT DUBRIR A 550 I RN B 5 .
FIRROMEANTE 3 EDO =R T UICBIF A o P UNF =axtR e LIcGE T
LRSI, U X h T ) F = E B L5 A1E 0 7 ) 2 = O
BINL, DoV UNT=2MEITELR, =T —h 7 U ¥ =% B L
T2 aEh 7 X =BT 72, BT INT=NEFR LT, £< DA
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B 7V X =R TR & RO R A X TE, FfEL Y b REE
MBI &% (Schausberger and Croft, 2000b; Schausberger, 2003). L7L, &
WRTIE, =T —a N7V X =DOMELEREG N C K THELMEITa Y X
NTVH=Tholz (Table8) ZEnb, =7 —aI W7V X FFAELY b
BARZ A THE L LTS 2R, ARBUIEREOINE Y & RO IPZ &
L= F AN BEREMERITE L 25720, MEON 7Y X =N FEIETHHAT
LIRFEEZ A THAET 2 EEX LN TS (Jietal,2015). 26D &0 D,
=t 77— h TV F=1TF FRFEE LD b IEEWT 22358\ AT EEMEDS &
%, Uy AETIRIERMS 7 ) X =T 5 Tphlodromus pyri (Scheuten)iF £\
IZ K> TEWHIBIBRIR AR TS, U v any =0%3 27z (Walde et al.,
1992). b Z &b, =7 —a 7 VX =ZI e =%—HbHY
K S00 LI TE % (23 (bbb bd, HRBEWIC K> TAFRIZ
THUBRDENAR 3 ofc b B2 BND.

XU RN RIZE L RAOENEERGEIC, HRWVITREOMNEE 2
BlZZENEFNFEM S5 (Lucas et al., 1998; Snyder et al., 2000; Lucas et al., 2009) .
IR OSGHE T, W7V X I m BRSO AE 52D &L XL RN
HESCEEVEREMT 5 2 & TE (Negloh et al., 2012; Guzman et al., 2016;
Calabuig et al., 2018; Warburg et al., 2018; Marcossi et al., 2020) , 2 H 0> % FE 4| &
W5\ F % ATREME D & D RECHER OB O AAFH A S5 (Messelink et al.,
2012) . AR CRRE SNy m~ Y DIERIT 2D XS ATV ==k T —A
A7V Z=DOWEIELHBICHE LI TH D (- A, 2019) 25, I

ZIIWREIC & > Tl L7- 5 Tl 72\ (Kishimoto, 2014) . Kz & - THE
MNERLY b ENDSE, BHINICIIIER ORI KO A0 I R
HZDAREMEDN D D0, FHRELMENT A LIEAT D & REOBEEE
ML, REESITEWYIRODRH L9 % (Samaras et al,, 2021). A&
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M2, avXrh7 U4 =0F L FNHR & SEBVIIIEROFEICL > T
KIEIZHH S5 (Fig.16) Z EZHALMMNZ L. LIz »->TC, avXrihr
U A3 ONERERI L, BR8N S &5 /M ReE s L i 2 Ead
LT LK, fHEELTHELTWRWEY (Fh) 2R CTEiErd 5.
—JF, =7 —a 7V X=X RNEHESCILEWITIEM OFET TH KiIg
Wil & ey (Fig.16) ZEZH oMLz, LER-T, =7 —37h
TV F RSy X T ) X =l = T — AT U F = OIRE A
B E RN IS STV ZIZ b b b, =k T —aI T Y X =
LB LWIERWE T RNHRIC LV ERZH2ICiRT 5 2 L3 TE 2
ST MRS D, ZD XD, RO 5 MO E T
QECTHIEGEIN, 7Y OMERIET 5L a v X H T ) X =TIEIN
e =TT AUBRE NSNS, =T —I N TV X =TIk
SR oz,

XU RN RIZAED IR E H % 0 15179 (Janssen et al., 2006), JARPER &
TN XD AEWWIBIFRIZZ < O A EN LT % (Janssen and Sabelis, 2015). L
ML, AFETIE, =7 —IFHT VX =0 X9 e 0 KEFE CI3ifEia R
BET 2R L T L X0 R RSCHRA W ZEM T, Eha oIkt
RN ERHLNE ST FiEmE LT, EMNIBROXG L 7e 5 EF BRFEIC X
ST, BRAZREN RNHRE I3 VHAHE 2 ABMICHERT 5 130
HDHMH LIV,
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FHS5E RAEEH
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INET, BAEORBHCRIT DAL, BEOEREOLEX G E L
TREMHEOREN EIZFHENTEX ., 20700, ERNAOERNLH LTI
AIHMEFRIEIC L DBRICHEL S 2257, 20 KD PRS 4L, IPM
DRRENFIEEZ SN LWV EEZA TWe., 22T, AR TIE,
ROM/NERZHRATRRABMED LERMTHL2a v X5 a7V X =B LW
=7 =N TV F =DEBRERICBIT 2 EEICONT, BN L OEER
EEBRICE W RRGE LTZAE R, a v X7 b7 ) F=RN7 o4 =510 =F %t
LCEWSIRRSI R EFRFSZ L 2L Lz, R, 7o X =8Iz hE ik
FREIEOZ L > THRSNTEN, ALY BEKERICKE T2y
R 7V H =% Uiz ERIBEER O FEEATREME S H 7 IR Sz, & 512,
FERORBERAERNS 3T X7 7 ) & = O i 5804 Ko B 4
B TH DI &2 NSRS 2 2 LIk Y, FRhOZLREANIAKED
BENEELER, FERRDENMIEIND Z 2PN L. EHOTFE
EFTHE, 2URTHT7 I H=0XL RNHESCHEEWIZRIEICEm L2 &
o, BB ORMIAKEIC L 2R R L mO - AREER S 5. —J7, B
DIFETTYH, =k F7—ah 7 U X=X /L FRHAELCIE VT RIFICITFERM
Lighrole, =87 —a W7 VX =3avXrh7 ) =10 GEMRHER
ThdHI b, TN 2RIARMED 7Y X =BRICHFIET 256, ek
OB SN DIRUETTH, =87 —IH T VX =085 ¥ FNRECIHE
BV Lo THT VX =RRKOBENEE ST, FHREBRENGE D ATREME
DD, RETIE, I VHEBIO=AR T2l LT, BEFOBLBRER
IZBITHEZ R LT BT, JREBMORBTHLa v X7 ) X =R H%
MAAATZHT-72 IPM 2R T 5. T, BRELABRRICBTDIAEEN T &
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=OFRBRE R A L0 FRE S D EMIIBRIC OV T, KEO i iR <5
aesRil, MW K OREME AR OBLR D A I U

VAR, EFREIEICE > TEERFR L RRICHRS LTV 7 U7 =D
FHENBEL L TR Y, BEAFO IPM IZHE G ATRE 7287 72 72 {8 51 B BB ity oD B 56 73 R
BROREL 7eo TS, BIxIX, B YR CITEARPEZ BES T I
VHEX=ZNEFR L TWAHTD, UM TIEL 1997 006 8 FfIZ Tz - THE D
FRERIFF USRI ANEHE U, AT ORI RME S (IR, 2006). £/,
=RCTVEHTIE=E T Y B =ITERT 5 E Y A 7 JED 2010 FIZREASL
THIMER S (21, 2013), ZO#HEFTREICIERAL TS, ZHETIS, &
VR VHR K=K T TIRIR IR SEA 00 B R AR K I AE M RIBL R D R 2D,
BXOMT7 2ot ORAEMOMSIIZLY, HAHT AN~ LU
S O T HE BT 2 FEBIESEH O SAG [EE S KB ICHIR S vz, 2o &
DEREE L 720, HAERBORERNHIC L DHE 105 5 BB R L S,
B WA CIEBAE, ~F=fExig L LS =HofMHIEFER 1 B S 2 BEIC
ETHHR SN TWD (B, 2011; #RM IR RE B RIMEGES 2, 2021). L)
L, 7V =HHNREI Lcha, HERTER 2 BIRE O & =2 B8 IN#dh
THMENDH % (Ashihara et al., 2004; JHE, 2000). 7 2 Z =FHITH RO @ HK
BT & KEUC X T2 BN RE WD, RERZCFERIEICLVERT S &
TERBDOPERES N, ZOME, NF=HDO) =V = A aq| &I HHE
PR S D (HH - #H,2018). 20X HIZ, 7T F=HDOLIREITIPM (2 LY HI
W LT3 =Rl ORAEEAZ FOENESE 5 2 L0 b, HERBDNGFREOFRE
BREERE 245\ 5 DA 72 68, FHHROEAMEGIUEDOREY X7 2 H U0 5 EK]
7o TS, LENR-T, HFROEAMEGMEREED Y 27 KL, 7Rk
fFDIPM & FJER L 7V X = ENT 2 HOWEZ SBLENG, JREMED -
BERBEMALTINALEFERERFFERT 2HEMOMABENIEEND.
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TUH RN L O EERBE LT, h7 ) =M, S v H =,
MREMED, BLXORDFRFEAIREO 22 ER%T 5415 (Helle and Sabelis,
1985; 7IJi, 1993; Lindquist et al., 1996). T D HF THEFZ, JEBMEOH TV ¥ =
TREABRICBT M NEROF N AR L LT, AP T ORER
LR SN TW5 (Sabelis, 1996; McMurtry et al., 2013) . F&ANE O B =12 A < 4
BTDREBMEO =T =TTV F=a g X s 7V F=TONTE, 7
% =% (Kondo and Hiramatsu, 1999b) <° % =% (Tanaka and Kashio, 1977;
Osakabe et al., 1987) (29 2B EMHEIDRDHER SN TVDH, EH5OMNR
=% LV DRBNCBIBRCTE 20EH NI R > TR o o, Zivh 2
JRBEMA TV Z = ZI WP X =R EHE LA E A CBTE T
(Kishimoto, 2014), ¥7z, Tetranychus J&/~% =T 5 AHAINZAAREIZ L -
TITEIAHIBR S 415 (Osakabe et al., 1987; Osakabe, 1988; #fioc &, 2004) 7=,
29 LEEFROSREFIIIMBRDRP IR TE v, —J, KRBT X =
(T RO ERAR CIEMEOREELERT 5 2 LT, ZOREEEESE
MR - LA, ZOME, FRBBRDIREBET LI ENMONTVD
(McMurtry, 1992; McMurtry and Croft, 1997; Messelink et al., 2014). & Z T, &
WETIE, B VHOI W oYX =B R=FR DA P UNT =%
RPERE LT, FRAOBREERERENOa VA7) =61LiE=t7
—IN TV E =L, NS L TEmE2RIET 22 EIcky, ZheX
MO E % B D125 IR T 2 F R REMmET L (52 %, &3 ).
ZORER, 2HEBNEN TV X =DIbagXr a7 ) X =OHrBINEDE
HEBGBRATRE CH o7, BBETIE 7 V¥ =HOBLBRICA R 72 135 KL =
NETHOLN TV, RIFRICKV avXrh T VX =nNT7 ¥ =5
Xt L CTEWBBRSIR 2R o Z LR B E o Te. —RAVIZ, T X =8I
FEFFREMEDN S (REDF, 2003) 23, a VX7 VX =30 oXVEL=
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R F v DRI T, VA, FBE, 7 KU Vitis spp., 7 ¢ Diospyros kaki Thunb.,
v A Prunus mume Sieb. et Zucc., 7 U Castanea crenata Sieb. et Zucc. £\ > 7-%
< ORM ETHREAIND (Toyoshimaetal., 2013) Z &b, AREOFIHIZ &
D SRR BIFEIC I WCEIED 7 o 7 =Tt 2 EMIBABR S FTREIC e 5 0 L

AWAAN

i

I

T BB & LB RBOGHEL WS S 5720100, KBS ED H 25 K
DAL R DA [EEP R B 0D 72 W ERF DR 70 ENLEE L 72 %5 (Ruberson et
al., 1998). L72>L, FOSEO REHE: TR FICAMHORENEESIND 2D,
REWEZISE T EEIRFROVIBRPALATH D, BlxiE, —kien
FVERTIIA Y RARENRE LTV T A — A — N RBEHDAER 4
BICL E# S s (GFEE, 2017). F72, =K FVRETIETVRERSCT VR
BEREDRELNGRE LN A IF Y — LREEHARRY X5, B
TGRS ALV ENGE LA E L A A R RF% BAIDNE ME 5 m §cA
Ens (HERr G, 1986; HEA, 1993; Kishimoto, 2002; FEA, 2004). =17 R /475 7
U XA T 2N B IFEPFEEA OB LR Z T D (FARD,2018; FADL, 2020,
TH - #HE,2019) 7o, EATHHBRETIXIZ E A EFAEE T (Kishimoto, 2002;
Katayama et al., 2006; FA 5, 2007), i E CTHEABERICIEH STV 7Z2o
o =i, ARRBULIEBPUEILS o>l F 2 AR L 7 Fmsf B C IR I 2 B 4A
L, WMEICKLEBENEL 7% (Kondo and Hiramatsu, 1999b; K 5, 2003; #4
- AL, 2017). 22T, BEFOMIBRERELEL, a v X757 X =%k
HEHAT A X VHB I R=R Y OH 7272 IPM % Fig. 18 3 X O Fig. 19
IZENZENRETH. ZOFH =72 IPM TlE, WIEE TICEH I N b5 2%
Ay Xy HT U H =Tk L TREO /NS OWERYESA] (Table 9) IZEE T 5 2
LIZXY, KRBOREFN & EEWREROBIERE OWSLAAIREL 2D, T
=N = OEMHIIBRNFEB TE 5.
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ARy HT VL IR EOEERET 5 2 L CEROREER RN
W ECEEEEZRNSE, TORR, 7YX =BT =HEMRL T
DEE FHZS. 20X RINEEREOFFOWEZFH L TEROZ R %
HRIRES < HIENE, TRERIAMIBLRR (preventive biological control: Messelink et
al,2014) EHIND. £2°C, 2T, avAXrA7 ) ¥=12k2PinE
MBS BR Z kLA A AU TSR A BB R R % [guarding-IPM (LL'F, G-IPM) | & 2
B 5.

P RIS RIS C, O X =T 52y Xy h 7Y 4 =01k
e L AR KO R IRIC X D G-IPM O FEAME &AM L= (552 2, 453 ).
BATPIBR T T a v X7 )V X =0 AT LA ERBDNR o705, Tk
FEFGBR T CIIARRENZ < AL, BRI ~DOEEIZ X D RKBORES)
ROMeRS ST, B E B OPIBRIERNIFERIRIEEEA N Z VS, Th b

SHICHT AR B EIE< (B - B9JE,2018), WA v XL AT YK
=% BRI 5 (Ll - #EH,2019). 2O Z &0 n, EITRIRRE T v &4 =)
ZHTLHRKRDOOE DL LT, IFRNEEAOHEHIC L >TavXsr 7 ) H
=DRHREND ZEIZEV BT END V=V = U RAD AR R S Tz,
MAT, avXrh7 VL =kl 5 e, BordYETEIM eSS
=OBRR, =R FVRERTE= e X = h U UK = ORIFERER
DENENREETH T, LLEDZ &G, av X7 ) X =0RERN T
b4 AN 6 HRETAKMAZRi#ERL LOMEME®RT 52 &I2ky, EHEFE

—HEPRTELLERAONT. av AT T VX =R EAREFIH L
72 2O G-IPM 1%, AKED L B3RS S VT2 RN R < @ T & 5 w[REEDR &

=, AavXrh T X =R LW & T U RO E DR
ICHFRTERWKEL R L5605 (B2E B3FE) Zenb, KHELOD
23R Tl AR AET 2 RKEDLRTE D TIIBHBRZN DG S AL 720 AT REME DS
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H5H.

KEUZ L5 E BRI RELRESE D720, BB CIILED TV ¥ =Dihi#
MR E D7V X =KL OREFEREERZHAEDERANRARNMRES
TV (UMM, 2021). LacL, REFCHEMFERER D 7 U & =8HFI1X, BifE,
BMASNTEIVa W T IEFHIFZATILAXFT =TV E=DHTHY, Fh
SORBERIIANT=HELIIT I IVCHICRON TS, IR T, Sk
8 S D ISR D RMUTITBREL T 2 2 &0 &b H 5 (Paulaetal., 2021).
AL S NI X 2 W7V X TRMNED R TH D72, TEARBH & ML
TAEREED B & £ DML R DO W REMED 8 5 Z & 3 E#iT STV % (Gotoh et
al., 2004). F/o, RAUNAF—=NT VXK TH DL Z & h, AREHPE
ALTCEETDZENRNE S, B COMEMIZ DWW TGk A HIBR X
T % (Arysta Life Science, 2021). % T, AUNAX—H T VX=X THED
ATV FZHED BEAMRF L FRNIHIREE THD Z LRI TV D (Maoz
etal., 2014; Jietal., 2015). ZEWRIBLBRD 7= OIZHES > HEA S 7= KUz X -
THEERISN D LA DD % F 03K % < i ST % (Howarth, 1991)
ZEDD, BRE~ORELER/NRICT H72DIT0E, TR DTSR D KL
AT LO2MERDH LS. a X5 TV F IOV =, BED
THIUVTHE VWS TEZL OB/NERHEEAHET L2 ENHERINTEY
(Osakabe, 1987; Kasai et al., 2002; Shibao et al., 2004), 7>DOF Faa6 70> H HALHE
FETIESAEABRLTWHIERFETH S (Toyoshima et al., 2013). LLED Z & 7)»
5, REICHT DREMEEMMR LI LTy v X =Ha2 a8 - EEOERDFE
RERABRZN A LE ST H 72D, T U XTI T ) F =% AR s L CHRAl
fbL, WEHEMT 52 ENAEEZILND. 2L, TEROXKTH->TH
ENARAE & 2R D IREME DS B D 726D, BEMIEER S CTHRIA S 256 135 anc i)
Fbsnba v X7 7 ) X =OFRMOEREY A7 Z7HMi L T LE N H A
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5. BRI, sk EESEY O NE B % BRI Euseius J& 7Y X =3 EY)
B L L CHAESNTWD (van Lenteren et al., 2017) = &5, 4%, FEO
Ay Xy R 7Y Z=REENL ST, ARBO AR RIC X D G-IPM (3R
RO 72 b FTIREVEMICEA TE 2008 LILZRu.

TAERBUC L 2 FRPREE B 572D120E, RN ORAEERIZ LY
ARG ETCH OMAGIE 2 B 570 &, LR RBOMBAEREZHERF - B S E 5
AR A MABER  (conservation biological control: Barbosa, 1998) & z Ji/3
T CH % (Landis et al., 2000; Gurr et al., 2004; & Lk SUE 2, 2016) . HTE,
FBETIEA N =7 1y TEOEARRFC LV ARGITOERIR A ER L Th
TV X =HOREZE L, FRPBRIIR BT 2R A TOR TN D
(Duso et al., 2004; Jaques et al., 2015; Funayama et al., 2015; 1115, 2018) . %%,
Euseius J& 71 7 V) X =3 # BB T 5 THH Y (McMurtry and Croft,
1997; Ozawa and Yano, 2009; Adar et al., 2012; Cruz-Miralles et al., 2021) , {4+ 77
VRV RETIHIEMIR A B S5 L EIcBU A BENGLY, TV =HO
BEZKTSEDZ 851 TW% (Smith and Papacek, 1991; Palevsky et al.,
2010; Maoz et al., 2014; Warburg et al., 2018). F7=, XV FEMAY7 L35 Kk o i@
bHdfi & LT, ROBREE 2 N 2RI L CHRHE9 2 071k (Wade et al., 2008) 23
HMOHNTWD. WS TlEA Y N X B~ Typha angustifolia L.OFEK 3717V 2
=HBUANC KT D R BMBET & U CHEMICIGE SN TR Y, HEEEDOR
I IR Z DIEM 2R & AT D 2 & T, Euseius J&H 7'V X = DEE & &
DD FIENKF STV S (Pijnakker et al., 2014, 2016; Van Houten, 2016; Beltra
etal,2017). AMFFETH, B FVESL=AR T ol LICRFEE LT
Y O EEAAT D &L CERADRBEERERNOG AT AT BT ) X =D
EREED, S50, KAREOME U THIE TRV B o B =R BRI
KR ERKT DD P INT =RBRTEDZERHALNIRoT2. A, =
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U R BTV E = NROF R R A S ST D IR AR BR O He
SEDTEDITIE, T Z WA RHAER | & TROEEE & L CTO/ER D ANBRI72
L) DS OORBIIETFIEICHONT, FNFIICHE LW &&=k - 57
fliL, GIPMIZEIT2EMMEZHRT DLERHD.
TR U2 F BB T, BEEAERRRITAFES D Ko 8 A RE %
il o BN AT 5 2 L EE TH D (Langellotto and Denno, 2004,
Thomson et al., 2010) . REBIEIZIUVNT, FIEHI 2@ U CHEER O F B (K8
FIREEICEHTHOIE, a AT AT VX =N EICEEBEE THETDHZ
ENEELW. 2L, B L7ZX 912, AR ETOBEIT6 Allikb
<720, THUBIAMIIETTS. ZOHRE, hrdFYBLO=KRrT
OB HT, EOMOBIAR ETH L THER I TS (Kasai et al., 2002;
BEIE - AL, 2017; B2 %, BB3 ) A3, ZORKIFH L MNIT/Ro TR, =
DRI TV E=DREE— D7 a~Y OEmERE BB T v F
VR EICEAR L Th, 7 HUBRIIARB O E 2R T& 20y (B - 1, K
HEK) ZE0n, fEORNEDOHNRFLITB 2 LR, WSO o F Y FHIC
BT % Euseius J& 717 ) # = OEKREEEIREIY, FIFHEMEICH L-K[IETHD Z
EINDEENEE DD, BEEITEIR & I X0 EEEESEET 5708, KR
DYBEZITHZ ENMOLNTWD (Warburg et al., 2019). —J5, FwAAEO =
BT VRS RURERTEHENOKIZOGa Xy a7 ) X =mELIh5
(Kishimoto, 2002; 2 ,2014). ZH 6D Z &b, RKEOFEAILIREE S
HR7R EDIFEMIBRE DA 6T, BRI T 2 EAMERORIRE,
B2 EOEYIREND bEELZIT TWD AR H 5. AT, 1k
DEDREMIEIL S 7V ¥ = OBEEHRERSCHEEHICEELEX 5720
(Duso, 1992; Kreiter et al., 2002; Seelmann et al., 2007) , ff& 72 1) T722 < SLFEIC &
STAYRAT AT Y XKD ERYRNRNE R L /RN DD, a v Xy
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B 7V F=OEEHBIE 2RI 5720121, 5%, EMRNAORAERE 20
Ok S D REEFEEOFE AR, RERBHTE £ 72 IR 1T D AR KDALY
FTOMUNRER EL OO TGRET A2XLEND 5.

AR TIIAEMSEER BV EFRAELIZS W E SRS (Altieri,
1991; Gurr et al., 2003; Bianchi et al., 2006) 73, A B&MO KEITF /L RNHRE -
TRV L BRI FRYIRI R Z DL 2 L b H % (Rosenheim et al.,
2001; Snyder and Ives, 2001). =07z, 1735 KitzFIH L=AEWAIBLIERTIL,
RGEMIC I T 5 IR EMERE OO OFHITHE 208 L7z 1T, HFlic
FENI XL OFEMFE EAEH 27925 Z ENEETH S (Strong, 1992; Schmitz
and Suttle, 2001). K2, JARMEDOH T U X = ZRESCEBEOH 7 ) ¥ =% R
fEE LTHHT 22 LICRDRELONREZRGD Z & TE D (Schausberger
and Croft, 2000a,b) 72, 2V X7 A7V X =2 X HERPRIREL T L A
HESLAEVOREZZ T D RENEW. FHE, avXrhT7)F=t=F
T—ANTIVH=, BIXOI B rHPeFd=2F7LERL L3 HF/OX LR
NIZBWT, =k 7—ah 7 V= 3avXrh7 ) F=50 bhkxL R
NI EEPOLBEVHAEETHY, =k F7—a W7V X =2k 5F 0 FRHHA
RIEBVWAD T Y X =Rk OE RPN A 55D, RO L CHRER
ICIEONRE b b RN RS, (B48E). LR ->T, EEHEORXR
MOZEMEZ @D 5 Z 13T LS AR Z S S8 5 01T TidZe .

TS B M R 2 B 2R D> D2 RN L 72 BB B & 2819 2 72 DT,
XL RNHERLERV L W o 7o ERPIRZIR A 550 2 WREME D & 2 Bl5: % il
TOMENDD. KRBT ) X =3B EORGE RS 752 &
TEL RFHHBECHBEVWEZFEM T2 LML TEY (Messelink et al.,
2012; Negloh et al., 2012; Calabuig et al., 2018; Warburg et al., 2018; Marcossi et al.,
2020), AT H AU XS BT VX =B L=t 7 —ah 7V X =TCRFEDZ
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EDRERE ST, BRI, a XS T ) X=X AL EWIEER O
FETFTCREICHHE SN (F45). LEN-T, auXsrh7 ) F=~0Dit
MOTRBHE, AREOEEEEEZ LA S50 TR, ARBOX L RN
RPN A RIEICKET 5 2 & T, fFL L THE TIEARWEF RIS 5P
BrahRam bt (B2 F3E Fa48) LE2OLND. —FH, =&7F
— AT Y X =DF L RN WITIEM O T T b KIS I 6 S 7
ol BB4E)., LEER-TC, =k 77— 7V XF=lfemaifit LT,
ARRIDF NV RNHESLIERWVITRIBICITRERES, 17U ¥ =LKL DFE
HEGBRENIR D M ELenWEAs S (H2 &, B3 &, FH4=). 2L, =kT7—
AT VHEZNIIDNF =R e LIy s, RBEARAE L THHE
NN < Z L2V RESTE Y (Tanaka and Kashio, 1977), X SAHE°
EHE, BESORMEPEEGTIUE, FHRPRICHATE 2RI T
W5, BUKTIE, =27 —a W7V X =B EREERDEMT, HhORKEO
TR RV a g X 7 ) =0FBBERIRZ T 602 58120%, bFH
BibrA SLp il & L2 IPMACEI D B2 DM ER B 500 LV, 5%, 22U
ATV E=b=tT7 =7 VX =PHEICEEL KT S 720G % fiE ]
THZET, 2MIREMND 7V F =03 oF BBIBRENIR & i RIRICHEH S E 72,
Briz7e G-IPM ~ERETE 5000 Lv/ew,

SR L CITEHFEE O FERNFERICRE L THEZRKIZT 20D, 4%
JRENE DKL IPM O IRk B 205 L B2 b D, ABFETIE, KRN
KEOFIMIZ X, BAEY O EREME DR & EERE O B D FEAMRETIE T 2
27 OO WNLNFAIRE T D Z LB ER SN, S 61T, EMa Bt 572
EIREBRE A NSRS 5 2 LT, AR B AR O E R H
(L TE AR R STz, — T, RN FET SR TICBWTHIA
BHERBOILENE LOF L FNHENFRERR 2550 5 /RS R S

h
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7. ARWIZETIE, RM B TAEERRNEM T D X = eVilodg L Lizns, KR
PERBUTE RO FEAERTD B VEY B TREBTERE E 2 5 5 2 & THIFRBR &2 J8 il
THZ LMD, BFONIMAZICHT 52 LT, BEAENSEY LIZRAT
DERICHLTH, TOEELIEEEN < Z IS XM BHfF SN D.
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Table 9 Effects of pesticides on Euseius sojaensis adult female (modified Tsuchida and Masui (2019))

Code® Pesticides (Formulation)b %Al Dilution Mortality (%) Evaluation Mean number of Significant

category” eggsd difference’
1A Alanycarb (WP) 40.0 1,000 100 ++ 0 ok
1B DMTP (EC) 40.0 1,500 100 ++ 0 ok
2B Ethiprole (FL) 10.0 1,000 0 - 43 ns
3A Bifenthrin (FL) 7.2 3,000 100 ++ 0 ok
3A fenpropathrin (EC) 10.0 2,000 86.7 + 2 ok
4A Acetamiprid (WSG) 20.0 2,000 10 - 2.3 *k
4A Clothianidin (SP) 16.0 2,000 6.7 - 6.3 ok
4A Dinotefuran (WSG) 20.0 1,000 33 - 6.7 ok
4A Imidacloprid (FL) 20.0 2,000 20 - 2.7 *k
4A Nytenpyram (SP) 10.0 1,000 36.7 + 3.7 oK
4A Thiamethoxam (WSG) 10.0 2,000 6.7 - 5 oK
4C Sulfoxaflor (FL) 9.5 1,000 0 - 14.7 *k
5 Spinetoram (WDG) 25.0 5,000 100 + 6.3 *oK
5 Spinosad (FL) 20.0 4,000 33 - 24 ok
6 Abamectin (EC) 1.8 3,000 100 ++ 0 *k
6 Lepimectin (EC) 1.0 1,000 96.7 + 0 *k
6 Milbemectin (WP) 2.0 2,000 100 + 2.7 ok
9 Pyrifluquinazon (WDG) 20.0 3,000 0 - 51.3 ns
10A Hexythiazox (WP) 10.0 2,000 0 - 323 *
10B Etoxazole (FL) 10.0 2,000 6.7 - 47.7 ns
13 Chlorfenapyr (FL) 10.0 2,000 0 - 533 ns
15 Flufenoxuron (EC) 10.0 2,000 0 - 34.7 ns
15 Lufenuron (EC) 5.0 2,000 0 - 423 ns
16 Buprofezin (WP) 25.0 1,000 0 - 39 ns
19 Anmitraz (EC) 20.0 1,000 100 ++ 0 *k
20B Acequinocyl (FL) 15.0 1,000 80 + 2.3 ok
20D Bifenazate (FL) 20.0 1,000 50 + 7 *k
21A Fenpyroximate (FL) 5.0 1,000 100 ++ 0 *k
21A Pyridaben (WP) 20.0 2,000 100 ++ 1.3 ok
21A Tolfenpyrad (FL) 15.0 1,000 100 ++ 0 *k
23 Spirodiclofen (FL) 30.0 4,000 0 - 37 ns
23 Spiromesifen (FL) 30.0 2,000 0 - 39.3 ns
23 Spirotetramat (FL) 22.4 2,000 0 - 1 **
25A Cyenopyrafen (FL) 30.0 2,000 0 - 35.7 ns
25A Cyflumetofen (FL) 20.0 1,000 0 - 37.7 ns
25B Pyflubumide (FL) 20.0 2,000 0 - 49.7 ns
28 Cyantraniliprole (SE) 10.2 5,000 0 - 45.7 ns
28 Flubendiamide (FL) 18.0 4,000 0 - 36.3 ns
29 Flonicamid (DF) 50.0 1,000 0 - 433 ns
34 Flometoquin (FL) 10.0 2,000 0 - 52 ns
1 Thiophanate-methyl (WP) 70.0 1,000 0 - 5.7 *k
3 Imibenconazole (DF) 30.0 4,000 16.7 - 37.7 ns
7 Boscalid (DF) 50.0 1,500 0 - 43 ns
9 Mepanipyrim (FL) 40.0 2,000 0 - 47 ns
11 Kresoxim-methyl (DF) 50.0 2,000 0 - 56.3 ns
11 Pyribencarb (WDG) 40.0 2,000 36.7 + 4.3 ns
21 Cyazofamid (FL) 9.4 2,000 0 - 42 ns
29 Fluazinam (SC) 50.0 2,000 0 - 10.7 ok
M 01 Copper(II') hydroxide (DF) 46.1 2,000 0 - 50.7 ns
M 03 Mancozeb (WP) 80.0 1,000 60 + 5.3 ok
M 09 Dithianon (FL) 42.0 1,000 13.3 - 423 ns
M 10 Quinoxaline (WP) 25.0 1,000 100 ++ 0 ok
Water 0 0 - 51.3 ns
Control 0 0 - 51.3 -

“Insecticides were classified based on the IRAC Mode of Action Classification Scheme (IRAC, 2022), and fungicides were classified based on the FRAC
Code List 2022: Fungicides sorted by mode of action (FRAC, 2022)

"DF: dry flowable, EC: emulsifiable concentrate, FL: flowable, SC: suspension concentrate, SE: suspo emulsion, SP:water soluble powder, WDG: water
dispersible granule, WSG: water soluble granule, WP: wettable powder

‘[OBC/WPRS hazard assessment classes based on the motality. - (not harmful): <30, + (slightly harmful): 30-79, + (moderately harmful): 80-99, ++(seriously
harmful): 99< (Amano and Haseeb, 2001)

“Mean number of eggs laid by 10 females during 96h after pesticides treatment.

“Number of eggs laid by 10 females during 96h after pesticides treatment, were analyzed by Dunnett's test ("control" setted as control group) (**P< 0.01, *P<
0.05, ns: no significant difference)
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Citrus melanose

Fig. 18 Existing IPM (upper) and guarding IPM incorporating biological control with
Euseius sojaensis (lower) for Satsuma mandarin. The combination of red
arrows and crosses, with solid and broken lines indicate that pesticides have
negative effects on phytoseiid mites
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Fig. 19 Existing IPM (upper) and guarding IPM incorporating biological control with
Euseius sojaensis (lower) for Japanese pear. The combination of red arrows
and crosses, with solid and broken lines indicate that pesticides have negative
effects on phytoseiid mites
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Summary

Relationships between predatory characteristics and biocontrol efficiency

of generalist phytoseiid mites in integrated pest management of fruit tree

Yuta TSUCHIDA

In the biological control of fruit tree pests in Japan, specialist natural enemies are used
to control specific arthropod pest species. To control other pests, however, orchardists
have to rely on synthetic agrochemicals, which can kill natural enemies and thus
disrupt integrated pest management (IPM). In this study, I investigated the biocontrol
efficacy of two indigenous generalist predatory phytoseiid mites, Euseius sojaensis
(Ehara) and Amblyseius eharai Amitai et Swirski (Acari: Phytoseiidae), which can
prey on various pest species. | evaluated the suppressive effect of each mite on pest
populations in citrus and Japanese pear, and achieved effective IPM in commercial
orchards with E. sojaensis. Since intra- and interspecific interactions of generalists
could affect their efficacy, I evaluated the effects of intraguild predation (IGP) and
cannibalism in E. sojaensis and A. eharai on the control of pest populations. On the
basis of the results, I suggest a new IPM strategy incorporating biological control with

E. sojaensis and how to maximize the efficacy of generalist phytoseiid mites.

1. Biological control of the pink citrus rust mite, Aculops pelekassi (Keifer)
(Acari: Eriophyidae), with generalist phytoseiid mites in citrus orchards
(1) Predatory ability of generalist phytoseiid mites to the pink citrus rust mite
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Relationships between prey consumption by E. sojaensis or A. eharai and the
density of A. pelekassi, were investigated in the laboratory. The maximum daily
consumption of prey was estimated as about 400 by E. sojaensis and about 500 by A.
eharai.

(2) Effects of pollen provision to generalist phytoseiid mites on the biological
control of the pink citrus rust mite

Suppressive effect of E. sojaensis or A. eharai on A. pelekassi populations with and
without the supply of pollen as high-quality alternative food, was evaluated in the
laboratory and the field. In the laboratory, the combination of E. sojaensis release and
pollen provision increased E. sojaensis populations and reduced 4. pelekassi densities.
In the field, each of E. sojaensis release and pollen provision reduced A. pelekassi
densities and the rate of fruit injury.

(3) Biological control of the pink citrus rust mite with E. sojaensis in commercial
citrus orchards

Biocontrol efficacy of E. sojaensis against A. pelekassi was demonstrated in
commercial citrus orchards with the conservation of the E. sojaensis population
through the use of selective pesticides until late June, when its density peaked, and the
inoculative release of E. sojaensis: phytoseiid mite densities were higher in the E.
sojaensis release plot than in the no-release plot, and thus A. pelekassi and fruit injury

were significantly better controlled.

2. Biological control of the Japanese pear rust mite, Eriophyes chibaensis Kadono
(Acari: Eriophyidae) and the Kanzawa spider mite, Zefranychus kanzawai
Kishida (Acari: Tetranychidae), with generalist phytoseiid mites in Japanese
pear orchards
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(1) Investigation of the phytoseiid species inhabiting Japanese pear orchards in
Shizuoka Prefecture
Five phytoseiid species were found: E. sojaensis, A. eharai, Phytoseiulus persimilis
Athias-Henriot, Neoseiulus californicus (McGregor), and Neoseiulus womersleyi
(Schicha) (Acari: Phytoseiidae). Euseius sojaensis occured until early summer, but A.
eharai occured throughout the investigation period and was the dominant species.
Phytoseiulus persimilis, N. californicus, and N. womersleyi, all specialist predators,
were often found with the tetranychid mites.
(2) Biocontrol effect of generalist phytoseiid mites on tetranychid mites on
Japanese pear tree
Biocontrol effect of E. sojaensis and A. eharai against T. kanzawai was evaluated on
Japanese pear trees growing in a greenhouse inhabited by both predatory mites. While
T. kanzawai densities were low, four treatments were applied: E. sojaensis release, A.
eharai release, synthetic pyrethroid application, and an untreated control. Pollen as a
high-quality alternative food for the predatory mites was provided in all treatments. In
the E. sojaensis release plot and the control plot, E. sojaensis was the dominant
phytoseiid species, and the densities of 7. kanzawai were lower than in the 4. eharai
release plot and the pyrethroid plot.
(3) Biological control of the Japanese pear rust mite and the Kanzawa spider mite
with E. sojaensis in commercial Japanese pear orchards
Biocontrol efficacy of E. sojaensis against E. chibaensis and T. kanzawai was
demonstrated in Japanese pear orchards with the conservation of the E. sojaensis
population through the use of selective pesticides until late June, when its density
peaked, and the inoculative release of E. sojaensis: phytoseiid mite densities were
higher in the E. sojaensis release plot than in the no-release plot, and thus E.
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chibaensis, T. kanzawai, and leaf injury by E. chibaensis were controlled below their

control threshold.

3. Effects of intraguild predation and cannibalism in two generalist phytoseiid
species on biological control of the pink citrus rust mite in the presence of
high-quality food
The intensity of IGP and cannibalism in E. sojaensis and A. eharai in the presence

and absence of pollen were investigated. Amblyseius eharai was a stronger intraguild

predator and cannibalistic predator than E. sojaensis, with or without pollen. In the
presence of pollen, although IGP and cannibalism were relaxed in both species, they
were not dramatically reduced in A. eharai. Next, the effects of IGP and cannibalism

on the control of 4. pelekassi by changing the release ratio of E. sojaensis and A.

eharai was investigated in the presence of pollen. With release of E. sojaensis alone,

the E. sojaensis population increased and thus A. pelekassi was controlled. With
release of A. eharai alone, however, the 4. eharai population did not increase and thus

A. pelekassi was not controlled. Moreover, when E. sojaensis and A. eharai were

released simultaneously, phytoseiid populations were smaller and A. pelekassi

densities were greater at higher A. eharai release ratios.

My research reveals for the first time that of the two generalist indigenous phytoseiid
species inhabiting orchards, E. sojaensis effectively controlled some eriophyid species.
Its numbers increase from spring and its density peaks in early summer in various tree
species. Therefore, conservation of E. sojaensis through the use of selective pesticides
to control major pests would support the establishment of IPM incorporating
biocontrol in a variety of orchards. Further, my results reveal that inoculative release

115



of E. sojaensis, the provision of pollen as an alternative food, or both while pest
densities are low boosts E. sojaensis densities before pest outbreaks occur and thus
enhance biocontrol. Since pollen supply dramatically reduced cannibalism in E.
sojaensis, this might have enhanced biocontrol efficiency. On the other hand, when E.
sojaensis and A. eharai occur simultaneously, A. eharai disrupts the phytoseiid
population increase owing to IGP and cannibalism, even in the presence of pollen, and
thus could diminish biocontrol. Many generalist predators exist in agroecosystems, but
this result indicates that enhancing their diversity does not always lead to successful
biocontrol. My findings will find wide application in maximizing the efficacy of

generalist natural enemies through biological control.
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