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B ORAHYREREPICIIT DIARMED 7 U X = O R &5 Rz & DBIfR 1

1

EFEREEEE CIT, PR 2Eke LiopEnR
BABRILBREE A~ O R0 SEAIH UM E O R
SNDT®, ALFREIEOERZHNRTREZ T DG HN
EhEH (integrated pest management: IPM) O
PEZLIANZ B L TR Zeo T 5. FdE D IPM 0
B0 AR, 1950 AR5 1980 4R IR RO
FHEETARKIEDRTE L RAE TR L Th-oT2 (F
75,1997 E3,2005). LAL, 1990 4ERLIRET, BRiE
DRERLEIMOLARNE, FROIHHPFEY A7 &
B2 CINER SIS L 912y (P, 1997), [b2Ask
(D D AEB BRI DA EATE (EH, 2005).
F72, 1980 FARUABEI LR BARHIEHIZ 1L U & LT,
B AT ML OB MU Tl 2 B RESEA OB
FEHRANATONT. (PF],1998). LI ED X D 7efidiviE
B kY, EBPRE RKEROREDTINLS ATREIC Ao 72
ZEmb, BETIEZE S ORI CRIREFI L4
BB A Rt & 975 IPM AR ST % (Bl
MRS, 2016; FiR - (LA, 2020).

BRI CZ OFIIEAICITERTH D 7 7 =
N DB EMEN AR et R mOoh 7 ) 7 =
i EOTEREDI L AEETD (R 1964 EFD,
1984; THI - A, 1996; Kishimoto, 2002 72 ). —75,
FRANE D SRS T AR o0 B FEAEPISM
JTHRESND T8, RHEICHEL RIFTEERE RS
B RRE FRIREE 72 B9 R A, AT hL
DIRMEFEIET B 2 IEEIRMESRAIA R Sh
DIEED D -T2 (FHE, 19905 KB, 1990; £~ K, 1992;
Kishimoto, 2002). T4 Kl IIEsIUSA O 245
TRV (R 19645 178 - M1, 19905 K 5, 2003; 1
I,2010; A5, 2018,2020 72 L) 7o, TERERE
L LB £ 0 15 KEsERSh, ZOfER,
~WEHR (Dutcher, 2007; Gross and Rosenheim, 2011)
LLTAY=ERERT DL ERMBATVND

(Kishimoto, 2002; 83+ - Fil1,2021). 1990 FALIRT
OIBIETIE, NF AP D 72008 =HInMEH]
3B 4 [BlfA STV (e, 19685 $57K, 2010
P 2011). —J7, T, FEABREMOIGEIC L 5
H=HAD VY — = A (resurgence: Ripper, 1956) 73
FHITHE S OF k5, 1986, Furuhashi, 1990; {7
#,2000) 7280, AL AREEDIHNTIAD 720 AE Bk

=

=

TREDRD HIVTU Nz, T 58T, 1980 4RIZHE
MY ) XA AT Y Unaspis yanonensis
Kuwana) DF N2 FEBKTHH Y/ 2 FA 1 ans
Aphytis yanonensis DeBach et Rosen &%/ x> Y¥ =
/XF Coccobius filvus (Compere et Annecke) 7 2 Ffi73
FER - HASI (EF « &K, 1981), O, FHEET
13 1989 AL F CIFE) S HIECAT S 47z (i - P,
1994). ZOISHAVERRIBIRC LV Y ) 20 A T I
T OFAEREEIIRIBITIET L7 (Furuhashi and
Nishino, 1983) Z &735, 1990 FELAR IAE hiA- %5
& LTBH Y SR FIDBARBEEEDMI T LT (5D,
2018). 7z, ZOHEH, Fx¥ /FAuTrYFIv~
Scirtothrips dorsalis Hood % %15 & UT-BA3EAI3, &
JRE L AR A RN D ORFU DN E
WAA=aF ) A FREBF~EBIT L (1,
2005b) . =7k ) Pyrus pyrifolia Burm. f) Nakai
var. culta (Makino) Nakai Cl, 1990 RS
RAG < BADESEBRER S NI Z &b, ENFETY Y
A BISER N F L USRESHRITAER] 8 [Fl D 10 [F]
B S TWALFRIEA KIBIZHIT 2 2 & 23FTHE
Ligote (%D, 20005 )1l - iRy, 2002). ZD X 57
FEER| IR D RRBROZSEIZ LD, FHERPNINC
HERT D REDMRGE SN DB ST-Z 2T, £<D
i QI e s Nl By el e PN | (R VAT
=HADBIRD R Sz (GHES, 20005 511 - [,
2002; KPH 5, 2003; 11=, 2005a) .

A7V F =IO R ARRICERL
TkY, 7VH=E, N2, a7 YT U BIU
TP I UL S T INE OAMRIBLERICRIE S
NTWLIERICAERRIERTH D (KEF, 1999;
McMurtry et al., 2013). 7'V 7 =JE3E DA
3%, Tetranychus JF/ % =DOREMH#REE TH D Type

I, NF=RNF =OREMEHREE THD Type I,
S =FALS O INE RRTER S IR AT DA AR
FHThD Type I, BIOEHORAEMHEEETHY A
BYHERE CHH 5 Type VD4 DDA 7 ) —ITKE
<K4r&Ei (McMurtry and Croft, 1997; McMurtry et
al., 2013), PIBRGE L 70 B HHRRRIC K> TH 2 A T DD
T ZREHME VI HNTWA. BilRIE, HERkEESE
Yreid, AHRISZAHE (Saito, 1985; IJ5 « Eiffz, 1996
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FIEE 5, 2007) ZHELT BT 2 ~N& = Tetranychus
urticae Koch ° L' U /~% = Tetranychus kanzawai
Kishida ®OBAERIZ Type 1 Phytoseiulus Jg i 7 U &
=73 (McMurtry, 1982; van Lenteren and Woets, 1988;
#5,1993), 27T VLT F I U HOBERIC
Type I D Amblyseius J& 7 7V % =78 (Gillespie,
1989; Messelink et al., 2008; Calvo et al., 2011), “iu
FHVEDRIIRERM & LTRSS TS, Ei, Sl
TiE, SRRz LI ng =
Panonychus citri McGregor) <° U v I N X =
Panonychus ulmi (Koch) @ B5 B 12 Type 1I @
Neoseiulus J& #7 7V # = » ( Kishimoto, 2002;
Katayama et al., 2006; fitill, 2010), NZ=$Ea°7 T4
=W, TV I U E WS IO E R ORI Type
VD Euseius &7 7V # =75 (Tanigoshi et al., 1985;
Smith and Papacek, 1991; Grafton-Cardwell and
Ouyang, 1995), ZhENAAEREE L TR S
TW5%.
FEORMEICIRBANTE, Type INBIVIZK S
NDIEBROA 7 X HEQHFRAER L QD 3, FHil
ORI ENTHDDITEIC Type TOI Y 2h T
) % = Neoseiulus californicus McGregor) T 5. ¥
afy 7 X INF R EICRE L, 202D
LR L Ch £ Y 2822720y (R, 2012)
Zehn, BITBHRE T H AR L D& =HHOBER
AN HER ST % (Amano, 2001; Kishimoto, 2002;
Katayama et al., 2006) . FHiIED A > VEC=H v
FUEIZBW T, IvahT U F=, Type MO=F
7 — 3 H 7V ¥ = Amblyseius eharai Amitai et
Swirski, 8L N Type VD=7 X457 #= Euseius
sgjaensis (Ehara)® 3 fiN E\TRAES S, AR L7Z& D
(2, BRSO % FCIE 1990 AR E CIik s = Al
BT 5 Z LIZ k0 I T =% LT
WA, 2000 FERICIEI Y a7 ) F=mERE Lz
THERBORHERIRC L5 IPM 2R S, DAR IR
F=HIC L DPRERA R LT (D, 2018). Y
ATV F =N INF IEOERE B L FRED L <IERe
RSN THAET S (Kishimoto, 2002; Katayama et al.,
2006) 7=, BEETFA/KEDIR EIERETIE, Ak
SNTARRBOBEBERIED G AV TN D (AR,
2021). —J, =k I—TW TV F=Ray AT
Z =138 < DAFRER DR LS9 2D, BT
BRiE IR E & A L34 L2y (Kishimoto, 2002;

Katayama et al., 2006). D7=, ZiLHIEMEDD
T F NI ZFEITINZ T & 7o NE B2
BRSNS D  (Kondo and Hiramatsu,
1999b; Kishimoto, 2002; Shibao et al., 2004; #iJ: 5,
2018) (2B BT, FEFERIEE TR R
IFESTVRN.

IPM DI 0 EBE B4 o bR o #e
R AR CE 5—057C, T E TR RS T
HROPEERBE T D WO RER® S OFF, 2013;
Messelink, 2014; fifizt, 2020; E3K 5, 2020). FAEHD
REITCIE, 2O 8D B EEROREAYREL LT, R
R ECHINEIE A SR T 7 A =T b
b. BUXVETIII N Y B X = Aculops pelekassi
(Keifer) DEHAMESUEDIEE (RD,1997) 23, =AR>TF
U Cli=%J ¥ v ¥ = Eriophyes chibaensis Kadono
XD A NV ADES (Kubota et al., 2021) A3FKT
BEMITHEEPNER LTS, gk L& 51, ~"F=
BT U3 KA RER I L7z IPM A8 s 1,
B =R OFERBENKIRAS T Lz, 20—5T, %
L =FNZ LV AFHHE FRFCBIBR SN TN e 7 &
=JE, IPM 2535 2 L TEHTH L DIk
NEZFOPREMHREE TH LI va 7 ) ¥ =37
U R DR CE A, T
ZFANEIE LT, APERTIAF 2 B O X =4l
ZIBNEAR T 2R H D (5, 2000; Ashihara et al.,
2004). oL, 73 F =FITRROMmVFANIAAR
BUKRET DB RE D, RERZAVFERIKCLY
Bibd 2% & Iv a7 U = HREh, ZORE,
HRAD ) —V = VR EF|ERIT R H 5 (-
H - #H,2018). 2D X HIL, T X FHDSIITES
=HIOEHEREA BRSNS TS Z &b, TR
FFOFMPRNRALIT 2 DB 5F, EROFEHHTHT
PEDFEEY 27 & FR-SELER LTV,

BEERZXGR & LIbFRIBRRIC L VG &SR &
2% IPM OREZRG M E LT, e 2
T2 TRt OREEMML, BIEEROMERE &)
HE & 3D WIS s U787 e TPM. OREELA 26
FoND. ZHETOEMRIIERTI, FEEDE hfED
N 1S e Lt BAY e Wy I TSI N gy S e [
BRTRETR DR O K FIH S 4TV (Symondson
et al., 2002; Taylor and Snyder, 2020). —J5, JAED
RHUIGA Y B ED BRI S L DRF 2 72 R
IR L, EHhROEERAR D2 OEAS A HE
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Ff - NS5 2 & THIBRIR A ST D (McMurtry,
1992; Duso et al., 2004; Palevsky et al., 2010; Warburg
etal, 2019). Symondsonetal. (2002) (ZL5 &, &
PEREE VT T iz AR O B J258 T,
181 {7l 140 FITERDD L, (EOULEIT 21 Bl
20 GITTHINS % Z EAVREN TV, FRZ, 7 ¥ =4
WX LT, wE BRI IRREA T &
S X DWEEFAN L HE IR TS (Sabelis,
1996). ZNbDZ &b, FAEOREETIIEFRD
IR ERERFIN S IR ED = T — T h T U X =F T
XX TV X =5FT 52 LT, TR
PR CX DA DD, ZHETOMRICL YD, Wit
EBIZ—H BTV IR 300 PLLL D7 o & =ik %4
FFRETH Y (Kondo and Hiramatsu, 1999a), FAffE
TR 7 2 & =JADH L ZABERNCHIIH L T D
LEZ2 5T (Kondo and Hiramatsu, 1999b). —
07, IRENEH 7V 2 = 3EBOERFE AR 32 S &
FRTofa G, L RN SRR

(CLF, 0N 2479 (Schausberger and Croft, 20004,
b) 728, TILHDHRIZE Y —HOu 7 ) Z =FEOEE
BB EE BT, EHHRBIBREIRAETE 5 rTRel: biah
SN T3 (Walde et al., 1992; Schausberger and
Walzer, 2001). LA EDZ L5, [KEMEH T X =%F|
A L7259 72 IPM 285 57201203, FH B
ROBNAT ) X =DFEEFFET H L L bil, FLRN
R L OYERE BRI R E BB A i
TLOMENRHD.

AIFFETUE, INEMHREERIN LI R0 7 o 2 =48
BRONFZHOEYHIERE HEYE LT, Bl 22
ERAHRARERLERUCHOI=T—TH TV ¥
=BLQa YR h 7 X =oEHERICT 563

PEERRT LIz, 28T, WX VEOIA IS
=&PIBRRR L LT, £, 2FARMEN 7Y X =0k
F TR DI ARE )30 K OB EEIIZh R A 3T L 7.
WIZ, @RGSO a v X7 17 ) 2 =R
ERRRET D720, RREHEE A 5 R AR ik
WL, IW eSS AR AR L.
3ETIY, =R o=t P eF=BL0n
INE =Bl LT, £7, 2RARMEDI 7Y &
=D TN =T DI R A L7
WIZ, @RGSO a2y X7 17 ) 2 =R
EARRET D728, RRFHEE =R T VRN CAG A kA
L, =t VX =B IO UNT =R
DI AR LTz, HATETIY, RARMEAT ) ¥ =
DOF /L RNTHRR L ORIV E BBABRIC RIFE 35
RN 570, =2 7—IT7 V= au X5 kT
U & =D /v RN & LB OFRH AR TREE 4 FLi
THEEBIL, IHPEH =TT VERLELTIN
O 2FHARMA 7Y X =2 BANE I REHEA L, EFih
bR asH i L7z, 555 BTlE, /bivcknias &
2, EEROURE bAieL T2 a0 X5 7 4=
\Z KD AEMIRAARAA AT T 70 TPM 2485855
LB, RN T ) T LA E RS A LY
FEFE S D MR DN TELE LT

ARFZEDFEEE 2k S, Tsuchida and Masui (2020),
M - 3 (2020), M - H3H (2021), Tsuchidaand
Masui (2021), 3L Tsuchida et al. (2022) (230>
THE L. 728, Tsuchidaand Masui (2020, 2021)
B LU Tsuchidaetal. (2022) 13 Springer Nature, 1
F - HEF (2020,2021) 13 AAISHBW R RS EROFRE
TN TR L7z,
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F2FE AFVRERIZBTDINENS T Y X =KD I o X =AM

TUH=RO—FETHD I N Y X =T RO
7 F YO EEFERZIA L 4547 LT (McCoy,
1996). AFEIIS L VHHORERRRE, BLOREZM
#4742y 2 A Citrus unshiu (Swingle)
Marcow. DAL, AR 8 HhD 9 AICHEFEAZE L L
WS % 2 & TREN B L 220, RISEIAE
L<HBROMENELC D (I, 1977 B, 1979). s
ECIHERAORFEIFICHFRTHR SNDH, #
ERITTGIZIT AN DR, AFERIZ L HHE
OINFEIIEFERIC & > TERRFIHER L 2D (B,
1979; Ashihara et al., 2004). ZDOZ &b, HoFY
FEACRB T I ALY X =ORRIEE THS.

BREOH XV HEE I EERETH I ¥
BRI Diaporthe citri (Faw.) Wolf) Bk
BICDIZ T A I —N A — b RIER DRI R
ENTEY, FANLI DoV e F=ic bRz~ T
72, 1980 FFRLARMIAE b FRFFBR STz, L
2L, 1990 AEARITIZHE A AR CASRIEAN T~ D ik
IS UTAARAREDS L, 20 DA IR 72
WrEA 5.2 7= (Ashihara et al., 2004). F#HlETH T
A1 —3A— b RIEFN et DRESEMEDME T L7z I
S AR HER ST Y (L - B
2018), AERMNLIE UIAITIE, APER IR 2 [fR
JEDOR A =F A& BN L CRAR L T\ 5 (Ashihara et
al.,, 2004; K65, 2008). ZDXkHRI DY EF =
x5 B HANOERIEBE O, #i7272350 Tk LT
PEARESE DRSS 5. £, FR IS
RETEH L1z 2 5 B = ORISR ST
W5 (HEHD,2018) 23, I WP A =ICRghEIRT
FHNDO—EN L THE RIS D ERIRE N G- Fr
(1, 2016; t[H - H8H, 2019). FD7, IH P EX =
ZHFNC LV Pibrd 5 & LEREDHR S, I o
=DV =Tz AEB|ERITREERH D (-
M - 8955, 2018). LLEDZ Enb, SREEREIMTEED Y
A7 EIBIL, DOREFD IPM EF GRS I oty
HZ=OWEE -0, 51, TEREEFIALT
AREROPSBRE FTREIZ T 28T e EWRIBbRIN S E L
5.

T R INES % 7 7 =BT D Rite L

T, HAMORIRCS =N, RAviRURRE 2 L35
AUTEY McCoy, 1996), KA H 7Y X =HATT >4 =
OB EMHNCEE o &E| 2 - TW\W5 (Sabelis,
1996). FE DA %Y ERZ DOFIDOBIATIIEIC
IVahTVE=, =T —aNTIF=, BLOay
Ry HTVH =0 3FENIEET D (KD, 2003;
Katayama et al,, 2006; =& 5, 2007; ¥I: - Fril,
2017). ¥ ah 7V F =3 g A EMIC RS
DIREMHEE CTH DO, av AT 7 VX =BL0=
© T =R T X = TR Oy NE AR ORE
WEA R DR RE TH D (Sabelis, 1996;
McMurtry and Croft, 1997). ZHUETIZ, Zivh 2F#
JINEVES 7V = 3 AEMICEE Y ¥4 = Aculus
fockeui (Nalepa et Trouessart) DFEE A LT 5 =
LAVNEEIUTEY  (Kondo and Hiramatsu, 1999b),
IH Y IR D TEREE LRI
SNTND HH5,2018). LavL, ZNHLOFENRIH
VY EH S ERRNCHRCE DI SN IR T
VNN
THEDILEESD TV Z =13 EICB T B RAREE)
REARIC L > THARY, F77, WBEppERMIC L -
TIEEBBRIRRN G LNV AE L H D (Maoz et al.,
2014). ZDOZEnD, IH VX =OEYERE
FAAIAATE IPM EAEGET D70, 7Y X =0fd
BNZARTE B DI RRE 14 L OVE BRI 2 3
T 20ENRHD. 2T, HIETE, 2avXrh7
VE =3 =7 —ah 7 V=l I o es =
Db E L IRRECE 2, FNEhORKHRRE
e Ul T RN 7 ) X = I hohes
=R EHELESAITIFEA S TE 20
(Kishimoto, 2014) 73, HEIZhf# e ba4Riit5 =
& CEDIERHERED E E DRER, fBE L TR Clde
WAREBRABARCE DATREM D H. 2T, F2HiT
1Y, avXrhT7 VA= L IF=kT—ahT I ¥=
DR L AR & U COMERE AL ST A
DI Y B = OB 2 ENE LU T
MR LTz, fefkls, 3T, @V VBB M
SN=a U R AT Y X =DOERMA TS D720, #%
PR 2% B CARIO I L fRTRIc £ 5 2
TS ORISR R LT
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FE1Hi LEEBEHATUSF=DOI A YEF=ITH
v HIHRAREN

1. #8

TR L D EBBIBROFIMA TR 2721203,
BB Tl 5B ROBEOEUT HIEE 1 @ED
HREEOECOBREMD Z L NEETHS (Oaten
and Murdoch, 1975a, b; Riechert and Lockley, 1984) .
Z ORI THEE O K& | (functional response:
Solomon, 1949) &MEFH, 1@ fHEEIEHEEITHA L
THAN, I FEEORINERAR 2 (KT, IE s
ISP Z D73, COBRIRZIIKT, D3 4147
W23 Bivd (Holling, 1959). ZHVET, 2y A7 h~7
VA =RBEP= T —Th TV X =07 > Z =HHxt
TOMREOSUNE, BBV EX =ARRE LIGEIES
A7 M%7~x97% (Kondoand Hiramatsu, 1999a), 7
Y X =E5 R E LIZBAIEH LN TUvRu.
ZIT, AR HT VX =R IO T—anT V&
SHERC I I T o X = iR iR 2 2R T
725 E OB EEZRE U OERRORIGEH BN 5
LEbiT, —BHY ORHREAHEE LT

2. MHEBELUAE
(1) #E=R
AGABRICHE L T2 S oY B X = DRI L 2019 4E 8 H
(R TAR R =GR (34.78°N, 137.73°E) @
72w I CFFERARRINITHE A U QB A
BIRET 5. ZORMAIERENDT 7 U Vr— (400
% 400 x 400 mm?®) WIZRRE L7z TV & A ¥ 1 Citrus
natsudaidai Hayata DF/ER FCRAEELZ. av
R 717V H =OF0E 2014 4F 6 IR bR
TSR 2 — (K EnirE, 35.97°
N, 13849°E) WNOT & A HAJIBERIITHAEL T
TR AR E 5. £, =k T7—aHT7VX=0D
FielE 2014 4 6 AIZEARTIALX =7 AR (34.81°N,
137.53°E) D7 % ElJA IR S oA X~ %
Podocarpus macrophyllus (Thunb.) D. Don {2384 1L C
WEERE AR E 95, ZhbDRIER® & —
FHFTEKX S, 85.08°N, 138.49°E) 20 + 2°C,

14 WFEIII 10 WG (DA%, 1410 10D D & 5125
i) OERENTEREE L. #HHL, 7792 Fy
I8 e —1L (B9 mm, &S 20mm) NOKEE
FHTWUER_EICA >~ A Phaseolus vulgarisL.0>
PHEEZE TR L2 — 7T 0 27 2w, fHEL

TR Z 472 7 v~ Pinus thunbergii Parl.
OFeky G- AL, 2019) 252, FEIRERE L LTRSS
ZAVz. 3 D 4 B CHITZeiBia 52 5L &
BT, IS LIEBREHT 2 ) — T T 4 AT
T LCHEE LT, 7eds, BT 2014 R 2016 FD 4
H AN E SR TN O A > % BlJEI A S
e awYInbERF I EBEEL, 50°C OIEIRSMEC 2
AR SE7244, 250 um A v ¥ = Offil CiE SHC
-20°C TERAFLI-H O L7
(2) H8AE

TIAFy 7By — L (EFEIOmm, &S 20 mm)
WNOKEEEEIBMER LI, 20x20mm2 (25> hL
ey a U I ORER A BICUTESE, TV
—FERAER Uiz, BRETEROTY 21 LA 60
X =NELHELIZERZYVIY, 7V —F Lk
& U CAREDORS M AHHE LT, 24 KRS 24 &
ADEREBREL, 7V —F RIS LI e s
= DS A FHAIERES (Olympus SZX16) TGt L
7o ZO%, 24 WA SE7-REIIEA 10 BLNO =
URTHTVE = L IF=t T —an T X =0l
R 1 SRR L, 25°C, 16L: 8D OfEIRZRIC#iE L
7o, 24 R 7Y =% BREL, FEERiD I 1Y
X =N SAEFEL TS AT Z LIk 0l
BENEEER L, 7Y # =1 @RI LTO
EODOEFREANER L, v X7 ) X ="TIL49 L,
=T —Ih 7Y =TT 47 B VT~ 7o fH R
DEMF R DIt R AT L.

BO N LR ROBIRIL, TRLo Holling

(1959) DM HFEAIY TEDT-.

n= oXT/(1+ ahX)

ZIC, niddAE, XIIEEEE, T3 (), h
ANV RY T HA L alTRODERHTHD. Ik,
ABFGEDONFIFRII T4 T 24 BRI TH D720, T=1 & L
7z

3. #ER

AR TV X =RBEN= T =TTV X =D
I Y T HHREOIG A Fig. 1 1R LTz
HREDRUSIE, WL HICI BV EF =DBEME L
7251 F CRRREITINT 5 MEINRII R 2 1K LT
FFPREIR A, 2 A T ThoTz alZa v AT D
TV H=12803, =kT—IHT Y F=T1%1.2399
LEHENT. EHFESDOOHEE LT a v X b7
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=R LU=t T7—ah7 ) ¥ =k hod—HHZY
DI Y EH =R RORKIMREIT, Thth
396.2 P} LM 474.7T IL T -7z

F28 LERMEHAT)ZIAOKREBEL LTOTE
MREMN S H Y EF —DEYRIBEERIC
RIFTEE

1. %S

AR TV F=RBIN= T —Th TV =T
2L DI B Y X RAREHRT 5 Z ERHALMNC
otz GE1E) boo, Zhb 2 AR T ) =

WIARERDHEZEE LTeHEIRZ L A EHFHECE e

(Kishimoto, 2014) . *ROEHMAFTHEROEL & U CHfiE

TIRVR, REROEEE R AR 2 7o DI

AR5 2 LA TH S (Evans et al., 1999;

Landis et al., 2000; Wade et al., 2008). %< OH 7Y &

=T E S TEM IR b EEVREECTH D McMurtry

and Croft, 1997) 7%, FHIZ X CRIFCTX 20T

725 (Kishimotoetal., 2014). HH: - Al (2019) i,

ra<Y OIEHERE LIS ay A rh7) F=

=T —adh TV X =L HICABEREINERE L, 2

DAL DTFEIZ & > TURER R CTH L 2 L 20D

MUz LIE3oTC, AP B =R

o7 YO E 2 G 2FIREIEN 7 ) # =12

922 LT, ARSI E DRER, Wff &

> THE& U TR Tl VWARE A BhkR T & 5 FTREME

BHD. ZNETIE, avXrh7 ) ¥=8l0=t7

— AT F=RHEAE LT R TCIL T v A =%

FENRL 725 2 E 03 ERR ST 5 (Kondo and

Hiramatsu, 1999b) © DD, ZHNHDEEMH T 4=

MIA Y EX =OFEEIHINR TH D 0T 5

Mo TRV, Z22C, avAr 7 Z=4 1<

I=k 7 —ah TV =a R L, RS LTtk

REOF BN AL DRSO I D Y e & =15t

T D BRI A SN L P CRRGIE L 7.

2. BB XLUAE

(1) HERRB I UIER

KRBT LT I 0 Y B X =DRHEE 2015 4F 10
FEHRA SRR eI RIS o 7 — (Bl el
IKIXEEFE) N v o 2 S EBIRINCREL T
UWRIARBE IR 35, ZORFEE 1 i L RO
ECEREE Lz, auX a7 ) ¥ =RBL0=kt7—

ATV K =3 1 H LR U E RS LT
7 = OTERE 2016 4 3 A NZERI SR TFZE
FTRBIRIS o 22— (ERl T K X)) N7
VEEAER S =2 ne Y SIERE T LEEEL,
50°C DIEIRAMT 2 HREAT CH# S 87214, 250 1
m A v ¥ 2 O CEE S T-20°C TRE L7 b ozl
AL

(2) ERNEER

KO (2 X7 ) X=X, =&7—=
ATV H=JERAX, BERERX) (AR O F A0 2
BTz 6 X ZF T 2. 727 U r— (350 X 220
x350mm3) PIZ, RUZF LRy b (B 90 mm X
RS T5mm) (ZEREL7=TY 5 A 44 OFEAT ([@ESK
150 mm, 10 75 15 RN AV \DOEIENERD &
I3 ORRE L C1KEE L, SO 4 KHR%
7 6 URIX x 31 x4 [ = FH72 WA . &
TOFER O EITK 100 [ED X 7 2 B4 =m 734
L3R 2mE U ORI L7, 2 g, 455
WD 4 EEER 10 mm O V7 R—F—T
otk R RCHETHI NP EX =0 hEE
RIERES (Olympus SZX16) T T L=, ZOri N T
ORIE G x4/ =12%/ =942mm?) H7=Y D
Y EX =0 BEITE TOMBEX T 200 I TH
Sfz. FEINELA 1 RN ORGSR Lz 2w X0
TV E=F 3=k T —IH TV X =DM R E R E
LT AP I TR IO 10 PLidR L7z, 16
Py 2B 2 ABRXIZIE 3 HIC & 0.02g D mw
YOI EE W CE RRY 0. £H TV &
=X 7T AT LICEKEL, 68 AMD 4 B Z LT
UL L7, WIEIERD 4 R ICE A D BREkD =
NI R—=F—TAEERZFBIRNTHET LI P E
K=k L, 0%, ETOFEREMELTHTY
Z=OEFAEFHE L. FERIE20 + 1°C, 141 10D
DIETRENCIH L 7=

Q) EPHPEER

FRIT 2016 R SRR TR R 7 o
42— (BT KIXT5EH, 85.08°N, 138.49°E) DFEHIE
oI Lz, SENIER LRIk 6 BB AFIT7-. 3R
BRITIT 45 LENTEM SN 5 FAEDT v ay I h s
BUARATS JOYERIRN (S0 1.5m) 2 H, [Fl—
SRR 3 $A% H\OORENH e D KO ICEE ST TLK
e L, SO 2 5 2 IEAFRITT- (6 0 x
3k x 2 fiFE x 2 i = 72 gkAEH) . KLU 15



R ORAHITE R AE RIS

B DIREMED 7Y 7 = O & F mBERR & DBRIR 7

m P EORIREZET T o Z AIChE L2, 5 A 30 H
(A TORORE FITK) 200 PLod 2 7 4 B4 =08 % 4
LTZ3EA R8TV b EDHETAT—7 T — % AV
ETHZETREREZER L. av A7) 4=k
FO=tT—an7 ) Z=135 A0S T I T
XV EPNIM RS A IS5 (8 - Fil, 2017).
Zoizh, 5H12H, 5H24 H, BXU6 A 10 HIC
FIE LTALBRXI > CREDRBALA 1 IO ASIE
KL7eau X7 ) F=Fizid= 7 —ah 7V &
= DRk A it dH7= 0 30 VLikfd L7-. Teiaittd 2
WEXIZIZ5 H 12 H, 5 A18H, 525 H, 6 H2
H, BX06H 10 BIZAAEIZ-DE 200 mL DOFEREE
TRARAT LTz, 1O ISR TR S D1
FyHttt (AR S, 2008) 5512 0.008% DX 4 77
LIRS 7 v~ 4Ry % 1,000 fEIZAHR L, B
AR L7z, BRI A OB B B T &
L7y, ARSI Lied o7z,

5 A5 11 AT TEH 1 BIOBEEE CHIf 10 3
M5 20 BEAPET D 1 Ba B ODT T 2T~ 7K (300%
300mm?) kL T10EANE, B FLeh 7Y ¥ =Fh4adt
9 5L L HICMASO K (Saito and Osakabe, 1992)
2B U7z, 7'V # =3id Hoyer FiIZ~ > R LT
FLRT— MEAZVERLL, MR HRIC W TIIARESE
8% (Olympus BX51) T CHMIRIS LOWEZRED S FE
%Z[AE L7- (Toyoshima et al., 2013).

5 AMb 11 AT TA 1 [0S THABOEE
D 53R, 6 AD 11 HIZHTTEA 1 BIOMEE T
IEDEED 10 REENEELE LT, BHELT-3ER
FOREICHET D I 0 o e = OISk % TR
8% (Olympus SZX16) FCaHE L7z, FITOWTE
R OFAFES, TR, 31X OREHOA 100 mm? +
WCEFAT DI EX=AFHRL, TR HOEIC
REORIEE T U CRED Y OFERERH LZ
78, BERITEELEL, % rmm & UTERA
iz 4n?mm? & UCRER L. 6 A 10 HIThT
THEHA 1 RIOBE TR COREI DN THFFEOR L H
HCHERL, FAEXOPWEFREHH L-

3. fREHARMT

SRNFEBRCIE, KRR L AERIRIAS 0 7Y & =4k
LI B e F =DE I RITT RS — £
TIUZ R OFRYT Uz, 3R TR (RIElR 4 %)
DOH 7V F=FHOMEEER TR B o e X =ofEik

B LN ENINEESRE L, Risoida & Feptffls L O
TN OIS EBIASE L. 2ZEAERNRD 5
IS EITITHEM I RBE I L 0 2T ORI
Cﬁﬁﬁ L, Bonferroni VA & W BEAMELTHE L. S
. RAERONRD G HIT=HAITIE Tukey O
HSD BEIZ & 0 Jifil L= h 7)) ¥ = O D24 fifpT
L7
PPAAIEBRCIY, IO & BN 7 Y) & =SS
KOOI D Y X =DOBEIRIT TR IIRSE
TIUZEVRIT L2 4 AD 6 10 HETOA 7V =S
DIFER LB LB LORE EOI D Y X =D%EDH
72 D BAE 2 AV EIUREESR L L, Rt & AEiR
B IO O OZZENEN, T A 2R L L.
DY, Kt & ARk O b sz HAEH
ZEER, AR 2R L L. KRz
B BT Tukey o HSD Bz & 0 fickil
LIch 7 ) X =OfEHOEZ T LTz, 7eds, 08y
OHEEICITREML (HlRAT & Iotik) 2 vz, Ko
fin & AERMRHUED 10 A OPERRICKITTHEE 1 VX
T4 7 RSP K DT LTz, REUBEROZRA TR
DONIHAILY, W7 ¥ = OO AT
flid27c, EFEAT U H =Dl & Fehidia sz g L C
T L, Bonferroni A2 & W AEKEZTFE L7 (P<
0.0512=0.025). 717 U & =JH~DIEKHRIEORR AT
92728, MERERX 23 DT A HEXI Ty \Tﬂ:bﬁm
HEDZNRA 2 BEIZ L W f#T L, Bonferroni {Ai1C &
HREAMELE L (P<0.05/3=0.016). bvﬁnwm
TECH RO R IR & Do T
WEIZIE JMP version 12 (SAS Institute, 2015) %
W, TR EIERET 570, W7 VX =BIORA
Y = ORI 0.5 2N L TR
(Yamamura, 1999) L 7-fifi% V7=,

4. #HR

(1) =EREER

PRI TG (PRl 4 @%) DR Eol 7Y

F=JHE I X =% Fig. 2 1R LTz, 7
7V O EBEII KRB (Fe1s = 623.21, P<
0.0001) &AEKMRL (Fu19=103.62, P<0.0001) %)
OO, ZNOORZEEH bR SN (Feig=
26.07, P<0.0001). 417" & =3HOMEARA %2 Kt
TEERDINFNZ DT HMIFZNIRENT K 0 ST L 7=
B, BB DA EZ 2 ) BT KBGO ZEA R
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b (E® 0 : Fe,9=840.72, P<0.0001, {E¥7aL:
Fo.9=141.19, P<0.0001), xR A7) ¥ =Jifwlx.
DH 7V Z=HFHDORBEII= T —Th 7V ¥ = b
KRR DZFIN LY Eh o7 (Fig.2). BT U
DAL DR ORI DN THIME
BRIREIC K O LIoRER, 2w X 7Y 2 =it
X (Fi,0=68.05, P<0.0001) BLR=tF—=ah7Y
H=JffRRK (Fue=43.37, P<0.0001) & HIT/EmRft
DNRDFRO AL, (B ZAREE L7 MR LRV 7 &
D6 A7) X =D EiIZh T (Fig. 2).

I B = OEEEIIREUIE  (Fe19=64.78,
P<0.0001) 1B (Fi,19=47.59, P<0.0001) O
BRDRD BN, T HOLEFRA bRt SN (Feas
=45.77, P<0.0001). 4P X =BT
KEUBERA DD FAZ DN THAFZDRBRE L 0 fihT L
TAAER, B EIRIL U7X CORKMIERAD N RA GRS
b ({EKH 0 Fe.9=69.42, P<0.0001, {EH72 L Fe,
9=2.06, P=0.18), AU ATH7 VX=X DIH
VS ORI = T — I T ) F = RS
WHERX OFNL Y b7l (Fig 2). Ihohe
4 = OAREN 3 D AERRIE DRI DU CTHEE
BRIREIC K O LIcRER, 2w X 7Y 2 =it
XTI Sz (Rie = 66.89, P<
0.0001) 23, =&F—=a BTV X =JifEX (Fhe=0.31,
P=057) REMFEIX (Fi,0=0.13, P=0.73) TIIEH
P OISO DIieh otz a v X7 ) X =ik
XTI Z 2t L7 Rt LA LD &I 0
Y =R o7 (Fig. 2).

(2) FrohEBR

TR HZBT 507 ) X =HEOMAE, BEER
FOBE EO I Y EF =D, AERIZL S8
FERROHRS % Fig. 3 ITRUIZ. B 7 U X =8I ETO
WFRX CHAEDMHER SN, TOE—2136 Ann7HT
ot FEHRIPIC A 7Y Z =SEUISN O K TR
Nighotz. 70 Z OB IR O
DB (Fe,150 = 3.90, P=0.02), TEf#kO%)
F (Fu,150 =0.20, P=0.66) & ZNHDORAER (Fe,
159 = 0.19, P=0.83) I3 Sieinotc. a v Ao
7 =X D7) A =FEOR B IR D
& b&or- (Fig. 8). 70 ¥ SO E
Table 1 (TR L7z, fA L7 h 7 # =OfEofbktefit
DOHEIE DD DBT, agAF AT F=b=tF—2
N7V F=PNETOXTHRS . 72720, avXyr

N7V E AR Y Ry h 7 ) F=0, =k F—
SHT ) F=ERAR Tld=t T —Ih 7 ) F =3 E R
ThoTz.

LD I Y e = ORI RE SR (Fe156 =
10.32, P<0.0001) &AERMREEDOZIR (Fu,150 = 3.92, P
=0.049) ARBHOLND, ZHOHOZAEFHITRHEN
otz (Me50=1.84, P=0.16). RELDI LB
A = DIEAEIIRIBIERD RN T LTy (Fo1s9)
=17.82, P=0.0006), {fEf Rk (Fuis9=3.15, P
=0.08) & ZNHDRZAIFM (Re1s9=0.90, P=0.41)
IR S oTe. av s 7 ) X = BERXO3E
BILOREEOI D e =ofEEli=t7—=
B 7Y H = ERR R X O F KD BT

(Fig. 3).

I EH =T LB 10 A OBEEFERIIOE0SRER («
2=179.65, df=2, P<0.0001) ETEMTRELOZE (42=
11.14, df=2, P<0.0001) AGEO LI, ZhHORE
HAFIERH S e oTe (x2=1.22,df=2, P=0.54).
77V F = ORI RO R AT 572, v X
THTVE X E I = T — AN T X =R
X & MERERDC A Bl LTRESR, a0 R 7)) 2 =il
ROPERRDOHPIEHEARDENL D bR -7z (=
TR TV A vs BEREAX: y2=47.74, df
=1, P<0.0001, =&7—Ih7VF =X vs MK
fAlX: x2=4.12,df=1,P=0.09, Fig.3). 77U Z=~
DI BN A TS 5725, %2 REIC LY Kl
FRDKIZOUNTHRHT LTRER, BRI Tl k%)
EBO NN (x2=1143, df=1, P<0.0001), =
R I TN XK (42=1.97, df=1, P=0.16)
L=k IF—ah T Y XA (x2=3.90,df=1, P=
0.048) TIXEDEITRD HNph -7z (Fig. 3).

FIH BEHEHOXTVEIZBTE0XTH
TVEZIZKBThUHEXF=—DEYN
FhB&

1. %8

BREDD Y FITIALS ERT 5 2 ML RS 7Y

X=DHb, TEHFEORBEN RSN D& T TiE=

DR TV HE =L D I A = OB

BREWZ ENRALMNE o7 GE2HD). ZoZEn

b, BFEERICB T2 X 7Y X =EFIH LT

AT X =OEMIIROFEBINIF S 5.

HXRVETIE, avAXrh7 ) Z=0%AL6 Al



B ORAHYREREPICIIT DIARMED 7 U X = O R &5 Rz & DBIfR 9

v—2 Lpd (KD, 2003; - J110,2017) 23, —
FBRH 7 A RS B Ul o 3 BASR DRSO 728012
DT A I3 A — N RIEHIDE AT STk
v, %118 H OPBRIhFIEGMEE S 6 A )T
b5 (ZhF5,2007). ARROFRNIZ YR TT7 ) &
ISR LTRSS RE W (B - #5,2019) Z&0vD,
RREASER CIIAKFUZ L D I I o B X =0

HEDRDIAGH IR S AV TR RTREMD D 5. £ 2T,

BN VRIS T, 6 HRETa v Xrh
T RO N S OBHRMEIEA A I U7 (RaER
Bl & B TRABRE & 2 LR U, ARBO IR A R
LTe. T, BBy X h 7)) & =%
BNTHER L, AFKHED S T 4 & =2/ B Bh
THER LT

2. MHEBLUAE

(1) fitEt=R

AR LT a X h 7 ) =3 1 Hi LR U %
MThD. ZORMERRETE LTV

(2) HEEEHE K UHERR

EHIRIBHET O 2 BT 6 A AR F GRS 24
LCavRrh7 ) =50 VR LT,
TREEPBNE) A2 eh 1 EMERE L= AR (35.01°
N, 138.80°E, Vv oW A RIS LOFFERRS
RN IR, ks 20 4ELL L, w25 a) T 2017
D 2019 4E0 346, BHE (35.01°N, 138.85°E, F
BRI, FFERRRIEMN 3 LR —7 VA L Y Citrus
sinensis Osbeck var. brasiliensis Tanaka OO7RAH, At
204FLLE, g 60a) "CIX 2018 A5 2019 4R 2
i, FnEnEBRE S L. BEBX oK% Fig. 412
RUTE. TSRS U7 Bl (BB ORidE &
H2mofAH) THY, 1RE1ENH 3B #3an
58a, I vaUIAI0ENLI198) LT, =
DRy NT Y AR (BUF, HX) & X A
RHEICELE L, 4 3 s 7. Wil & HIRaFEI A
0% FEICRITEO X & M A AFURR 2 CRBRIX
e PRI L7z

AFRERIL I D Y X =D HIRFEASME T CERE L
To. AT HT Y X=0fdaL, V=77 4 A7 05
FEDNBHAR 10 H AN DIER K 20 DT &9 50 JRASPE T &
NIZBREA LT U~ AP EB L, xi84o
IIBGERCEAAT e &N D JFIECHERE L. Wik E $iC
EX 10 BRIV TS 10352 V=TT 4 A7 D

HEEEC, 201744 A24 8, 5H12H, BEXU5A
23 H, 20184FiX4 A 18 H, 5 A 21 H, BXU6 A 4
H, 20194X4 A16H, 5 H9H, BXU5A23H
DR 3 18] (B4 CHERK R 2K 100 PE+250 JA) fide
L7

TREED PR OIEHIO AT EIE A Table 2 (R Lz, £
FEHOAFEF IR L, 6 ARETOBRIZIZ= Y X7
T XD/ SVHE] (1 - #E5, 2019) AfE
E LTz FHT, Y BaynobbRa, Sy
FAF1 =3 A — b RHH & [RIFEE OBABREEA IR C
XHUFT 7 uT 71,000 f5HE GFE, 2017) O
1 [ AFRE Lz, 7 A URROFABA R L O—%E
PR T LT

AFEB IO BRI DB TBIREE 2 e A
Bl (RN JOFEARRRIRM ORAE, Hiikh 20 LI
I, R 30a) BLOBE (FEREREMNC, i 20 4
LLE, Wif50a) & LCERE L. 2RO ORI
7T ARETICH Y BAIROBRE B E L TOT A
F7 =3 A — NRIHND~ L3 7 IKFIFI 600 (51D VAT 5
Heaiine 6 AR 2 Bl S =23, Fhlish
\Za TR AT H O B D AT She
Ntz

@) FEHE

1) 5=%8

Ay 7 ) Z =BT 5 4 A6 7 A
F T 1 RIS CORENIBRETS J O THBRE DA
7Y F ORISR E T L. FRc~—2 Lz (i
FAXTIEI U X T A7V X =5 R L) 45X 10 B
OV, Ao 3 [T (8 150 BEABET 2R & %
A ROBEOT T ATy 7 ETH 10 EHIE, T LT
WA LT W T L2 Toh 7 ) F =535 2 fii
LIk IFETIEIL, FEFAE L7z

4 AN 5 11 HETREA 1 BIOMEE CHERE O
R & BEHERIX D X o Y e = DRI AR L.
AMROEX 10 BHTONWT, EROTED 10 3 (100 %
[RK) 7)o 7 LTy —F =Ry 7 AN, FER
V3T D Rsh % SEATRSSE (Olympus SZX16)
TRELL, HEH-VEEREERH L. 2ok, 7Y
VP IBTE ORI LD L LT

2) REHRE

6 H/5 11 A £ THEH 1 [BIOSHEE CIRENBRE Ok
X & SRR DOPEERR A L. 2017 (RITER
BOVDIghoTolod, FEIHTERED 4 AT~
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—27 L, BBOEED 50 £ (200 F/X) (ZOWTIW
Y X T LAWEORERZ ARIC L VIREL, KX
OIFERRAZHH L. 2018 4F, 2019 RiI5RENS
DTz, FRITOE NI RERED 5 ko 3 i
FRAFRNC—2 L, KRR 40 £ (600 F

/1X) ZeRifk & RIS L ORI O Z R LTz

(4) H#REEHREAT

Ay R H T H = ORREAN A 2 IR RICsEAT
D717 Y Z RO J T 5% — e 7
JUZ X0 EHIBINCART U7=, MR E 1207 X =3
DR —2 T D 6 H OISR A ALK L,
Jisdin] &Eﬁi(ﬁ:ﬂ%@i&ﬂ’ﬁﬁﬁ AL L. &
AAERDTRD SN AT MR EIC L v 7
7 =FADMERE :ﬁ#éﬁkﬁﬂ@?ﬁ%&ﬁ%m:%ﬁ
L, Bonferroni {EIZ &V HEKELZTHE LT AR: P<
0.05/3=0.016).

ARy AT ) =OBERE EOI B EE =
DEFERIET B RIBIRGET /M L 0 BB
fERT Uiz, AETCIXI A EX =ORENFRD Lz
2017 FR L2018 D 6 A (BT ) X =FADFEL—
7) 5 11 A TOHED - 0 AR EISEERE L,
Jihi & AERS LOMEIC R A b SNl B 23l 4%k &
Liz. ZD5 b, JklE kﬁ%i@:h%@&fm’ﬁﬁﬁ%l
TENR, ISR A SN R 2 AR L LT
R CIEI I EX =DORANGED HiT- 2018 40 6
A5 11 A ETOREDT W EERAISEEEE L, ik
fifl, FAS H AR S Uiz, 20 9 bRz EEhE,
PE R ZEERL Uiz, 728, WUy OREEICIX
REML % v /=

Ay R AT F ORI Y X = oE
FORICKIF TR, YT /WS L0 B
fET Uiz, A BICIX 2017 438 L OV 2018 4E0D 11 A DfE
ZHAWCTIER L R LN DO AR 2 A
ETBRURT 4w ZEIRSHTIC L VRN LT, REAE
FADFRD LIIHEE,  x2 BEIC & VIR D5
BN RN AT L, Bonferroni V12 L ¥ A 5K YE
ZFPELTZ (P<0.05/2=0.025). BRETIZ 20184 11
A DA TRt 225 L 3% 1 2 BUEIC K W ik
Hriiz.

FREIZIZ JMP version 12 (SAS Institute, 2015) %
Ve T2 EERIET 5720, F=EoEETEN
0.5 AR L Criist: (Yamamura, 1999) L7
iz RV 2. W HLORRTE T b shRO SR SRS

X YAVl

3. #ER

AR AT YL =k LT ARIB I OB EOS
7V X JAOERE O & 6 A OFEER A Fig. 5101
L7z, ARIZEITS 2017 F 5 2019 4F0 6 HOH T
U Z = OEEEI IR O (Fu 2 = 2523, P=
0.0003) EAHFEDOFE (Fbi12=143.01, P<0.0001) A%
Do, ZNHORZEEH bR S (Fei2=235.63,
P<0.0001). #7'V & =JEDOBAEEN 35 Fdrooghi
DWW THMIEZFRREIZ & 0 RN L7 S,
2017 XA BB D beh ol (Fo=851, P
=0.04) 7%, 20184 (Fu,9=175.96, P=0.0002) &
20194F (Fh9=21.94, P=0.0094) |JIIHERZEDR
D HIV. 2018 & 2019 FEOWIE & b HERX DA 7Y
A =FADERSI AR D L 0 &7 (Fig.
5). BREIZIIT S 2018 FL 201906 HDATY X
=HDRBE T HERONE (Fu,19 = 204.79, P<0.0001)
LAEDRAE (Fu,19 = 18,56, P=0.0026) H3%89H HiL7e

23, OO AMERIIRE S s -7z (F,19=0.01,

P=0.96). 2019 FDH 7V Z =JADEAREL L 2018 FD
FNLY L, WTHOESHERX DN 7 ) Z =D
{EFESBI IR DOZF L W %07 (Fig.5). 6 H
OFEBRIY, BERDOATI Db BT, £TOFETa Y
R HT ) EZRNERTHT-. RERRRE (ARBE
U'BR) (CHEET DIETHRE WEBLOBE) @6
HD17") 7 =JADEAEHE L ORISR Table 3 1R
L7z, AREEB LOB FECIHEHHRIX T H 2T OFREFET
N7V FJEREEE S T-olzt L, AREBIOB
B CI% 2017 4 & 2019 DMl SNT- DB TH
ol WESN- A7) X =HT=t 77— T I F =
HLLIEFIYan 7 ) F=pE R TH o7

I Y =OFELT Y BRSO A Fig. 6 1T
L7z, 2019 I e ©ITARE BOREDNTD Hil
7einote. ARICEIT 5 2017 R LN 2018 420> 6 A
235 11 HETO I VX =D3EDT= 0 B 3k
FRONENFRO STz (Fuse=17.83, P=0.007) 73, 4F

OEETRO LT (Fus9=1.87, P=0.20), ZHLH0D
ZHER B SN eh o7 (Fus9=0.04, P=0.84).
HHERXD I B W B X = OMEREI SRR D2 &
D Hb7eino7- (Fig 6). BEIZHIT S 2018 4F 6 A
511 HETOI A& =03Ed 7= 0 Bk Tk
DOFENPFRD BV (Fu,20 =722, P=0.012), XD



B ORAHYREREPICIIT DIARMED 7 U X = O R &5 Rz & DBIfR 11

B Y X = OB RERAR O L ) bR
otz (Fig. 6).

IH YL L D RERESSR O A Fig. 71
RUTz. 2019 TG & 6 ICHER R0 D)
o721 AORREERRT, ARTEEAEOE (1
2=59.53, df=1, P<0.0001) EFDFE (42=114.88,
df=1, P<0.0001) 7%8H b, ZHEMABHRH S
(x%2=38.87,df=1, P<0.0001). BiHERRITH
D IEAD PN TR LT-RER, 2017 4F (»
2=6.12,df=1, P=0.0133) & 20184 (x%=352.60,
df=1, P<0.0001) ORHE:E HITAERZEDTD DN,
UNTHVODAR b JSfiR X 0D BRI E R R LI SR X D E AL
L0 bE»-72 Fig. 7). BETIE, HEAXO 11 Ho
PR ERRIIERFAXOTN LY bAEITE» -2
(x2=92.84, df=1, P<0.0001; Fig. 7).

FAE B

B U PN LR OSAN Tt 3 2 B MEAMIE T Lz
IWPEX=RNEIRELTEY (B - 884, 2018), 4&
PEBII S =& 2l L TR L Cnd. 2ok
DRI X =T D RO e D
g, AEROHABEGERED ) 2T @D D DI73
O, KEEYERT 2 Z & CioFRDO Y r—T xR
OISRV H S, TIT, T, e
FEDOINTEAL RN I W X =olrAikEE LT, &
BOIREMEN 7 Z =% FI LT MBI DU T
Hamd D, FIOIL, BREOD XVRICERTHay
RGAT VA =BL V=T —ad T VX =DIHh
P EH =TT DR EH ONCT D L L bl =
B L OSBRI L 0 b 2FAEMED 7Y =D
AR DR AT L. 2 ORER, W
L BICEZL DIN Y EX =TGR EHET D0, &
BROF T 24808 L2 o & VOB 2 T2
BRI av Xy 7 ) X =DRHINI T P EX =0
EB L OZEOWEELMFFTEETH D Z LB HNE 2R
Sl TNET, IH Y e =B R e
ENTWDHREUIZ v U ZICBIT D7 A= ED—
T Hirsutella thompsonii Fisher A C#&H Y (McCoy,
1996), FHETIIARELOF KRBT NN EE X
BTV (B, 2001). 22 Exvb, AffgEE, =
TR ATV E =N B Y EE =ORBRCAR IR R
CHDZ EZHOLNI LD TORETH L. =6
12, BEFERE VRN Cay Ry 7Y £ =i

DN SWIERI A U CARIERET oL L b
2, AREAEHEETRT 52 & C, IV eX =0
PROSATRECH D Z L ZHLMNC L. ZE T, FodE
TIEI A Y B X =OPBRITEIMEFRIBERUSM A
BAVTUVRU, ABIJEICR Y, BRI 2 =
TR 717 ) X = ORI KB EWINBERRO FEEL A EE
PR R ST,

AR H T F =R T =T V=Tl
TIA P EX =T ZOFEPEINE L7 AT
720y (Kishimoto, 2014). —J7, I B X =pghk
T2 —HH Y RRHRRIIa A, 17 ) 4=
P 400 5, =t 7 —H 7 U # =73 500 VL & HEE S
h (Fig. 1), 26 2FHERMED 7Y ¥ =34 Tid7e
WEE (F7 ) THE L OEEREIHRETE S B bND.
AIFFEL FRRDFEIZ LV A7) X =D 7 v X =HIT
KT H—RA BV EIHERELHIE LTiEIC LD &,
AR TV F=RIO= T =AW T X =TT
B X =& TR 300 PLFS LU 400 PUffifrd
% (Kondoand Hiramatsu, 1999a). F7=, FAETH
EEIBIERER & L TR STV D AT LA —T)
7'V ¥ = Amblyseius swirskii Athias-Henriot i%, h~
kv % = Aculops lycopersici Massee) & — H & 7- 1
K 1034 ICffifrd % (Parketal, 2010). Ziu bRk
R L, avArh7 ) ¥=BLU0=t7—=
N7V EZIII T e TR LRV REE A
FoLEZHND.

AP Y 2T 2 —HHIZ Y AR =
v —ANT VX =DFNAVR TV =L
%<, Z®OZ L1X Kondoand Hiramatsu (1999a) 23E
VX =2 LIZGEThEECH -T2, 2oz e
Db, 7V KT AR AR = T — =
HTVE=DFNag Ry TV F=L0 bZ 0 EH
Zbb. Lo, TG 2N T )X =537
U EH S REE LT R OO IR L
TEREIREIREZ R UTRER, a v X7 F =13
AREROBEAZIH CEIR, =7 —ThT ) X243
i C& 7otz (Fig. 2,8). i ChH, Znbohr
U ¥ = LRED Euseius J&F SN Amblyseius J&D~7 2
H IR DEEMHIAR ST S TR Y, 46
2k X 5 & TiX Euseius stipulatus (Athias-
Henriot)X°> Euseius scutalis (Athias-Henriot) {377 > %
VIEENNES 5 7 4 =0—Fk Phyllocoptruta oleivora
Ashmead OFEEZAHTE 575, AUNLAF—ATY



12 i AR BRI JE TR AR 2 17 5(2025)

K= IFOBEEMFI CE RN EBRHEEIh TV

(Maoz et al., 2014; Warburg et al., 2019). LA EDZ &
D, AURF ATV A =NET 5 Euseius &7 U &4
=Y, EOMEREEREE SR SV A I 2 7o
DT H =OFEEIHITE LR B 5. A AT~
VA=A NT VT DOH Y E T Euseius J&h 7
) Z=pa— 77 A Chloris gayana Kunth DIk %
R LR A BN SY, BV aEETs 7y
S ORI ZMHIT 5 Z LM TS (Smith
and Papacek, 1991; Maoz et al., 2014; Warburg et al.,
2018). FNETYH, 7 A/ % Cinnamomum camphora
L)DIE L TH=FEONTIELT 27 v ¥ =0—F
(sp.1) ZEHE L CauRrh7 ) F=p3EfL, du
ERIEEIIHIEDT L F = (sp.2) AHHREL CEOMK
AT S Z LB TV D (Kasai et al., 2005).
L7ziid>C, RRICRIT 2 a0 X5 A7) X =D7
X =RATKI DPBROARIMY, ARBOBEE L TR
# OB 5T, B SO T
TS 25 S 5.

T~ OIGROIRANT, HROFBROBEFEIMR 5
BT RKIROME & U TURHE TRVWEA IS E DR
HEEFT A ECTHZICTHS (Evans et al., 1999; Landis
et al,, 2000; Wade et al., 2008). &I C, & 2fiCiI=
B LU ZBNT, a7 ) ZF=H 1<
W=7 —I BTV F =R & RO BRI 4T
A ORI ARG, I WP EX =OBEER K
OREP MR ARG L. |NFERCly, av X
TR T Y X = OffR TR O L A RAEDE D T
T, RRBOBAEAEIMUIAER, I v es=
W DR SR b s (Fig.2). A=
D DRI 23R L Cuvie & B 2 b D Bo1 ER
T, EIRMEOFEC DD BT, au Xy a7 ) F
=X T 7Y 2 =DM T IR X D Z 4L
FV %L, I BV OO E R T
XDZ & i U CED -7 (Fig. 3). LLEDZ &7,
TR LD W e F =0EIER T, 1Eky%
OIRBEEDIFAET DR T Ca o Ry 7Y X =%F|
T D2 ENREHTHY, TERORBNIARIOFE S
BHDHZEmb, IV X TR DR
(T 5 Z ERHLNE T ks, BANEREACIE
WX CHLa X7 ) A== T—ahTY
S =PMAESNIZZ E 0D, PRI EED 2 TR
TV EZDBMHET DA T CHEES - LB X B,

=T —IH TV H =L ERBDATNVAF—HT Y&
=Wy BT ) X =L EED E. scutalis 1Y HE
P72V RPHRE CTH D128, TDIFEN E. scutalis
DEFECA DY EY KETHREELEfESh TV
(Maozetal,,2014). ZHHEDZ Enb, JEEMENTY
X = ORERFEEAER2S 2 5 > 6 & =0EMibiRIc
W DAL LRSI TRY, ZOMICOWTITF 4
BRI 5.

i HBIER & A RIOIREZ TN SE 2720121,
KB I 2D FRSK o fs F[EREECR 2R D
TR WERFI ORI 72 EREE L 72 5 (Ruberson et al.,
1998). WXV LTI, a v AT a7 ) X =04t
IFENPOYIBICE—Y LD (Fig.3) 2 &b, ZOkF
HAODIFE RFRIC TR PREREA 2 FIH U CAR KU
DI LT, ARIOI B e F =T DA
ENFESND EEZLND. TIT, HIHTL &
R X VRIZBNT6 ARETav Ay 7 4
TR/ (1 - B8, 2019) AEFILT
KR AARHET D & &I, ARMOBRBIERIC & %
Y X =ORRIRAEHGE LTz, T ORE, 1817
BEBRETixh 7V X2 =JE0IVE LR S e o 7
(Table 3) 7%, JEERMAFZFIM L= TRE 13l
7Y B ERSERE S, TSIy X T
Y H =Tt (Fig.5). ZOFESMEC= Y X770
T F=EHFREICHEET D L, Lo TR
WD b00, BHEIX I & h 7 2 =m0
%< 720, W B Y EF =OEEFEIT IR T
(Fig.6). F£7=, avXrh7 Y X=Xz 58
FERRFIHEAX OFN & g U TR -7z PLkoZ
LoD, BRMEKIEFRIHT 52 Cay X7 ) &
=PEESH, I6IZ, ARG 5 Z & T
TP EE =R BRATHE T D Z LB B L 2 oT
UWFVOIBT TG T b 4R 5 A nsb 6 AT i
RO B Y BATROBYETEE B E LTz VT
F I =3 A — NRFEHIDEAT SIVTND A, ASRFOIE
FliZ= o R 7 ) Z =kt D8RR E N (1A -
H4F,2019). —J5, REEDIBREICE S =TT ) v
133U X7 7Y Z =R O AAEREEIN KT TR
NSV (B - 85, 2019). 202 Eanh, 1BITHS
BRECIEa v X 27 ) & =03 S, RGNS
Bl IR E O BXGE O ARBMRGES - & F
ZHD. Fio, AWEAEER LT IO I ey
=(RATRI DT A A — S A — R RIRAN 3 DI
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PMEFLTRY (hH - ¥, 2018), A FETIIARHD
HHI7S 2017 4E L 2018 £E124% 3 (1], B [BITIE 2018 4EIC
3 BB STZIZ b b 6T, & TOX THERI R
W (Table2, Fig. 7). ZHhHDZ o, ER
R CAERRER T LEROOLSE LT, YFAD
— A — FNRERIOBAN LD AT X T ) X =D
PERE I X =R FIC L D ) —T =
v ADAREME SRR S 2. IR OF T Prunus
persica (L) Batsch EICHHED SR E L A0 A FR%%
HHFNOWATNZ LY av X r A7) =Bl =t T —
INT V=BT, R e =0 —Tx

VAN EEZ E5 (Kondo and Hiramatsu, 1999b) .

Dbz an, BfEICBIT 7 =HD Y —
=V AET-DIELEDOIRBES 7 X =034t
IRE VSRR AR D70 &, BRERIE B 070
BRASROFBFIPILETHD.

AR ATV E=EII B PEL =DREEE L
TEE L5, iBmE CHE CTE 20 (Kishimoto,
2014), {VEEHAIRMT 5 2 LIz X 0 AKBOMIAREE
BEDSEE DRER, BFE U CHAE CI37a ARE OB 4
PHcE s GE2H) . £, avXshT U Z =ik
I X =ph A —H &7 0 HERTRI400 T
MRTRELHEES N E1E). ZhbDZenb, #
A U 7= U TR A B B B S O RREE A MG
SNDEETHY, D Oa TR I T X =HER T
ARFASEARESR S C 6 AR SR A LR,
SROIT Y =DM S TERERIX LD HHE
FOBEMEL 22072 (Fig.6) EBEZbND. &b,
I B =D D REAOBECRIE L To

ftiE 6 AICAE D (8,1979; K5, 2008) 728, 2w
R h 7 ) =X IR AT DA E R OF)
HEEEEDMIIH S HVAER, MR X 0 HIEREEIMR
<HEB LT (Fig.7) LHEEahs. —J, Ihodhes
S ORI ROEEITAECRMIC Lo TRE &Y,
FEIZ A FTHE 2017 4E & 2018 420> 11 AR X D
WERRNZENLN 238.7%FB LV 48.1% L 72 o7z
(Fig. 7). ZHET, IHHEF =
FAEROT 22V TEHS MR H LD, HT)
T RBNNRN D EB 2 HAVTU V- (B, 2001). L
ML, T2Ex 6 Ala R h7 ) X =0FEENREL 7
S7cE LTh, AROBEILT A0S 8 AIIHMETT
% (Fig.3). avATrHT IV X=DI B eFr =Tkt
T HMEREDSIGITZ A 7T THY (Fig. 1), ZDZ L1,
IHYEF =R —ERL L THENE DS L ar X
A7) F =R L o TRERORINEZMH T &
RNZ EEREBL TS, LLEDZ &b, ARHIIE
ZELARED X 1 2 B = OHINE I TC & 220 ATREME
b5,

fame LT, 8RBT &2 I 0 Y 4 =0
BT, B HROIREEERRAN) SIS ORI DM E
TORET TR h7 ) A =%FHT5Z E0H
BTk, BRI CIIED DY TR R
TRt L OV RY 5 Z L CEHTE S, L, A
KDDL TIIHIEM A B LTI ey =
ERT S 2 LIRSS b B D, AL, EFoa
TR HT Y H = ORER FER AR L T, by
X VR LIl T 2 ATKERDEATEOMERT - HEEEIT &4
T AMEDRDD.
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Tig. 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+2.524~103x), A. eharar: y= x/(0.807+2.107/103x))
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FE. sojaensis release A. eharairelease No release
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TFig. 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

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
FEuseius 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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Orchard A Orchard B

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)

Mancozeb 80.0% WP (500)

Late September

Chlorfenapyr 10.0% FL (4,000)
Pyflubumid 20.0% FL (4,000)
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. sojaensisrelease dates. Numbers on bars indicate the number of identified adult

females. Error bars indicate SE

Table 3 Total number and species composition of phytoseiid mites collected from conventional-control

a Total No. of identified adult female
Orchard” Year b - - - - - ; ; ;
number FEuseius 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)

c . . . .
Numbers in parentheses indicate percentage of each species
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Fig. 6 Seasonal changes in the mean density of Aculops pelekassion the leaves in two experimental orchards. Arrows

indicate application of registered pesticides for A. pelekassi control (Table 2). Exrror bars indicate SE
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Fig. 7 Seasonal changes in the cumulative rate of fruit injury by A. pelekassiin 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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PN = DB

=R FY BT, 7)) I3 14 O RS = (O
FoFR M, TIH =R, Ao A=Fh2fE A
FET D (AANSHEERTYS, 2006). ZDHH, %
R ESRIE & 22 oMY, 7 A =R ETHS
=YL =B RUONT =R THL I T TNS
=R INF=THD (HIE, 1968 N, 1982 L=ty
1995; EfE S, 20015 1L - 54111, 2014).

= B X S IEN DYIE T TR T 25
D IHEFEAFITNEL, 6 A TG 7 A HAICHAES
N —2 Lien (s, 1995). AERICEZFHESN
TREDECAROREAME T L (R, 1989), B YRR
Tz ShDE &bl U RIS 5 (s,
1995). ITE, =k LY X =M 5T LR
B RERE T A )V A pear chlorotic leaf spot-associated
virus (PCLSaV: Kubota et al., 2021) (2 J 3B E
W CATF, YA 700 BRERBEE 7o TBY (A
FRH,2020), ZOIERIEL L < 7222 & FEHEAIN 5
ZROD BN DZA - YIAD DI, ShRDOFHED
ZUBIZ L ARFIEROARENILEZ D (i, 2013). F
ORFFEL L, BERSE DR IATFED 7 H HAEE

TN LI T D720, FoE LIR L6 e
PR UCTAFEREHERTT DI01E, AFERERTDZ &0
HETHD.

NG ZHITBER BT L, BEUHERSCRIEE S
FlEEEZT. £, AFROREL—7 BOBEREN
13 EREOFCRPEPEEIME T2 (WH, 1982) =
Lnh, ESERREER AT DIODIIARER O

D TE D, N SIS A R S0
T R 2R AR th L R S TR Y ORI - A2,
2009), FUETIIAY FEOFERCEAHE, FHIOBA
RIRIC & o CHAIBSEMEORLE N R D Z L S B
Lo TS (i, 1968; 1LIlkF - Skill, 2014).

BOEOF T EEE Tl =t T X =21 RITAE
8] 2 [EFREE DR & =l S ST 5 (RS, 20005
56,2018 KD, 2019) 23, ARFRIELHE LISAIC
% OIS =Ha BT 20BN S D, ZO X
D 7p =T LY B =TT 2 HH O HEEROHIN
1%, ANEROFKAM A FESE D RN DD, E

=R VR DIREME 7 X =

&= e =LV

7o, =BT U A =RONT ZENLRTDERE LT,
Bt e HHANTEANEDIT, 36 LOEETE RLoBBR
ZHEE LT ERIRMEESERI ORI X 5 L5 Kok
Br7e ERER SN TV A (HE, 2001 Kishimoto,
2002). THETIT, T OFEREMCIT 3 Kita s
LI =SHOBRERI L SN TN D (FHED,
2000; 511 - i, 2002 THEREHOKPERR, 2020) 73,

=R F P X =BG O B HFAN DS 1T EAE KL

X DR ERRE W (BAD,2018; +H - #H, 2019;
FEARD,2020). D7, AEREFHNL VBB S
L IERBDHRS I, AT =FO Y =Tz A%
FEZTEEEER DD, LLED T L, SHHRETESE
BEOY R EARWL, »OBEFD IPM & )& =t
TP EH = N JHOREELToOITiY, 41,
TEREEFAHLTCINLS ﬂ:ﬁ@[ﬂﬂ#ﬁﬁ&%&ﬁf AEIC
T DT AR R E LS.

BAEDO T RIS =HHOH 172 5K E LT,
H=v A7 N, TINNRIYHE, NF=TYR
7~ Scolothrips takahashii Priensner, /% =%~/ T
DO—FiE Fetiella sp. &\ > TR HORMEDO R D
BEFEOH 7' ) F =R LTS (Nth s, 20005 &
f& 5, 2001; Kishimoto, 2002) . 5 L7 ER g~
S =IEEEMICIR T 2720 (BILRF U S
2016), FHLISOERFEICR DRI T x
RN 7, BT, N SOk R E O%
FEWIANE ZIOBRE FA L FIRES L IFR0O0EN T 1
4% (FH8 5, 2001; Kishimoto, 2002; Funayama,
2015; Funayama et al., 2015; [Lil&F < 54111, 2015). =
ZED, BAVHBAE I Y —HEOWEERIRBE
Z EDRRE A B D, — 5, Type MBI U Type IV
DIEENED 7Y & =3 SEUSN OB NE R b
BARETH D (McMurtry, 1992; McMurtry and Croft,
1997; Messelink et al., 2010). %7z, ZIHERMD T
Y & = 3E RO R AR DR A FH L <%
DIEARBEREZMERFT 5 28T, 73 F =30 (2%
2NZ =4 (Osakabe et al., 1987; Messelink et al.,
2010) ZFEAEGIA HARE R HNHT S, LLEDZ Lo
b, =S PEL = e\ JEERRHC AR B 729
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I3, KB 7 X = a BB OB AR B
ot ICER - BESE D Z EBNEI LB D,
IR 7Y X =% LTBRR AT 5 |
T, XGHURICRAET D LEDA T X FEORE AR
THMERSHD. FIT, H1ETE, FHRENORE
G VRNCRAET DA 7Y X = HORER O v
PN ZOFAEEEZRA G LT, BRNOTUET
HAETDHZ EBHALNE oo TR IRAMA 7Y ¥ =Th
ARG HT Y =B 0= T —a T X =%
PTG S FERE TR T % AT
AEED, TEIRHIR SIS (Osakabe et al., 1987
Osakabe, 1988; fii7tH,2004). ZD7=h, 552 HiTix
AP TN = OB EFAREN O IR RN 7)) =
DEE RO DTDI, FREIDMRIE SN DRI TICE
WCagRT AT =6 LLIF=tT7—a 7V ¥
SEBER L, ARERITH DI AR 2 FERRIREN
THRELTZ. RIS, B 3HITIE, MV EERZRAR
BoNT=ay X7 ) X =OFEMAEETHET 570
FRFERIE T R TR O & I L 5=t
FIEH =R I OD P UNT =LY% e
L.

F18 BEREAO-_R FURICRETIHT
1) & =FEDEA

1. %8

BHEOF VERICET D EEDN T F =HHOT
B, HUERoHRTE, RSN AEA, AT HER
FilZ ko TS (N5, 2000; Amano, 2001;
Kishimoto, 2002; Ishii et al., 2018). % ZC, #hlmEMN
ORFRSE T VAT AL 7 ) =& R LT
HISRE R D723, FAET AT F=FHOFE
N ZHHDOREWMRE A O LT

2. BB XLUAE

BT (34.84°N, 138.23°E, ‘E/K, S, “EKE L
Wb ESXORNE, MR 15a, B 12048 X
e (34.81°N, 138.26°E, ‘F2/K°33 JLUMEK A,
TEREKY b a, 125 A) DM 1 R
VNG, 201844 A 10 A FRIETEH 1S 2[4]
OB CHA L. KBEHIOMEED 10 # (Rlln 20 £
5304 ZHFFNCY—7 L, BHOEED 405 (e
95 30 ZEHHIHIE 10 35) (2o TAH 7 # =Sk h
BLONF =Filfploh 2 RO FRE L7z, 17U =5

1$3Hd% MASO i% (Saito and Osakabe, 1992) (Z[FIY
L, Hoyer [KilZ~ 7 > h LTT LT — MEARZ{ER
L7z 209 b, MRl IS (Olympus BX51)
THNE IS LUV OTZRED bFEA[AE L7z (Toyoshima
etal, 2013). WIS —AE B L OSEAIBA
EEEEITE Uiz, 7ok, TREBIMES O RAERRT
ThoT-.

3. #HR

FH BN OREFFRSE T BICIIT 5 7 ) =S s
NEZFEOFANEE Fig. 812, 117V X =JADFEER
% Fig. 9ITR LTz F7e, SAIOBATEEA Table 4 |12
AU A7) FEEmERR S ©I12 5 B MR DR
FHAEH TH S 10 A HAE CHER SV, S
7V X =T Type 1 OF VU H 7Y %= Phytoseiulus
persimilis Athias-Henriot, Type DD I Y a7V &
=B LT+ A7 U & = Neoseiulus womersleyi
(Schicha), Type MDO=tF—=H7 VY #=, Type IV
DAYRTHT Y Z=D5FETH T WTNDRERMT
bAYZHDFAL, BHETTCIES A ML 8 A LD
2 e =7 BHHITR, BEETTiE 9 A Maice—
WH-HIVT. FHEHICIAE Lo =83 v
PUNL=Chotze. FIITIVE=, I¥vahTIF
=, BEOTFTHHTY X =136 ALBEOH AT NK
=DELEBNCE O a0 =—NTELS GRS, =
®I—Ih 7Y Z =T A E TR ERETH Y,
FHZ 8 AMB 9 BT TE LS. avXsh
TN X=X T AUBROIER DI ot Tk, ATV
K RSN OREUE, BEETTT 7 A NEOFHARH T
DNAF =TI DPMER SN =DOHR T Tz (77—
HHE) .

B8 RV UICBITALREATIEZIC
& B/NF ZEEREANGIEHR

1. #8

FR ORI REE TV R CHRAET DIRBMEN 7Y &
SEEURTH TV =2BI V=TI T Y =
D2METHDHZ EPHALNE T GELE). LaL,
ZRETIE, FYOF SR DIRRES T £=0
HEL, bva o7V 4= Amblyseius orientalis
Ehara |2 & 2 4 7 b U N4 = Amphitetranychus
viennensis (Zacher) OFAEMFHRI RS TND
DHTH% (Kishimoto, 2002).



24 i AR BRI JE TR AR 2 17 5(2025)

IREEMES 7Y B =13 =FAOEREDHENN LG

% & ZOBEEEAMITE /2N DD, N JHADKEE
FARICEEEOWMEZMH LT EInd
(McMurtry, 1992; Messelink et al., 2010). fE& 725
R O TR & KO BIRTEE A R 5
IREOOE D& U TREEEOID 2T B (Landis et
al,, 2000; Wade et al., 2008), %< DH 7V F =zt
TAEM TR ZELRRBFEETH S (McMurtry and
Croft, 1997). ¥« frili (2019) 1%, 7 v~V Db
BEHE LIAG/RICau X a7V A=, =k F—3h7
Y& =& HICA BRI E S, 2O i
& o T EECTHD Z L HFHLNI LIz, £ZT
A TN = DI TR S 7 v~ feky &
M HICHHET AR RC, a v Xy T Y A= LL
E=t T —a B 7V X =0 L DAREROIA
HIEIS LOVEAMED 7'V & = OPRDSARE O
(CRIFT R RRRE LT

2. MHEBLUAE

(1) HERRE I UIER

At Ll a o X r a7 ) =Bl =% T7—
IHTVEZIHE 1 HEF LR THD. ZORME R
B LTV

RAEEEE L CH o8 Bl L7=10i1E, 2016 424 A
(R L BRI TR T o & — (kAT
TALXARER, 35.85°N, 137.80°E) D2 <~ inbAER:
TEEMEL, 50°C OIEIR NI 2 HREE L Chi S
77#%, 250 um A v a2 OFRIEE ST bDOEFH L
7. TEBNIES 5 £ T-20°C CFE L7z,

(2) HERX

AGRBRIL 2018 A5G L 7=, JRRRIC L 2 Rt L O
FREEOK T 20T D725, R AR IeT R
BT v 2 — FRETTE KRS DM Z A i
(M0 15mx BAT14mx &S 5m) (B Sz
F16 K (il 6 4F, SEACS e, RS s, Rk
b i 2.7mx F] 3m 2> 4m) ZHV, FRTH
BT NZ = )MRBEE DB, a7 X HT Y
Fowid AKX, =7 —I W7V ¥ =T 5,
FHUZFBO R 2\ F A A2 KEHERX, 35X
ORI 2372, 2D 4 BX Al o D& 1
X 182 A & UClR—OBA B L2 L O 3RE L
7z

AFRERIT A U =D HIRFEAESAE T TR L

. avRTHT ) =R BN =t T —I T
H =X CIIAFES 7 ) 7 =Dl R & K721 30
VEDFEET4 A 12 AR LS A 9 ADF 2 [alfE L7
B3R VS, PEIRBEAS 10 H LA Ok iz U
—T7T A A DDLEO L, [EEOFRE HRE RICHEREL
7. REHEBRXTIEs H 14 Bic7 =7 Xk
10.0%3L#1 1,000 f5ii%, 6 H 15 Hice 7= b Y >
7.2% 717 7V 3,000 5 ENENARBITOEH 1L
DIKETHAR LT,

FERORFEERARFOILENEN 7Y X =) 4 b
~DERS LA T, 4 H12H, 5H9H, 5 H
24 H, BEW6HT7THDEM[E, ko rw<>yoft
¥4 1,000 fEHAZAIR U7 AEBIR 2 B BT £ 49 500
mL O/KECEfEA LT,

ORI ONREAE B TR T L L72AY, BT
B 2 & VAt A DN K D TEESTE L. &
72, 77T AN ETOUERXIIRA L2, 5 A
9 HIZFT A bV A 10.0%ERKIAR] 3,000 5% 4
BHZHOEHR 1L okETEBIcHAn L7z, &6IZ, 8 A
9 H OFERHI AT =JADZF 5 MR LizT-, [FHIZ
T )BT 72 30.0%7 1T 7L 2,000 (5E A AN
S 1L OKE TR Lz, 7ok, MiakPIi3Bh
B — NOWTE L TR X EICIES T L
Q) FEAHE

4 A0 59 AETEA 11E05 2 [BSERE CEAE DT
BORZHHEBIALT D07 X =SEshhis &
O TN =fifh i BRI OV TR LT,
7Y F = 1 & RO IE TR L,
[FIE L7
(4) HrEtHiEMT

RUERASF A8 FICRAT D07 ) =R RIE T
AT D72, —WEET MLV fiRT L. 5
At 6 A T R 50 I AF =0 1 [H
HoRAr—r) BIOT Anb 8 A HA) (RERD 2
BIHOREE—2) £TO30HEHZYDOETDOHTY
X =JAD BRI SEAE L, AL IR IO
INBORANERAZEIASE Uiz, 2CHEAERDSGED &
MIGEA TR B2 AR E 21TV, Tukey O
HSD M@ & 0 AP DZEAfRT LTz, IRIZ, ALBEAS =
TR ATV =RBL V=T —IhT ) X =Dt
TEAEN R E B AT 572, 5 AN H 6 A TH
FTO 30 7= OFFMEL A IS S L, AL
HATRIES L 32— MIEET UK ORI LT
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BZEDRO b rA1E Tukey O HSD MR7EIZ X 0 FERI)
R DZEZARHT LTz,

WUERAS T A FICFAET D0 P I AT = RIET
BRI H728, —HIET /U K0T LT-.
AERO 1 [ HOREY—7 THDH 6 H FRBLO2[E]
A4 —27 T2 8 A _EAID 30 2 T= ) OffiFsk
BIEIHL L, W LR LU0 b 05z B %
IS S LT, REAERDRRD DAV A T IRRI
HIIZhFRRE ATV, Tukey ¢ HSD BEIC K 0 U
D74 AT LTz

FREIZIL JMP version 12 (SAS Institute, 2015) %
Ve T EERYET A7, FSEOMEEIIER
0.5 ZME LTl (Yamamura, 1999) L7z
fEZ 2. WFHIORE b S IR CE 0 72
Motz

3. #ER

AP (U RTHT ) X=X, =7 —3h
T F K, REEHERX, 3 K OMEREIX) 2k
BAT Y H=RRE T AP TNE =D OHERS % Fig.
10/R LT, 7Y & =30 BREER T D%

(F320=2.711, P=0.07) LMD (Fu20=1.09,
P=0.31) 1 TBD NI, T HOREMERIZ
ITHERZESRH SN (Fs20=38.02, P=0.0497).
BRI T X 0 IR AP D 25 A T L7z
R, 5 AND 6 A THETOANT Y X =HH0 SRt
Blix= o X7V F =R REBERRX L0 b
Bl o1 (Tukey © HSD HijiZ, P<0.05;Table5).
—J5, TR)S 8 A HaDAT Y & =FH0 RFEMEs X
IR A B 22430 b o7 (Tukey ¢ HSD
E, P>0.05; Table 5). SHXIZITD 5 AN D 6
ATRECTCOagRr 7V A== T —ahTY
K =DORFEMIEEL (Table 6) 13 & HITPRDOBNED T
bz (ayXrh7 ) Z = Fei9=27.62, P<0.0001,
=¥ F—Ih 7Y F=: Fa19=425 P=0.0291). =7
R ATV E = ORIEHEER T2 X AT ) X =ik
FXA IR H <, RO THEREAX A %) -T2 (Tukey O
HSD #iiZ, P<0.05; Table6). =t F7—=ah7 ) #=
ORFEEII = 7 —I N T ) F = ffAX 8 a7 X
THhT Y FE X LD b EEICE) 5Tz (Tukey D
HSD #iz, P<0.05; Table 6). 7233, Az L
THT ) XN RBUIHGR S e o Tz

71 DN = ORI IHEROZF: (Fs20=14.50,

P<0.0001) 3L UNAADREE (Fu,20=17.84, P=0.0099)

DRRDOHN, TNHOREMERIC ORI S
7= (Fs20=3.29, P=0.0378). HAliEhEIc &
REABN BRI O AT LTSS, 6 A MR
INE B2 0 X7 7Y X =R L OME
BERXN =% T —2 07V F = HfaXEs L UK
XL AR -7 (Tukey O HSD #7E, P<
0.05; Table 5). —J, 8 A FHIOH T NZ={Eik
BB A BB 5T (Tukey @ HSD #
%, P>0.05Table5), 2TOXTHLYPUNT=4%
F L7z (Fig. 10).

A7) & =FAOFERERROHERE A Fig. 11 IR LTz, =
TR A7) H R ISR TR 6 A MRIE T
TR I T Z=HMEERTH 720, T HLBRIAR
WO T DT otz =8 T —I W T ) X=X &
KHEPEBRX ClE=k 7 —ah 7V ¥ = MESECTH -
72, WINOAEEX TYH B P UNZ =835 LT
WZIEF VATV F =R vanT7 ) =0FERE <
AV el

FIM BWEHE=ARFIRICETSa9XT
ATNVFZZ&K DT IHEFT =B &
Uh DN = DEYRILRR

1. %8

FIETIE= T U v = ORI E OIS
N7V FIERERRL QD EHEERS VTG (i,
1995; Kishimoto, 2002). ZAVETIZ, fakT T EICH
T HEBEOA TV F=hb=kF v He s =0
DNA 2MgH S48 % (Ishii et al,, 2018) & D
D, ZORIFSHRITIA SN STV, TR
BT BIRRMEAT YV F=DH5 G, ayRXrh7 ) F=|
eSO AR U R AN s, oy
HAMET L7 =faircEd E2®). 7
i EClxa v X7 ) F = OBEIIEN SPIRIC)
FCEEY GEL1E, H2H), = ey =0
N (HEEF 5, 1982) &[RRI 2R H 5. LA
EOZEpD, BFRERICRNCay Xy h 7Y =
R L=t o v 4 =DAMmFRO LB
s,

SO RTH TV E =k IO = DIREERA
FEND IR ECHIINEE 5 Z & C, REROREZH)
FICEDZ LWL E 2o (26D, Lol &
FREFT T, FERE R AR 27O EERE
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HHIDESE THUT SN TS G5 1HED. Hle, =X
b7 ) B = OB 2 BRIEIZHNT T
RIS AL T 5 &, RREDHERES L, ZOfE
B A=HEO) P —T = AL TR H D

2% F2H). 22T FERNOFRERRE T 1
IZRWTC, 5 A D 6 A TRICHEH S 355412 S
FHNEH L Cav Xy h7 ) F=kf LoD, AR
aEdRT s 2 ik, =i ed=RLU0h
PFONE =5 DRSS A R L.

2. MBBLUAE

(1) #E=

AR L e X 7Y A =3 1 EEFLA
HCThD. CORME, U= VAT L —
VBT (Kishimoto, 2006) 1240, & LTy~

YOIk E 3 AND 4 AR CTEH A THEL, L7

725, TEM3IE 2018 ED 4 B Al Zialml IR mARE AT 5E
FTARMMEEIISEE v & — (AT RARES) | T &
Ne 7 m<Y Db EBEL, 50°C OIERSAT
2 AMBIFGSE725, 250 um A v ¥ = OfFIER S
T-20°C CERAF LI b D&M LT

(2) BRI A K USHERX

AR 2019 A I L7z, B HTT (area 1:
34.84°N, 138.23°E) 3L UWEHTT (area II:34.81°N,
138.26°E) WD 1 AFEESETE T 2 EH DD 5
b, 6 ARE TRIMESERAZFIAL Cav s h 7y &

=T DRV R E T T 2 R E LT

FBRXORE A Fig. 12 1R L2, BATHO A RBLO
BRIV v ORI S mfE 158, EK, S, “EIK,
BLOHXSEOEMTHY, Bedtio C RILmHfEN
5a, D RIFHEAEY 3a, W T IUOREMB SR LOMEK
DIEFECoH -T2, AREB IO B ETIETENENEKRE
FOEAKRDE 4 1%, CHREBLUD RHTIEENENE
RELOEKROE A fEFINC~—2 L, avXsh
TV F SR (CUT, BlERX) &R A Bk
DBEZRS2NE D TR 1 E L TEIC DX 2 [E%
J7z. FIERNIA TR 20 FLLEDO b D & L. 725,
BATO A R L OWER O C BRI 1 8icifd Lz
[ & [F—Tdh 2.

ARRBRIT =t U e F =0 BIRRASIE T CEE
L7z BEXA~Da X7 ) X =0ifals, EE
FEMNBINDSEE T &N 7R AT U THIOFRR &l
FeORNCEEL, €0k, T Eoagssiim)»

SIINTERSIAE FSED 0D FETEM L7,
7= 0 150 PSR+ 200 JROFEEET, 4 A 19
H, 4A26H, 5A8H, BLU5A30HD4[A (&
F1#9 600 PE+800 JA) ikl L7z

HEPEG OIFRNO AR Table 7 IR L. 5 A
156 A MAER SN AT v X7 ) Z =i
FEO/INSONEO (B - B 2019) 2L, FnLgb
DRI L O ERIAPER L LT

Q) F=fEnHFEE

AT VX BB IUONF T4 ATHNS 11 A R
A FE THEA 2 RO CETOFERI OV T L.
BRHOTED 30 (% HHE20 EHHHIE 103D
WERARE L T A L. A7 Y X3
i & Rk L THE AN L, FEFEE L7z

=TI IV EX =34 A VR DEHEDOR ME L
956 H MAIE CEEA 2 [BIOMEE T COFFERIZ OV

T L7z, ABIOREBRAM S 720 MR OFMHEHE 30 354
Yo7V 7 U CHERICH AT D s R SRR
#i (Olympus SZX16) FCatdkl, HEdh7- v BEfsEH
HL7z.

4) EoWERE

TEOWEITETOTRERIZOVT6 H MaZHE L=,
BOAERED 30 FHEIZOWT, LAromEEEE 10 34 H
HCHERL (300 39k, EEOHDEY A ZIER &
JERTASIERRED 50%LA EE 72 3HEOR ST £721%
PEIER GEORTOATAL, 55 A HHESE
EEHL, BBOTTA 7 RER LU BREOHERSRS
L7

3. fREHARAT

ARy HT Y F =D R RICRAET D
7V EOMEE, =t ey =ofiEsk, &
O PTG = ORI T 58 A M 5 72

W, BIBRGET M VT L. 5 AS 6 HHh)

GEEY—2) £TONTY X =SHORFERIAEL, 5 A
N 6 H TAIE TCO= Ve =2HbEnE, 5 A
25 9 A ETOH U = BRERS A FN R
AR L, W, MO, ZhOOZA/ER, Hugiox
A N ENTRER, d KLU L IR A b Sk
L LTz, 2095 b, EttEBEEERE L,
AEHATRE LTe. T2 &R ESbT 57280, X =580
ESI N2 0.5 Z NI L Crlgidstft (Yamamura,
1999) L7fiiz vz
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Ay Xy H7 ) = OEER = F U B =IC &
BEYA ZIER JOY BREOFAN I F T 8% 3
T 572, RURAT 4 v 7 [EIFSHTIZ X O AEHT L7z, 300
FEH T2 0 OV A ZIEE I CIEOWETE NS
el U, WEE Mk, ZhOOHEEH, Higio xR
N SV, 38 KO S FEHI R A S ShiomstA
BR L Uie, 7= 23" BnmailEL, Vo 7Bk
R Yy MIBRE L. b, FH—FOIROY A7 %
WS 5 7200, AL L7

HEIZIE SAS OnDemand for Academics 2021 (SAS
Institute, Cary, NC, USA) Z#H\ 7= W HOKRETY
AR ER IR & D7 T2,

4. #ER

FTUB SR 2T X, =k he =,
BLUONF OB OHER 4 Fig. 13 1R LTz, W
7 X =JHOFANTAE TONIRX CHEER ST, EOfEk
BiL6 Hice =27 Lipot-. 6 APETCOHT ) =
FEO BREHE AL IR OB D iz (Fu20 =
191.51, P<0.001) 7%, HusfZEIRO 6T (Fuo
=1840, P=0.05), EHMHZAELRDONRD T (R,
20 = 0.58, P=0.58). XL IO HIERICHAER
FEIRE EN2 T (Fu20=0.78, P=0.39). JifFX
23T 277 & =HEO SRR EAEI T ERIX D 244%
Thole. SN 7 ) & SO R OHER %
Fig. 14 {TR LT-. &2 TOMERX T 6 APAE ClEay X
Th7 ) Z=, 8 A TR =—t 7 —a N7 Y X =
DMESECh T, ANF ZHOREMHHAE T 5T
N7VE=, I¥alTVF= BLOTFTIHTIF
SHEFRECA Y INT =DOFENE L 7o BRI
Sz, FEEIEFIIEIS 7Y Z =3BUSNOKEE LT
N =BT, NE=TH I, B AN ALY
HPMERINTD, ZOEEEITENENEIEDHTH
oz (F—44HK).

=t Y X =0 RIS IR ORI FED
b (Fuze=234.46, P<0.0001) 7%, M358
5T (Fu,2=0.03, P=0.87), BEHZELZRD LR
Motz (Fe2e=2.14, P=0.14). QUL MO HER
ICOHERZETRHE SN2 o7- (Fu,20=0.63, P=
0.44) . IERAKIZRT 5 =t © X =D REEAS T
A D 16% Tdho7-.

71 PTG =D BFERBE T OB TRD B
iz (Fi20=1821, P=0.0002) 7%, Musil==i3580 5

Y (Fuo=0.72, P=048), R LD DR
o7z (Fo20=2.28, P=0.12). QU & HusOAZAIERIC
HAEBZETRH S o7z (Fue=0.14, P=0.71).
FERARKIZ IS B A1 2 D B = 0 SRS AS LA ik fl
XD 34% Th-7-.

BHIKIZ IS BV A 7 IER L O EREOHERER
% Fig. 15 (R LTz, BVA 7 EORERERI IR,
B (x2=12.82,df=1, P=0.0004) & HusE (2=
18.92, df=1, P<0.0001) 2%GED LR, ZHHORE
HYER (x2=0.21, df=1, P=0.65) CRMHIEE (42
=4.78, df=2, P=0.09) 1338 bIzh o7z, AR
BT DHEAR DTV A 7 IEOPEIERIFI X D%
NEY BEBEIUE) T2, Y CREOPELERI IR DR
B (x2=23.75,df=1, P<0.0001) & H#usffe (2=
8.75,df=1,P=0.0031) 2% HI, ZHHDORALEM
LR SN (1?=452, df=1, P=0.033). EHE
3R BRI T2 (£2=5.00, df=2, P=0.08). £T
DRI CTHER X DT BIE DY ERESR THE A D2
L0 EERIR) T

FA4H EBER

SEOFVEM Tt e =ik A
KER, BOFAN I DI MM T Lo & =3
ROBEENLIE L TIY (12, 2013; 1Ll - %111, 2014;
THEREMOKPERT, 2020), APEHEI IR =% 2 In B
LUTHRL TS, 20 & 5 ARSKI0EHIES O8N
13, X =HEOBT - EH N A A R S S W]
EPEDRH B, 22T, TITE, (EHREROTIES /2
VWSRO & —JEDBBREE LT, DRI T
U & =R L7 AR O Calai 5. il U
NORRFREE AR TIE 5 FEO A 7 ) X =JEAVER LT
BY, ZOILERENT ) X=L LTav Xy a7y
F=b =T —INT VX0 Zih 2 ff
JERMEN 7 Z =1 IO M OB HAREE DT L FHTH
gl U CRAT 2 Z EER STV D (LD, 2000
Amano, 2001; Kishimoto, 2002). %2 C, fiiaxi Ak
SN M E RO CHRFED 7 T ANT =055
FAEPHERATM USSR, 2 X7 ) F =0
DAEROFELMHIFIREChH 0Tz, v AT H
I ST TR LR A RO 7 VX = DBk
(I CX 2 AMREME N DD (B2 %) 7o, RRFHds T
VERNZBWCAREEFRIA L= e = &
O FUNT ORISR ERGEE L. ZOfER, =
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DRI TV B =N BEO /NS VIR E T L CARK
Mt D & & bic, ARBEHEHERT 52 LT
CNOHEHAED ¥ ORISR ATRE T D = L A%
BHOEMNE otz ZET, =X =0kRic
ANERBIIAS N SN TE LT, RERSZOHE
THEFREED I L > THRS T E 72 (FHE 2000, H
56,2018 K 5,2019). Li=Ai~>TC, ARGEL, =2
R HT Y F=pn=F Y L =OBRIERRR
HCho Z L EALMICL, RERERIZI CTAKHL
ORI L DL & =HAD AR BRO FE L T RE
MR LTI TOWETHD.

AYRTHT IV E=BIO=8 T —a N TV F =3
T TN = ORAEDEIN UIBRDT5 5L, A
BB B AAINLARE RS E 0 ITEDSHIR S5
728, ZFOEREEZIHITE 2\ (Osakabe et al., 1987;
Osakabe, 1988; #fiot 5, 2004). —77, &ML T Y &
=N RO R AR AR SR OB A4 L
TWa a5 (McMurtry, 1992; Messelink et al.,
2010), BlziEX, avXrh7 VX3 T T~
Cayratia japonica (Thunb.) Gagnep. DEER{Ak % K]
ELTHIT A2 LT, AP UNT=23 %44 BRI
TV B EET DRER, AELOREZMEITE S

(Ozawa and Yano, 2009). 7=, EHROEERERARE

BRI DIREMES 7 ) X =D RS LT, TeihoFH
PR ENTVWS (Toyoshima et al., 2008; [FEH &,
2017; 2% . £IT, FHEH I A IAF =D
R R AR D AT 2R T D 7 1~ 103
T I ARt S DS T C, a v X T
VA=H L F=T7—ah 7 VX =%, RER
(TR D TR A2 L 7=

Ay Xy HT )RR T, 6 H FRETONT
U & O RFEMESIIRBIRX L 0 ©£<, 1[EH
DI P UNE = ORAEE— 7 I IREPBRE B L=
7AW T Y X=X LD b7 (Fig. 10
Table 5). ZOHMIFIa T AT A7) X =HEAX TiT=
TR AT Y F=IMEERETH Y (Fig. 11a), ZOfEAR
I OMFEX & L | CH IS o7 (Table 6).
—%, =k 7—ah TV F=HEXTIE, 6 A FRIET
F=t7—a 7Y F=pMESRETHY (Fig. 11b), *
OEEEIZ= T R 7 ) F =R & i L TE
ST=bOD, FEHEREXSOREHRX. & OfFE R T <

(Table 6), 1[EIEDI P INT =DREY—7 1358
Motz (Fig. 10b). ZHHOFEREIE, P Ung=

DARFEEEFERED DG DRI S AL D Gt FIZEN T,
Ay R H 7 ) F = wRER L OYREIETRT 5 Z LT
KO AT EAEEE D R E DRGSR, AFEhORAE
PHICE D Z EWRENTZ. =T —INT Y X =Jkfdl
X TH A TNL ZDOFEE TE I oTediy, =
v 7 —aH 7Y F MRS 7Y A= L0 [
FEDOGIRE LA A TR D ATREMEN D D Jiet al,
2015) Z &b, TR L THIRRVDMHEITE
20, FOMRRREREZ SO HAVRD -T2 L AUFIR D
OEDEEZLND. 708, ZORIZOWTIHE4ET
FEM AR 5.

7 AUBRIIRIX 2T Tl au X7 ) H =hk
WX THaAy X7 7 ) =0EMEL, 8 A AT
ITETOUFRX TH P UNZ =385 L= (Fig. 10).
ay X7 Y A = ISIEERIREAIOfE FHOA R
W77 H FEILIEOIAENIVD72< (Fig.9,11), 8 A
5 9 AT =HHOHEEN ERI D@8 S Y (Fig.
8,10), FTURHTOZD LS RIREMA T Y F=bny
=FDFAEWRI T Kishimoto (2002) THIERSIUTN
5. Flo, ORBOBATHL Y X 7Y ¥4 =136
AIREOE—2 L7e B3, 7 AUBIRETHEE DMK
T35 (Kasaietal, 2002 4425, 2006; #f + JiL,
2017 H2F). ThbDZ e, FIEHEEZELT
NG R AR SR 7001, A, B
DAY Ry BTV F =D FER AR Lz £,
T 30T DATKIOB A EDHER « LA A
T AMEDRDD.

SRR TR 23R DN L > TRAET DI
TN B DTN HADBE LRI D Z L F S
NTRY, FERIEORDAIEZ L LTS aiIREED
T B ZDIREDVDIR N ZHANLHS DAY, B
OF BRI LT AR OIS B 7Y 4 =
MSFEAE LT IR EARE LTI % (Amano, 20015
Kishimoto, 2002; Funayama, 2015; Funayama et al.,
2015). AHFETH, 6 H FHIETIL, ARELARA R
TR B A A L 7 KRR LA R 77 ) & =
OFET VIR I UNT =5 LT (Fig. 10c,
11c), HEHERX CIIREHBRX LI L Ta v X7
U X =DFAMR%< (Table 6), ANE HRIMEFE LI THERT
&z (Fig. 10d, Table5). ZDZ &b, #koT
SEIZIV T, B> DYIE OISR dulooEdm &
AR ATV E=EYERL, P INE =D
Ve AESIEEI RS . EET, B 1HiT
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A LT EsEC b, 6 H MU CICEEFRTH
5T /SR T A H A LY Plautia crossota stali Scott <2
F v A7 A Grapholita molesta Busck), FEEH
ETHDTVEREW (WREE: Venturia nashicola
Tanaka et Yamamoto) <7 BB (K 5 B&:
Alternaria alternata (Fries) Keissler) 7¢ &% %HRIZIA
BT ) H = TEDDHLHEHA (FAD, 2018 HH-
HEF, 20195 JEAD, 2020) 23HUT SHUTHRY (Tabled),
ARy H T E =0 EDLERI IR 72 (Fig.
9). LD Lind, BFRHRTay A7) X =
(2 & DT ZIHDFEIHRNR ZAF D 72011, AR
WZRZBD /N S\ WIER Z R L7 BB R RS 2 4
D5,

KRR L AR E BB RE TN 572901213,
RHUSEAI O AR U7 R & R OF AR 2 — kg
N T B 087038% % (Ruberson et al., 1998). HefstH
T, FIVRTHT Y F=TRPOHIEIHNT THEMSE
ZEL LTS 2 Z &0, ZOREHOIERERE
BB~ 2 72 OITAE ] S 4 D fRE A IR IESEA 2
DIEEHRMSAN AT U CARIRERET 5 2 & C, AKX
WD T 2 5 =JNTHT DEBRR DI SN D (5 2
). ALY, av X7 ) =i U ETE
E MO EDMERVED DRI DN TEAE 2 BN s
, WU =ORERIT S GE25) e
DML poToloth, AREEFINT 5 Z & T=tF
T B Y INE = EFRRHCBR T 5 &
Bxbive 22T, H3ETL, MgV EICk
WTC, 4 AT 6 HFTRETav Xy h7 ) #=|C
FEO/NSWIERNZHER L TARER#ET A LD
(2, AKHROBFRIIHEN T & 2 HBE0> 5 =SHOB585%)
REBFI LT, ZORER, a U X7 7)) X =%&HHE
WHERS 5 &, BRI L 0 & A7) X =SHOEEE X
%720, M= A =B RO U T =
DEAEEI D20tz e, 2R HT ) X =i
X CII MR L Lk TV A ZIEB L O ERED
PEBERIHE D T2, UL Z &b, Rafrads =
IZBWTh, BREEERIT 228 Tav s T
U E=MEESH, &b, AREERERERT 52 L
Tk o eX =B L OD P UNT =2 R
BRATRECIH D Z LD A L Fe ol

Ay Xy NT N H=FEL OT U AR EHEL

(Kondo and Hiramatsu, 1999a), B4 ClIHARIZHERG
SN ELALL U THHT 272, il LTOHEIC

LB T ZJHOEREE BT 5 2 L AFRETH
B (2%, LIhoT, i L RS &
JEBAERY SO R SN D RIETH Y, 2oay
R 737"V B = R CIEIAKE iR S 41T 6 H
FENCEE TR LTS, 20—t ey =
DR S, AREROBERZOERAMKHETH DD
729 50 PL (4%, 2000) LY BIKLS 7eo7z (Fig. 183) &
EZLND., EBIL, =k F e F =35 AR TN
DAMIZEENEEY, 6 A TnrD 7 FEICRED
B Lo T E 2o SR (LEBS
1982) Z b, au R hT ) F =R ClIARE R
DOYBEEEHR S NTRER, BHEX L0 bV A 7
RS L OV BYEOREER MR il Sz (Fig. 15)
LHERSND., ZNHOZ LI, AKEEAATSZ L
T, APERII= U e A = aRig e LIS =Ko
BAZEIR CE D Z L AmNR L CWA. 12721, MR
X TIZa v X A7 U Z=pm B E LTI bbb T,
=YX = DR A BERBRKELL P T &
3otz (Fig. 13). UUbEDZ &b, ERM =t F
T EF =OEIREROT-OIE, tEOa X T
U Z={EAEEOIEHE L L HIT, HdREiTe AR
B % 186D D = D DB AARAE IR D WER B 5.
DI, =X =olEIINEIC L > TR D
(LizHy, 1995) Z Lnh, ARIFZEARRMRIC I T
ARGy T Y HE = DEINEERRRET DU 5.
ay Ry AT F =Tk IR T 6 Al
—2 %7~3 (Kondo and Hiramatsu, 1999b; Shibao et
al, 2004; 4925, 2006; HH - 1l 2017 552 &) 7=
D, HIEOIEERIERANOBATIIA R EHIRL, FHh
DY == A% | RTINS 5. Bl
EEFETIIENOHEDOERE L A A FRE A
BAACL Y TEOa Xy ATV F == T —3h
TV =PRSS, BEEVEX =D =T AN
&z &5 (Kondoand Hiramatsu, 1999b). X5
\Z, AUFVETIE6 A FRIDK % BabikRo T
DOTF AT —3A— NRIERNOBAA = T R T 7
U X\ G2, ASRIEOSAN R U O A
KFESEEIA P EL =D ) =Tz v A%F &l
9 (F2m). ARETY, BRMEENA Yz 2019
EIZETOREMTa Y X7 h 7 Z=mEEsn
7o (Fig. 14,15) 735, FEERMASEAIA V2 2018 A4
KO HE )~ 7= (Fig.8,9). Lz~ FVH
THIEBRIEREAIZ Z T 2R Thon = 5A120,
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Ay Ry HT ) =PRSS, =i es =0
Y=V U REGER T RN B 5.
B TN =ORERTN S TR RCay X
TV F =03 L CODRETIE, AEROFA A
TELZEDMBMmE ol (2. ZoZ LIk
PR CHIER SN, A EEL T v Xl
U Z =X D T NG = OB X D
NEY HIELSHIL7 (Fig. 13). V> = Malus pumila
Mill. {TIIERMEA 7Y X =Y o TH X = Aculus
schlechtendali Nalepa) #{VEREEE U CIERERSE %
MEFEL, TORITIAT D SHHAREBE T2
(Hoyt, 1969; i1l « @&, 1993; Toyoshima et al.,
2011). ZHEFERRS, FYETHav R 7 ) =
M=o e X =T & U CIEIARRER A R
LTZAER, PO = OISR A & 72 nlhe
MRDHD. 5, aURT 7 ) F=%FIR LiirE
DOFEBOYBREMNLT S LT, ARBOMREEEE LT
=Y Y = OERRA T DU B D.
=P X =OMEICL DTV A ZIES IO
EIEDPELERITHIRIC L > TR Y, BHTORHIE
PRETTORME U & 25 OYEERMEN -7 (Fig.
15). ZOHADOE L LT, FHEROREA) = w7 X
AT F = KD E BRI A RIE LTz
BEMEI 2. BHTTORMIZ/KECE OB Z%T 5
A AR P F I TUEAS, BRERTH O S E
SEBICHENTEY, B3RS L bR 51 %
RO OB S -T2 B %2 HD. Euseius Bh~
U & =3B ORI RE LW O WEH bFE D
(McMurtry and Croft, 1997), {EfOfRaIEZOfEE
TR AR 2 L CIERICERITH D (Dusoet al,
2004; Ghasemzadeh et al., 2017; 52 7). A—A KT
) 7 1% Eusetus victoriensis(Womersley)7)s, 4 25 T
JVCIX E. scutalis <° E. stipulatus 7371 > %V [HNIMC
MRS LD B — K7 T ADRBEACH 2488 L CEAE
ZHYNEY, FRIBE 2 T XV HEINET D 7>
A =RO—FETH 5 P. oleivora DEFEZAHITS Z &
PHEREZN TS (Smith and Papacek, 1991; Maoz et
al., 2014; Warburg et al., 2018) . FASEDRMHEZFU
Th, IR HT Y X =)Ao Digitaria ciliaris
(Retz.) Koeler DRBAEM 248 AT 2 Z L SR ST
W5 (Warietal,2016). XbiZ, EHORRfHIay X
THT )X =OBEEEDDH T D, 7= (B
2 %) /¥ =J (Osakabeetal, 1987) T3 2%

PR AT 5. DD Z Ehb, EHETORMT
%, JERIREA S HHERS S AL DA AR ORBHER A 2 D X
TATVH N KD FERYERRIR AT L U TR, B
TORME Y b=t ¥ =DfE Il S
AR DB, T2l ATV AR
= ORI HIRRZE GO BV o T2 Z L inh, 4
PV TERDREAEDS T35 RKiliks K OVE RO HERNREIZ )
T REA SN OETET DEN D 5.

fame LC, THERIIC L 2=t ed =L
T FTAE = OERIIRIL, 5 RO R AR
SAEMEONRBINEET DR T Tav X a7y
F=%RHT2ZENENTHY, BRI
DRNENZ DT TARI A PRateds K Odasii2 2 &
TIBTE D, 2L, avAXrh7 ) ==t}
P KT D BARREI RIS Z & o TR D FTRE
MDD 5. AT, EHIPRNINORAR JOY% 20 B
SNDIEEORIERER 2 7 X7 1 7 ) X =OfEARRE
BRI MU TR L= BT, AR E B Bhh
RAEMLT D700 EHEFL (habitat management:
Landis et al., 2000) ZHE 20 ENH D.

k2, AFCRIT 52 TOMBCHERS =T U 4
TVE=, IVahT =, BRXOY T AT F=
% Tetranychus @ ~% = DBV EZ TH Y

(McMurtry and Croft, 1997), /7 =30V RE L7-3E
#4142 (Sabelis and Van de Baan, 1983; Maeda et
al., 1999; Maeda and Takabayashi, 2001; Shimoda et
al,2005). ZOZEMND, TNHHT I F=HHINT =
B EETLHTES L Tan=—NTHEL /72D,
AENDOLHEFHIHESNIZEIGREL hoTe & B %
bha. Z095h, FUBTY X =05
BEOILT 7 U 0T U OHIHEEREEICIR S0 T
% (Takahashiand Chant, 1993). F7=, AR IR
BRFC TN, FhE IRV RO LIS Tl
THEMTERNEEZ LR TV (#D,1993). LacL,
2009 FZ FHFHAIRD—{DTF ¥ Camellia siensis (L) O
Kuntze R TF VA7V ¥ =DERNHERI N4

(Ozawa et al., 2010), FOSFRITIER L TERY, BifE
TIEIAROTF v EHIZILSER LTOD EHEHI ST
% (INE - I, 2019) . 2014 4RI 1 RO
THF VA7V F=OEBIMERSIL TS (L - 5%
11, 2015) Z &b, FHAROT T HAREA ES L
TWDTREMED &V . A4, T B LOREPIMT
BIFETFVHT VX =DAEREALNCTEHE & D
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(2, NI ZHAOEFER JOWEEOIINC & OREERE L
TS arHilid DD DD,
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(a) Shimada
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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 TMTD 40.0% FL” (500)° Mandestrobin 40.0% FL (2,000)

Mid- April Difenoconazole 10.0% WDG (2,000) Alanycarb 40.0% WP (1,000)
Alanycarb 40.0% WP (1,000) Imidacloprid 50.0% WDG (5,000)
Dithianon 42.0% FL (1,000)
Acetamiprid 20.0% SP (2,000)

Early May Pyribencarb 40.0% WDG (2,000) Thiophanate-methyl 70.0% WP (1,000)
CYAP 40.0% WP (1,000) Clothianidin 16.0% SP (2,000)
Polyoxin-complex 10.0% WP (1,000)
Dinotefuran 20.0% SG (2,000)

Mid-May Mixture of captan 20.0% Mixture of pyraclostrobin 6.8%
& oxine-copper 30.0% WP (500) & boscalid 13.6% WDG (2,000)
PAP 50.0% WP (1,000) Dinotefuran 20.0% SG (2,000)

Late May Iminoctadine-albesilate 40.0% WP (1,000) Iminoctadine-albesilate 40.0% WP (1,000)
Chlorfenapyr 10.0% FL (2,000)

Early June Fluazinam 39.5% SC (2,000) Iminoctadine-albesilate 40.0% WP (1,000)
DMTP 36.0% WP (1,500) Bifenthrin 2.0% WP (1,000)

Mid-June Polyoxin-complex 10.0% WP (1,000)
Thiacloprid 20.0% WDG (2,000)

Late June Cyprodinil 50.0% WDG (2,000) Thiophanate-methyl 70.0% WP (1,000)
Imidacloprid 20.0% FL (5,000) Milbemectin 1.0% WP (2,000)

Early July Mixture of pyraclostrobin 6.8% Kresoxim-methyl 50.0% DF (2,000)
& 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)

Mid-July Acetamiprid 20.0% SP (2,000) Bifenazate 20.0% FL (1,000)
Cyantraniliprole 10.2% SE (2,000)

Late July Thiophanate-methyl 70.0% WP (1,000)

Clothianidin 16.0% SP (2,000)

Early August Acequinocyl 15.0% FL (1,000) Dinotefuran 20.0% SG (2,000)
Cypermethrin 6.0% WP (1,000)

Mid-August Acequinocyl 15.0% FL (1,000)

Late August

Fenpropathrin 10.0 % WP (1,000)
Pyflubumide 20.0% FL (2,000)

Cypermethrin 6.0% WP (1,000

Early September

Thiophanate-methyl 70.0% WP (1,000)
Permethrin 10.0% FL (1,500)

Early October

Dithianon 42.0% FL (1,000)
CYAP 40.0% WP (1,000)

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

a .. . .
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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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

Table 5 Cumulative number of phytoseiid mites and the number of T. kanzawai per 30 leaves in each treatment

Treatment Phytoseiid mites (mean + SE) T. kanzawai (mean + SE)
May to late June  July to early August Late June Early August
E. sojaensis release 159.3+279 a 59.3+184 a 225+14.0 a 97.3+51.2a
A. eharai release 90.0+24.3 ab 92.0+18.3 a 169.8+36.8 b 175.0+12.1 a
Synthetic pyrethroid application 44.0+129 b 66.5+19.0 a 372.3+80.8 b 300.3 +56.9 a
No release 61.0+ 7.2 ab 51.5+ 7.6 a 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 b
A. eharai release 23+24.3 ¢ 205+ 1.1 a
Synthetic pyrethroid application 1.0+129 ¢ 5.3+ 0.7 ab
No release 115+ 7.2 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, (¢c) synthetic pyrethroid application and (d) no-release.
Numbers on bars indicate the number of identified adult females



SO A R 35T B IERE D 7 U ¥ = O R & o BEEREIE & DB 37

Area | 9%
o 8 8%
(A) (B) S 8 09%
: ; : S 0 9 2 o
® FHuseius sojaensis release ® 8 88 g
@ No release 8 8 88 8
s 88838
0 00 00 o) %OO
o 0o O O o 8 o O ©®
co0oo 9 8 o 3 © 9 9
0 J@ O o O 5 o Q
O O O
O X0 0 & o o) 3
O @ O O
00 o 0 o o 8 8
O o o 9 0 8 o 0
9 0 0 8 0O & 9 9
© O o g O o 9 9
© 0 o & O o 9 9
@ o © o 0 O o O
EEEE s 8
O o 8 O 08 O O
O 6 9O 0 § O O
o O O O
O o ;o @ O @
© o 9 5 0 o O
O 0 0 ¢ O O O
O 0 0 O © O O
N
Areall
20 m
O O O °Q
@ O oo%
®
Oe OO0 e 020 ®0O0
o)
® O 0.0, 0 o © 9 e

Fig. 12 Locations of the Japanese pear trees in experimental orchards in area I (Shimada City: A, B) and area I
(Yaizu City: C, D). The distance between areas I and IT 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 Oxpoconazole fumarate 20.0% \NPa (2,000)b Dithianon 42.0% FL (1,000)

Early April Flonicamid 10.0% DF (2,000) Alanycarb 40.0% WP (1,000)°
Thiram 40.0% FL (500) Mandestrobin 40.0% FL (2,000)

Mid- April Pymetrozine 50.0% WP (5,000) Difenoconazole 10.0% WDG (2,000)
Thiram 40.0% FL (500) Clothianidin 16.0% SP (2,000)
CYAP 40.0% WP (1,000)°
Difenoconazole 10.0% WDG (2,000)

Late April Thiamethoxam 10.0% SG (2,000) Dinotefuran 20.0% SG (2,000)
Dithianon 42.0% FL (1,000) Thiram 40.0% FL (500)

Early May Sulfoxaflor 9.5% FL (2,000)

Iminoctadine-albesilate 40.0% WP (1,000)

Mid-May Buprofezin 20.0% FL (1,000) Thiamethoxam 10.0% SG (2,000)
Thiram 40.0% FL (500) Cyprodinil 50.0% WDG (2,000)
Dinotefuran 20.0% SG (2,000)
Captan 80.0% WP (1,000)

Late May Cyantraniliprole 10.2% SE (5,000) Pyrifluquinazon 20.0% WDG (3,000)
Iminoctadine-albesilate 40.0% WP (1,000) Penthiopyrad 15.0% FL (1,500)

Early June Sulfoxaflor 9.5% FL (2,000) Cyclaniliprole 4.5% L (2,000)
Cyprodinil 50.0% WDG (2,000) Iminoctadine-albesilate 40.0% WP (1,000)

Mid-June Thiacloprid 20.0% WDG (2,000) Imidacloprid 50.0% WDG (5,000)
Iminoctadine-albesilate 40.0% WP (1,000) Tebuconazole 20.0% FL (2,000)

Late June Thiamethoxam 10.0% SG (2,000) Thiamethoxam 10.0% SG (2,000)
Iprodione 50.0% WP (1,000) Kresoxim-methyl 50.0% DF (2,000)

Early July Cyclaniliprole 4.5% (2,000)
Mixture of pyraclostrobin 6.8%
and boscalid 13.6% WDG (2,000)

Mid-July Imidacloprid 20.0% FL (5,000) Chlorfenapyr 10.0% FL (2,000)
Mixture of tebuconazole 17.7% Thiophanate-methyl 70.0% WP (1,000)°
and fluopyram 17.7% FL (2,000)

Late July Bifenthrin 2.0% WP (1,000)° Cypermethrin 6.0% WP (1,000)°
Azoxystrobin 10.0% FL (1,000) Bifenazate 20.0% FL (1,000)

Mid-August Cypermethrin 6.0% WP (1,000)° Cyclaniliprole 4.5% (2,000)
Milbemectin 1.0% WP (2,000)° Dinotefuran 20.0% SG (2,000)
Thiophanate-methyl 70.0% WP (1,000)°

Late August Clothianidin 16.0% SP (2,000) Clothianidin 16.0% SP (2,000)

Early September
Late September

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

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,

Jun Jul

Date

May Jun Jul Aug Sep

Date

and Tétranychus

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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1. #8

EMIBEBR A RN S D T-0IiY, KEDFRICKIE
THEBRREOL 2 5, KON JOFERHA
TERN S RIS RIS R B A R0 Z LN E
HTHD. TV FNHRCIRWIZRYINEI BTk
HINZH- LN AHFIFEAIERTH Y (Polis, 1981; Polis
et al., 1989; Rosenheim et al., 1993; Rosenheim et al.,
1995), HRE D EBOMALITKIET FEEOTRE R
DHEELTISTHD (Rosenheim et al., 1995; Snyder
and Ives, 2001; Finke and Denno, 2003; Finke and
Denno, 2004). FHZ, FEEAERER CIIREDLHMEDMEL
2R3 <, B BB ERD D TR B D T2,
R BT DAl R OB RIC /2 % (Strong,
1992; Polis et al., 2000). D7, KiFd¥F /L F‘Ij\ﬂﬁ
BH LIV EE ORI S, &
M I T RRIRE 59D D 2 & 03925 (Walde et
al., 1992; Rosenheim, 2001; Schausberger and Walzer,
2001; Snyder and Ives, 2001). —f&ALZ, AEWRIBLERIC
FIH &N 2 KUIEESEARERIZR T 2 B OTER D
HEE TV, FlNT JOMRHH A ER D28
st LU THERIc 72 % (Janssen et al., 1998; Rosenheim,
1998; Finke and Denno, 2003). L7=3->C, EWHIB5
BRASRIZISIT 2 A — REMRAETRIL, BRI
ﬁiﬁwﬂﬂﬁﬁémﬁﬁ%ﬁVW&%%Em)C?ét

TiE, RKBOMBEAER OB LM 2 LER H 5
(Strong, 1992; Schmitz and Suttle, 2001; Finke and
Denno, 2003) .

A7V SRRk 2B IS D AERIBRR CIR
SFIHENTERY, RAERIAEERRT 572012
L FNERLIERVAEPICIFEI N TE
(Walzer and Schausberger, 1999; Schausberger and
Croft, 2000a, b; Schausberger and Walzer, 2001;
Negloh et al., 2012; Calabuig et al., 2018). JAEMKHL
I HEBR SRS 2R CE 50, MORBEHET S
Z & TR R ORBRENSEL5 2 L b b
5. R, IRBMEOH TV X =T, ¥ NAR L IR

IZ R TRE EOFREEARD Z LN TE, hoH7Y
?QS%REREEE LCHRHHTHZ LB TED

(Schausberger and Croft, 2000a,b). L7z23->7C, Z
NOOBRIIEEERRICB I 2EEHEO N T ) &=
KD EBBIREIR A REEITT D RN H 5.
CNETOMFEND, AT AT ) F=i3IJ 4
X =OBBRICARN CH D Z LB E o7 (B2
=) 23, HXVETIE=E T —Ih 7Y X =hME R
LD EbdD B A11,2021). ZHBIREME
TUEZTNTIG 6 ARAEDE—T LD T Link,
TN ORI AVERNC X o TE RO (A
TREASFE A2, E BRI A DOFEE KT A]
MDD, LIchi-T, AEIRAMII RS 24
A DO 2 TR 7Y & = DU HAE
AT 2 0BRSS, 2T, AETE, a7
ATV ==k T—INT Y Z=OFNE L OFER
FEARHA 2 Y B X =AM RIET
ZEHl L7 1ZCOIS, TS REOBGHIC #7527 v
~ VI DAEE T E 73T FIZBW TRfED X L
NP RIS K OUEE ORI 5REE 23l L7z, IKIC
ﬁ?@ﬁfTT_h62%V@@ﬁ7J&’®m¢%ﬁ
ZTHERL, 0 ROV o e s =0
B RIT B I L=

2. MEBIUVAE

(1) #HEARE L VIEN

AR Lo Ry h T A=l = F—a T
TVH = BIOI X = 1 FEERICRHRET
bDH. INHOREERREET LRV, Z7r~vyo
TERNIES 3 T 3 Hi L R kRO b OEEH L.

2) ERELTABEOFETHFIIEFETIZE

(75F)L FRHBES L UHRBL\DEE

TEROIHE T EIBHAHE FIZIWT, av s a7
VE=RBL =7 —ah7 U X =Dk Rz X 5[H
Rl 72 IR B O AT 5 Z L ic kY, WifE
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-T2 THITDE 24 VUl Liz. 7'V & =Dpggitk
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ZIEI 0.5 ZIE LR (Yamamura, 1999)
L7l v V=

4. #ER

TEROAFE FETIEAE FIZBWTC, avXshr
VE=BLO=tT7—a 7Y ¥ =Dk 108231 H
[THIET SRS R (A IR OEMES R (LR
PR O ES Fig. 16 (IR Lz, ERVWEh
BT 7Y X =fE (Fu,199=335.31, P<0.0001)
BILOIEHOIE (Fu,199=2337.07, P<0.0001) D52
BT, INbLOXREEAbRE I (Fiie =
21158, P<0.0001). {EHOFIZ 05T, av X
THTY =i ENE I =t T — a7
VZ=DFNL Y BFEILDIR -7 (e ®H 0 - Fui9e)
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Fig. 16). iff& HICMOIFE FCIIIEFE T L0 bk
BO SN BI D Ieh otz (au R TY
A= Fi,199 = 541.37, P<0.0001; =7 —ah 7V &
=: Fi199)=7.27 P<0.01). {EHOTFHETTIE, a v X
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IFRMFAE T L 0 bifie S B s ic b7
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0.0001; =& 77— 7Y ¥=: Fu199 = 4.58, P=0.02).
TEMOFAET T, XTI 7 ) F=DX )L RNfiR
1L T9%DRD T -T2, = T—Th TV X=DF )L
R RIE 10% D) Cdh 7=

PEE TRROFEA Y ik a7V =L I
P X =D E Fig. 1T \OR Lz, A7) X =0#
L 2 FRIAAMED 7Y & =D ERIC L~ Tess
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—HMRE) & B (X7 F= =T —Ih
TV = =2:1) BbE<, RWTC (E12) F7203
D (=7 —ah7 V) ¥=Hljf) DIaLp-o7z
(Tukey ® HSD #i7E, P<0.05). I W ¥ =0ff

5t 2 ML RN 7Y F =OfifFtbERIC L > Cs
ZF (Fu19=32.06, P<0.001), A2Mgbb7a<, W
TB, &#%ICC, D EAIIE (k) OlEE 72o7-
(Tukey ¢ HSD #7E, P<0.05).
RBRETHEO D 7' ) X =DfE L KFE AT —VBID
{E{A%% Table 8 (2R L7z, AR A & S, SROB0T
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=7 —Ih 7Y F =i Fs19=31.47, P<0.005,
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0.001). AUXF A7 Y F =DM RENY, v X0
7V F = OERAEENENEE S )T —F, =k F
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HELLEREPENC ThHoTH AV AT A7 ) X =M
HRECdh o7, PHFHSLIIOIITA E BAC D LY
bEoTln. ZORRE, =k T—ah TV H=pnay
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BUVHEHE ThH T TEROIEE T CIIIAE T & Hofik
L CHlifEDF/L RINRR & 4R\ SEfn Sz, 72720,
=% F—TH T Y F =D)L FNE & AN Ea Yy
R A7V F =0 & g U CRIRICITEf S e
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IR BTV Z=OBEEAEINL, I X =T
PikrEniz (Fig. 17). —7, =k 7—aIHT7 VX =% H
MCHER LT, =87 —3 07 Y & =fEisk 3
I, I B P X KT DRI T
o7 (Fig. 17). IBIZ, avXrhT ) F=b=tF—
IHT Y H = AR R LT, =k T —ah 7Y
B = OREFAVERIEN TR A 7Y F =OfEREid b 72
<, WYX =0EETE - Fig 17). b
DFERND, =B T—Th TV X =DIFET, FL RN
R LAV > TH T Y F=2EROBELET S
o, EEREHENHET 256 Ch, FIROBEIC
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FHHAVEABET DB H 5.

AR HT IV F ==t T—Ih T ) X =k
WCHER LT, =87 —3 07 ) X =0kfaktdnie
WA 7Y = DY, G g 787> 7 (Table
8). Lo, =t 7—ah 7V F¥=3FHES L<IX
BT 7 ) X =G TR SRR 5. R
TRDAX (2R A7) & =HAdR) (23605 %=
TRy H 7Y F =OMER RN, FRBIRPI i LT
AR N7 Z=HERRIRERD 0.92 5T ST DITHT
L, BR @uXsrh7)F= =7 —ah7)¥=
=2:1) TX063f% CIX (=1:2) TIX0.35f5ThH-o
7= (Table8). F7pbb, =k 7—AN7 V¥ =Dl
WERBREWNEE 2 Y X 17U 7 BT HEHER T
Bhode. ZDZEMND, =kF—ahTVF=pay
R HT ) HE=L0 HEMFL RIS THY, =
DA N7 Y F = DOIRURBEDO I A L= Z & VR
WEhie. E£7z, =7 —IA BTV F OB
WHINI o X = oEEI )~ (Fig. 17). U
D &G, Zhe 2R 7Y X =BSFIRHCAE
DA, =87 —ah 7V F=0XL NNilRR =
R A7) F = KB AR T % ATReEDS
0B, ZDX 7, BERISHEAE OTHED IO KRR
L OMREATHD, RO Ch HIHAE ORI
NN EE884T, oIS EWIORYE T HIERS
LT3 (Rosenheim, 2001; Snyder and Ives, 2001;
Snyder and Wise, 2001; Finke and Denno, 2003; Finke
and Denno, 2004) . AGFFEOFERIL, BEA7R0 RN
BE (=7 —aW7 V¥ =) PMUOREDDOFL RN
WRE (AU A7) Z =) \CADEEERIEL, &
h(IHPEH D) IS L TEDRE b HT 80
5 YRR EAER OO > (Rosenheim et al.,
1995; Janssen et al,, 2006) & —d 5.

ay X7 ) F = AR CITsdR%ica o X
TAT ) E = OEEEDIEN LT, =T —ah 7Y
X —HMEERX ClE=t 7 —a 07 Y ¥ =oOfEFEEx
WINU7eh o7z (Table 8). F7z, IA P EX =0
B =t T —ah 7Y X BRI S a o X AT
U X =BHERX L0 bEinoTz (Fig 17). Zabo
ZEnD, =T —IN TV H IR T I H =
L0 BEEETERVEITY, T I Y e =Tk
T ORISR A TIDT ATREMEA B 5. [RIRROMENIZES 3
BEO=RFUNTBIT DN P UNT =hstl Lz
BETHHEESN, a Ui ) 4 =& Bl L

a3 A 7 ) F=OWEEEHIL, P UNT =%
PHICEn, =87 —ah TV X =% B L7
HITA 70 F =@ 3D 72, A UNT=0 L
FUTo. 2L OIRRMA 7Y & =Mk R 3IwfE - SifEo
YRR A XRITE, [FfEL 0 b RS2 B A 5
( Schausberger and Croft, 2000b; Schausberger,
2003). LinL, AWETIE, =87 —a W7V ¥ =Dl
FRLEERDED C K CTHE Iy Xy 7Y # =T
Holz (Table8) Z &b, =87 —ah7 U X =3
LY bR LA TR LTz LIS 2. AR
FFEDIR L Y HRIFEDIN AR L 7= )7 25 NAEY B ZREEN
PILRL 72D, MFEOH TV X =P HET DA T
bR ITFATHRET 2 LEZ BN TNDS (Jietal,
2015). ZHHDOT Linb, =k 7—TH T F=3F
Jb RPHfR LD b IR T DBANR O FTREMED D 5.
Vo ARETIIIAEM S 7Y ¥ =T D Typhlodromus
pyri (Scheuten) (FIAV N K > THEMIRIBSBRS R 2K
TEE, Vrang=ngHErHE - (Walde et al,
1992). ULEDZ D, =T —aAhT VX =IID
Y X =a—HHT YRR 00 ILHETE S (552
) ITHADb O, BV X > TRERICHT B
BRI oTe b EZ DD,

F/L RINIEIEE L RAADEEME E 73541, 2
IIEEOEENEE AN TR S LD (Lucas
et al., 1998; Snyder et al., 2000; Lucas et al., 2009). £
YIRBARROSGE ClL, 171 & =SB A e OfE
ZLH A% & FL R R O ERINT 5 Z &N T
% (Negloh et al., 2012; Guzman et al., 2016; Calabuig
et al., 2018, Warburg et al., 2018; Marcossi et al.,
2020), FEHROBEN 2L 2 ATREMED & 2 TR
OADHE/ERA NSNS (Messelink et al., 2012) .
AWge it s ic 7 o~y oI a v X5 7Y
H=b =k T—aNT Y X = OHFERRE B LT
Th2 (- F11,2019) 23, I 44 B F =3RS
& o Tl L7-AFfECl372vy (Kishimoto, 2014) . Kz
Lo THEMMAEDR LY bIFEN 256, FFRITITER
ORI ROF IR L 5.2 2 /IREMED & 5
0, EREENE AT VAL LIRAT D & KOsk
EML, RHEIZADRINERORI M LTS

(Samaras et al., 2021). AHIZETIL, a7 A7V
L =DF )L KR & R WITIEH OFFEIZ L > TR
IECHIRIS D (Fig. 16) ZEEBILMNI LIz Lioh
oC, AVRT ATV H =R, (@A
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BN S AT L L TIER 2R 5 Z Lok
0, fFE L THEL TRV VEY) (Fih) 2R cEm
BN DD, —5, =k T7—ah 7V X =DF)L Rl
B NIAEH OTFEE T C b KM TH S h e
(Fig.16) ZEZBBMI L. Lo T, =kF—
ATV X =HMERCa T Xy h T =l =k T
—Ih 7Y F = OIRA IR E A B DS w
SNTNEUTH) LT, =87 —ah TV F =T X
DLW & XL RINFRIC L 0 iz +53chs
b2 Z LN TERD TR H . DX H7,
PRI HE DA Z B2 MR M35 2 B Ch bk
REN, 7 avYOREIET 2L a v X h Ty &

=TI B Y EX =R DPIBRSER SR b S LD
B, =7 —IhT7 ) F=TiIHeI o7

¥V RINHT R AR % & % O 1717 (Janssen
et al, 2006), JEAMFHAEIC L DEMIBRIZ < O
YEHE L% (Janssen and Sabelis, 2015). La»
L, AWETIE, =k T—ah 7V Z=DL 5750
RIBRE Tl e VR A F20E LT H 0 RNl
HAWEHEFTE T, FRE2 IR CE AN &
BB E otz flme LT, AWRBhROxS &7 %
EHFICL > T, #1750 RNIlAE £ 72330
HRHE % NAIHERRT A 0EER3 H 50 Liv7en
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20 (a) Cannibalism D E. sojaensisfemale
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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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(a) Phytoseiid mites
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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 Euseius 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 ymp 88
A (72:0) 66.0+2.8 a 0b 0 a 16.8+0.5 a 56.0+22 a
B (48:24) 30.0+23 b 48+10 a 0 a 11.8+23 a 34.3+49 a
C (24:48) 85+0.9 ¢ 40+04 a 0.3+0.3 a 0.8+0.3 b 14.3+27 b
D (0:72) 0d 83+21 a 0 a 0 b 55+1.6 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
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5T

THNET, BOEOEBNRT DAEDIRL, FiE
DEBRFEDOIE /TG E LIRBPEOREATIHI &
NTEIz 2072, BN OEFERNRLH LI 5HE1HE
R LABRTED S 555, JIUT L R
PR S, IPM O | S 2 &hvd & ) A
ATz, BT, ABFECIE, SRy NE R A
BARERIABMED LE R CHLa Y AT AT ) X =
BLO=tT7—ah 7V ¥ =0HERBERZET 560
PEZOWNT, ZPNE JOMPMEESRERIC 1 Y Ik L 7ot
B ARy T ) XN T B RN ISR L
TRV R AR O Z L AALMNC LT R, 7V
F LI NE BRI DO I K- ThfREN T
7273, AR L0 RIS 5 v AT AT
S =% R LT AR RRO SEBLATREMED S 72O &
. EBIL, FROBEEERERT DY X7 B 7Y
4 = O IR AR OB AT 2R T D
% NANTHRIET A Z LIk 0, FHHROSIANIAR
KHROFBEEED £ DRER, FHRPBRR b sh s 2
EEALNC LIz, SEBOFETTE, avXrh7Y
H =D/ FNFRERCIL R NIRIRICRER L 72 2 & A
B, TEMOHRMHIATRNC L BB % e 7= ATREM:
WD, —J, HOTHEFTH, =k 7—ahT V¥
=DF /L RPN IR L2 o 7.
=T —IWTVF TV T I =L b
NAHIBETHDZ LD, TD 2RERMEAT Y &
=DFERHIAHET DA, 7= & ZAemhMisa S o 44
TTh, =7 —ITH 7V F=T LDV RNl
BWNZL S THT Y F=RROEENHE DT, FHR
BRhdn g E B ATREME N B D, ARETIL, B8R
FO=RFvaflE LT, BEFOBBRARIZIT 5
MERLUIE BT, IRBEMORChHDa v X5 7 &
=ORIREMISAAT T 72 TPM 242545, 77,
BEEARERICEIT BINBMED 7' X =0 E B BERR
% L0 RSB T, TR
oML, TR K ONERIFR AV ER OB SR AT
IZim L.

A, LSRRI &> CEEE R L FRACBAR S
TN 7 U H ZHROHEDNBEE L L TR Y, BEfFO IPM
(T RTREZ BT 72 22 B R BB O BRFE H3LER ORRE

=

.

ik

UNVAN
5%

Lo TG, BilZIE, VR CIISRAIRSE 2%
HESHT IV EX=DBEHE L TCNDT2D, JUNTIE
1997 FEM B 8 FERNTT= > THIRORERII LR E
#L, AFEROBRSRAWE S fElF, 2006). F
7z, =R UVETCE = U e A = ICERT S
A 7 FED 2010 FAEAR IR CHIMER S (B4, 2013),
ZFOWETIEEILER LTS, ZRETIS, Ho®y
B LU= o o TSR ISR D BRSSO A=
WHBARORE), 3L 0T = L OF RO
\ZED, A HT DIAFEONF A VSHEOFEEFR|Z
%3 D IERRMSHI O BRI IR AR S e, =
DT ENREL 20, LERFOFERRIC L DRAN
Joi e HBABRASR SN S, B CIIBIE, A~ =3
Zxtgel LT =HIOBERNIAEM 1 B S 2[EIZET
BN S AU TN D (HEHE, 20115 Bt S R Ao
H4,2021). UL, VX =HENSIE LIZGE, AE
FIAFR 2 (DR R = F 2 BINEAT D B & 5
(Ashihara et al., 2004; {1, 2000). 7% =4HIZ%)
ROFNFFN I AR D3RR E N, K
FR AR KV R D L TAEREDHER S,
TORER, NEZHEO Y P —V L A% B X 2 3ATHE
e 25 (LH - H8H,2018). 2L, 7 X =SA
DEHEIT TPM I & 0 Bl L 75 &2 =Foof Flag A F
OMIINSHE 5 Z &M, HERED R OE RBbRERE
W B DRI 5T, FROIAMGIEOTGE) R 7 &
DEDDLER E 72> TS, LIRS, EHROZEAHK
PUEFGED Y 27 AR L, 2>O8EFD IPM &P &7
TV FHHENT HHOYWEERS BURND, TR
DO TFEREEFA L CIN b FERERINBLRT 2115
DOEPFEDLEND.

TV ZIFRNE ZHDTAERE LT, ATV H=
¥, FHe A fRMERS, BIORBFEERIL
HO—Ff72 AT 515 (Helle and Sabelis, 1985; 71
Ji(, 1993; Lindquist et al., 1996). ZDHHTHERT, LA
YD 7T & = T EEAERRRIRT DM NE RO )
R L LT, AP TR OMERER ST D
(Sabelis, 1996; McMurtry et al., 2013) . FeASE D FuAst
NIRRT BILARED =% F—an TV F=L =
TR HT I H=TONTE, 7V A =F (Kondoand
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Hiramatsu, 1999b) <>~% =4 (Tanaka and Kashio,
1977; Osakabe et al., 1987) (57 2B EEHIHZRA e
RBEITNDD, EBLOFNY =H8% I 0 RN
BRCE DANIHAS N2 o TR oTe, Ziuh 2 FEIR
BRUED TV X ZII N X =R E L LT E
ITIEE AL TXF (Kishimoto, 2014), F7z,
Tetranychus J&/ % =M% 2 ARAINAAREIZ X~ T
ITENVDHIFR S5 (Osakabe et al., 1987; Osakabe,
1988; filit D, 2004) 72, Z 9 LI=HIROLIRHTIX
PRI CE 2. —0, KRR 7Y ¥ =135
HOARE EIE AR DAL EORRE AR T L2 L
T, TOMERREEELAER - BRI, ToOfE, Fh
BEBRR A5l 5 Z L b T % (MceMurtry,
1992; McMurtry and Croft, 1997; Messelink et al.,
2014). £Z°C, AWIETIL, WU FVEHDOI Y ES
=BLO=R T OD T NT =Gz b L
T, EROERBERER a7 ) =5 1<
F=tT—ah TV X =aidAL, REfEE L CiER %
T2 LITEY, TNLRIOEEEEDI ST
IR D ERPIEREFI L (B2, 35, £
DOFER, 2R TV X =05 bauXrh7 ) 4
ZDHPRZNEDEREERATRE Th o7, FensE T
7 F ZHOYIRAN 2 EARERT L E TS
AUTUNRDS TR, ABUC LY a0 X 7 ) 2 =3
T T U TCEVBIBRIIR 2RO 2 L S B
Llpole, =N, 7o F ZFNTFFREM S S (B
B, 2003) A3, AVAT ATV X =T R R
R OREBLT, Vod, B, 7 K Vitisspp.,
71 Diospyros kakiThunb., 7 A Prunus mume Sieb.
etZucc., 7V Castanea crenata Sieb. et Zucc. &V o7z
%< ORBETCRAEENS (Toyoshimaetal., 2013) =
EMD, ARHORIMIC L O ZARZFE IS\ TRl
TV F =TS D AR TR 2R B 7 b Live
AN

PR & TERBORELZ WAL ST D201,
KU D & 5 R DA RO R 2
RVFERI DB 72 EHEE L 72 % (Ruberson et al.,
1998). L2sL, FSEOFMHES TIIEIAERHOR
FVERESND T2, RIE LG & 2T EEE R
OYFRAVE TS, B2, — M7 %V ETIE
XYV BEIRENRE LT UF A I — A — bRk
WAIDMER 4 RIDLEBAR Shvo OFE, 2017). %7, =
AR TR TIET VRO T  BBHE O E

Gl LIS B — L RREAPORY A%
A, BLOEMIH A L ARG L LIsARRE L Aa A
RREDADEREERERT S D (HirG, 1986; HE
7K, 1993; Kishimoto, 2002; /£, 2004). 2 VA7 7
U F 3TN H IR O AR T D (AR
5, 2018; AR, 2020; 1 - HEH, 2019) 72, 1EIT
BiBREE Cidix & A K34 T (Kishimoto, 2002;
Katayama et al., 2006; AR5, 2007), ZivETHEE]
BRICIEF STtz —0, ARKEUIFBEINEK
FOH A AR U7 S Gl A Bta L, #1E
Wb BENE < 725 (Kondo and Hiramatsu, 1999b;
K5, 2008 H5H- F1L, 2017). % 2T, BEFOBRA
REYIEL, avRrhT ) X =R 5 %
VIR L =R D772 TPM % Fig. 18 8L
Fig. 19 IZZNEIUEET D, ZOF7-72 IPM T, #)
HETIHH SN A a T X5 7 ) 2 =2
%t U TR/ NSRS (Table 9) (CAH 5 2
LIZRY, ARTFROHERIH & FERE RO L O
SEWAREL 2R, T RN N RO
FHICTED.

ARy NT Y F I EOEAEAET LT
B ROORER FERS AR DRE A |- CIEREA BN S,
TORER, 7 H N =R L CEORE
FAEBG. ZO XS RIREMEREORORRE R L C
FEMDOLIE RIS T, TRREDRIBER
(preventive biological control: Messelink et al., 2014)
EHEND. EZT, ZITE, avRTrhTIF=C
£ FREHEMIS A KA A A TR BB AR %
lguardingTPM (LT, G-IPM) ] L#2ET2.
PRFEERSE FRIERI I, iR ¥ —HH k2 =
DR 7Y F = ORE & AR OKEETRIZ L D G
IPM OFEAMELTHL L7z (F 2 &, 53 %), 1BI7FR
TR AT H7 ) X =OFAETFE A ETBD LI
PRINSTENS, PRAEDIRR T CIIAKRE < FAEL, IR
PERHI~OLEFC L DARRIUOHEN R R ST
FEEHE ORI IIERIMEISINZ S, Thb
D72 H ZHRT DR FIHER (= - 5,
2018), WY Ry h 7 ) =5 RT % (BH - H
2019). ZOZ &b, EITBIRETY & =L H
FTHHEEDOEDE LT, FEERIEREAIOMHIC L - T
AURTATVE=PNPRENS ZEICED beb S
ND V== AOARRIEIVRR S . AT, =
DR HT Y Z = EEET D &, I YRITER
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B EH=OBED, =R VETIE=E U
=& T T NE = ORRBRBZNENARETH
ofc. EDZ &S, a v X7 ) X =03 ERH]
Th D4 A5 6 HARE CAREE Rt L OVidassiR
THZ LR, EHREOS —JHEPRTEHEEZD
Wiz, au Xy 77 ) ¥ =O3EAREEFIF L7-20 G-
IPM 13, ARBOEBD R ST IR BT
DRREMN S D, —F, v AT A7) X =k fifEs
L7p\W\ & 7 U 7 ZFADOHEDRIFRIIC A TE 220 K
WLledGtndbd (B2, 3w &b, A#E
HOZIEEE TIL AR AET D ARKIRO R DI CIEb;
FREhSEDMG HAVRVWATHEME B 5.

KU X 2B PR RAZE ST 5720, Rk
TEN TV E ORI L B 7Y & =H5E L Okt
WA AL G DR TR EHIIRAR M RRE ST D
(RHATPHERE, 2021). LanL, HBICHERTTREZR A 7Y &
=BUANT, BUE, BASNZIvah T Y A =FEmEA
TINAX—AT Y Z=DHTHY, FNHOREERT
NEZHAETNIT I UFIRON TS, IR T,
JEERETR S4B AR D KU IIBRBRIC 9~ B e
FabdH s (Paulaetal, 2021). fFULEN-Ivah
TV Z = IRINFEDTRFCTH DT80, (ERFRA L AL
TARATED B & Z DAL R O AIREMED B D 2 LA
fefliSh T % (Gotohetal,2004). £7z, AV/LAF
— N7V FIISRFETHDH T Enh, AR LT
EETDHZENRNE D, BHICOMERII O TITRE
Rl IR ST % (Arysta Life Science, 2021). il
2T, RAUNAF—HT VX I IEOH TV X =S5 L
D HIEBERRXL RNRE CTHDH Z LAV ST
% (Maoz et al., 2014; Ji et al., 2015). ZEMBAEROT=
DITHEIND HIEA S HUTZ KU £ - THES O 155 4=
W D HEBIHE ST D (Howarth,
1991) Z &0b, BREEA~DFE 2 i MM 5701213,
TENAE) AR DO R AT 2R D 5. 2
Ry HT VIR VA=, BROTHR
ULV oI OB INERFEATR T D 2 & 03
AENTEDY (Osakabe, 1987; Kasai et al., 2002;
Shibao et al., 2004), > ORIPGRE S5 HALHUS F Tl
SAEBLTWDIENRETHS (Toyoshima et al., 2013).
PUEDZ &b, BB DL a ik L7 E T
VH =S RGO T EHHEOE R ORI R A LT
SHDEDITNE, aTRTHT ) X m AR E LT
BANLL, WSS 2 e B NS, 277

L, TEROKRHTTH - THENISIIE L 705 ATREM &
D7), BEHORERS TR 2883 dmnidsik S
NDAT AT T ) X =DRMOEEEY A7 & 3Hh L
TELERDS ). WINTIE, ME= 0 NG
WA RIT Euseius J&7 7 ) X =)NMEWEIE L UCF
JAENTW5% (vanLenterenetal., 2017) Z &35, 4
%, FMBOav 77 ) #=pivshi-5a, K
KIEOREFHETRIZ X 5 G-IPM 1T D72 & FMERN
YEINSHERCE 2508 LAVR0 .

TR L D E BRI A D D7D, Rl
RS ORAF B X 0 AR BIGATFCRI O AT E H i
L7328, TAERHOEAEAMERF - HIH ST HIREAVE
¥yl BR  (conservation biological control: Barbosa,
1998) DEZTTNEETH % (Landis et al., 2000; Gurr
etal,, 2004; FHLIAF LRI, 2016). BIE, FAtET
3 =2 vy FEORARENC L0 R RS
BAEELCO 7Y F =R aihik L, EHPERY
RembT 20 HAENTHON TS (Duso et al.,
2004; Jaques et al., 2015; Funayama et al., 2015; J7ILI
5,2018). %HZ, EuseiusJ&H 7 YV X =3{bHonti %
EET5MTbHY (McMurtry and Croft, 1997;
Ozawa and Yano, 2009; Adar et al., 2012; Cruz-Miralles
etal, 2021), M DI >3V E TIIAEMIRA BibE S &
D LR R DBENEE Y, 7 OB R
TEELZZENRMBNTVWD (Smith and Papacek,
1991; Palevsky et al., 2010; Maoz et al., 2014; Warburg
etal,2018). 7z, U AR TAETRIHOT LHAHT &
LT, AROBEAE NS LTS 551 (Wade
etal., 2008) VHIHIL TS, WP TIIAR Y/ e A A~
Typha angustifolia L.O{EYH 1 7'V Z =8Nt 5
P i) I DR iE &b Ty (@ ST T S (S
PO T CIEIIRIC Z DI 2R E AT D 2 & C
Euseius J&71 7V X = OFE A @ 2 FEPHET ST
W% (Pijnakker et al., 2014, 2016; Van Houten, 2016;
Beltra et al,, 2017). AHFETH, I F VL=
F O FITREEE LCr <Y O E i T 5
2L CEMOEREERERNS AT R T Y X =0
BENREY, EHIT, ARBOHE L THETRNI
Y e =R BIRISLARZ TER 2 0 T NS
=EPIRCE D 2 LRGN oT. A, Uy
A7V Z=hFEoE MBI E S BT b o4
RIAEIRIBAEROMESLOT-DITIE,  Th % VAR B
B L TREEL L COBMO NI D572
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DORFEEFIEIZONT, FNEIUTTE Uiz
B - TN L, GIPM (23617 % RN A FGR D B
b5,

THERFEFIA LI F BB, BRI
T D RAR OB BE - i3 2 BN A9 = &
MNEFCTHS (Langellotto and Denno, 2004; Thomson
ammw;%ﬁamijﬁﬁﬁxﬁ@@
OEMEFREAREEIEHET 5720108, avXrl
TN H NS IR D Z EREE LV L
L, AR L7z & 51, AKERO/ L CoBEIT 6 Al
HE 2, TAUBIEMIUR T2, 2085,
Y BIO=R TV ORRET, TOMOBIA L
ThHE L RSN T3 (Kasai et al,, 2002; 1
- AL, 2017 552 ®, 553 5 A, FOFREIFH G
Wl o TR, au X A7 ) F=DFREE—2 15
7 a= OFektEE 1R Ch oS 8 oBdh
LTh, 7HUUBRIARBROBEEEZHEFRFCE 720 (-
TH, RHER) ZLhb, BORRDOHNFEREITE X
DIV, WO X RIS D Euselus JEH 7Y
= OEAEEREL, FIECHE L-RIEThH L
MOEEEENEE D23, BRI & /g 10 B
HET 5728, [IROFERZTHZ LB TS

(Warburg et al.,, 2019). —J5, FBED=HR>F
LT FURETIIENSKIZL au X7 ) B =H3%
H&hs (Kishimoto, 2002; $2H,2014). ZHDZ &
b, AREOFEITRITEER HR e EOHEIERES
DHIRET, BRI T DINERRORIRE, TNE
h7p EOAMIRIBREL) D bR T T D TREMEAS
5. MAT, 1R LOBEOREEEI TN 7 ) ¥ =HED
B AHERFORMRIEEN B A 52 5728 (Duso, 1992;
Kreiter et al., 2002; Seelmann et al., 2007), f§fE7=1F
TR L > Ca v Xy h 7Y X =12 L 5 ERE
Wﬁ%ﬁ;@fxéﬂﬁ%ﬁ%é Ay Ry h 7 H=0fH
AHEREA AT 5 720120F, 4%, BEHPNAAORiES
%_m%ﬁﬁénéﬁﬁﬁwﬁéﬁﬁ,ﬂ%@@it
SRR I61T D AKIROD AL BB OBy NRIE 72 8 b oo
HCRET DUENRD 5.

BEEAERER TSRS BT EF R A L
W< WwWE Ensd (Alteri, 1991 Gurr et al, 2003;
Bianchi et al., 2006) 73, JEEMEORHULF L RPfHA
FFHANIC K0 BB E R R A 550 5 =
L1 H 5 (Rosenheim et al.,, 2001; Snyder and Ives,
2001). D7, TAEREAEFIR LABIIBRCIL,

KT F1T D INEPERBOTERE RS DZEHIHERE
iR U7 T, FRiCRENTS L ORI AVER 25 i
THIENEETHD (Strong, 1992; Schmitz and
Suttle, 2001). FHI, IKEMEDH 7 & = FFFERHFE
DOHTVE=ERBHE UTHIT 5 Z Ll L 5k
LORRE RS Z LN TE S (Schausberger and Croft,
2000a,b) 728, AV AT T Y X =KD E BB
B XL R A OB A 21T 5 ATHENE D
W B, a7 ) A== T —A T X =,
BIOIH V¥ =27 VERL LT 3ERDOF L
RRIZIWT, =87 —a A7 VX =iZa v X7y
=X b)) 7% RNIREE - OLEVHRE T
bV, =T7—aTN TV XL DHFL FNECHA
VIRA T Y S =R OEBREIR AT, EROEE
(2t U TR IEORIR & 72 69 AlReMAvVR S
7o (B4®). LichioC, RO RBOSREE &
D5 EITNT LA E i S5 01 T
AT
Eﬁ‘@ffﬂ’ﬁ%@%é‘]?ﬁl“)@%é’ﬂ CFIA LIz AErrs
BRZFHT 5720100, FL RSN L Vo7
%Ef‘ﬁ[@%’;ﬁ%%% D FRENED B> HBIG AT 5 s
Enb D, KB T ) F =3 E O s E e Al
AR D 2 & TR PRIV AR TE 5
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Table 9 Effects of pesticides on Euseius sojaensis adult female (modified from Tsuchida and Masui (2019))

Code” Pesticides (Forrnul:altion)b %AI Dilution Mortality (%)  Evaluation Mean number of Significant
category’ eggsd difference’

1A Alanycarb (WP) 40.0 1,000 100 ++ 0 wx
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 o
3A fenpropathrin (EC) 10.0 2,000 86.7 + 2 o
4A Acetamiprid (WSG) 20.0 2,000 10 - 2.3 w
4A Clothianidin (SP) 16.0 2,000 6.7 - 6.3 b
4A Dinotefuran (WSG) 20.0 1,000 3.3 - 6.7 o
4A Imidacloprid (FL) 20.0 2,000 20 - 2.7 ok
4A Nytenpyram (SP) 10.0 1,000 36.7 + 3.7 wx
4A Thiamethoxam (WSG) 10.0 2,000 6.7 - 5 w
4C Sulfoxaflor (FL) 9.5 1,000 0 - 14.7 *k
5 Spinetoram (WDG) 25.0 5,000 100 ++ 6.3 w
5 Spinosad (FL) 20.0 4,000 3.3 - 24 ok
6 Abamectin (EC) 1.8 3,000 100 ++ 0 o
6 Lepimectin (EC) 1.0 1,000 96.7 + 0 ok
6 Milbemectin (WP) 2.0 2,000 100 ++ 2.7 w
9 Pyrifluquinazon (WDG) 20.0 3,000 0 - 51.3 ns
10A  Hexythiazox (WP) 10.0 2,000 0 - 32.3 *
10B Etoxazole (FL) 10.0 2,000 6.7 - 47.7 ns
13 Chlorfenapyr (FL) 10.0 2,000 0 - 53.3 ns
15 Flufenoxuron (EC) 10.0 2,000 0 - 34.7 ns
15 Lufenuron (EC) 5.0 2,000 0 - 42.3 ns
16 Buprofezin (WP) 25.0 1,000 0 - 39 ns
19 Amitraz (EC) 20.0 1,000 100 ++ 0 b
20B  Acequinocyl (FL) 15.0 1,000 80 + 2.3 wx
20D Bifenazate (FL) 20.0 1,000 50 + 7 o
21A  Fenpyroximate (FL) 5.0 1,000 100 ++ 0 wx
21A Pyridaben (WP) 20.0 2,000 100 ++ 1.3 b
21A  Tolfenpyrad (FL) 15.0 1,000 100 ++ 0 o
23 Spirodiclofen (FL) 30.0 4,000 0 - 37 ns
23 Spiromesifen (FL) 30.0 2,000 0 - 39.3 ns
23 Spirotetramat (FL) 224 2,000 0 - 1 o
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 - 43.3 ns
34 Flometoquin (FL) 10.0 2,000 0 - 52 ns
1 Thiophanate-methyl (WP) 70.0 1,000 0 - 5.7 o
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 + 44.3 ns
21 Cyazofamid (FL) 9.4 2,000 0 - 42 ns
29 Fluazinam (SC) 50.0 2,000 0 - 10.7 w
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 w
M 09 Dithianon (FL) 42.0 1,000 13.3 - 42.3 ns
M 10 Quinoxaline (WP) 25.0 1,000 100 ++ 0 bl
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

‘IOBC/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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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

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. I 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
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. sgjaensis release and pollen provision increased E. sojaensis populations and reduced A.
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, Tetranychus kanzawai Kishida (Acari:
Tetranychidae), with generalist phytoseiid mites in Japanese pear orchards

(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
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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. sgjaensis release plot and the control plot, E. sojaensis was the dominant phytoseiid
species, and the densities of T. kanzawai were lower than in the A. eharairelease plot and the pyrethroid plot.
(3) Biological control of the Japanese pear rust mite and the Kanzawa spider mite with E.

sojaensisin 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. 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 A. 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 A. 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 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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