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BOE MEEE

K itz w7 oWk, (1) RAER
R L, T OERERD 5 Kt HA L CHEET A s 52

H A, KB R B BRAIR 2 TR B B r) R R B B,

(2) N TREHEGE L 72 Kl % it i 5~ N2 W9 i 5
5 [ b, (3) by K O DBE: 2 %ii§ 5 2 &
WX EAERMEREL, TOMREFNTS [ 125K
OREMM ] 12X SN2 (Dent, 2000 ; K4, 2003a ;
Hajek, 2004 : van Driesche and Heinz, 2004). Z® 9 %
BB R, R A K AR Ol e A A S
X EENLMA TS [KRERA] &, FFPEOR
WA B U CIC A S 715, FISWIR LI i B)
2 & 5B WBABRARICIIRF T 2 [ 125 en
% (Dent, 2000; %%, 2003a:Hajek, 2004;van Driesche
and Heinz, 2004). W3 NO¥E DL, KEOWHEHE)
- FARe), BREGEICYE, IRIRYESS o AR 2 W] 5 7
WL, Kie LCoORZFANIEHET 2 2 B EETH
D (%%, 2003a; Hajek, 2004), 4 IZHfBREE 1B W
TIE, FEHHEEBREIR O REE % 23503 2 B SN 1E
e LT, RiLo k) 2AREEOWBIBER2E 2w
(van Lenteren and Manzaroli, 1999 ; &E, 2003b).
TR B 2512 350 B U RS X B RIFIH 23 S A2
S—uvNTIE, IFVITIHE NEFYNLHE, THI
7 R FEFI LT B SR O HF1EHIi AT b LT B
D (WhiILs, 2006), 09 BIEMES A L HTENTF
XL VRICHY AIFTEA S . KRR o ik b b h
ThY, BlziX, Tommasini (2003) &, Orius insidiosus
(Say), Orius majuscules (Reuter), Orius laevigatus
(Fieber) K U Orius niger (Wolff) (Wb H ALV H:
INF I AL TR OARER R G E UCTHIRE), T ERe A
2l L, IRIRMESE D SO A D 5 O. laevigatus S KL
ELTRVAETH L EEH LTS (HiL s, 2006). K
HETH R, BREERBRCBIZEEMTHLS I
AINF H X LY Orius sauteri (Poppius), I & ANFH A A
2 Orius minutes (L.) ROVF 4 1) 72 ANF A ALY O3FE
(Yasunaga, 1997a, b, ¢) & X512, FEHERE R OKRIRYE
(7T 5, 2003) I OIZHEGEAEY) (Kakimoto et al., 2005)
VISR, M TORBEI T TV,
FF A H AL THFTIE, Dunbar and Bacon (1972) (2
& U Geocoris tricolor Fabricius (7 X AT H @ 4+ A 75 X
LUH), G pallens % O°G. punctipes®D 3FEDFEE . OHEFHE |2
X9 B IRED DS, Tamaki and Weeks (1972) 12X D
G pallens X O°G bullatusD3EHE, H5H, WMESOMRIL VWAE
¥¢tE7s, £ 7z, Crocker and Whitcomb (1980) 12X )G
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bullatus, G punctipes & 'G uliginosus® 3T O3 £ 5% A3
N, ENENHEH TR - ZEEENTw5b. HEADF
FANALY RO AT F AN ALY HERORRE LT
FIHTE MRS L L THEH SN TWz2' (%k
5, 1993), MMEOFEL VARBYIFEICOWTIEIINET
FLALHRESNTES T, BARNARFFHMiAANTTHETDH -
7o, ZITARBIZE TR, HREAROR E N LR D720,
T, IRAOR RS D WM O KN HEE
SEL7z (B52®). KIZ, Kike LTOREDFHMIR Lido=
Rk A S b L 7o KB AN % 2§ 5 R TR
Vv, TREOSEE - BAAEER I ERE IS 2 A% 17
W, M- BRE L E3ERUH4T). S50, HERE
A T2 F 73S e KT 5 2 LIk B E
WP A, BEIHERDIC & 2 AEWRBR TV 254
W, FFADRALYDPCAFTFAD ALY LD DELT
By, ERPBRDELEVI LRSI ().
REETIE, AWFEOH R S MR RV E LT
CAFAANRXAL Y EI) SHEREZEZONIA A AT XL
T RPN, EROEYNBBREM & L COREFIH &
32259 2 TS BRI RERUESL BB 5B
T & OB TS IconT, BoNARIcES &
HICERT 5.
1. AEIETERNTHEL ICH T /- 3RE
KWFRIZBWT, AVaF<¥ T x4 HI%E, Bl
REINREE LTHERBIFE T2 L1082 A AN ALY
BOe X4+ X H XL ORREBTEVHBECE 2 (B2
#)., AL, KHECBT2HOPMERIEWE L HH
30% &, KEHMHAMN 2T 59 2 Tld, KiFkdeEz
BT DLV THL. MAT, A+ AHDALTIEE A A
AHALTED BB ICHEAEL (28R OHE3E), i
HERPL V2D (BF28), BEIANIFFAARALY
TEAFARA AL I BELA LD EPHINL. 17Hl
(2005) &, BUEDOKBOFIIE [ 5 AR
AHBHECTRRA LR L], [HAEW] &) RER
BHY, BAAOPMIIEZ TEATLAY v MIMhInE
ERERLTVA. TRSOMENZMIT S ) 2 TR,
[ H T2 E LA RAMe & B RGN | 2 [4& -
B ORAENC L DT A b TRHEDG SN HA ] & A
A CTEEHEZ I 5 ZEHPEETH LA (T, 2005),
RIS 2 RO B3 A~ OALD FRICEHTRET
HBH. FFAAALYOKRERFIZB T HEMED Z b 2]
W %9 2T, LBEWENOLET 2720 0RRNORE L
DT, iz B %2 MV fEEOR LT L %
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AoN5., ABRHCHEL T, $EHdINFETIC, LKk
G punctipesD i E FIZBIFE & L7z N Lf %} (Cohen, 1998)
RZDYREEIERRIZ L A+ X7 A LY O & AATz
A, A2l U TR EME L2 aIlidAyar
¥I XA HIE G2 CHE L2E L L T RO
RAOKMEALC ORI, RIEKR), A 2T~ T
ZIEE-oTw v, L, a2 s vBedge L
2 NTEE ORI 2 #5 i3 EiLoic b H 1) (Bl z
1X, De Clercq et al., 1998 : Ferkovich and Shapiro,
2004a ; Ferkovich and Shapiro, 2004b ; Castané and
Zapata, 2005 : Bonte and De Clercq, 2008%%), #+ % X %
ALY RO AT F AN ALY OFEH L MK Ok
bR EZ OND. ThOEDOMRESEIL, 5H

A MR TR S e o AT ORI L, Zh

ZCTEPET A N DR KREHGSAM DAL TIN5,

—7J5, #3FE TSI LM O K O R O3 E K
O M0, ZR 2RI L 22l E iR P
£ 2 KREHEEM ORFL LK 2 MEICEHKT 5 L & 2
N5, L, BKHEIZBU B H5EE) K OAAE H B oA
1326C £ TOATOERMIEE > THBY, FULBEOER
ZIRBALT 5720 DWERPA TG TH L. WIMIAERT 5
TR DULARFE R N T A & VHICBIT 2T, fFR
FEGAF O X ) NI RIS OB T X — & %
FEDUHTIAR, PUEBOELF H SR E (R % 2 L
HENTWS 72 (Dunbar and Bacon, 1972 ; Nagai and
Yano, 1999; Kakimoto et al., 2005), 4%, fiHEHFHICH

WD 2 EDRUE SN D IE N OBMBOMERA FIZBWT,

AR D A % D B LED D 5.
2. EREIFHEOREER

AWFFETIEPAFE L 72 L H I & AR H B3 K OHs
BRIFICBI DT A DALY RTCATF AT ALY D
BEREEHMAE I A O I Lz (5533). /o443
T, fERE R FEE R S AR O i Kdl = % B
LMLz, INHOMAICEY), TNETRITETH -
To R & AR B EAT & LT WA T & & L 7T
Al R A HERBE DA O E D D HRRET R & o 72, Bl
2L, BREE NS R OBIT» 513+ X T A L
UHBCRATEARXA ALY EDSHETH Y (F4%), Higl
BEJIOBETIXMIZ AFF A A AL PRREND (5
3T) Z LAURME SNz BUEREREIC BV TRIROE W
Kz et CE T 2556, MY & K <
X EMH SN S E KNSR L D (van Lenteren and
Manzaroli, 1999), LAY CTIXMFEEE D 2R S5
DIz L, REfTEEN IRV, 72, HaEEiE
FADPATECE B OFERMAEZHAEL, M XmmcmssL
iz, WEAREMES (WRERIDD) Bl
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FEFE LWEHETIED 575, EHIED720 DLIHSEMET
7R\ (KB, 2003a). SO, F A A A LTI
HARBMER MR N2, £HEINTH T 2 AR 2T L C
AL E FARICEMIE T % 7 S1F, KERENC X VL 72Kik
ThobrEHWTES. $/, BEREOMERHLEL S, K
~HRIE TIEA & A A A LTS, h~ iR Tlde 2 4%+
A AR Y RENEIMS &I L TR o447 L BE
WCHENDZEDW S E o (BE3F). AWML, MWk
DOREIFAI BT 2 B IEEHROR R 53, A
B BAFONRERLEFT OB EOERD L TH %
SO REMED B 5.

L L, AT S 2 & % o - Wmifd OBy 5EhE )] J Ol
BRI RERG T TORRETH L7720, ThHoT
— 5 OHKRTIE, FHYHCHEMBT S TREMED D 5 % bk % il
BESAE T & AE L 72 Wi O RE ) O FRiEHIi M T H 5.
F 72, FEEHVER OBAEC L CIE, B ok
BHHATAFITTAATOINEHELE LIEDOLDOTH
D, EYTORBRNS L %5 ERME S 2 25610, £
OFMEIIR LI ENTFHEINS.

B REO D OMFEE L TEEZ O, B)ko
WAL L ROARER L TH Y, miE AT &
WM TH D (KB, 2003a). HEAHEMIE, KD
BRI CTRE LRI %155 ik, Hix OBREi4&M
IZDOWTHEL ZETHAHEEZLN, TORIIIE, fiz
DS TR R EBIBE T 2 B2 17, LX) Jwhik
RSB T®EE, Y32 —Ya VEFVERFIN
L72hik02o07 70 —F55 5 (K¥, 2003a). R
MHEZ[ZOE LA SITEEI LI TCDE I
L7z& ZICI3ER L] v ) RBEOMA EIFTH Y,
Z 9 L7-REr A E JUEARREEIRI 0 2 7 = X 2 DB % pF
bbb O biE, BEOZLRH LB &Moo
EoT, HHITERMARS D L Gl 5, 2003).
—h¥Ialb—YarEFVERFIALETE, —E
EFUAERTIUE, T T IV O RE R R A Tl 72 F
Bl 2 P42 2 L IZHEBENAES TH S (REF, 2003a).
EHRREE OISt & — AL L7 2 o0 X 9 7255 B R aE
Wl OB WA RBKCTIHESNITBY (HE S,
1998 ; Urano et al., 2003 ; {f¥F 5, 2003), +F A H A A
IRV AFF AN ALVICOVTHINEH VLI ET
WBE 72 TR TS R O FHTRHIAS T RE IS %2 2 £ £ 2 5
N5, HL, KREFLAOLTIEDITE, FHENRE T2
EH R OARM L G 2 7o Y56 O KON E AR, Kk
Y72 OH LS D ERED/T A= HPLETH 5.
D7), SHRNFENEZWIEIIL, Thozffe L%
BRafr) 2LICXD, BRI A-FERHTRETH 5.
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3. EIBICH T3 ERBHBRBE
FFAAHRXAAVIZC AT T A DALY L) HEY~DE
HEVE & ERBEBRRDAR ARG 8 <, REH Lgafb LC
FHAT AL, AT AA ALY D b F A H R
AVAELTWD EEZ LN ZOMEIKRM o 1 F
I, F~FBOAL HDEELIZBWTHEEETH Y,
HE AT o 72 ¥ =< Y I2BIF 2 ERPBRARRB T, +
AN AL VIZE D ECERBIBRARARE N2 DED
RS, REIIPIBRRIREE AR LSS 2 &% A
WA T & 2 B BREM & L CTEALTE S 2
EDWIRES NG, BRI RIS S T B KU IR

Existing IPM program

O

Control

HE4MEFCAIKIR T 25252 {, TSI 3K ORI
HAMT O N B EY TR ORI H S EETH %720, Hi
ZAEA FITIE, FRICEIMT 2793 < FHOB BRI
HATE A KMOBHFVPHEHLREEINTD., T AT
ALY HHHGEBETTHRIRT 2 Z WS EH>TnD
A (WIS, RFEER G5, RKIER), AMIZONWTIES
L L NS 1956 i e ol Nl B S L R AV s
ERP R AN HETOEMMESFESRTE Y, M
5E & IT 2 FI 0 P C LA 0 A AR IR 12 % 18
FTHUENR, F72, AFADALVEIA FAuT
FI AT AMARDPE NI E LWL > T
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Fig. 6-1. Existing IPM program (upper) and new one with G varius (lower) for the
forced culture of strawberry in greenhouses.
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Table 6-1. Effects of agrichemicals on mortality of 2nd or 3rd instars of G varius

Active ingredient

Corrected mortality”

Source

(Criterion of concomitant use)

Insecticide

Organophosphate
DDVP(Dichlorvos)
DMTP(Methidathion)
Malathion
MEP(Fenitrothion)

Synthetic pyrethroid
Fenpropathrin
Fluvalinate
Permethrin

Carbamate
Methomyl

Insect growth regulator
Chlorfluazuron
Lufenuron

Neonicotinoid
Acetamiprid
Nitenpyram

Acaricide
Bifenazate
Etoxazole
Milbemectin
Pyridaben

Spiracle blocking
Decanoyloctanoylglycerol
Hydroxypropyl starch
Propylene glycol fatty acid monoesters

Others
BT
Chlorfenapyr
Emamectin benzoate
Pymetrozine
Pyridalyl
Spinosad

Fungicide

Polyoxin
Sulfur
Triflumizole

Satoh et al. (2012)

Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Fukao and Oida (2010)

X X X X

X Y. Satoh et al. (unpublished data)
O Satoh et al. (2012)
X Y. Satoh et al. (unpublished data)

O Satoh et al. (2012)

x Satoh et al. (2012)
x Satoh et al. (2012)

Satoh et al. (2012)
Y. Satoh et al. (unpublished data)

O x

Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Satoh et al. (2012)

x©@ OO0

Fukao and Oida (2010)
Fukao and Oida (2010)
Fukao and Oida (2010)

x OO

Y. Satoh et al. (unpublished data)
Satoh et al. (2012)
Y. Satoh et al. (unpublished data)
Y. Satoh et al. (unpublished data)
Satoh et al. (2012)
Y. Satoh et al. (unpublished data)

ONCRCNONCXC)

© Y. Satoh et al. (unpublished data)
© Satoh et al. (2012)
© Satoh et al. (2012)

H728 (B54%), REBFBREIAFTIBILTHIVR
OB BRAR 2 AR B EA & L ComiH2RF S

5.
—J, FFADALVIZIEENETH Y, BEYITRE L7

BRZid, REESLEOPBNRERE & HI1254 L 7ok
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¢ ©: mortality < 30%, O:30% < mortality < 80%, x: 80% < mortality
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RS 2 7208, EREOMAGDLRHICL - Tl %
FIRICBRS B 058 8, FlH-> THES 25605 %
CEWHERTE TS (RIS, KFEF). WM TRIKIZ
AT EROMAGDEIIEFICEHTH L0, &T
OERMELTHF AN ALV 2 MEOMENE I 5
MCT B EIEWEETH 5%, MO M)A ik
OBEHTHEAF A D ALY O EIFFICEELEZ
bhblcw, SHTEHETIEL DNy -V 2R LS
BRaArv, EZHO 2T 2 0ENH 5.

T/, WA RSB B A 4 AN A LY ORI %
A L 7ok, iAo R ARAE & AR, AMIZEIFICE
ATERED RS, WO R EIRN T 5 2 & AR S
72, ZOBRVZ, AMOMME R KREMMLZRHET 29 2
TRIFFIAHMREZ R SNTA, KL FET 2 M55
DI EBHSEOMBERBAAAES 5 2 L2 ME L2Ys, F
)V K& (intraguild predation: IGP) (%[, 1996 ;
ZH 5, 2009) OFAZFHRET 2 BLEA 53R TH
bEEZOND. F72G punctipesSs, WNOFRIBTETIZ,
FHEKEIZEZWANOFEDLME SN T D (Cave and
Gaylor, 1988a : Cave and Gaylor, 1988b). # %+ X H X 4
Y OINEFIHS 5 FEEDHERIIII SR> TRV
O, BUERESN TS 44 2 h A 5y ORI E TR S
¥, WHEARLIEO WG ~OEE 21305 2 LI128 ) RHIH
KAz FRBERICH VS X9 25E1208, JIFFAEgEoM

MR DBHFOHMIIOVWTERETNELEZONS.

4. #EER

AUFZEDOR G E LI22Mi A A B XL THDI L, *F
AH AL VIR BT B E RO LR B &

LT, MRAWGETOIWHB TR TH 5 Z L HVRER S .

HERT BRI EIUC X 2 NEASHIE & 7 5 MRk B H T,
KRERGE L 72A & A A A LY 2P EREBREN L LT
MARLZEIZED, WTFRBIPMA S HICRET L2 &
PR ENEA, 2 TIRZFO—FIE LT, A FITH
BeCAd AN ALY R HMA LY E0H 72 2 IPMIAR % 1
%3 5.

BUERIR SN TV B EN 3 4 F T OIPMIASR (HHES

2009) Ti&, Fig. 61D LERIIRL72E B, Ny =HD
Bi B2 F V) h 7 ) ¥ = Phytoseiulus persimilis Ahitas-
Henriot (¥ =H : 7 7)) ¥ =f) ROIvar7r)y=
Neoseiulus californicus (mcGregor) (¥ =H :H 7V ¥ =
), 77 AVEOBBRIZa V< YT T 5 N F Aphidius
colemani Viereck ()F H:a<aNFF) OFHRZENRZE
NHAAENT WS, —F, THI 7L TUIRR
DECEMIBREM BETL ST iRnizD, £oF
BRI B BEEPH LN TV S, REROTF T,
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ZOMOFHERDOKED B0, Bk ORI BN 7
WAL A B ESEAGRIRE TV AR, THIv<IiT 53
Bikk% Kol 23 2 S i, BoHNC X 2 P
BN SNDBELS, NTZROT 7T 55T
D RBACB 5% 0E Y. 22T, Fig. 6-10OTF
BoXHZ, Zo7HIvHOMREH) ARG
MELTHI AN AL T ERMARDIE, A FTIZBIT2
IPMOREICRDKRELHRTE 2L E 26N 5. H5E
TRATAFTICBIT L F INT OB BRIFERBEICB W
T, AARA AL EZIATAPSHATHZEIZLD
NG AT BB R D D Tz, RIFFEOL TR
B FROMME % 13 A5 H TR F2 06 L 72 Bl R ik
B (KHFH S, RFFR) TH, FFADALVICEDEE
L7 EMBRR TR SN TWwE s, 2 ~3HE
ICHAREN TV B THF I T ORBREREZF+ A H X 4
VICEEWZE, BRI AR R W EE XS
N5, ZTORICEINY 2B LTFI A7) ¥ =0l
ADPRENTWDAS, FF A A ALY DB 5585
T, THITIORLLTNT IR LT BRI
MEZFHIHTE, RNKETIORMOA 7Y ¥ =1 d
BWETEDUREMEN D 5.

=7, TH I T LRERE, A T TOER R
BHRVIOAPR~TA» LTINS 20, ORI+ £
H ALY ORI RITWHRE T TEOES MR TE L,
AEOEAF I ESICEVEEZZ LN, KBIIHF
A XY B LB 2w, Fe, 5
BICBIT 5RO RS, Az BRI ZE L <y b
WCEESELDICIE, T AIALVHONY =T
VY ORISR, AN OB (&) oFH
E, A RET L0 TERPLELEZ LN, 54,
FRZE DI & 2 FWBBRAIR & & D ITRE T 2 LMD
%.

K5I, EEHYTIRAF XA ALV X BB RS
HEWMRHEORES TSN, (LFWPiFRE: L OB
VHTHAHEEZLNS. Table 6- 1IN L7291, 1
F TETOMABED R LA BUREO —FIZB W Tid
FF AN AL VKT B ERHA T b (R - KIFH,
2010 ; KD, 2012), FF A A ALY L EIEH L DG
WHERHLRE > TWAS, LA L, WRMICEHLEE
BUBWTRIA S ALY % 9 2 Tld, R E LTS
ARLTWEEZEZONL, F0EHEIE, FERPBRICME
MREPHCONLERIWMZITL I LhS, SHIN
DIWEM RO LW EMEDMEONLITMZ, +F+ 2 H
ALY EDOPHONEBEEZHOENICTLLENDH L.
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]

WA, BORAE - ZORBBEICRLE L 72 ARG B 2§
LHBZOM LI RHE-TBY, Ihoiind 57290,
HRER D HIL, BIEMOEEE R O EOMRE L, BREH
W OEIAL & DML HERTPM  GRA R E I - MR
) OREAHR BEINTWS, FAETIE, EI2hk
DRI 5 = ALY BB EM & L CRgmfb S, Hiik

RIZZI2BIT AIPMOEHTE LTHHENTWS., Ll

CHOHIIFREMEDHEHS <, WARIIIREDIC X 5 45
RICEPIER SN F B LI Z T b7z, Ritld, &
fgoffir it LT, BAROIEZEREE MY 28) &5
EIIELTW5,

F A2 H AL VERFOMILEROAZL LTHMSN
TBY, BHRERLIWCIESERT B4 4 AW A LY Geocoris
varius (Uhler) M OV& A%+ X A A3 Geocoris proteus
DistantiZ EHEIBE~NOISHBMFEESI LTS, LA L,
AR DA BRI A A Z L, SEESHL S
TWwhwnize, REEWEROREE L CREFGC, 4
WIBBREM & L ComMBoR M IZNEETH L. Z 2T,
ARWFZEIC BTl fE LA M L, B 2 ERE 4 B
LT B E & BT, TEWESE I L7286 o & Rk
R A BT L7z
1. ZFABALIRUOE XX F XD X LD OEIEFED

A O (CRREAFTEORRE

(1) BHSEMECHTEA4 A X H X LY OERERL

THBEETOFF A A ALV PHERT LB W
T, 7R, ®AZHATIFFVY, AEF, AFLTIR
XY THT V2RI, FEARUEMEE T CRINE A L7
LA, 2ARERAZHTTEF VT OEREDIE D
AZFEIIDER I NIz, —F, FEF, WS LT ITROY
TH TV TIRINIFED SNL o7z, RKEEOEIIIH LT
FEHEOBRENLKRE BT L0, ThPSMC B2 R
ZTEREBH B EEZ LT

(2) AF2NAHROADHEBICLIZHEETHURVHERHK

AR D B H LIS I 72 e T — 7 2 B 720,
PRALIE A SRS B A+ ¥ N T HOIND A% 52 7255
BOREHRERNR, AEE, BOICHBNOMEROHER
ZIRA L7z, HHUNGFEIOERBUIA A XA A LT DIF
IME AT A AN RALY XY Ehodz. FERICHERER T
L7208, TF A D ALY TIREHOCH B 220500
SNLEHoA, BAXAFTF XS ALY TIEMEIML Y LA
BICE o7z, Wil e b 1K) BN o A A7 313K D > 7225,
A FF A A ALY CIEGITE L 72 IZIEE TR L
L7z, =0, FF A DA LVIZZF DS AELERAEANHTE
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£33

L7z, RANEIGIC X 2B BE R K&+ IR T &
BTl VT F AN ALY DEHFRIKLTO—HNE 2o
T REMEDS D 5. Ak F N T FEBINCH T 2L,
WAL SEDHELIIONTE L hofe, AFAH ALV
FTRTOWMM T AFF AH ALY X VIHEBDIEL 572,
FA AN ALY OFERITRTOMMITHEL D 2%
Mol Himl AR s b FEHR-Ec% <, Hic
F A AT RA LY D3I~5HH R TIEZ DI HE TH
7.

(3) AIWCxd 3 EIHE

TAMECTHAE LA T AN ALY R AFH A AL LD
KEBHEZ LT 5720, RIAHEESENRLR BB OAN
TH % WS 2, HEIEEE LCORMEEAT - 72, Wik
DINTE BITHEM LR OF v F 0 R—3— L TED L
NFzAs, FEINIE O BPUE I IS T AEATRD S 7z,

(4) RREAFTEORAFRE

PERISEIT & U CBilRME 2V, K & IEA THBETAEZ 2
VAP T ITAL T O G2 THEIITERT L2 LIk
BEFANALY RO AT F AN ALY ORREAFTD
Bgs & RA . WAE L ISR U IE T B R %
, TUEL 20k ENEN1 3 TH -7z,

i & b BLER ~N DRI AR b £ B2 o 7228, YRS
BRI AE RSN D - 7. KPS X Y WAL RALEH
HAWRE & %o 7228, EWIIBBREM & L CORM % i
& LR R BRI T 5 720121, AR 0m
LA TH Y, FD720IZ AV ORhIRE R 5 0
BhD 5.

2. AFAXHDALYRUOEAFFAHNALY DEE - 1458

i

(1) REZBERETICETZH~HRAOEEAHE
EFE

B bRELRMNTTEIAA ALY R ATF A A A
LY O~ O E H B R OHEARE 2R L. o
BEHRIAFTRER CHRICRERZY, MEfFRELD
BNIE L HAE AR Sz, 33T 128 S+ 4 A A &
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Summary

Biological Study of the Polyphagous Indigenous Predators Geocoris
varius (Uhler) and G. proteus Distant (Heteroptera: Geocoridae) and
their Potential as Biological Control Agents for Horticultural Pests

Hiroshi Oipa

Key words: Geocoridae, big-eyed bug, predator, biological control, IPM

In greenhouses, spider mites, aphids, whiteflies, leafminers, and thrips cause serious damage to many vegetables
and flowers, yet these pests are difficult to control because they are tiny and have developed resistance to pesticides.
Furthermore, farmers are under pressure from consumers to reduce the use of chemical pesticides for health reasons,
and so integrated pest management (IPM) is becoming increasingly important. There are high expectations for biologi-
cal control (augmentation of natural enemies) and IPM because of their safe image and sustainability.

Geocorid species (Heteroptera: Geocoridae) are well known worldwide as polyphagous predators of many species
of Hymenoptera, Diptera, Coleoptera, Hemiptera, Lepidoptera, Thysanoptera, and Acarina. In Japan, Geocoris varius
and Geocoris proteus (Heteroptera: Geocoridae) are indigenous predators of small pests, including thrips, aphids, and
mites, and could be used as biological control agents for tiny pests of horticultural crops in greenhouses. However, for
practical use of these two indigenous Geocorids, information on their biological characteristics is limited. The objective
of this study was to develop a rearing method, to estimate the development and survival of immature stages, reproduc-
tion, and predation ability of G varius and G proteus under laboratory conditions, and to investigate their effectiveness

as biological control agents in greenhouses.

1. Oviposition site preference and rearing for successive generations of G varius and G proteus

We investigated the oviposition site preference of G varius in the fields and those of G varius and G proteus to the ar-
tificial materials in the laboratory, and established rearing methods for both species in the laboratory. The potential
host weeds examined were Pueraria lobata, Solidago altissima, Artemisia indica var. maximowizii, Humulus japonicus, and Cay-
ratia japonica in the habitat of Gvarius. We found Gvarius eggs on the lower leaf surface of P. lobata and S. altissima.
Notably, we found more eggs on P. lobata with a higher trichome density than S. altissima. We studied the development
of G varius and G proteus on eggs of Helicoverpa armigera without water at 26°C and a 15L9D photoperiod. The nymphal
periods of G varius and G proteus were about 34 and 27.5 days, respectively. The amount of H. armigera eggs consumed
by females and males of G varius nymphs was about 2.9 and 2.4 times, respectively, that of G proteus. By contrast, the
survival rate of G varius was lower than that of G proteus, particularly in the 1st instar nymph. Geocoris varius and G.
proteus females deposited most of their eggs on cotton fabric in preference to kitchen paper and copier paper. They did
not oviposite on the copier paper. From these results, we established a method of rearing G varius and G proteus on

eggs of Ephestia kuehniella with water on cotton pieces for oviposition.
2. Development and reproductive potential of G varius and G. proteus provided with E. kuehniella eggs

We studied the development of G varius and G proteus, reared on E. kuehniella eggs, at six temperatures of 20, 24,

26, 30, 33, and 36°C and their reproduction at 26°C. The lower developmental thresholds (7i) and the thermal con-
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stant (K) of eggs and nymphs of G varius were 13.3°C and 151.1 degree-days and 13.4°C and 433.0 degree-days, respec-
tively; those of G proteus were 16.1°C and 98.3 degree-days and 16.9°C and 226.9 degree-days, respectively. The
survival rate of G varius eggs was significantly lower at 33°C than at < 30°C, and no eggs hatched at 36°C. It was low-
est at 20°C in G proteus. The survival rate throughout the nymphal period increased with temperature up to 30°C in G
varius, and it was lowest at 20°C in G proteus. Geocoris varius adults survived longer than G proteus adults and they con-
tinued ovipositing till just before death. The net reproductive rate (R,), the mean generation time (7), and the intrinsic
rate of natural increase (rm) of G varius were calculated 116.9, 155.5, and 0.031, and those of G proteus were 93.9, 87.8,

and 0.051, respectively.

3. Prey consumption by G varius and G proteus provided with horticultural major pests

We investigated the number of prey consumed in 24 h by 3rd and 5th instars of G varius and G proteus, provided
with 4 prey species: Tetranychus urticae adult females, Frankliniella occidentalis 2nd instar, Aphis gossypii apterous adults,
and H. armigera eggs or 1st instar. The number of prey consumed differed significantly among prey densities in all
predator X prey combinations, except in 3rd instar of G varius provided with T. urticae or A. gossypii. Geocoris varius con-
sumed prey maximally at higher prey density than G proteus in 3rd instar with F occidentalis larvae or H. armigera eggs,
and in 5th instar, except with F occidentalis larvae. Maximum numbers of prey consumed differed significantly be-
tween predator instars. Geocoris varius consumed more prey than G proteus at 5th instar for all prey species. They also
consumed more F occidentalis larvae and H. armigera eggs than G proteus at 3rd instar. These results show the higher

predatory potential of G varius and its promise as a biological control agent against major horticultural pests.

4. Biological control of two-spotted spider mite of strawberry and cotton aphid of watermelon by G varius and G. proteus
in greenhouses

Geocoris varius and G proteus, were evaluated for control of the 7. urticae on strawberry and A. gossypii on water-
melon under greenhouse conditions. Third instar nymphs of either of the two predators were released three times to
each greenhouse. The release of G varius suppressed the population densities of both mite and aphid to a lower level
than the control greenhouses. Geocoris varius persisted on the plants throughout the research periods. By contrast, the
release of G proteus suppressed the mite density in the strawberry greenhouse over a short period, but had no effect on
the aphid density in the watermelon greenhouse. The instability of pest control efficacy of G proteus may be caused by
their micro-habitat selection since they were frequently observed on the ground rather than plants. These results sug-

gest that G varius is more suitable for the release than G proteus.

5. Biological control of Frankliniella intonsa and F. occidentalis by G. varius on sweet pepper in greenhouses

We tested the effectiveness of releasing G varius for control of two flower thrips, Frankliniella intonsa and F. occiden-
talis, in sweet pepper greenhouses. Second instar nymphs of G varius were released three times at the rate of 5 nymphs
per plant per release. The release of G varius suppressed the thrips density to low levels for 2 months, while the con-
ventional chemical control was unsuccessful. The effectiveness of G varius was not influenced by several applications
of fungicides. Geocoris varius nymphs were constantly found on the plant throughout the experiments and adults
emerged 2 months after the release. Our result suggests that G varius is a promising biological control agent of the

flower thrips.
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