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Thb. LT, EBIEEEDREFHIET$
HETICNE, 0L I T EEET D00
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L. BREBERO L) IZEIZE RO RWHloRED
W, FNEICTAIEATENE, 20054
IVIORBYEEM ) ZENTELDONL Lk
V. EHICHEAT, ERPAMORD Y OfFE T
Kz IRk HE4G 9 % 2~ A7 4 (open rearing
system) ZHiENIZEAT LI EBTENUL, 20
MEDREHRTE LA 9. Zhh /N> 1 — i (banker
plant system) DOFHEARJFELTH 5.

Ny —hoREVNLZSDIE, 77740
B E L TAFHICAFIVLT T4 Y
Rhopalosiphum padi (L) = ZHE S, L <277
Z INF- Aphidius colemani Viereck & % \ME 3 3 7 7
% < I\ . Aphidoletes aphidimyza (Rondani) % #E+5 9
5HET, Fa—ay TSN, BRL TS
(Walters and Hardwick®”). HARIZBWTIL, KB
HDHVIIHR O WA L 5T OFEIFEN
X AVAS

1999 £ SFZE 70 Y = 7 b [ B3 &
D720 DIRE RIS EE M O] IPM 71
Tz b, 1999 ~ 2003 ) HHB SN, T o
TEZELRINV I —FEEMERF L& BW
X, HAROFRREICBW I —a v S FfEOb;
BFREEFEHTEALHICTH2ETHo72. NE
Ry (BUE, o EYE R v 7 —-
WERZE Y v & —) ToORBERBEZ T, 2002 4
B SE4EFEE? (2001 4E 9 H 2> 5 OFET, 2002 48 12T
MR &2 55 0) 5 mMER ST OB
B SR HIZ B\ T 2 OFlT o B FERE R B & 5
fi L7z, BEEC OISO F A, =< R EDfik
IZBWTIE, REZEERTHFITYENOKE L
TREY AV 7 v ANF 1 A L3 Orius strigicollis
(Poppius) DFHZHED T2, LHL, ZOKRED
EEILT 7T LR EE Y LT T 720,
T 7T LA VHEIZOWT D KiltE W TEEMICEE B
FTAHLEIZHLN TV, 22T, B {HATS
DN H—FIZWY M Lok, EBLEORME
M OYEE & RR 2 BRI ES, IR, &%
IZD%h o7zl liT, ERFEOMEE LT
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BRWZEFTHH. COBBRTHLMIILTEL
ZEEFGTAZENEAROBNTH 5.

B, —HEOMEICB W TS L2 EL L,
Z D 2 T HEE 70 R % Bl )V i MRS C
ML CTEZ, TNHITREERDT—F 2T,
M RN - ER e fTo72 LT, FLOBELZD
PR TH L. ORI, hRBEERAEL
y—NEEEL LRSI PM7EY 27 FOFHETH
] R By b & OV ek b [ U [ R 3R R v o —
WAEWIZEEE 4 7 — o (4R, B3R (Blfe, &I
FedLa) BETE) \CCHEMLA. F2, IPM 70 o
7 MET R 2FEMIZb72 Y, T8 E Y E R
vy = b T TS K 720 OISR R
ZF 7.
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N —REYREE, HEHOFAEFD S KR fkf
ANCHAG T B 72012, FHITKEAD H 3 L7z
oMY % s \I2EAT 5 Hk e LTHE SN
(van Lenteren and Woets™). 7z& 2 1F, ffifk b~ b
TOF >y A+ T 3 (Trialeurodes vaporariorum
(Westwood)) AL LT, 52 UOHOEETH
RMNIF VA FTTIRFEEIE, £TITE
X aNF (Encarsia formosa Gahan) % 1532
A (FFAEFEIR L) /T, KEBGIZHLAL
LOTHAD (Stacey™). T2 Tld, Kix +odk
SR ERDESE LT LY R+ &5+ 7EY)
%, N 71 —1Hili¥ (banker plants) &IFA7Z. +4
IBERIRDPRO N2 00, HEGICERERD
AL Z EDPHEEZRIHE I NS DT, KEZZT 7%
BMTEDL Ay v aTHET L HELHRE SN Lw
9 (Hoddle et al."”).
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TRACT ST 7T L (Megoura viciae (Buckton)
(HEOEF)) ZEESEV I RAELLICY S
7 HE < NT RS 5 & AT, 1000 m® O
ik CEMBICOZVEETHT 7T LY (Myzus
percicae (Sulzer)) DFEEEIHI L7z, REEEIZEB
WL, VYIRALTFT AT TILVEDY T
Y AEHEIT N, KIRS T DY a7 775 </ 1)
EEL, TETHT 7L OBBRICERIOZ L%
mL7z. ZLC, ABHFEOVIRACTFHT T
TAYDY TV A LT B TR AR T
HE)ICEHT LI LR LT CwE, 2
T, EREEALRWVWET 7T AV TREE R
W, IR U S A 72001y b CRE+
ERHTEZWABE + ) 2HBETL=y b
(open rearing units) &FFA 75, Bennison® &, ¥ 2
YYD TET T TN (Aphis gossypii Glover) »f 5
LT, 638) O)EriRER (135m°) THEL,
AFIZVELVLT T ILIYREESIEILFLELEDIC
7 7 F INF Aphidius matricarae Haliday & > 3 7 77
¥ NT 2 L2 FEBRX TRV 52, 22
C Bennison (Z/¥ > 7 —flilly (=FREHE L= v
N #EROFEAELANICHETL TB 2 EPELT
HbHEIEHLCTWwAh. F72, Bennison and Corless®”
TlE, ¥ VOIS TTITLIxKELT, &F
JELVLTTIAYREEIELZIALTFH DL VIEA A
LF¥%, ALY TTINFBLL arhy<n
IO E &SI, EREFATD»OEANT L AL,
LB O A PEER (2500 ~ 4000 m®) 1238\ THRET L 72,
ST ORER (BHERM) %
Zz oo (F271) 100, 200, 1000 kdH7-H 174
AT), & ORI % @E OB E B L ORI
LB E L, 2D/ —HiEi: (banker plant
technique) DFERMEZ MG L7z 2ol kBT —
Oy XzIE Lo e HAZETHHIN TV E N
H—HEWEOFRTITH 5.

—J, TTITAVEUATEL, HHRANOL S A
WZHET BT Y 7 anE y YN (Liriomyza
huidobrensis (Blanchard)) & LT, NEZ YN
I O 11 Phytomyza caulinaris Hering |2 &4 & 872
T rF 2T AEHCCTRBANES) I~v2NTF
(Dacnusa sibirica Telenga) &5\ A7k 40

INF (Diglyphus isaea (Walker)) %= #EFid 2 HiEDNA
7z E L, IPM BAffIZMH A A 237 S 7z (van
der Linden®”). = & T, Kiftoo 8% & (alternative
host) & Z® % EAEY) (alternative host plants) D+
M &) Kz MeRF - BIET 5 2 AT A % B iR )
B A7 2 (open rearing system) &IEA7ZZ
NS BiRIRPHRETE S &5k
&, UTofMGEizLTna. $—10, HRHi
IZBWT, N — R BREE (), Kk
fizty hCHATAZETHDL (M), £LT,
FEHROFEER, &5 IMEMOEFTNHNS 3FD
BRAMERFT A2 128D, MERMNIZT 5RO KRE
kBRI T A KR 2O b D TH S, E 72,
INY H —REMN R R & T A &Sl O 9
ERERDFE 2 WIEE A EY, UL RER
RETHEWOERL IR O LWL ODFIH ST
Wh (RO — R 2). kB, LREo
Blx &, 3—10v /3TN O HIE 2 T %
FHT20TIERS, Ry M7 I8 —THEL
THRT 2o @EZ#RE 0L TH DL (K, £
7).
REFEZHCT, HYOIEhPE LR EZ L
U CRM AR T8 L, S IS 235612
NV —HEEEE b, Bz X, Ramakers and
Voet™ 1X, V245 AN 7YY= (Amblyseius
degenerans Berlese) % I 7 I (Ricinus communis L.)
DM TREWETE LD, K=< rOT7H
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DIERCE-L912, M+ A8 (FE) +
KMot v b & HWTEREER D S HFHH IR
WA AT 720DV AT LINYH—V AT A
(banker plant system=open rearing system) & (X
% (van Lenteren“”, Hoddle et al."”, Yano®). %7z,
CHALLNY =V AT 2AOHFTHWLINLLEY
X, REBEFERKEDES L TV BIREOHYIZE
WTh, TOMYWHEEZIETHEIZS NS
(banker plant) &I TV 5.

HAFE TN —H), H2VENT =TT~
v ERWISEIE THEY] o2 L7728 BnEh
NEThD. ZLTC, WP MR TBIFIEZZIC
KHPEARAZENTLND E VD) £ X =D PEATT
5. BEHTOREE + KEuREMY & LT, LT —
T ADOMORE D IZHE: L CERBRICESL TS A
EV VT =B & D FHRF O ) 2 TER L,
— R R EEE TN =TT v E LTk
DHITOENTVLEIKRTIZILBESTHAL. LAL,
Rk X912, N —HEEk e T ORI H % Hi
RELTWDDOT, ZMTHMEZIR 57215056
N —HEW, BHDHVEINY =TT LR
DIFFR) TH 5.

FiFE PN CTORBUEAE L LTONY =2 AT A
x, NYH =KL PN =TT NEEF o
THEEBICHATZ L, Mz lio TRz MY
LI EIFHEBLTY, [BHFE] 28HT LW
)L FEFTIFHEBINIILS o/ [H] R [T
AN NOE S S/ R NAVAYAL RN ¥ p¥ (Wl
LoL, Nea—WmEICB»TIRBFEOE
CENEELDTHS (Hansen?).

CO W] OFEERN,PLL BB E RS T 2O
(2, BARIZ [N =] ERERZ EIZLz N
B —, Ko /N> H — (banker= $17%) % F
W20 ETHY, ZORMBITICIZEF L 22 R
MEZORMEFR)MEWHPLETH D LFHHT 513
IVHEERICHBFI NS T o £LC, BAET
X, BHIETT? 77470 E LCIOREIZD
A ZCHREBRZ FFDEERZ L 200 FA B2 TBY, [N
YH=E] L) BELEEL VL. EIIEED
NAROPEDIA Td [/Noh—i:] & LTHkbhTw
L. Ubns, KfFicbwaiy, InlkEd, fE
BB BNV T — 2 AT W & B RO
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HHVIFERREE, [Ny =] IR E
295 (K1), ZHUEEE ® oKk o o548
OHFRTIE, [N —HEwik2] (Zh7zb. LT,
KM w HEFFBTE S 5 7200 [ % 278 S 72
Wl lzowTid [/3> % — ] (banker) &R &
T, TOMWHS (REBEHOOV TV R WIREDON
v —Hi) L ORXBIEAMEICLTBL.

—7, BHGM TR ZTEH T 5 ERREE L
T, AVN=FTITUN, TITVRAN=TFT
M, V7a2a=UnERHRERSNTNL (KE®).
INH T, ZNENOHIZIE U7 % sk L
72Db, HIKICKEDEE L TSNE Z &2 liffd
5. LAL, MEoBaiciE, REFELRELH
RIZIFRBALICO W, £ o6, ERPMRALE
MLz, REAPRALTLA2DT, #EIAL
TLEIRRELD, o T, WELHEHPNIC
WD 5720121, Kilixr NAWIEAT 208 1S
L. NV —ETIERESB L OREBEEEE A
AT 5 LA, MABHIC X2 Kishbk &k
ECRLLETHD (RE®). 2LT, Nrh—
B Oy —hEYE) 13 kb & KR kA
4 5720 SN HELZDOTH L (KEFF ).

3. REHRAMHMEREZTOT I A
UxtkELTD/INHh—i%

MO T T F A, ¥—< i KOS
BEMIA RS, 7778 VENKERMEE L 5.
FARE =X VICRAETLAEOT T LY, TS
7 7 L (Aphis gossypii Glover), EET7 H T 7
7 I (Myzus persicae (Sulzer)), ¥ ¥ 7 A4 Ev 7
FHT 75 5 (Aulacorthum solani (Kaltenbach)),
Fa—=V vy Ter AT 775 (Macrosiphum
euphorbiae (Thomas)) DM T, ¥IZT ¥ 77 I LY
EXETHT 7T LV IINE N OEETH
. b 2EBRERE T HLEICIE, TN
¥ h — DO %E % T H 1 72 Bennison and Corless®”
DITEPHERTHAH, Kk LTalb<xry77IN
FE v, ZOREFHFE (alternative host) & L T
LAFXIZVEVLT TI LY, TOFTEMY (=371 —
fE) L LCanFhrwizt+aFrHva ik
THhsb (42).
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K2 +R-E—IHBEDTISLIVFEFELTDINY
—i& (R &%)

FA =R ORI ECHEERLZEETHIT 7T L

VU TTILAVRMEELT, KaL <y T 7 INFE M
Wiz A — DA

T, HigEsEETIEaL~r 77 I/8F (Aphidius
colemani (Viereck), 1998 E&4%), HAHZ TIEY 3
7 H ¥ < N I (Aphidoletes aphidimyza (Rondani),
1998 4F) WS NTHBY, 20tk Y~ o7
#1470 7 (Chrysoperla carnea (Stephens), 2001 4F)
2+ 35~ b7 (Harmonia axyridis (Pallas), 2002 4F)
b o7z, NV —FETIEERR A O
%#%ﬁmﬂﬁm%’@<lt%@ﬁ¢é.it
TRBGHE: %% 2 7286, WikkD 5 BB ST TOR
m%k%@ﬁf%égk#%%f%%.l5btﬁ
T, LT 7 INFRIEREEOERIN LT
SIRRAE IR & S0, [HE#EIE 15 ~ 30T (R
RO FEEFEFEMDLS5C (K& - B LKL,
IR 2 (BH®, KK - BHRH) oT, »
—ETHHATAREE LTHEHLTWSEEZD

L. —F, MoRMEEIIZKRREYD ), KR
WIERNEFEE END. FIZIXREEDT 77 AT
v a s Ny~ LIl hLEENREFETESL. Ly
L, COMIZIFRIERMEDRD ), LHNIFFHATE 4
WEEZLNTWD (RA®) F7 EEHFIZE S
T, KREREEMENTY a7 Fy INZHHHET
éﬁ%% BHITHDIEE LV, L7 T7IN
FHELTERENY I -2 HRT 2035
T@é.UL#%,A/ﬁ—&w f—dkelLCcar
XYTTINF R FERRRL I L L LT
ALY TITINTFORBRHFEEL TR, A
PRI FEETDLLF LT T T LY
(Rhopalosiphum padi (L)) X N7 EQ I T T T A

EoFEML 5

3 (R. maidis (Fitch)) 25 F5 15 (Elliott et al.?,
Takada“’). 1999 4F 3 H |2 DU =l 2 3B (24 BF)
DNTHAFIZCTLAFIELT 790 2 REL
7o, COLAFZELT 7T A UIFAMICHEEL Tw
72D TH Y, FEEMEL LICAFHCPREE D
TEEThHo7. F72, ERIZIL~Y YT TINF
FETETH-720T, REBEFELLTHHETASZ
FIZL7: COLAFZELTTIAYOETRY L
LT, #424F, a2F%EAFEPFHTEET
Hb.

4, ERBFMET H-ODERETAM

AR L2, N —FEEZAFIVA, +5
yERET Ty RO L THRENED SN,
W R FHipr & U CAEERY TR SN TWw5  (Walters
and Hardwick®). AKWfZed B, Zhz HADRK
ERECTHHTEZ2 L9235 2LTHA. LL,
X CTDT YT 77 LY iBROLEE LTS
72 OFEAMICE L TE, BB TORBENEITL, &
W 2 s 13 CTdh o 72 (Frank™ 5 1 2 1E, van
Steenis®). I L~ 7 7 I NNFOEEROEHE HIK
b 2000 £ LLRTIZME D LA e 2o 72 (B2 1F, van
Steenis™”). HADEERBG~OEAIZH 725 T
S—0 v XEIIRE RN EMEL, HARORE R
Bl L7 ARG E T 22L& Lz 2L
T, HEZIINY H— 0P HEC X LiHLE
PORTEDL L)L LT, BIMSEIEaER% I L
7z,

C OWgE & B L 72 E L TUE, AR (IPM
7Y =7 b TORFEERE) TR, E—< >
DIERFFE ORI EETH L. I TEBS N
TWA IPM e Ny =2 AR 2 &3 T
X5 X912, ENERD O FEERRY; L~V TOME
#fio7: (BkollE %)

i# IN U T — TS O T IR S TRFgE

FERiT H%E L, EVSOE A R CEEE D
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BClX, tondEpigEoons X, £ 0ERE
ZDEK TV (B VE).

I. ERNERFICEDHN\VHA—EDOETIREMEDRET

ALY T TINFIZONTIE, BRI BLT
LG, FEEAN BLOSE BIziE 2he
1 van Steenis®”, Elliott et al.’, Takada®’) 2> w
TOHRPHEINTHS, LarL, HROKIA~
FEMOMBMZH AT S 2 L 2 &HEICBWGE
121%, FEBRE~ERRIRE L NV THERTREZ &8
BRanTwsg, I3—avyXTIRER» S ZHoFH
THY), BEFHO SNZKBEET I ZRETIE
20CTHIBTLEEL TS LWV (KE®), 2L,
HRTOI LY YT 7 I3 NFOFMER (RA )
IZHEDPOROERITOFHABEID b Tz £
2T, —OllE, HBEMWREOSFETOIL Y VT
TINFOIEEE R L CTBLLENH L. F72,
NV —ETIRRBORET EFEIHFET 5 L9
HEHT 20T, b LAABFENIFEE I ERSE
12, oS REFIICHFEL T, ERCIIFEE
LaWE W) REEDVE L LRV H L. D5
SEIRKT L0, ERTHLIST 7T/
BHEETHILLAFI VLT 7T Ly ~OEIFZH
NTCBLLRERH L. 56|12, EROMEEIZ 5
72O D B R %5570, HfELRE %
ZC, 77T L0, 777 N\FORERE %
AL TBLZEDRETHL. 2 LT, EBROM
BTONH—HEBERIL, AL~ T T INFOL
HEF L B> TL B, INHIZOWTHTHEL 724
FAZDOWTLUFIZHRR S,

1. #HERE
1) ALY T7IISNFELXIELTT
SL, TRATITILY

ALY TTINTFIET 7T L VICHEETLHRE
1.5mm BEOHEAER T, (U F, k7 I7, T
T)Hh, BT AV, A=A NITYTIHAT D
(Stary®?). FEHPEICIEZT YT T2y, EET
HTTITLY, AT 7T %FLHET D65
FEAFEFE SN TV A (Takadad"’). —F, V¥ 7 A
ECHFFHTTILYEF =)y TFFHTT

FSUAVIZEFELZWZ EDbhoTWD, EER
BRI LT ) TH L. 77 7 3F MR I IR
BCT 7T A URNICIN R EEAAT. I B EL
TEHEE, T A ORENMISSEEL, HE
T2, 777N ETREVRLL, ek
L, COBETT 795V I3HRENTEY, £Eo
AREBRLTERLILFEIZR TS, IS~V —
(mummy) EFFIENZIRETH L. ZOYI—05
BHRDBIMLT B, B, 1HOT 774005611
BHOT 77 /8F LI L v,

FEERIZH N7 7 INF1E, BB BIREEAL
72 (BOLICHEME [VE2 7 7I3FAC)H. 20
JHEIZONWT, PHIICAFZ LT 7983 %
WTHBRE L REREOMBREFALE LA,
15C 25 25C OB Tl E IR L CEMNIZEE
FEEASEIN L (y=0.00455%-0.213, 7*=0.994), JR7»
SR HEIMLE CORERMITATC, ARIFEERE
(2220 HEEEHEE S Az (R - BIOY, B ).
¥ 72, M HSM (8L:16D) & £ H S (16L:8D)
DEBEHHZ 20CTHEELAZEZ A, EVITRS
Nigirolz, L7zdio T, Z0ORFIIIKRIRYE S
WEHIBTCE 2 (KK - B, BIR).

AV YT TINTOEBEIIOWTE, BEFH
H59C, AAMRERE 200 HEL W HELH D
(Sampaio et al.®), D7 7 I NFEHTIIREE S
311 ~79CThHsrtnZ s (HH®) 531,
FWEBRTHALMEEIZLLEFERS. IV T T
FINFIKRIREDS RO SN nwZ Lid, HHY T
LIFMEINTwD. T2, ¥7777/3F (Ohta
and Ohtaishi®”) 7 S 7 75 )NFHH T b W7
RIRME /- W2 s N TwWh,

AL YTTINFOEEREINES X WK HE
IRIEANER 2 DT, van Steenis®™ 25 L T
., DT TIAYEFLE LY AEIZIZ20CT
30290, 25C T 388 INZ T 5 L L, FEHEMHMIZ
20CC12.7H, 25CC10 HTH Y, HNAYHEREEM
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Wit s (A7 4 v 7 ERGH, FANT A
$=0.0004, £ FT/N7 A p<0.0001) 72>, T LV
YT T INTFOMEP L bNLENDEH D, F A
TORMEG & A F T TORIYEG % T2 L,
TEDORT 2 o HETF TlE, TREFLEEEHDY 50%FLEE L
TOBENL AWML ZEDPREEEZ SND.

BHATOZRFEEDL I ND, NTANIZD
NOPBRALZEGEICE, EEEPRITENS S
EWREDHIZTFHEENSL. van Steenis™ 1k, NV H—
O EER N A T IR B ¥ Dendrocerus aphidum
(Rondani) 2854 L7-Z L5, HEENT ZIZBWT
b REFEIEIN Y T — O R T L AR
Rl LT/ FEE, A F) ZAERETOY —~< VA&
FENTATAVLI YT T INF R ga (B
BB L) 12 ke A o —TFE Alloxyxsta victrix DS
DB SN2 v ) (Grasswitz and Reese®). #
LT, fak (Vi) oIIHFEREER T o JMUE K &
LCoREFEROTREMEZEE S BIEH L 3w
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(B - RE®) LiaL, Noh— L TOEEN:

T = IS RO THD TR ENT.

V. {REGEIEEMIZEITH/ N\ H—ER MR

HIR o> X 9 12 EERH O RERTII N> T — OB
R EDSHMIR SNz L L, RS comY;
BR & EBOEFEBY TIIZ L OE WD H L. ON
Y = ORIz E SRR 0.5 & v
I RNHFETH o 7205, FEBEOAEDH L 10a B
D, BHAT—NVHBKREL Bo2HEILL, 7
TILVEHEREELTCHRTE 2089 R D
METHDL., NEFELT, KWZEHATO/NY
B —ORELE DR L TB L LEDNDH L. QR
TIET 77 L VEOBRADPKE, FHEHI21H
LWV RBROMEE BWTWzh, EEICEZT 75
AVEHOBRAMIMEDRZ 23T THS. Zhizxt
LNy — 2 RIHMER T2 VU EE R 5.
QR N T — 2 MeFE L7256, ZIREAES T
LY T TINFIZHFEL, TOBE2HET LT
HeMEDSd % (van Steenis®™, fE#ES ®Y AfBIIE).
HERIZBWTIE, Nry—EaK, EEOAEBRY
TOREH R RDOAAINDTHRDOT, £ZTD
TRFEEEDOFEIZOVTOHEIZL B A ARV,
O7FITHELREMICEELREANFEL TH
D, ZOBBEMEEDOFEDEVDVDHEL. ©TFT T
FSLVEERET AT 7T LYDOBBRICEIILIzE L
T, REFAARIEIEITLHILIZEoT, 4F
THE L 72 & % 2o 72 ERABIEAL S 2 TTREEE D
L. DEFEEDIN Y T — OFEIIZENT 55577 % AR
DLLENHL. OFD, TR - 5T EBiBRRIR
BRESTVELENRH L. TNLEBRER S
ICEE EORESIZOWT, EEBSIIN Y —k
el & 3B L CHRES L7z

1. M ERHE

1) N A—EFE ORI ER
EHRZZETTNOF R, KPR, T ), E—
<Y, Y MY EORBEGREE RIS BT, UE
I L 2 2 HEWOT 7 I LR E L TNV =
BIaBR % Eh L7z, m AR OGRS - A 3R
EaE 1AL, -~ deE 3N (PR 20 4F 1 2
MKERED) %A FEBEWTH Y, KEHINIL
RN TH EEREERO—DOTH L. ZOHIE

TlX, YWNFNAFREDOZHERE W, 73
TRRHE LTI A 7 ANF T AL TFI = FE
BETHIPMEMEZBERL Tz, THI T~
EREICE 22T, BmflifEzEL <M LE2DT,
ROMELLRL2ERTHL. —F, 777 LV
IU=—PKEL b e, BEIPEZLIL, KE
WHE SN HBETT I TRD, REINGN
DL ENMEERL. L2rL, 777A5THIC
oL CTEAFAMETHE, F4 )7 ANFH AL
VICERBE S RITTOT, 2001 4£48 Ktz H
W2 T T T N VOB BB 2 RO Tn .

COHIFIZB T, 14EHIE 76 AT, 2 4F HDLFE
VTHAT T % FE AT 150 71 T L CH AR &
BIol MEOKES1E5a~38a7T, £
10abl Thosz PWHEEINE 2% 2 ~5 HIC%E
BT 77 L6V ZNBRTAZEVHBTH S,

%3, 3FH (2004 FZAERE) DIBEICIE, &=
oMz H, EE, &, TET R & T Bl
B2 It L 72,

2) Nh—EDOREDHIE

NV =TI, MENTH S LD THEOR
MaE L, HEPORALTL 2EREZRHLRYE
5 &9 RIKEEZ HIET. 1o T, RABEGDOEREE
RETERAILBEINLOT, FEMIZIE, HiZo
77 IAVEHau RO LNT, I -2
RENLEEEL 23T THL. Z2FTLEFW
VA TY, 779 A VHEOBMENIZ SN,
Ay (100 ¥k 10 a #21%) 1B A HA T 5 AR
ETHBRATEIL, 4V 7 ANFH AL VE
KEANDOEEDRHTE D, o T, PUHEELIZT
7T LB BRERI DR, B 5\ /10 LT O
i COTHAT (ARy Mifigt) T7r 774
SHEMZ SN, N h—ETORBRIZRT
A D.

—h, N H—FEEHWTL T 7T A VO
IR BT ENRTELRVE, T4bb, #HELFF
BLNVPITICT 5 7201213 23RO AR A5
EEEENHWT A5A121E, KKk Th .
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*4E MW LENFL alLewrHA(RA~) b ER (£B~)
o (1 A25~308) (3 A5~108 W)
oA RN
RADLEIE L
—#E (2 AH15~250) T
l 3HA1~15H
2B 15~258 : 3 A20~308
Mﬂmmq&\‘\ ‘/k#ﬂt{t&::hﬁfh:

15 FEDT7ISLUMEELTD/INUA

S EHERAEHO—ER)

FADFTISLLERE |

FAODTFIIFI LY Ta v

—RBART T a1—)L (2002 BEERE

12 Ao E¥ERM. S H LRI L~y 77 INFEMHIE, ZEBNOLAFZELT TS
LIYBIESTT TINFHRIEL~NE T A FEL V) BER. T4 FORFMIE, 1
ATaBEAR L 3 ARERO 2 5% FENC 12 B ISR L7255, EBICiZ 2 AEL 9
— T A NEN D o7z, T2, AFIELT T IAVNBATH I ENbho7zDT,

3HADS—E DN ATITEEIBINT 5 &9

3) MEE (2002 B=FE) OV h—&
ElAE
2002 FZFETCONEEMOT 77 1T KL
LT, 2001412 A2 #fzpaa L7z, £OFH
T o) THb (M15).

QarFOFM: 12 A EHIZ10ad 720 2 HFF
121 mx 15cm OHFT & a¢l), % 15g D I A F
T35 (ILAFA BET3), oh
X770y —fizTh R

@QLFXZ7 LT 7oA 0EM1IMAE 1A 11
HICTAFAILLAFZ YL T 75 4 #4000
SHA AT 5.

BAFIZVLTTIL OEM2EE 1 ATH
DAL YT TINFRERIIILAFADPLZE
10 AKREZMWORY, LF 2L TTILY
#O37-FEaLFBICOEL. AFIVELT
TILAVIIRTHALR YT TINTF O ESY
BT B 720l Ay N TES.

ORBOWE 1 A THICIL~Yy 77T I \F%
INT Adr7z 0 1R bV (250 ~ 500 8H) i 9 5.

ONY I —DWFE 3ALAICIAFBEE-T
WAHHEEBRET S.

72720, EBOTFEE LT, BGoMTERE

Ao, AFEHOFEELICL DNV H— @Eﬁ@ﬁ

BRETOBMRE, Z2EAMNZTWworz fHlzid

QD2 HFTOLFIEERE L T 8E0% <, ®0>

2 L7z

LAFZVCLTTILUIE2D00D/)N0 ) —ClakEIZH
TS L EN LA R0 T, @D 2BHD/NY
B —=IZ T REAFEHERE LESTLEDN D - 7.
T/, AFIELT 7T AVIEFEIILYEIL
DT, WHEMLZZ. BIHOLFZELT 7T A4
TR CHE L.

4) 248 (2003 B=EE) UBRD/NN>Hh—
EEEAE

2EHUEE, 150 AL EDF A - ¥—< 05
ORI (7Y I v<kE LTy A1) 7t
ANFHANVER) RO T 7T AUREE L
TNV — i AT,
NI —RIZ L DRBEEAA T Y 2= )VIZLUF O
hThsb (X16).

D11 AICEE 1 H & FHIEE (10adh72) 4~6
HHT, 1B FidH 720 5g FEE).

@I AFICAFZELT 7T 0V (12000

H) .

@12 HRFTICIEI LYy T 7 I 3F & fif.
@OFDH%, 1~27HIC1HAIAXZELT 7T A4
TEBEMTA.

®2~3 7 ALy —HMOFEFE2 B %
5.

MEENPSOEEEIX, 1> HRODOAr V2 —
W, NV —EREE T (o FHEBMEET) o
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“RELBEEA EY-
DR n g
5] BE 7;\3
= jjb-n
- 5B RRE
f@ A
9B 108 118 128 1A 2H 8F 4H 58 |
= = TS LU HBEL
ZE 2 2P é% PR ik
Z > X L2 4 ® o® @
I |(2as3Y B Bt me
LB B ELEY R OB R B
e 'AL gD = F R O#X
[ZFS w ZEAT O % R
[ 7*; N Ll 4 [t 4
= B % oF ¥x ¥ o &
& L, Em PR ¢ & B
% §oEm La g A
7 & a A

16 FEOT7ISLORAEFEELTDNUD—FBARY
Ta—)L (2003 B=EEEEERMTEHO—E)
N =% 1~27r ATLICHHTA2FEXLHAOHTTER
LT3, FEREICE, SN2 B LEER TV Rho
7o Fl, AFXZEVLTTI LAY EMADONT ATHFRL T
{T-OOMB IR ERL AL DT HTH o7z

F,OLAXIVELTTIAYOBM, Ny RO
HHETH 5.

72, EEIE 235 T 0 KB FH H T O e H R
RS (B2, 20024E 7 H, RIERELRWE
Tt vy — - T AZELM) I2BWT, 2002 FHZ=
FEECTOEAEREZHAT L L L DI, FEFHE
L7z, SEFIXUDICEEAY OFER KR
DEZEER) *BAMAL, BAFME, 777 A57HD
R, R ZRFESRO R T S0 ESE
HA BT 5 L )BT

B, TEHTHWAZIAFIZIE) EAZHEIHE
BRI N0 T, 2FEHUED NV I — i
CHITHRWE ENBFFLAFICEHL, I—1y
INTHIREERETIE) FASHIRELRTL, &
MRV T AF R T F AFOMERT SN TV

(Bennison and Corless®”, van Steenis®”).

5) RAEAR

A1 ROHEET, 9~ 25 WATONtk% - T,
HERERIIN YD —EOFIRZWRT L L & 012, i
FRNTOERDIE, 77T L VHEHAND BRI,
NV —HEY, REE T, REgEO IR % #4 L7z
AT G I EEE T, B < OME N & Y
TELIICL T2, 77T VHRFDOTI —
RREL, KEOEEIRE E ZkFEEDT > T
FEEITo 7. MEOHDDIZ, TAHIZDOVWTOT

Yr— MEETERL, KETE2h o2 TO
KR GRS 5 &) 7z

2. BRELUEE

1) #FE (2002 E=FE) ORMMEARER

WAEREICKE L 727k D ) B, R EE DS
DHEEIY 205, FHEZHPBTE2HEHIZOWT,
INUH—DIREE, 77T A VO, TRE K
DI, B ORI OG> RS I2F L o7z,

INY I —EDIERNE 2 1%, N TOERD
FAEL D DFID S Kile il L, EHEABEZOK
HERICEROMM I, HEXHCILETH
5. BB TOT 7T A VEOFA
BBIE2 ADSIEEHDT, FNFE TN I —»
57 7T NFHPTULTE BIREBIC L TB L LEDDH
Lo ftoT, Q12 HRICaFEYHAEL, @1 H
HIZAFIZ VLT 750V REESE CPFatkd
D1BEME), @2 AEICIZaL~ry 77 INF
wiEd (CPkkd7-h 1~3I—-DEb) S¥2500H
BETHbH L2rL, LT —FDdH5bH 18 Dl
BTAhDLE, FNENOEREIE @T8%, B
T44% &, Ko7z (K17). QTR D -
TR RNE, N h R SETLEV, AF
JELTTILYNRITFTCLE S22 &%, I,
NV =R D LN SHEKRKLTLAF I LT 7T A
VERLTLESRTE, HDHVIIRIIHRE Lz
LR YT TINFPERIIFELTEHIIHZ, &
BRI o Tl 7o/, @TIE, ¥
L7 7T LYDEEDEN, ALY T T INF
DFFOBENFENIFEEH - 7.

—F, RN TOT 77 L EOEEZRL &,
EETATTITLIHLENVIEIT YT TI LY DEEE
X 80% Difk T, VAN A BT FHT T TLY
HHLWEF 2=y T FHT T T LY DOFEIL
30% DftiFk THA b7z (M18). IRFEMKITFHA
L72izED ) B 8% TR ONI. FEMEIIv 2 ¥
~ /N F Hi Bl (Charipinae) @ Alloxysta sp. & * % &
v 27 uNFE (Megaspilidae) 9 Dendrocerus laticeps
ThHorz. TOLHZ, TTILVHEIREER
ZEDICHRBEATLILOL L THLTZ2LEDD
LI ENbhb.

WA IZOWTIE, 29 B HTH 13 71 T CATE L
i, 14 AP CHEHGEA D R Sz (R9). &Mk
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Wik
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1 (3 O) (3H O) 2090 O A VaN
2 O X (&) O X
3 O O X (&) EX] X X
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10 O A A 20 O O A
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22 O O O A 20 X
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27 X X A 30 O ? =X AN
28 A 20 O ? X A
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o AR IBS 3R AT 100 B 1o HELE 50% T G
NEica Y B MRS
x wL =L 1(?0%&%1 1(?0%&1 50% L.k i\%%%
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£ 80%T ]
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]ﬁ 60% T | P35
= 18 " O sxay
W 40% T
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0% : ‘ H17 #WEEORTIZCEITHINH—EEFIEOEMKE
DLXEEE QLFIELTT @®aALTLFIS N—HORFIEEE L7 — 5 Db Mk &FIEO % - JRIED
(12A ) SLYUEE NFERE B Q@ BEEMICNY I —%2RELLZOLAFRERLZ, LFD
(1R#) (A=) ER AL T TIAVHRENTLE ST, 7T INFHE
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2 E|E mYE ® T LT DEE RN v 7
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100%

%; 4
% J g0 A ab . ab &=
L 7 =
BZ b
#,ﬁ 60 | - E=EE (BRH)
=3 . = | Z2002 (29)
i §§ E
HlE 40 - &§§ | MM 2003 (110)
§U§z § N 2004 (23)
85 20 - §§ = | E2005 (36)
: -
i . =
D 0 A I &i E_‘
EBEETH/ V2 TOYAAEES ST ZRBEHE
FISLY 5/ Fa-YyTE
FFATIZLY
18 7ISLVEHAWIZRFERIERSN-ERDESE
2002 [ ZEFEED AT KEIFE T — &, 2003 FELIEIZEEE~NOT v 7r— M2HESL . EOEAI

LERMCTHEEN RO LNDL (U AT 1 v ZHIREGH, 745 - BET I DA df=3, G=20.22
$=0.0002 ; 7 FHT T T ATHEHDOIE | df=3, G=13.689, p=0.0034 ; IKF AWM DT ¢ df=3,
G=9.161,p=0.0272). W LTV 77Xy FODOWEHEDOMIZIZEEZIIZED LN (GHE

$<0.05/6 (Bonferroni #1L))

RO 2002 EXFEOEHICRERTET o ERTOMER

(RIR - K& " &%)

STREAT % L 72 bRk BB % L7z Rk
KBERDEN T 72138, 7 HiE 2 1
TR FEREOISE 5 # T 6 T
CFHT T A VHEORAE 2 71T 4 T
EREUA D E A 5 HAr
AR L 29 7 Fr 29 7 Fr
RO FE MG R A 13 A1t 14 #1 T

&MY 2 &0 T, FBOILEATTE 0L 29 77 (£8). MEMOEET Mgk d 5.

I7, BELH

Hi L h ol kA2 hiid b, FOMOERE LT, Nrh—HBEORER, Ny —EHSR KT L

TR EROND.

MAERE N R TOMBES L LT, KiEED
END DT LM (74T, ZREFEBEOFRE 5
HFT), ©FFHT T T AVEDOIE 2 A7) A
biFohzz (EEAD). GBEUED % SNk
TIE, ZkEEEIEE (6 7T, KECESADENL (2
W), ©XFFHT T AVHEOREE (4 HFT) B
Ao (BEEAY). TALOFEETIE AW EE
ZONDLHEHES AT, Noh—nbiink
AHCTTTITAVEHORENRDH 7225, 10ad
TVEELAFONY I —FRERTEIAEL TS
TENEZONT T, NV —DERE 3~ 4
HIZROTLE ) S hosz. TNy —
DRI L T B0l TT7 7T AV EE B
VDI, b ETTITILVORAVPDRGET

HHLEFEELTOIEE o 29 LT ATl
ZFOBIEBALLET 795 VEIZIEIMETES, 5
~6 HICBENM 2SS 250 0EERH 72,

[F) 35, IR SR B [T ) MO A 0 9 B SR
B OB S NI ERICOWT2~6 HOT 75 A
> BiBREEH O S e £5F L7z (K19). K
AR L T wiigk ClEFy 185 m, 777
INF OFFER I % L 725k ClE 1.2 725 72012
L, NYH—FEEAMRTIE 0.7 B E &b A%<
72 -7z (Kruskal-Wallis 152, p=0.0181).

IN U T — % it L 72 WIAE B O SR ECA IR i
BEEE AL L, BEESAD LTS HAT L
EF o HH, ThbERIFENL, 76 1 FTH 27
HETE, 36%IC#EE T, B LD b ERKEDOFHIHL N
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ExaE
2002
2 M 2003 -
2004
15 | % 2005

251

(T & ) 385 ] S S2F I > A g

"oh—& RS KRBT A
(ERE)

19 URFEREHER 2 ~D5R8) 128 +37 TS LIEHERD =
HORELEAMEIL EEs “ &

T 7T AVEBBRICTE D720 B3R L 2w X9 I MLA 225

BLEZHTOF A - E—< VEQEEEIINT L7 v — Mf. 2002 B

£ 0N 2003 FIZEAEFEZ N2 ISV T 3 OO BRE O R TR EUC A

HENEO 5N D (Kruskal- Wallis #i5E, df=2, x*=8.027, p=0.0181,

B LU df=2, x*=31.571, p=0.0001).

100%r
[z=:] .
=
3 80 1
% i 8 775-1-\:/%
% 0] BREAOER
; 16
%Eﬁ : o [ | emumn

® AR
& 2 F e
2 20 1 25 &I ARE
& 1l e

0 2 sisse

2002 2003 2004 2005
BE=EE

20 WNERHICHTETISLIUEHRROEODEBERARRAERISDEREL
R 2~5H) TOT 77 A EBROZOOREHAMAIRTE K TOMERDY, &2 WIIMEHHTHOT 7 — b
&) MmEEOE, SOECE GRESEAEO 110 ), Zh U EO&EHEEAGICS T, ENERD N T T —Ofiik DOl
GERRLIZ 7T 7RO RE SRR S50 & S AT & R, EREE ) TEICEIFEIE EA LT (E

Fu Y AT 4 v 7 WIRGHE, df=1, G=52.076, p<0.0001).

W7z o72 (K20). Lo L, /N —iCRIERN
S L2k, 2L C, REOFERK D IFE
TELZEns, REFIINY I —EBHREBE~D
W71 %45 5 N5 Skl L 7=

2) 2FH (2003 E=FE) LEORM
ERFER
2002 EIZEAEFECTONY /1 —HEAFER A BT 2,
2003 FIZEAEE T T oS #EE A7z, O I —
REBHEROTAT Y 2 — VI F-w 5
(H16). 3hbb, RURPLLOENTHEIN
5E912LTHBL. LaL, #EREIRETEC

b, TRFEEICIDEETERVWEES (BRI,
M 12) e 5 DT, L& ROl X 11 A
D (MEZHOLEH) L35 @y —iE
B %10 adbzh) 4~6 AFTICHERL L, REY
Frdaises. Fio, RETREAMo7 79 4
VHOBAOLEZONDGANINY I — %2
L., ONYA—1k2~3 A HBIZHEHFL, oF
JYELTTIAYEBMEBINTS ZOLHITLT
OV = EORE T CTHEFET 5. @ RIERG R
BOWP T 572012, DX HTARLTFHT 7T A
VRF =)y T FHT T T LY DOFEDE
Lo T A, INB2MIZIZaL~Y YT T INF
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BEEL VO T, flfHY Ao C, BEOMGE
TR AEMKRE (L ar Ny <N T &) Oz
BI%D.

Dbz & 2L OMREICBWTHIAT S
L, BEAY OFHER ML, T AN
WCERLTCOBHH) LT, BAFIH 7774603
DR, KiFte ZIRFEED W5 T HEDERE
HEZFENT 5 L2807 72, BIHOLFY
VL7778 5FRICAFTED L), BHOT
WHRICHE R AT VLT 75 A VMR —
(KROZEGHSR) *REL, TIhbEEY
PHEELAFEIZELT 7LV EOLFH 2T
WITA L) IZL7. 29 LT, K150 AT ORiRE DS
FEMNMT 7T LR E LTV =R BT

Z DR, 2003 B Z=AFEE T, RIS
i E CTL & E ook O HIE 1L 2002 [ 2547 BE
DBEZ2M067% 12 EH L, RIEFIED B
L7z (M20). 2~5HD7 75 4 iAo 4
HEFAR IOV, RKliaL <~y 7791\ F%
FALTOWRWHRTIZ2Ea o708, oL~
YT T T NT ORI 2 L 72 ik TRy 1.1 [\,
ZLT, Nyh—FEEA LB TIE 0.4 [0 & 5
AL A EIZH -7 (M19). N H—ET
E—F, S a s HIINLRFIF Y h T ALY
ASNTEY, BB TE2Wwbon, ab

YT TINFRPLE LNy —RIck), B
BOFAT R A A L7z & v 2 B (Kruskal-Wallis
g, p=0.001).

HHEZENDT V77— 5, 2003 RZ=EEEDT
TILAVEOREERRE RS E, U TTILAVE
TXEERT AT 7T L YDR NN OB AT
80% T, HI4EDOKMIFIAE TOME L FEMZ -7z (X
18). VX HARRCTFHT TILYHDNET 12—
Vo T FHT T T h Y OFAIRN S HERKBET
Holz., AL YT TINFIIHFET D IR EK
HEEEDVHRLEHALHT70% T, BIEELIZ
IER L THo72. fE-T, 2003 RIZEEE TN H—
EORINRDBEIN L 72 01%, Hiff EoHZEOR)E &
EZHND.

2003 EIZELEE LD 7 79 A VHEB L O kS &
WD IR Z KA EOKE R TRL &, 98T 7
S LAY OFHMHEZ, KIZE L, HAIZES LT
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THRENE o7, FEETHT 7T 5335 2004
EEIZIEE o7, T r— MNRETERERICLS
BIEHERT R TL, 2004 FFEIEXT 7T L VHDH
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K21 MERAETTISLVEEHERLE-HEROESDHRS
ERIRLEEET, MET 2 &TN Y — R E N L T\ B ARHESREEE R, AR 1 o A0 9~ 278FT. U T 7T AV OFAREE
BERZEEE, ABLUCZOXREENTEREENROONS (QV AT 4 v 7 [WIRGH, FEZEERE @ df=2, G=12.194, p=0.0022, A : df=1, G=19.342,
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Development of a Practical Banker Plant System for Aphid
Control in Commercial Greenhouse Crops in Japan
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Abstract

A banker plant system can provide a continuous reservoir of natural enemies in advance of an outbreak of the
target pest. In Europe, wheat or barley seedlings (the banker plants) are used to rear aphids that do not target the
crop plant. These aphids are in turn used as hosts of the aphid parasitoid Aphidius colemani, which parasitizes the
pest aphid well. During 2002 through 2005, we have been developing a similar banker plant system for controlling
aphids in greenhouse crops in cooperation with growers in Kochi Prefecture, where is one of the largest regions
for the production of greenhouse vegetables (e.g., eggplant and sweet pepper) in Japan. The cotton aphid Aphis
gossypii, green peach aphid Myzus persicae, and thrip Thrips palmi are major pest insects of these crops. The minute
pirate bug Orius strigicollis has been used in integrated pest management programs to control the thrip. However,
insecticides sprayed against the aphids are detrimental to O. strigicoliis.

In order to protect O. strigicollis, a banker plant system has been developed to reduce the use of insecticides to
less than 1/10 of the area of each greenhouse throughout the main harvesting season (February to May). In the
initial field trial year, wheat was planted at one location (ca. 0.2 m?) per 1000 m® in December. A month later, ca.
2000 bird cherry-oat aphids, Rhopalosiphum padi, were placed on the wheat, and a few week later ca. 500 adult
parasitoids, A. colemani, were introduced. Approximately two months later, the banker plants were replanted and
bird cherry-oat aphids were reintroduced. Successful pest aphid control was obtained in about one-third (27 of 76)
of the greenhouses. Full chemical insecticide use was required in the remaining greenhouses. We assumed that the
banker plant system was unsuccessful in these cases because of (1) the failure or delay of the bird cherry-oat aphids
and parasitoids to settle, (2) the occurrence of secondary parasitoids that parasitized the introduced parasitoids,
(3) the occurrence of pest aphids (Macrosiphum euphorbiae and Aulacorthum solani) that were not hosts of the
introduced parasitoid, and/or (4) an insufficient number of banker plant plantings. During the subsequent growing
seasons, the banker plants were introduced one month earlier in at least four locations per 1000 m® These trials
resulted in successful aphid control in two-thirds of the greenhouses. In 2005, this banker plant system was in use in

226 commercial greenhouses in Kochi Prefecture.

Key words: banker plant system, aphid control, Aphidius colemani, commercial greenhouse crops
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Introduction

In the production of greenhouse vegetables in Japan, aphids are one of the most serious pest insects. Aphids are
difficult to control during the long growing periods in the commercial greenhouses of eggplants and sweet peppers,
because they are too small for growers to quickly identify during the early stages of colonization, and they multiply
very rapidly. When natural enemies are utilized to control aphids, determining the appropriate timing, dosage,
distribution and frequency of release is difficult.

A banker plant system can provide a continuous reservoir of natural enemies in advance of an outhreak of the
target pest, or even in advance of the invasion of target pests into the greenhouse. According to van Lenteren (1995),
the idea behind the banker plant system is that non-crop plants are placed in the greenhouse with a host insect (that
1s not a pest of the target crop) that serves as food source and reproduction host of parasites or predators. In Europe,
wheat or barley seedlings (the banker plants) are used to rear the bird cherry-oat aphid Rhopalosiphum padi (Linne),
an aphid that does not damage the crop plant. This aphid is a host of the aphid parasitoid Aphidius colemani Viereck,
a parasitoid with a host range of 65 species including the cotton aphid Aphis gossypii Glover and green peach aphid
Myzus persicae (Sulzer) (Takada, 1998). This system was developed for the protection of cucumber plants grown
in greenhouses against the cotton aphid (Bennison and Corless, 1993). In Japan, however, there have been little
attempts to develop a practical banker plant technique.

Kochi prefecture is one of the largest regions in Japan for the production of greenhouse vegetables such
as eggplant and sweet pepper. The thrips Thrips palmi Karny, cotton aphid, and green peach aphid are major
pest insects of these crops. The minute pirate bug Orius strigicollis (Poppius) has been used in integrated pest
management (IPM) programs to control the thrips. However, insecticides sprayed against the aphids are detrimental
to O. strigicollis. In order to protect O. strigicollis populations, the use of natural enemies of the aphids is necessary.

We have been developing a practical banker plant technique for controlling aphids on commercial greenhouse
crops. The effectiveness of the banker plant system like that used in Europe was evaluated on eggplant in
experimental greenhouses. We have also attempted to expand this banker plant technique on a larger scale in
cooperation with growers in Aki City, Kochi Prefecture. Our goal was to reduce the use of chemical insecticides
against aphids to less than 1/10 of the area of each greenhouse throughout the main harvesting season (February to
May).

Materials and Methods

1. Control of cotton aphid Aphis gossypii on eggplants in experimental
greenhouses using the aphid parasitoid Aphidius colemani in a banker plant
system

Effectiveness of a banker plant system for the protection of eggplants against cotton aphids was evaluated at

experimental greenhouses in Shikoku National Agricultural Experiment Station (Zentsuji, Kagawa Prefecture). In
four greenhouses, which had areas of 50 m” each, twenty eggplants were planted on October 16, 2000. On March 27,
2001, 50 cotton aphids were placed on each of the eggplants. We designated this condition as an early stage of pest
aphid colonization. Changes in the number of pest aphids were examined in following four different treatments: 1)
no release of the parasitoid A. colemani (No aphid parasitoid release), 2) weekly release of 40 adults of the parasitoid
(26 females and 14 males) for 3 weeks immediately after the settlement of cotton aphid (Inoculative release), 3)
weekly release of 40 parasitoid adults for 3 weeks together with wheat seedlings which were infested with ca. 2000

bird cherry-oat aphids (Banker plant system), 4) the same as treatment 3 except 20 parasitoids were released on
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a weekly basis. At weekly intervals, the number of cotton aphids and mummified aphids on 10 eggplants at each
greenhouse was examined. The mummified aphids were marked in order to prevent multiple scoring.

The cotton and bird cherry-oat aphids were obtained from colonies maintained in our laboratory. These aphids
originated from insects that were field-collected from an experimental field of the Shikoku National Agricultural
Experiment Station in 1999. The cotton and bird cherry-oat aphids were reared on eggplant and wheat seedlings,
respectively, at 25°C under a photoperiod of 16L:8D. The bird cherry-oat aphid could continue to reproduce parthenogenetically
on wheat plants even at 15C under a photoperiod of 8L:16D.

The aphid parasitoid A. colemani was purchased from a commercial supplier (Tomono-aburabachi AC). When
allowed to live in a relatively large space (at least 1.9 m®), this parasitoid prefers cotton aphids on eggplants as a host
rather than the bird cherry-oat aphids on wheat plants. However, when confined to a smaller space (0.07 m®), this
species parasitizes these aphids without preference. In 50 m” greenhouses, A. colemani populations increased ca. 50-

fold on banker plants within one generation.

2. Controlling aphids in commercial greenhouses using a banker plant system

The trials to develop a practical banker plant technique were performed in commercial greenhouses in Aki
City, Kochi Prefecture. Seedlings of greenhouse crops such as eggplant and green pepper were planted in early
September. The main harvesting seasons of these crops extended from February to May of the following year. The
reduction of insecticide use during the main harvesting seasons is the primary goal of the growers. In order to do
this, the growers involved in these trials released the minute pirate bug O. strigicollis against pest thrips such as
T. palmi. Outbreaks of aphids begin to occur from mid-February in normal years.

In the initial field trial year (2001-2002), the banker plant system was applied in 76 commercial greenhouses. The
areas of these greenhouses were mostly more than 1000 m’. The use of the banker plant systems was scheduled
such that the control agent A. colemani, could be settled by mid-February. Wheat was planted at one location (ca. 0.2
m®) per 1000 m” by mid-December, 2001. A month later (mid-January, 2002), ca. 2000 bird cherry-oat aphids R. padi,
were placed on the wheat. About 500 parasitoid adults per a greenhouse were released by the beginning of February.
The growers were advised to replant the wheat and reintroduce bird cherry-oat aphids approximately two months
later (around March or April). Bird cherry-oat aphids were reared at the National Agricultural Research Center for
Western Region (Ayabe, Kyoto Prefecture), and were provided to the growers. The growers purchased the aphid
parasitoids from commercial suppliers.

The growers used chemical insecticides against pests such as thrips and aphids according to the grower’s own
empirical thresholds. The main insecticides that were sprayed during the trials were pyriproxyfen and spinosad
against thrips, and pymetrozine against aphids. The applications of insecticides were carefully recorded. The use of
insecticides against the aphids was categorized as follows: full use, partial use (i.e., less than 1/10 of the area of each
greenhouse), and no use throughout the main harvesting season (February to May). Most growers applied chemical
pesticides at full or partial use. Cases where the insecticides were sprayed between 10% and 90% of the greenhouse
were categorized as full use because it was assumed that these levels would have a detrimental effect on the
O. strigicollis populations. Partial and no insecticide use were recognized to be successful control of pest aphids.

More than 20 greenhouses were surveyed every month in order to record the presence of banker plants, bird
cherry-oat aphids and mummified aphids on the wheat plants as well as the occurrence of pest aphids on crop
plants, and secondary parasitoids. Because the number of greenhouses was too large for us to examine directly,
observations made by the growers were incorporated into our findings. In total, data collected from 19, 29, and 18
greenhouses was used for the evaluation of the application regimes, occurrence of pest aphids, and occurrence of

secondary parasitoids, respectively.
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During the subsequent trial years, the banker plants were introduced one month earlier (in November) in at least
four locations (ca. 0.2 m” for each) per 1000 m”. In this case, the establishment of the banker plant system, including
settlement of the parasitoids, was scheduled to complete by the end of January. In addition, the banker plants were
changed to barley instead of wheat to avoid mildew disease. Before the beginning of the growing seasons, examples
of the successful and unsuccessful control of aphids were explained to the growers. In addition, we distributed
informational pamphlets, which carried photographs of a good banker plant example, pest aphids, primary parasitoid,
and secondary parasitoids, as well as revised schedule of the banker plant technique.

During the second trial year (2002-2003), the banker plant system was applied in ca. 150 commercial greenhouses.
At the end of the growing season, representatives of 84 of these greenhouses answered a questionnaire that we
provided. During the third and forth years (2003-2004 and 2004-2005), the banker plant technique was applied in
ca. 200 greenhouses. At the end of the trial years, representatives of only 21 of these greenhouses answered our
questionnaire. A survey of the presence of banker plants, bird cherry-oat aphids and mummified aphids on the wheat
plants, occurrence of pest aphids on the crop plants, and secondary parasitoids were made on a monthly basis of 9-25

greenhouses during each trial year.

Results

1. Control of cotton aphid Aphis gossypii on eggplants in experimental
greenhouses using the aphid parasitoid Aphidius colemani in a banker plant
system

In the greenhouse in which parasitoids were not released, a 3- to 9-fold weekly increase in the mean number of
cotton aphids was found (Fig. 1, A). Under this condition, the mean number of aphids per plant was over 5000 at the
third week post aphid settlement. At the fourth week post settlement a chemical insecticide was sprayed on the
plants, resulting in no detectable cotton aphids.

In the greenhouse that underwent inoculative releases of parasitoids, the mean density of cotton aphids reached
a maximal level of 954 aphids per plant at four weeks post aphid settlement (Fig. 1, B). Subsequently, at five weeks
post aphid settlement, the mean number of mummified aphids increased to 134 per plant, and the number of cotton
aphids decreased. At the sixth week post aphid settlement, cotton aphids were not detected.

In greenhouses where the banker plant system was applied, the mean number of cotton aphids per plant increased
2- and 3-fold following the aphid settlement (Fig. 1, C, D). However, by the second week post settlement there was
a dramatic decline in the cotton aphid populations under both treatments, and no cotton aphids were detected by
the third week post settlement. These results demonstrated that the banker plant system was more effective than

inoculative release of the aphid parasitoids.

2. Controlling aphids in commercial greenhouses using a banker plant system

First trial year

During the first year of field trials of the banker plant technique, 49, 25, and 2 greenhouses underwent full, partial,
and no chemical insecticide treatment, respectively, throughout the main harvesting season (February to May). As a
result, successful pest aphid control was obtained in about one-third (27 of 76) of the greenhouses (Fig. 2).

The occurrence of green peach aphid M. percicae or cotton aphid A. gossypii was observed in 79% of the
greenhouses (23 of 29) during the main harvesting season. Glasshouse-potato aphids Awulacorthum solani (Kaltenbach)
or potato aphids Macrosiphum euphorbiae (Thomas), which cannot be parasitized by A. colemani, were found in 34%

of the greenhouses (10 of 29). In addition, secondary parasitoids, which parasitize the control agent A. colemani,
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Fig. 1 The weekly changes in aphid density at the four experimental greenhouses.

A: No aphid parasitoid release, B: Inoculative release of aphid parasitoids, 40 parasitoids released per week, C: Banker plant system, 40 parasitoids released per
week, D: Banker plant system, 20 parasitoids released per week. Bars indicate the standard error of mean.
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Fig. 2 Insecticide use against aphids through the main harvesting season during each of the four trial years.

The greenhouses were categorized by the type of chemical insecticide treatment they received: full insecticide use against aphids (Full), partial insecticide use,
i.e., less than 1/10 of the area of each greenhouse (Partial), and no insecticide use (No) throughout the main harvesting season (February to May). Partial and no
insecticide use still resulted in successful control of all four species of pest aphids.
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were observed in 78% of the greenhouses (14 of 18). The main species of secondary parasitoids were Alloxysta sp.
(Charipinae (Figitidae)) and Dendrocerus laticeps (Megaspilidae).

In 18 greenhouses where continuous records were kept, the aphids failed to settle on schedule in 11% of
greenhouses, and the parasitoids failed to settle on schedule in 56% of the greenhouses. This suggested that a
longer period for the settlement of aphids and parasitoids was necessary.

Three problems were recognized in the 13 greenhouses which received full insecticide treatment: 1) failure or
delay of the settlement of bird cherry-oat aphids and/or A. colemani, 2) the occurrence of secondary parasitoids, and 3)
the occurrence of non-host aphids for A. colemani (Table 1). Similar problems were recognized in the 9 greenhouses
that received partial insecticide treatment. In addition, in 5 of the greenhouses that received partial insecticide
treatment, the pest aphids were found at the farthest distances from banker plants and/or the growers neglected
to renew the banker plants in April, at which time the banker plants should have been renewed. Although the
successful establishment of the banker plant system might induce the absence of pest aphids in February or March,

it led growers to the misunderstanding that no invasion of aphids into greenhouses occurred during that season.

Table 1 Problems observed in greenhouses that required insecticide use against aphids.

Full insecticide use Partial insecticide use
1) Delay or failure of establishment
of banker plant system 7 2
2) Occurrences of secondary parasitoids,
which parasitize on A. colemani 5 6
3) Occurrences of glasshouse-potato aphids
or potato aphids, which cannot be 2 4
parasitized by A. colemani
4) Others <number of bankers, 5
discontinuance of banker system>
No. of greenhouses observed 13 14

* In some greenhouses plural problems were observed.

Second and subsequent trial years

During the second trial year, target pest aphids M. perciae and A. gossypii were observed in 14% and 77% of the
84 greenhouses, respectively, during the main harvesting season (February to May). In addition, glasshouse-potato
aphids A. solani and potato aphids M. euphorbiae were found in 3% and 21% of the greenhouses, respectively. Thus,
the occurrence of aphids during the second trial year was similar to that of the first trial year.

During the subsequent trial years, successful aphid control was obtained in two-thirds of the greenhouses (Fig. 2).
In addition, more than 80% of the growers were satisfied by this banker plant technique (Fig. 3). In 2005, this banker

plant system was in use in 226 commercial greenhouses in Kochi Prefecture.

Discussion

We evaluated a banker plant system using the aphid parasitoid A. colemani and bird cherry-oat aphid K. padi on
wheat plants for the control of the cotton aphid A. gossypii on eggplants in the experimental greenhouses. This
banker plant system was more effective than inoculative release of the aphid parasitoids. The effectiveness of such

banker plant system has been previously shown in cucumber greenhouses (e.g., Bennison and Corless, 1993; van
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Fig.3 Evaluations of the banker plant technique by the growers.

Steenis, 1995). In addition, banker plant systems have been in use in commercial greenhouses in Europe. However,
basic data under the Japanese cultivation system was necessary in order to develop and spread a banker plant
system for the protection of greenhouse vegetables in Japan.

After the initial year of field trials at the greenhouses producing eggplant and sweet pepper in Kochi, Japan,
problems with the initial banker plant regime were identified. Following the identification of these problems, the
number of greenhouses in which successful pest aphid control was achieved, increased two-fold during the second
and subsequent trial years. We advised the growers on mainly three points: 1) the banker plant system should be
established by January, prior to outbreaks of aphids in normal years, 2) the banker plants should be distributed
at more than 4 locations per 1000 m’, and 3) careful observation of pest insects, natural enemies and secondary
parasitoids is necessary. The first point is the basic tactic that has been emphasized in previous studies (e.g., Stacey,
1977; Hansen, 1983; Bennison, 1992). The combination of the first and second points suggests that the control
agents should lie in wait for the pest aphids™ invasion both in time and space.

Some problems that remain with our current banker plant regime include the occurrence of secondary parasitoids
such as Alloxysta sp. and D. laticeps that parasitize on the control agent A. colemani, and the occurrences of
glasshouse-potato aphids A. solani and/or potato aphids M. euphorbiae that were not the hosts of A. colemani.
During the first trial year, the crops in a few greenhouses were seriously damaged by the occurrence of secondary
parasitoids or glasshouse-potato aphids. Van Steenis (1995) also reported the problem of secondary parasitoids.
Glasshouse-potato aphids were not a serious problem in these greenhouses until this trial. Without employment
of the banker plant system, glasshouse-potato aphid populations seemed to be suppressed simultaneously by the
chemical insecticide sprayed against cotton aphid and green peach aphid. Most of the growers in our trials were able
to discriminate between the beneficial and secondary parasitoids, and pest and non-pest aphids. In the cases where
secondary parasitoids or glasshouse-potato/potato aphids occurred, the growers determined the timing and area of
insecticide use after they carefully observed the populations of pest aphids in addition to beneficial insects.

As the banker plant system is more commonly accepted by the growers of greenhouse vegetables in Japan, the
reduction of chemical insecticide use against pest aphids should result in the protection of introduced populations

of the minute pirate bug O. strigicollis. This will lead to the better control of thrips. At present, this banker plant
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technique as well as minute pirate bug introductions plays important roles in IPM programs in Kochi Prefecture.

Through this study, we realized that practical techniques to use natural enemies should be developed in the
corporation of growers, advisers and researchers.
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