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JunichiroABE*4andSingoOHYA*５

AbStract

Abankerplantsystemcanprovideacontinuousreservoirofnaturalenemiesinadvanceofanoutbreakofthe
targetpest・InEurope,wheatorbadeyseedlings(thebankerplants)areusedtorearaphidsthatdonottaxgetthe
cropplant.Theseaphidsareinturnusedashostsoftheaphidparasitoid""dizzsco"”α〃j,whichparasitizesthe
pestaphidwe11.During2002through2005,wehavebeendevelopingasimilarbankerplantsystemfbrcontrolling
aphidsingreenhousecropsincooperationwithgrowersinKochiPrefecture,whereisoneofthelargestregions
fOrtheproductionofgreenhousevegetables(e.9.,eggplantandsweetpepper)inJapan.Thecottonaphid〃〃jS
gりsW",greenpeachaphidA伽"s"fs"e,andthrip”γゆ”α肋流aremajorpestmsectsofthesecrops.Themmute
piratebugOγ血熔s蠅加"ishasbeenusedinintegratedpestmanagementprogramstocontrolthehrip.Howevel;
insecticidessprayedagainsttheaphidsaredetrimentaltoQs"卿co"iS.
InordertoprotectOs"妙Ｏ"iS,abankerplantsystemhasbeendevelopedtoreducetheuseofinsecticidesto
lessthanl/１０oftheareaofeachgreenhousethroughoutthemainharvestingseason(FEbruarytoMay).Inthe
initialfieldtrialyeal;wheatwasplantedatonelocation(ca.０.２m２)per１０００㎡inDecembelEAmonthlater;ca.
2000birdcherry-oataphids,R"""Josゆ〃況加加伽>wereplacedonthewheat,andafewweeklaterca.５００adult
parasitoids,A.co"”α"j,wereintroduced・ApproximatelytwomonthslateI;thebankerplantswerereplantedand
birdcherry-oataphidswerereintroduced.Successfulpestaphidcontrolwasobtainedmaboutone-third(２７of76)
ofthegreenhouses.R1llchemicalinsecticideusewasrequiredintheremaininggreenhouses.Weassumedthatthe
bankerplantsystemwasunsuccessfUlinthesecasesbecauseof(1)thefailureordelayofthebirdcherry-oataphids
andparasitoidstosettle,(2)theoccurrenceofsecondaryparasitoidsth､parasitizedtheintroducedparasitoids,
(3)theoccurrenceofpestaphids(Mzc"os〃〃"""z"07'MzeandA"IfzcO伽"”SOﾉα")thatwerenothostsofthe
introducedparasitoid,and/br(4)aninsufficientnumberofbankerplantplantings.Duringthesubsequentgrowing
seasons,thebankerplantswereintmducedonemonthearlierinatleastfOurlocationsperlOOOm2.Thesetrials
resultedinsuccesshllaphidcontrolmtwo-thirdsofthegreenhouses.1n2005,thisbankerplantsystemwasinusein
２２６commercialgrCenhousesinKochiPrefecture.
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Introduction

IntheproductionofgreenhousevegetablesinJapan,aphidsareoneofthemostseriouspestinsects.Aphidsare
difficulttocontmlduringthelonggrowingperiodsmthecommel℃ialgreenhousesofeggplantsandsweetpeppers,
becausetheyaretoosmallfbrgrowerstoquicklyidentifyduringtheeallystagesofcolonization,andtheymultiply
veryrapidlyBWhennaturalenemiesareutilizedtocomrolaphids,determiningtheappropriatetiming,dosage,
distributionandhEquencyofreleaseisdifficult.
Abankerplantsystemcanprovideacontinuousreservoirofnaturalenemiesinadvanceofanoutbreakofthe
targetpest,oreveninadvanceofthemvasion㎡targetpestsintothegreenhouse・AccordingtovanLenteren(1995),
theideabehindthebankerplantsystemisthatnon-cropplantsareplacedinthegreenhousewithahostinsect(that
isnotapestofthetargetcrop)thatservesasfbodsom℃eandreproductionhostofparasitesorpredators・InEurope,
wheatorbarleyseedlings(thebankerplants)areusedtorearthebirdcherry-oataphidR""αﾉOS鋤""2加伽(Linne),
anaphidthatdoesnotdamagethecropplant.Thisaphidisahostoftheaphidparasitoid〃"〔""SCO"""〃/Viereck,
aparasitoidwithahostrangeof65speciesmcludingthecottonaphid〃雌gりsS)"Gloverandgreenpeachaphid
脇Zz"s，e榔c"e(Sulzer)(Rlkada,1998).Thissystemwasdevelopedfbrtheprotectionofcucumberplantsgmwn
ingreenhousesagainstthecottonaphid(BenmsonandCorless,1993).InJapan,howevel;therehavebeenlittle
attemptstodevelopapracticalbankerplanttechnique.
KochiprefectureisoneofthelargestregionsinJapanfOrtheproductionofgreenhousevegetablessuch
aseggplantandsweetpeppelzThethripsTｿ"加加I"KarnXcottonaphid,andgreenpeachaphidaremor
pestinsectsofthesecrops.TheminutepiratebugO''i"ss"電加"jS(Poppius)hasbeenusedinintegratedpest
management(IPM)programstocontrolthethrips・Howevel;insecticidessprayedagainsttheaphidsaredetrimental
toQs蠅允0"jS.InordertoprotectOs"妙0"iSpopulations,theuseofnaturalenemiesoftheaphidsisnecessarjM
Wehavebeendevelopingapracticalbankerplanttechniquefbrcontrollingaphidsoncommercialgreenhouse
crops.TheeffectivenessofthebankerplantsystemlikethatusedinEuropewasevaluatedoneggplantin
eXperimentalgreenhouses.Wehavealsoattemptedtoexpandthisbankerplanttechniqueonalargerscalein
cooperationwithgrowersinAkiCitXKochiPrefecture・Ourgoalwastoreducetheuseofchemicalinsecticides
againstaphidstolessthanl/１0oftheareaofeachgreenhousethroughoutthemainharvestingseason(Fbbruaryto
May).

MaterialsandMethods

１ . C o n t r o l o f c o t t o n a p h i d A p h i S g o s S J初ガo n e g g p l a n t s i n e x p e r i m e n t a l
g reenhousesuS ingtheaph idparas i to idAph i t i i z I sco leman i i nabankerp lan t
systeln

EffectivenessofabankerplantsystemfOrtheprotectionofeggplantsagainstcottonaphidswasevaluatedat
eXperimentalgreenhousesinShikokuNationalAgriculturalExperhnentStation(Zentslqi,KagawaPrefecture).In
fOurgreenhouses,whichhadareasof50m2each,twentyeggplantswereplantedonOctober16,2000.OnMarch２７,
2001,50cottonaphidswereplacedoneachoftheeggplants・Wedesignatedthisconditionasanearlystageofpest
aphidcolonization.Changesinthenumberofpestaphidswereexaminedinfbllowingfburdifferenttreatmems:１)
noreleaseoftheparasitoidA.“""zzz"jOWoaphidparasitoidrelease),２)weeldyreleaseof40adultsoftheparasitoid
(２６femalesandl4males)fbr3weeksimmediatelyafterthesettlementofcottonaphid(Inoculativerelease),３)
weeklyreleaseof40parasitoidadultsfOr3weekstogetherwithwheatseedlingswhichwereinfestedwithca.２０００
birdchexry-oataphids(Bankerplantsystem),４)thesameastreatment3except20parasitoidswerereleasedon
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aweeklybasis.Atweeklymtervals,thenumberofcottonaphidsandmummifiedaphidsonlOeggplantsateach
greenhousewasexamined・Themummifiedaphidsweremarkedinordertopreventmultiplescoring.
Thecottonandbirdcherry-oataphidswereobtained丘omcoloniesmaintainedinourlaboratory6Theseaphids
originatedfrominsectsthatwerefield-collectedhfomanexperimentalfieldoftheShikokuNationalAgricultural
ExperimentStationinl999.Thecottonandbirdcherry≧oataphidswererearedoneggplantandwheatseedlings,
１℃spectivelXat25℃underaphotoperiodofl6L:8D.Thebixdcherry-oataphidcouldcontinuetolepmduceparthenogenetically
onwheatplantsevenatl5℃underaphotoperiodof8L:16D.
TheaphidparasitoidA.coﾉg"α"iwaspurchasedfromacommercialsupplier('Ibmono-aburabachiAC).When
allowedtoliveinarelativelylargespace(atleast1.9m2),thisparasitoidpreferscottonaphidsoneggplantsasahost
ratherthanthebirdcherry-oataphidsonwheatplants.Howevex;whenconfinedtoasmallerspace(0.07㎡),this
speciesparasitizestheseaphidswithoutpreference.1n50㎡greenhouses,A.co""zα犯加opulationsincreasedca.50-
fOldonbankerplantswithinonegeneration.

２ . C o n t r o nmg ap h i d smcomme r c i a l g r e e n h o u s e s u smg ab a n k e r p l a n t s y s t em
ThetrialstodevelopapracticalbankerplanttechniquewereperfOrmedincommercialgreenhousesinAki
CitMKochiPrefecture・Seedlingsofgreenhousecropssuchaseggplantandgreenpepperwereplantedinearly
SeptembelfThemainharvestingseasonsofthesecropsextendedhfomFbbruarytoMayofthefbllowingyear.The
reductionofinsecticideuseduringthemainharvestingseasonsistheprimarygoalofthegrowers・Inordertodo
this,thegrowersinvolvedmthesetrialsreleasedtheminutepiratebugQsMiｂ0"jSagainstpestthripssuchas
盃"J".Outbreaksofaphidsbegmtooccurhfommid-Februaryinnormalyears.
Intheinitialfeldtrialyear(2001-2002),thebankerplantsystemwasappliedm76commercialgreenhouses.The

areasofthesegreenhousesweremostlymorethanlOOOm2.Theuseofthebankerplantsystemswasscheduled
suchthatthecontrolagentA.“ﾉew@(z"i,couldbesettledbymid-FbbruarjzWheatwasplantedatonelocation(ca.０．２
m２)perlOOOm2bymid-Decembe喝2001.Amonthlater(mdJanuary;2002),ca.2000birdcherry-oataphidsR."di,
wereplacedonthewheat.About500parasitoidadmtsperagreenhousewerereleasedbythebeginningofFebruary.
Thegrowerswereadvisedtoreplantthewheatandremtroducebirdcherry-oataphidsapproximatelytwomonths
later(aroundMarchorApril).Birdcherry-oataphidswererearedattheNationalAgriculturalResearchCenterfOr
WesternRegion(Ayabe,IqotoPrefecture),andwereprovidedtothegrowers.Thegrowerspurchasedtheaphid
parasitoidshomcommercialsuppliers.
Thegrowersusedchemicalinsecticidesagainstpestssuchasthripsandaphidsaccordingtothegrower'sown
empiricalthreSholds・Themaininsecticidesthatweresprayedduringthetrialswerepyriproxyfenandspinosad
againstthrips,andpymetrozineagainstaphids・TheapplicationsofinsecticideswerecarefUllyrecorded.Theuseof
insecticidesagainsttheaphidswascategorizedasfbllows:fillluse,partialuse(i､e.,lessthanl/１０oftheareaofeach
greenhouse),andnousethroughoutthemainharvestingseason(FbbruarytoMay).Mostgrowersappliedchemical
pesticidesat血llorpartialuse.CaseswheretheinsecticidesweresprayedbetweenlO%and９０%ofthegreenhouse
werecategorizedasfUllusebecauseitwasassumedthattheselevelswouldhaveadetrimentaleffectonthe
Qs"妙0"jSpopulations.PartialandnoinsecticideusewererecognizedtobesuccessfUlcontrolofpestaphids.
Morethan20greenhousesweresurveyedeverymonthinordertorecordthepresenceofbankerplants,bird

cherry-oataphidsandmummifiedaphidsonthewheatplantsaswellastheoccurrenceofpestaphidsoncrop
plants,andsecondaryparasitoids.BecausethenumberofgreenhouseswastoolargefOrustoexaminedirectlyi
observationsmadebythegrowersweremcorporatedintoourfndings.Intotal,datacollectedhfoml９,29,andl8
gree血ouseswasusedfbrtheevaluationoftheapplicationregimes,occurrenceofpestaphids,andoccurrenceof
secondaryparasitoids,respectivelye
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の実用化研究を進めてきた１０年経過した現在では，
天敵利用はある程度普及し，また導入生物の環境へ
の影響についての認識も浸透した．そして，日本在
来の天敵の製剤化もなされるようになった．アブラ
バチ類に関しては，日本在来のギフアブラバチ（太
田(2帥)やダイコンアブラパチ(長坂ら(19))でバンカー
法が検討されている．アブラコバチ類についても在
来系統の製剤化とバンカー法が検討されている（巽
ら(44))また，シヨクガタマバエについても国内系
統の育成が始まっている（安部ら(1))．
こうした日本在来の天敵を用いたアブラムシ対策
としてのバンカー法だけでなく，別の害虫に対する
別の在来天敵を使ったバンカー法の開発も必要とさ
れているそのときに，本稿に記したコレマンアブ
ラバチを用いたバンカー法の検討過程が，効率的な
研究開発に資することを期待する次第である．

地の施設栽培において．各種害虫に総合的に対処す
るIPM技術の組み立ての中で，アブラムシ対策技
術として有効に利用されていくと期待できる．しか
し'マニュアルで示したことは基本的なことであり，
作目や作型，生産者の状況に適合した技術に改変し
ていく必要がある．そのとき，大切なのは．技術を
使う人と，広める人，そして研究する人の協力であ
る生産者の参加の下で地域に適合した形へとバン
カー法が発展していくことを願うものである．
一方，ここで用いたコレマンアブラバチは導入天
敵であり，日本への導入の初期には在来種への影響
が懸念されていた(Thkada(４１))シヨクガタマバエ
に関しても’製剤化されているものは海外系統であ
ると考えられる(Shirotaeta1.(36))．この研究を始め
た当時は，化学合成農薬に代わる防除技術として天
敵を使いやすくすることが重要という認識で，技術
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この研究を開始するにあたり，中央農業総合研究
センターの矢野栄二博士（現在近畿大学）から，
当時では稀少な関連文献をご紹介いただくととも
に，有益なご助言をいただいた．そして，本稿に対
してもご指導をいただいたまた，アブラバチ類な
らびにそれに寄生する二次寄生蜂については，当時，
京都府立大学の高田肇教授から懇切なご指導をいた
だいた本課題遂行中には，長坂がアメリカへの留
学や綾部への転勤を経験したにもかかわらず,IPM
プロジェクト、ナスサブチームの皆様（九州大学；
高木正見教授，（当時）高知県農業技術センター：
高井幹夫氏,（当時）野菜茶業研究所:浜村徹三|尊士）
には暖かく支えていただいた．近畿中国四国農業研
究センター総合研究第４チーム在籍時には本務の

摘 要

害虫の発生前から天敵を長期継続的に放飼する．害
虫侵入直後の低密度の状態で天敵を働かせることが
できるため，安定した防除効果が期待できる．アブ
ラムシ対策としてのバンカー法には，ヨーロッパで
すでに実用化されている方法がある．ムギ類で維持
する代替寄主ムギクビレアブラムシを用いて，天敵
コレマンアブラバチを維持しつつ．ハウス内に継続

日本の促成栽培施設において試みられている天敵
利用を基幹技術としたIPM構築に資することので
きる個別技術として，アブラムシ対策としてのバン
カー法の実用化研究を実施した．バンカー法では．
害虫とはならない天敵の代替餌（代替寄主）をその
寄主植物とともに導入し，そこで天敵を維持・増殖
しておく開放型飼育システムを用いて，施設内での
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的に放飼する方法であるこの方法を，日本の栽培
環境や作業者の状況に適合した形に改変し，普及技
術とすることが，本研究の目的である．
日本の促成栽培では冬期を経るところがヨーロッ

パでの栽培と大きく異なっているため，天敵を利用
する場合には低温と休眠性が問題となる場合があ
る．この点について，室内実験および圃場試験で確
認したところ，コレマンアブラバチは，5℃の条件
でも十分増殖し，実際に秋期の無加温ハウス内でも
世代間増殖率は約５０倍であったまた，害虫であ
るワタアブラムシと代替寄主であるムギクビレアブ
ラムシへのコレマンアブラバチによる選好性を比較
したところ’小さな空間ではほぼ同等であるが，広
い空間では害虫の方を好むことがわかり，この系は
天敵維持と害虫防除に都合の良いことが支持され
た．そして,50m2の実験ハウスにおいて，ナス上
のワタアブラムシに対する防除効果を，バンカー法
での天敵放飼'接種的天敵放飼(通常の天敵放飼法)，
天敵無放飼で比較したところ，促成栽培でアブラム
シ類が問題となる秋期，春期ともにバンカー法で最
も害虫密度を抑えることができた．また，秋期から
春期まで作を通してバンカー法を継続した場合に
は，天敵コレマンアブラバチに寄生する二次寄生蜂
が春に向かって増加し，アブラムシ防除に失敗する
場合があることも，実験圃場で確認した
高知県のナス・ピーマン産地では天敵利用を基幹

技術としたIPMを模索していたので，ここにアブ
ラムシ対策としてのバンカー法を組み込むための現
地実証試験を,10a規模の生産施設７0カ所以上の協

力を得て実施した収穫盛期にあたる２月から５月
において，アブラムシ防除薬剤散布を部分散布（施
設面積の1/１０以下の散布）に抑えることができれ
ば，バンカー法による防除が成功したと見なした．
1年目の試行では，成功は１／３の施設でしか得ら
れなかった．失敗の主な原因は①バンカー法の実施
スケジュールがタイトであったこと，②二次寄生蜂
の発生，③コレマンアブラバチが寄生できないジヤ
ガイモヒゲナガアブラムシ等の発生，④バンカーの
設置箇所数の不足であった．特に，二次寄生峰につ
いては，３月よりも前にバンカー上での全寄生蜂の
50％以上を占める状況となった場合には，バンカー
法に失敗する確率が高まることもわかった．こうし
た問題点に対して，①導入に１ケ月余裕を持ったス
ケジュールとし，②アブラムシの種類を見分け，そ
のコロニーの拡大の様子を観察して，必要に応じて
部分散布等を行うこと③バンカーを１0aあたり
４カ所以上設置するといった対応策を採った．その
結果，２年目以降の試行では，成功する施設が２／
３以上となった．
こうした取り組みの結果，バンカー法によるアブ
ラムシ類防除の効果，ならびに労力軽減効果につい
て，生産者の８割以上が満足する技術となったこ
の技術によりアブラムシ類への農薬の散布量を減少
させることが可能となった．バンカー法は．天敵を
安定して利用できる環境づくりに寄与することか
ら，ナス・ピーマンにとどまらず，他の施設野菜に
おいても天敵利用を基幹技術としたIPM構築に活
用され始めている．
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Duringthesubsequenttrialyears,thebankerplantswereintroducedonemonthearlier(inNovember)inatleast
fOurlocations(ca､０.２m2fOreach)perlOOOm2.Inthiscase,theestablishmentofthebankerplantSystem,including
settlementoftheparasitoids,wasscheduledtocompletebytheendofJanuaryGInaddition,thebankerplantswere
changedtobarleyinsteadofwheattoavoidmildewdisease.Befbrethebeginningofthegrowingseasons,examples
ofthesuccessfUlandunsuccessfulcontrolofaphidswereexplainedtothegrowers.Inaddition,wedistributed
infOrmationalpamphlets,whichcarriedphotographsofagoodbankerplantexample,pestaphids,primaryparasitoid,
andsecondaryparasitoids,aswenasrevisedscheduleofthebankerplanttechnique.
Duringthesecondtrialyear(2002-2003),thebankerplantsystemwasappliedinca.150commercialgreenhouses.

Attheendofthegrowingseason,representativesof840fthesegreenhousesansweredaquestionnairethatwe
provided.DuringthethirdandfOrthyears(2003-2004and2004-2005),thebankerplanttechmqUewasappliedin
ca.２００greenhouses.Attheendofthetrialyears,represemativesofonly21ofthesegreenhousesansweredour
questionnaire.Asurveyofthepresenceofbankerplants,birdcherry-oataphidsandmumminedaphidsonthewheat
plants,occm･renceofpestaphidsonthecmpplants,andsecondaryparasitoidsweremadeonamont町basisof9-25
greenhousesduringeachtrialyeax:

Results

１． C o n t r o l o f c o t t o n a p h i d A p " s g o s S y p ガ o n e g g p l a n t s i n e x p e r i m e n t a l
g r e e n h o u s e s u s i n g t h e a p h i d p a r a s i t o i d A pM i i " s c o l em a n i i n a b a n k e r p l a n t
systern

Inthegreenhouseinwhichparasitoidswerenotreleased,a３-to9-fbldweeklyincreaseinthemeannumberof
cottonaphidswasfOund(Fi9.1,A).Underthiscondition,themeannumberofaphidsperplantwasover5000atthe
thirdweekpostaphidsettlement・AtthefOurthweekpostsettlementachemicalinsecticidewassprayedonthe
plants,resultinginnodetectablecottonaphids.
Inthegreenhousethatunderwentinoculativereleasesofparasitoids,themeandensityofcottonaphidsreached

amaximallevelof954aphidsperplantatfburweekspostaphidsettlement(Fig､１,B).SubsequentlXatfiveweeks
postaphidsettlement,themeannumberofmummifiedaphidsincreasedtol34perplant,andthenumberofcotton
aphidsdecreased.Atthesixthweekpostaphidsettlement,cottonaphidswerenotdetected.
Ingree血ouseswherethebankerplantsystemwasapplied,themeannumberofcottonaphidsperplantincreased

2-and3-mldmllowingtheaphidsettlemem(Fi9.1,C,D).Howevel;bythesecondweekpostsettlementtherewas
adramaticdeclineinthecottonaphidpopulationsunderbothtreatments,andnocottonaphidsweredetectedby
thethirdweekpostsettlement.Theseresultsdemonstratedthatthebankerplantsystemwasmoreeffectivethan
moculativereleaseoftheaphidparasitoids.

２ .Cont ro l l i ngaph ids i ncommerc i a l g reenhousesus ingabankerp l an tsys tem
FE石ｔ血ねIyear
Duringthefirstyearoffieldtrialsofthebankerplanttechnique,49,25,and2greenhousesunderwentfUll,partial,
andnochemicalinsecticidetreatment,respectively;throughoutthemainharvestingseason(FbbruarytoMay).Asa
Iesult,successfUlpestaphidcontrolwasobtainedinaboutone-third(２７of76)ofthegreenhouses(Fig､２).
TheoccurrenceofgreenpeachaphidM:"'cicfzcorcottonaphidA.gosS)砂〃wasobservedin79%ofthe
greenhouses(23of29)dmngthemainharvestingseason・Glasshouse-potatoaphidsA況呪ZCO7茄那畑soliz"i(Kaltenbach)
orpotatoaphidsMzaりs幼〃z"'ZeZゆ〃0沌雄(Thomas),whichcannotbeparasitizedbyA・COﾉ""α"werefOundin34%
ofthegreenhouses(１０of２９).Inaddition,secondaryparasitoids,whichparasitizethecontrolagentA.coﾉe加α"j,
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Fig.２１nsecticideuseagainstaphidsthroughthemainharvestingseasonduringeachofthefOurtrialyears.
Thegreenhouseswerecategorizedbythetypeofchemicalinsecticidetreatmenttheyreceived:fUllinsecticideuseagainstaphids(Fil11),partialinsecticideusep
i.e.,1essthanl/10oftheareaofeachgreenhouse(Rlrtial),andnoinsecticideuse(No)throughoutthemainharvestingseason(IhbruarytoMay).Iartialandno
insecticideusestiUresultedinsuccessfillcontmlofalliburspedesofpestaphids.
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wereObservedm78%ofthegreenhouses(１４ofl8).ThemainspeciesofsecondaryparasitoidswereA"砿)Asmsp.
(Charipinae(FIgitidae))andDe"c加Ce"'Sﾉ"娩妙s(Megaspilidae).
Inl8greenhouseswherecontinuousrecordswerekept,theaphidsfailedtosettleonscheduleinll%of

greenhouses,andtheparasitoidsfailedtosettleonschedulein５６%ofthegreenhouses・Thissuggestedthata
longerperiodfbrthesettlementofaphidsandparasitoidswasnecessary;
Threeproblemswererecognizedinthel3greenhouseswhichreceivedfullinsecticidetreatment:１)failureor

delayofthesettlementofbirdcherry-oataphidsand/orA・COﾉe"zα"j,2)theoccurrenceofsecondaryparasitoids,and3)
theoccurrenceofnon-hostaphidsfbrA.co""α"i('Ihblel).Similarproblemswer℃recognizedinthe9greenhouses
thatreceivedpartialinsecticidetreatment・Inaddition,in5ofthegreenhousesthatreceivedpartialinsecticide
treatment,thepestaphidswerefOundatthefarthestdistancesiifombankerplantsantVOrthegrowersneglected
torenewthebankerplantsinApril,atwhichtimethebankerplantsshouldhavebeenrenewed・Althoughthe
successfUlestablishmentofthebankerplantsystemmightinducetheabsenceofpestaphidsinFbbruaryorMarch,
itledgrowerstothemisunderstandingthatnoinvasionofaphidsintogreenhousesoccurredduringthatseason,

IablelProblemsobservedingreenhousesthatrequiredinsecticideuseagainstaphids.

Rlllinsecticideuse Brtialinsecticideuse

1)Delayoriailureofestablishment
ofbankerplantsyStem

2)Occurrencesofsecondaryparasitoids,
whichparasitizeonA.co"”α"ｊ

３)Occurrencesofglasshouse-potatoaphids
orpotatoaphids,whichcannotbe

parasitizedbyA.co〃"α”
4)Others<numberofbankers,

discontinuanceofbankersystem>

７ ２

５ ６

２ ４

５

No.ofgreenhousesObserved 1３ 1４
*Insomegreenhousespluralpmblemswereobserved

SecOｎａands"bseque"rtrmlyears
Duringthesecondtrialyeal;targetpestaphidsM:'"citzeandA.gりs""wereobservedin１４%and７７%ofthe

84greenhouses,respectivelMduringthemainharvestingseason(FbbruarytoMay).IIladdition,glasshouse-potato
aphidsA.so""iandpotatoaphidsMe""0〃αewerefbundin３%and２１%ofthegreenhouses,respectivelyGThus,
theoccurrenceofaphidsduringthesecondtrialyearwassimilartothatofthefirsttrialyear;
Duringthesubsequenttrialyears,successfUlaphidcontrolwasobtainedintwo-thirdsofthegreenhouses(Fig.2).

Inaddition,morethan80%ofthegrowersweresatisfiedbythisbankerplanttechnique(Fig.３).1n2005,thisbanker
plantsystemwasinuseill226commercialgreenhousesinKochiPrefecture.

Discussion

WeevaluatedabankerplantsystemusingtheaphidparasitoidA・CO""2""iandbirdcherry-oataphidR.加磁on
wheatplantsfbrthecontrolofthecottonaphidA.gりs""oneggplantsinthee"erimentalgreenhouses・This
bankerplantsystemwasmoreeffectivethaninoculativereleaseoftheaphidparasitoids.Theeffectivenessofsuch
bankerplantsystemhasbeenpreviouslyshownincucumbergreenhouses(e､9.,BennisonandCorless,1993;van
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Fig.3Evaluationsofthebankerplanttechmquebythegrowers.

Steenis,1995).Inaddition,bankerplantsystemshavebeeninuseincommercialgreenhousesinEurope.Howevel;
basicdataundertheJapanesecultivationsystemwasnecessaryinordertodevelopandspreadabankerplant
systemfbrtheprotectionofgreenhousevegetablesinJapan.
Aftertheinitialyearoffieldtria1satthegreenhousesproducingeggplantandsweetpepperinKochi,Japan,
problemswiththeinitialbankerplantregimewereidentified.Fbllowingtheidentificationoftheseproblems,the
numberofgreenhousesinwhichsuccessfUlpestaphidcontrolwasachieved,increasedtwo-fbldduringthesecond
andsubsequenttrialyears.Weadvisedthegrowersonmainlythreepoints:１)thebankerplantsystemshouldbe
establishedbyJanuaryipriortooutbreaksofaphidsinnormalyears,２)thebankerplantsshouldbedistributed
atmorethan41ocationsperlOOOm２,and３)carefUlobservationofpestinsects,naturalenemiesandsecondary
parasitoidsisnecessary.Thefirstpointisthebasictacticthathasbeenemphasizedinpreviousstudies(e.g､,Staceyi
1977;Hansen,1983;Bennison,1992).Thecombinationofthefirstandsecondpointssuggeststhatthecontrol
agentsshouldlieinwaitmrthepestaphids'invasionbothintimeandspace.
Someproblemsthatremainwithourcurrentbankerplantregmeincludetheoccurrenceofsecondaryparasitoids

suchasA"oXysjzzsp.andD./α"岬sthatparasitizeonthecontrolagentA.co/e郡α"/,andtheoccurrencesof
glasshouse-potatoaphidsA・SOﾉα"jand/orpotatoaphidsMezゆ〃0めi"ethatwerenotthehostsofA・CO"加α"2．
Duringtheirsttrialyear,thecropsmafewgreenhouseswereseriouslydamagedbytheoccurrenceofsecondary
parasitoidsorglasshouse-potatoaphids.VanSteenis(1995)alsoreportedtheproblemofsecondaryparasitoids.
Glasshouse-potatoaphidswerenotaseriousprobleminthesegreenhousesuntilthistrial.Withoutemployment
ofthebankerplantsystem,glasshouse-potatoaphidpopulationsseemedtobesuppressedsimultaneouslybythe
chemicalinsecticidesprayedagainstcottonaphidandgreenpeachaphid.Mostofthegrowersinourtrialswereable
todiscriminatebetweenthebene5cialandsecondaryparasitoids,andpestandnon-pestaphids.Inthecaseswhere
secondaryparasitoidsorglasshouse-potato/Potatoaphidsoccurred,thegrowersdeterminedthetimingandareaof
insecticideuseaftertheycarefUllyobservedthepopulationsofpestaphidsinadditiontobeneficialinsects.
AsthebankerplantsystemismorecommonlyacceptedbythegrowersofgreenhousevegetablesmJapan,the

reductionofchemicalinsecticideuseagainstpestaphidsshouldresultintheprotectionofintmducedpopulations
oftheminutepiratebugOs"妙0"is.Thiswillleadtothebettercontrolofthrips.Atpresent,thisbankerplant
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techniqueaswellasminutepiratebugmtroductionsplaysimportantrolesinlPMprogramsinKochiPrefecture.
Throughthisstudyiwerealizedthatpracticaltechniquestousenaturalenemiesshouldbedevelopedinthe
corporationofgrowers,advisersandresearchers.
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