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摘要:在室内研究了分离自小猿叶甲的一株球孢白僵菌(SCAU-BB01D)对小猿叶甲的致病力。结果表明,该菌株能感染小猿叶

甲的成虫和各龄幼虫,但对不同虫期的致病力存在差异。在 105～108孢子/ml的浓度范围内,随着处理浓度的升高,各虫期小猿

叶甲的感病死亡率增加,在最高浓度 1×108孢子/ml,处理后成虫第 14天及 1～3龄幼虫第 10天的累计死亡率分别为 84.7%、

94.0%、96.0%和 81.0%。用TDM模型对成虫和各龄幼虫的致病力数据进行模拟,所建模型均顺利通过Hosmer-Lemeshow拟

合异质性检验,表明模型拟合良好,并由模型估计出了该菌株对小猿叶甲各虫期的致死剂量与致死时间。在处理后第 10天,成

虫和 1～3龄幼虫的致死中浓度(LC50)分别为 2.68×107、1.07×106、1.63×105孢子/ml和 8.31×106孢子/ml,而第 14天成虫

的LC50为 2.38×106孢子/ml。随着浓度的增加,各虫期所需的感病死亡时间缩短,在最高浓度 1×108孢子/ml,球孢白僵菌对小

猿叶甲成虫及 1～3龄幼虫的致死中时(LT50)分别为 9.28、4.29、4.40d和 5.06d。综合分析白僵菌对各虫期的致死剂量及致死

时间可以看出,不同虫期的小猿叶甲对球孢白僵菌敏感性不同。结果表明该菌株在小猿叶甲生物防治中具有一定的潜力。
关键词:球孢白僵菌;小猿叶甲;致病力;生物防治
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PathogenicityofaBeauveriabassiana(Balsamo)Vuilleminisolatetodaikonleaf
beetle,PhaedonbrassicaeBaly(Coleoptera:Chrysomelinae)
HE Yu-Rong1,L7U Li-Hua2*,KUANG 8huo-Bin1,FENG 9ia2,CHEN Huan-Yu2,WU Ya-:ing1

(1.;<=>?@A<B@CDEB@CACFCGH,ICJ@KLKMB>NG?MOJF@J?>FPBMQ<?RM@H,SJ>BGTKCJ,510642,LKMB>;2.UBR@M@J@<CDVF>B@V?C@<O@MCB,SJ>BGWCBG

NO>W<AHCDNG?MOJF@J?>FIOM<BO<R,SJ>BGTKCJ,510640,LKMB>).XcYaZco[o\ica]inica,̂__‘,̂‘(a_):̂‘b̂～ ‘̂bb.

Abstract:Thedaikonleafbeetle,VK><WCBc?>RRMO><,isanimportantinsectpestofcruciferousvegetablesinSouthChina.Itis

typicallycontrolledbysyntheticinsecticides.A searchwasmadeforalternativecontrolmethods,anddiseaseddaikonleaf

beetleswerecollectedandscreenedforpotentiallyusefulpathogens.Ad<>JQ<?M>c>RRM>B>isolate,SCAU-BB01D,originally

derivedfromV.c?>RRMO><adultswasfoundtoinfectallstagesofthebeetleunderlaboratoryconditions.Thepathogenicityof

theisolatewasinvestigatedbyimmersingV.c?>RRMO><larvaeandadultsintoserialdilutionsofd.c>RRM>B>(105e108conidia/

ml).Thehighestconcentration(108 conidia/ml)treatmentcausedanadultmortalityof84.7% onday14,andlarval

mortalitiesof94.0%,96.0%,and81.0% forinstarsI,f,g onday10,respectively.Atime-dose-mortalitymodelwasused

toanalyhethebioassaydataandthemodelfittedthedatawell,resultinginparametersforestimatingthetimeanddoseeffects.

TheLC50valuesofinstarieg andadultwere1.07×106,1.63×105,and8.31×106,2.68×107conidia/ml,respectively,

onday10aftertreatment.TheLC50valueonday14was2.38×106conidia/mlforadults.ThelethaltimefortheisolateonV.

c?>RRMO><variedwiththeinsectstage.Ataconcentrationof108conidia/ml,thejk50
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valuesoftheisolateagainstadultand



instarI,instarⅡ,andinstarⅢ larvaewere9.28,4.29,4.40and5.06d,respectively.Theresultsindicatedthepotentialof

theisolateforuseinmicrobialcontrolofP.brassicae.

Keywords:Beauveriabassiana;Phaedonbrassicae;pathogenicity;biologicalcontrol

Thedaikonleafbeetle,PhaedonbrassicaeBaly(Coleoptera:Chrysomelinae),isdistributedthroughoutChina,Japan,

Korea,andVietnam[1].Itfrequentlydamagescruciferousvegetablesincludingcabbage,Chinesefloweringcabbage,leaf

mustard,kaleandespeciallywatercressandradish[2].Thedaikonleafbeetlecancompletefivegenerationswithinayearinthe

GuangzhouareaofSouthChinaandcausesmostseveredamageinearlysummerandautumn.Themostdamagingstagesare

adultsandthirdinstarlarvaefeedingonfoliageandstemsofvegetables[3].WatercressisamajorcruciferousvegetableinSouth

ChinaandisusuallygrowninthePearlRiverDeltaareafromautumnthroughspringbutnotoversummer.Inrecentyearsdue

toincreasingdemandwatercresshasbeenwidelygrowninvalleyfieldsnearstreamsordownstreamofreservoirsinsummer

months.Thedaikonleafbeetleoccurredfrequentlyandresultedinseveredamagetowatercressproduction[4].

A commontechniqueforcontrolofP.brassicaeistheapplicationofsyntheticchemicalpesticidesinwatercressfields.

Repeatedapplicationofchemicalscancausehighlevelsofinsecticideresistanceandexcessiveresiduesonthewatercressplants.

Publicconcernsforvegetablesafetyhaveincreasedinterestinalternativemanagementapproaches.Bacillusthuringiensis(Bt)

andentomopathogenicnematodes,whichwerenotderivedfromdaikonleafbeetle,wereusedforcontrolofP.brassicae[5-8],

butresearchresultsindicatedlimitedefficacyofBtandvariableefficacyofentomopathogenicnematodestothebeetles.Thereis

agreatneedtodevelopalternativemethodstomanagethedaikonleafbeetleintheregion.

Beauveriabassiana(Balsamo)Vuillemin(Ascomycota:Hypocreales)isoneofthemostwidelydistributedandextensively

studiedentomopathogenicfungi.Itcaninfectmorethan700speciesofinsectsandmitesbelongingto149familiesand15

orders[9]andistheactiveagentinmanyproductscurrentlyinuseandunderdevelopmentworldwide[10～12].Becauseofits

attributesofeasymassculture,desiccationstability,compatibilitywithsomechemicals,broadhostrange,andsafetyto

vertebrates,ithasbeenusedtosuccessfullycontrolmanyimportantinsectpestssuchascornborers,pinecaterpillars,

Coloradopotatobeetle,grasshoppersandlocusts,Bemisia,etc.[11,13,14].Howeveruntilnowtherehasbeennopublishedreport

ontheuseofB.bassianaagainstP.brassicae.

Inthesummerof2001anumberofP.brassicaeadultsinfectedwithafunguswerediscoveredinwatercressfieldsin

YanshanCounty,northernGuangdong.ThedeadinfectedP.brassicaeadultshadtypicalvisibleexternalwhitemycelia.

Diseasedbeetlescollectedinthefieldwerebroughtbacktothelaboratoryforisolationandidentificationofthepathogen,which

wasfoundtobeB.bassiana.SixisolatesofA,B,C,D,E,andFwerecollectedandheldintheLaboratoryofInsectEcology,

DepartmentofEntomology,SouthChinaAgriculturalUniversity.TheisolateD,SCAU-BB01D,wasevaluatedasthebestfor

furtherstudyafterpreliminarycomparisonofitsbiology(sporeyield,germinationrateandmyceliumgrowthrate)withthe

otherB.bassianaisolatesaswellasitspathogenicitytoP.brassicaeadults[15].

Thedeterminationoftime-dose-mortalityrelationships(TDM)isofimportanceinselectingthepathogenisolatesthat

havethegreatestpotentialforcontrollingthetargethost[16].TDM modelsconsiderbothtimeanddoseeffectsandcannotonly

estimatethetraditionalparameterssuchasLT50andLC50,butalsothetimetrendforeachdoseandthedosetrendforeach

timesimultaneously.Theyhavebeenusedtoevaluatetheeffectivenessofseveralpathogenstotheirtargethosts[16～20].The

objectivesofthisstudyweretodeterminetheTDM relationshipsbetweenB.bassianaisolateSCAU-BB01Dandvariousstages

ofP.brassicae,andtoevaluateitspotentialforuseincontrolofP.brassicae.

1 MATERIALANDMETHODS

1.1 InsectsforBioassay

AnexperimentalpopulationofP.brassicaeinitiatedfromfield-collectedadultswasmaintainedattheLaboratoryofInsect

Ecology,SouthChinaAgriculturalUniversityatGuangzhou,GuangdongProvince.Adultbeetleswererearedonpotted

watercressplantsinsidescreenedcages(25cm×25cm×40cm)at(25±1)℃ and12L:12Dinthelaboratory.After3to5

daysofoviposition,P.brassicaeadultsweretransferredtonewpottedwatercressplants.Thewatercressplantswitheggswere

rearedincagesformorethan1monthdevelopment,first,secondandthirdinstarlarvaeandadultswereselectedforusein

assays.
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1.2 FungalIsolateandInocula

TheisolateB.bassianaSCAU-BB01Dwasderivedfrom aP.brassicaeadultcadavercollectedinafieldofYangshan

County,Guangdongduringsummer2001andwasgrownonPotatoDextroseAgar(PDA)inPetridishes(10cmdiameter)in

agrowthchamberat(25±1)℃ anda12L:12Dphotoperiod.Conidiawereharvestedfroma15-day-oldculturebyflooding

theplatewith10mlofdistilledwaterandthensuspendedin0.01% Tween80.Thesuspensionwasvortexedonamagnetized

stirrerforabout30minandthenfilteredthroughapieceofdouble-layermedicalgauzetoremovethedebris.Theconidial

concentrationinthesuspensionwasdeterminedusingahemacytometerunderacompoundmicroscopeandsubsequentdilutions

of1×105,1×106,5×106,1×107,5×107and1×108conidia/mlweremadebyadding0.01% Tween80.Allsuspensions

wereusedimmediatelyafterpreparation.

1.3 Bioassay

Sixconcentrationsof1×105,1×106,5×106,1×107,5×107and1×108conidia/mlplusacontrolof0.01% aqueous

Tween80wereincludedinthebioassaysagainstfirst,secondandthirdinstarlarvae,andadultbeetles.Thelarvaeandadult

beetleswerecollectedfrom thescreenedcagesinthelaboratoryjustbeforethebioassay.Foreachtreatment15～20adult

beetlesor20larvaeofeachinstarwereremovedfromthehostplantandplacedina90mmplasticPetridish.Forinoculation,

eachbatchofinsectswasimmersedinaPetridishwith10mlof1×108conidia/mlsuspensionfor10sandthenmovedtoapiece

ofdryfilterpaperforabsorptionofextrasuspensionontheinsects.Eachtreatmentconsistedof5replicatesandonecontrol,

whichwasimmersedin0.01% Tween80indistilledwater.Theexperimentwasconductedwithacompletelyrandomized

design.Afterinoculation,treatedlarvaeandbeetlesweretransferredtoaplasticPetridishandfreshgreenhouse-grown

watercresswasprovidedasfood.ThePetridisheswerecoveredwithapieceofnylonmeshandthentransferredtogrowth

chambersat25℃,70% RH and12L:12D.

Treatedinsectswereobserveddailyfor10daysinthecaseoflarvaeand14daysinthecaseofadultstorecordmortality.

Thewatercressplantswerereplaceddailywithfreshones.AllcadaversinalltreatmentswereremoveddailyandplacedinPetri

disheswithadampclothcoverandkeptunderhighhumiditytodeterminethenumberofsporulatingcadavers.Visual

observationswerealsorecordedonthetimeuntilpost-mortemmycelialappearanceandsporulation.

1.4 StatisticalAnalysis

Atime-dose-mortalitymodelingtechnique[21,22]wasusedtofitthedatafrom thebioassayoftheselectedisolateofB.

bassianatofourstagesofP.brassicae(3larvalinstarsandadult).

Theprocedures,includingmodeling,estimationoftimeanddoseeffectparametersforbothconditionalandcumulative

models,testforgoodnessoffit,andestimationofvirulenceindices(LC50andLT50)usingtheparameters,wereconducted

usingDPSdataprocessingsystemsoftware[23].

2 RESULTS

2.1 BioassayResult

AlltestedstagesofP.brassicaeweresusceptibletoB.bassianainfectioninthelaboratory.Themycosis-causeddeaths

causedbyinfectionofB.bassianaoccurredfirstondays5to6foradultsandondays2to3forlarvaeandmostmortality

occurredondays9to11foradultsandondays4to6forlarvae(Figure1).Bothinfectedadultsandlarvaedisplayedtypical

symptomsofB.bassianainfectionwithmycelialoutgrowthsfrominter-segmentalmembranesoftheadultorintegumentofthe

larvae.Thecadaverswereabletosporulatewellunderhighhumidity.Thecumulativemortalityincreasedwithconcentration.

Themortalitiesattheconcentrationof108conidia/mlwere84.7% onday14foradultsand94.0%,96.0%,and81.0% on

day10forⅠ-Ⅲ instarlarvae,respectively.Nodeathwasobservedinthecontrolofthefirstandsecondinstarlarvae.Inthe

adultandthirdinstarlarvaecontrol,lessthan10% insectswereobserveddead,butnoneofthemhadthetypicalsymptomsof

B.bassianainfection.

2.2 ModelingandGoodnessofFit

Thebioassaydatawerecorrectedusingthebackgroundmortalityofthecontrolandthenwerefittedtothetime-dose-

mortalitymodel.Theparametersoftheconditionalmortalityprobabilitymodelandthoseforthecumulativemortality

probabilitymodelwerelistedinTable1.Thettestforallparametersestimatedweresignificant(p<0.001),indicatingthe

significanceofthetime-dose-mortalityrelationshipofB.bassianatoalltestedstagesofP.brassicae.TheHosmer-Lemeshow
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testforheterogeneityofgoodnessoffit[16,21]wasinsignificantforallmodelsoffourbioassays(adult:C=10.19,p=0.25,first

instar:C=8.29,p=0.41,secondinstar:C=9.75,p=0.28,thirdinstar:C=6.66,p=0.57;df=8,x20.05=15.51),

indicatingthatthedatafitthemodelverywell.

Fig.1 ThecumulativemortalityofP.brassicaeaftertreatmentwithaB.bassianaisolate.(a)Adult;(b)Firstinstarlarvae;(c)Second

instarlarvae;(d)Thirdinstarlarvae.

Theslopesforthedoseeffect(β)oftheadultandthethreeinstarswere0.648,0.657,0.446and0.767,indicatingthird

instarlarvaeweremostsensitiveandsecondinstarlarvaeleastsensitivetotheincreaseinconcentration.Theparametersfor

theconditionaltimeeffectsintheassayofadultsincreasedfromday7to11(γ7-γ11)andpeakedonday11,suggestingthetrue

mortalitypeakofadultsoccurredatleast10daysaftertreatment.Theparametersfortheconditionaltimeeffectsinthe

bioassaysoffirst,secondandthirdinstarspeakedonday5or6.Thisimpliesthatthetruemortalitypeakoflarvaeoccurred

5-6daysafterinoculation,andcoincidedwiththeobservedmortalitiesinFig.1.

2.3 LethalDoseandTime

Theparametersestimatedforthecumulativetime-dose-mortalitymodelswereusedtocomputevirulenceindicesusing

formulaegivenbyFeng[21]andNowierskietal.[16].Therelationshipbetweenlog10(LC50andLC90)withstandarderrorsand

timeafterinoculationareshowninFig.2.Astimeaftertreatmentincreased,theLC50valuesestimateddecreasedinall

bioassays.Onday10afterinoculation,LC50valuesforB.bassianaagainstP.brassicaewere1.07×106conidia/mlforthefirst

instar,1.63×105conidia/mlforthesecondinstar,8.31×106conidia/mlforthethirdinstar,and2.68×107conidia/mlforthe

adult,respectively.Onday14afterinoculation,LC50valuesforB.bassianaagainstP.brassicaeadultswere2.38×106conidia/

ml.TherelevantLC90estimatesforthethreeinstarlarvaeandtheadultswere7.11×107,8.4×107,3.06×108,and1.9×109

conidia/ml,respectively.

ThevaluesofLT50(d)forB.bassianaagainstdifferentstagesofP.brassicaeunderdifferentconcentrationsarelistedin

Table2.ThelethaltimeofB.bassianatoP.brassicaevariedwiththeinsectstagetestedandshortenedwithincreased

concentration.Atthelowconcentrationof1×105,LT50valuesofB.bassianaforalltestedstagesofP.brassicaewereunableto

beestimatedbecausethetruemortalitieswerebelow50%.

3 DISCUSSION

TheB.bassianaSCAU-BB01DderivedfromtheP.brassicaecadavercaninfectbothlarvaeandadultsofP.brassicae,but

theinfectivityvariedwiththetestedinsectstages.Atthehighestconcentrationof1×108conidia/ml,LT50foradultswas9.28

d,muchlongerthanthoseforlarvae(4-5d).BoththedoseandthetimeeffectsofB.bassianaondifferentstagesofP.
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brassicaeindicatethatthefirsttwoinstarsweremoresusceptibletotheinfectionofB.bassianathanthirdinstarthattheadult

stagewasapparentlylesssusceptible.Thedifferencesinsusceptibilitymaybeduetovariationinmorphologicalcharacteristics.

Itiswellknownthatolderlarvae,withthickercuticlesandawell-developedimmunesystem,mayhaveastrongerdefensive

reactiontofungalpenetrationoftheintegumentthusdecreasingthesusceptibilitytopathogens[24-26].

Table1 Parametersestimatedbyfittingthetime-dose-mortalitymodeltoassaydataoftheB.bassianaSCAU-BB01Dagainstdifferentstagesof

P.brassicae

Conditionalmortalitymodel Cumulativemortalitymodel Conditionalmortalitymodel Cumulativemortalitymodel

Para-
metera

Value S.E. tb
Para-
metera

Value
Var
(τi)

Cov
(β,τ)

Para-
metera

Value S.E. tb
Para-
metera

Value
Var
(τi)

Cov
(β,τ)

Adult Firstinstarlarvae

β 0.648 0.195 3.32 β 0.648 0.005 0.005 β 0.657 0.327 2.01 β 0.657 0.014 0.014

γ5 -7.776 0.537 14.48 τ5 -7.776 0.442-0.038 γ2 -6.761 0.898 7.53 τ2 -6.761 0.889-0.108

γ6 -8.451 0.537 15.73 τ6 -7.364 0.420-0.038 γ3 -7.379 0.890 8.20 τ3 -6.330 0.873-0.108

γ7 -9.275 0.538 17.25 τ7 -7.226 0.435-0.038 γ4 -6.736 0.900 7.50 τ4 -5.819 0.846-0.108

γ8 -7.178 0.536 13.38 τ8 -6.508 0.336-0.038 γ5 -6.002 0.893 6.72 τ5 -5.213 0.819-0.107

γ9 -6.306 0.534 11.80 τ9 -5.709 0.298-0.038 γ6 -6.261 0.900 6.99 τ6 -4.913 0.814-0.107

γ10 -6.077 0.535 11.39 τ10 -5.183 0.289-0.038 γ7 -6.372 0.896 7.11 τ7 -4.704 0.812-0.107

γ11 -5.799 0.532 10.90 τ11 -4.751 0.284-0.038 γ8 -6.596 0.897 7.35 τ8 -4.563 0.812-0.107

γ12 -6.548 0.535 12.23 τ12 -4.60 0.284-0.038 γ9 -7.149 0.899 7.95 τ9 -4.491 0.812-0.107

γ13 -7.011 0.536 13.08 τ13 -4.512 0.284-0.038 γ10 -6.285 0.916 6.86 τ10 -4.337 0.811-0.107

γ14 -9.067 1.470 6.169 τ14 -4.501 0.285-0.038

Secondinstarlarvae Thirdinstarlarvae

β 0.446 0.052 8.58 β 0.446 0.001 0.001 β 0.767 0.256 3.00 β 0.767 0.009 0.009

γ2 -5.763 0.403 14.28 τ2 -5.763 0.088-0.010 γ2 -8.780 0.706 12.43 τ2 -8.780 0.664-0.065

γ3 -5.275 0.387 13.62 τ3 -4.796 0.078-0.010 γ3 -8.513 0.706 12.06 τ3 -7.945 0.562-0.065

γ4 -5.016 0.383 13.10 τ4 -4.207 0.075-0.010 γ4 -8.142 0.706 11.54 τ4 -7.345 0.527-0.065

γ5 -4.284 0.379 11.30 τ5 -3.552 0.074-0.010 γ5 -7.116 0.703 10.13 τ5 -6.531 0.502-0.065

γ6 -4.740 0.386 12.28 τ6 -3.286 0.073-0.010 γ6 -6.900 0.701 9.84 τ6 -6.006 0.494-0.065

γ7 -4.687 0.390 12.03 τ7 -3.065 0.073-0.010 γ7 -7.695 0.705 10.92 τ7 -5.836 0.494-0.065

γ8 -4.727 0.391 12.09 τ8 -2.892 0.072-0.010 γ8 -8.307 0.705 11.77 τ8 -5.755 0.495-0.065

γ9 -5.544 0.441 12.47 τ9 -2.823 0.072-0.010 γ9 -10.03 0.707 14.19 τ9 -5.741 0.495-0.065

γ10 -4.831 0.409 11.81 τ10 -2.697 0.071-0.010 γ10 -8.379 0.759 11.04 τ10 -5.672 0.495-0.065

aThesubscriptsrepresentthenumberofdaysortheithdayaftertreatment;bThetstatisticswerehighlysignificantforallparameters

Fig.2 Logarithmsofthetime-dependentLC50(a)andLC90(b)values(no.conidia/ml)forB.bassianaSCAU-BB01Dagainstdifferent

stagesofP.brassicae.

estimated(p<0.001)
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Table2 ThevaluesofLT50(d)forB.bassianaSCAU-BB01Dagainst

differentstagesofP.brassicae

Stages
LT50(d)attheconcentration(conidia/ml)

1×105 1×106 5×106 1×107 5×107 1×108

Adult - - 11.26 10.63 9.65 9.28
instarⅠ - - 6.64 5.78 4.61 4.29
instarⅡ 7.14 5.74 5.24 4.60 4.40
instarⅢ - - - 9.12 5.48 5.06

Usually,adultsofColeopteraarelesssusceptibleto

fungalinfectionthanlarvaeduetotheirspecialelytraand

sclerotizedbodystructure.Forexample,Chikwenhereand

Vestergaard[27] reportedthatLC50 valuesofB.bassianato

larvaeandadultsoftheChevronedwaterhyacinthweevil,

Neochetinabruchi,were7.6×105and8.9×106conidia/ml,

respectively,onday12post-treatment.Thisimplieslarvae

wereabout10timesmoresusceptibletoB.bassianathanadultsandthuswaswellinaccordwithourresults.A higher

susceptibilityofthelarvalstagewasalsoobservedinthebrinjalspottedbeetle,Henosepilachnaviginlioctopunctata[28],andthe

Coloradopotatobeetle,Leptinotarsadecemlineata[29,30].

Inwatercressfields,theadultsandthethirdinstarlarvaeofP.brassicaewereprimarilydamagingstages,accountingfor

morethan90% ofthetotalfoodconsumptionofallstages[2].Toavoiddamagetocruciferouscrops,itisnecessarytocontrol

P.brassicaepopulationsbeforethethirdinstar.ThisstudyindicatedthatthefirsttwoinstarsofP.brassicaelarvaeweremost

susceptibletoB.bassiana.Morethan90% oflarvaediedfrominfectionataconcentrationof1×108conidia/ml.Takingthe

virulenceandcultureaspects[15]intoconsideration,B.bassianaSCAU-BB01Dhasahighpotentialforuseinmicrobialcontrolof

P.brassicaeinthefuture.

References:

[1] GeSQ,WangSY,YangXK.NotesonthegenusPhaedonlatreilleofChina(Coleoptera:Chrysomelidae:Chrysomelinae).Acta

ZootaxonomicaSinica,2002,27(2):316～325.

[2] LiW F,GuDJ,ChenYGandChenZP.StudiesoneffectsofvegetablevarietiesonbiologyofPhaedonbrassicaeBaly.J.SouthChina

Agri.Uni.,2000,21(2):38～40.

[3] ChenY N,MaJ.Discussionontheidentificationofdifferentlarvaeinstarsofthreeimportantvegetableinsects.J.Changjiang

Vegetables,1994,2:17～18.

[4] WangW B,XiaLD,WeiJZ.BiologicalcharacteristicsandchemicalcontrolofPhaedonbrassicaeBaly.J.ChangjiangVegetables,

1993,1:21.

[5] ChengJXandLeiM X.ScreeningonactivityofBtstrainagainstPhaedonbrassicaeBaly.Hu'nanChemicalIndustry,2000,30(5):59

～60.

[6] LiuM,SunM,andYuZ.BioassaytoassessthetoxicityofBacillusthuringiensistoDaikonleafbeetle(Coleoptera:Chrysomelidae).J.

Invertebr.Pathol.,1999,74:255～260.

[7] PanKX,LuXJ,LiuNX.TestonthesensitivityofPhaedonbrassicaetoSteinernemacarpocapsaeA24.NaturalEnemiesofInsects,

1999,21(2):93～95.

[8] ZhangH,YuZ,DengW.Isolation,distributionandtoxicityofBacillusthuringiensisfromwarehouseinChina.CropProtection,2000,

7:449～454.

[9] WuZK,LiZZ.ApplicationofBeauveria.In:PuZLandLiZZeds.InsectMycology.Hefei:AnhuiPublishingHouseofScienceand

Technology,1996.387～392.

[10] LaceyLA,FrutosR,KayaHK,etal.Insectpathogensasbiologicalcontrolagents:Dotheyhaveafuture?Bio.Contr.,2001,21:230

～248.

[11] FengM G,PoprawskiTJ,KhachatouriansGG.Production,formulationandapplicationoftheentomopathogenicfungusBeauveria

bassianaforinsectcontrol:Currentstatus.Biocontr.Sci.Technol.,1994,4:3～34.

[12] WraightSP,CarruthersRI.Production,delivery,anduseofmycoinsecticidesforcontrolofinsectpestsoffieldcrops.In:HallFRand

MennJJeds,MethodsinBiotechnology.TotowaNJ:HumanaPress,1999.233～270.

[13] GoettelM S,JaronskiSTandPriorC.Safetyandregistrationofmicrobialagentsforcontrolofgrasshoppersandlocusts.Men.

Entomol.Soc.Can.,1997,171:83～99.

[14] WraightSP,CarruthersRI,JaronskiST,etal.EvaluationoftheEntomopathogenicfungiBeauveriabassianaandPaecilomyces

fumosoroseusformicrobialcontrolofthesilverleafwhitefly,Bemisiaargentifolii.Biol.Contr.,2000,17:203～217.

[15] HeYR,LvL,KuangZB,etal.Biologicalaspectsandpathogenicityofbeetle-derivedBeauveriabassianaisolatestoPhaedonbrassicae.

Entomol.Knowledge,2004,41(11):442～445.

785210期 何余容 等:球孢白僵菌对小猿叶甲的致病力测定



[16] NowierskiRM ,ZengZ,JaronskiS,etal.Analysisandmodelingoftime-dose-mortalityofMelanoplussanguinipes,Locustamigratoria

migratorioides, andSchistocercagregaria(Orthoptera:Acrididae)from Beauveria,Metarhizium,andPaecilomycesisolatesfrom

Madagascar.J.Invertebr.Pathol.,1996,67:236～252.

[17] PreilerHK,RobertsonJL.Analysisoftime-dose-mortalitydata.J.Econ.Entomol.,1989,82:1534～1542.

[18] FengM G,TangQY,HuGC,etal.SusceptibilityofsevenspeciesofaphidstoaBeauveriabassianaisolate-analysisoftime-dose-

mortalitymodel.J.BasicSci.Eng.,1996,4:22～33.

[19] LiuCLandFengM G.Thetime-doseeffectoftheentomophthoraleanfungus,Zoophthoraanhuiensisagainstthegreenpeachaphid,

Myzuspersicae,inbioassay.Mycosystem,1998,17(4):361～366.

[20] XuJHandFengM G.Thetime-dose-mortalitymodelingandvirulenceindicesfortwoEntomophthoraleeanspecies,Pandoradelphacis

andP.neoaphidis,againstthegreenpeachaphid,MyzusPersicae.Biol.Contr.,2000,17:29～34.

[21] FengM G.Substitutingtime-dose-mortalitymodelforprobitanalysistechnique.Entomol.Knowledge,1998,35(4):233～237.

[22] FengM G,LiuCL,XuQ.Modelingandbiologicalimplicationofthetime-dose-mortalitydatafortheentomophthoraleanfungus,

Zoophthoraanhuiensisonthegreenpeachaphid,Myzuspersicae.J.Invertebr.Pathol.,1998,72:246～251.

[23] TangQYandFengM G.DPSDataProcessingSystemforPracticalStatistics.Beijing:ScientificPress,2002.

[24] SunLJ,WuKM andGuoYY.ThepathogenicityofBeauveriabassianatoHelicoverpaarmigeraunderdifferenttemperaturesand

humidities.ActaEntomologicaSinica,2001,44(4):501～506.

[25] WraightSP,ButtTM,Galaini-WriightS,etal.GerminationandinfectionprocessesoftheentomophtoraleanfungusEryniaradicanson

thepotatoleafhopper,Empoascafabae.J.Invertebr.Pathol.,1990,56:157～174.

[26] HongHZandWuJW.Infectionprocessofentomogenousfungi.In:PuZLandLiZZeds.InsectMycology.Hefei:AnhuiPublishing

HouseofScienceandTechnology,1996.95～99.

[27] ChikwenhereG PandVestergaardS.PotentialeffectofBeauveriabassiana(Balsmo)VuilleminonNeochetinabruchiHustache

(Coleoptera:Curculionidae),abiologicalcontrolagentofwaterhyacinth.Biol.Contr.,2001,21:105～110.

[28] PadmajaV,GurvinderKandKaurG.Relativesusceptibilityofbrinjalspottedbeetle,Henosepilachnavigintioctopunctata(Fabricius)to

certainisolatesofBeauveriabassiana(Bals.)Vuill.J.Biol.Contr.,1998,12:147～151.

[29] MiranpuriGSandKhachatouiansGG.PathogenicityofBeauveriabassiana(Bals.)Vuill.AndVerticilliumlecanii(Zimm.)toward

blisterbeetle,LyttanuttalliSay(Col.,Meloidae).JAppl.Emtomol.,1995,118:103～110.

[30] Jaros-SuJ,GrodenEandZhangJX.EffectofselectedfungicidesandthetimingoffungicideapplicationonBeauveriabassiana-induced

mortalityoftheColoradopotatobeetle(Coleoptera:Chrysomelidae).Biol.Contr.,1999,15:259～269.

参考文献:

[1] 葛斯琴,王书永,杨星科.中国猿叶甲属种类记述(鞘翅目:叶甲科).动物分类学报,2002,27(2):316～325.

[2] 李伟丰,古德就,陈亦根,等.蔬菜品种对小猿叶甲生物学特性影响的研究.华南农业大学学报,2000,21(2):38～40.

[3] 陈永年,马骏.三种重要蔬菜害虫幼虫分龄标记探讨.长江蔬菜,1994,2:17～18.

[4] 汪万宝,夏理定.小猿叶甲习性特点及药剂防治试验.长江蔬菜,1993,1:21.

[5] 程建新,雷满香.Bt菌株对小猿叶甲的活性筛选.湖南化工,2000,30(5):59～60.

[7] 潘克鑫,陆小军,刘南欣.小卷蛾线虫对小猿叶甲幼虫的敏感性试验初报.昆虫天敌,1999,21(2):93～95.

[9] 吴正铠,李增智.白僵菌的应用.见:蒲蛰龙,李增智主编.昆虫真菌学.合肥:安徽科学技术出版社,1996.112～140

[15] 何余容,吕利华,邝灼彬,等.球孢白僵菌不同分离株的生物学及对小猿叶甲成虫致病性测定.昆虫知识,2004,41(11):442～445.

[19] 刘彩玲,冯明光.安徽虫瘟霉对桃蚜的生物测定与时间-剂量效应分析.菌物系统,1998,17(4):361～366.

[21] 冯明光.时间-剂量-死亡率模型取代机率分析技术.昆虫知识,1998,35(4):233～237.

[23] 唐启义,冯明光.实用统计分析及其计算机处理平台.北京:中国农业出版社,2001.

[24] 孙鲁娟,吴孔明,郭予元.不同温、湿度下白僵菌对棉铃虫幼虫的致病力.昆虫学报,2001,44(4):501～506.

[26] 洪华珠,武觐文.虫生真菌的致病过程.见:蒲蛰龙,李增智主编.昆虫真菌学.合肥:安徽科学技术出版社,1996.95～99.

8852 生 态 学 报 25卷


