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ABSTRACTABSTRACT
TheThe studystudy waswas conductedconducted toto determinedetermine thethe potentialspotentials ofof

FusariumFusarium spsp asas aa biocontrolbiocontrol agentagent forfor AphisAphis gossypiigossypii,, aa keykey pestpest onon
chillychilly pepperpepper inin SouthSouth SulawesiSulawesi.. InIn thisthis studystudy severalseveral trialstrials werewere
performedperformed toto determinedetermine thethe followingfollowing specificspecific goalsgoals:: 11)) thethe valuesvalues
ofof LCLC5050 andand LTLT5050 ofof thethe fungusfungus onon AA.. gossypiigossypii nymphs,nymphs, 22)) thethe
effecteffect ofof thethe fungusfungus applicationapplication onon thethe populationpopulation ofof thethe aphid,aphid, andand
33)) thethe effecteffect ofof fungicidefungicide applicationapplication onon thethe growthgrowth ofof
FFusariumusarium spsp.. cultureculture.. TheThe studystudy resultsresults showedshowed thatthat thethe LCLC5050 andand

plantsplants waswas significantlysignificantly lowerlower thanthan thosethose foundfound inin thethe
controlcontrol (P(P << 00..0505)).. InIn thethe lastlast observationobservation 6161%% mortalitymortality
waswas recordedrecorded forfor thethe aphidsaphids treatedtreated withwith FusariumFusarium andand thethe
numbernumber ofof alivealive aphidsaphids waswas significantlysignificantly lowerlower thanthan thosethose
inin thethe controlcontrol (P(P << 00..0101))..
EffectEffect ofof fungicidefungicide onon growthgrowth ofof myceliamycelia.. GrowthGrowth ofof mymy--
celiacelia waswas stronglystrongly inhibitedinhibited byby mancozebmancozeb atat thethe concenconcen--
trationtration 2424 ppmppm,, equivalentequivalent toto thethe recommendedrecommended raterate (Table(Table
11)).. TheThe levellevel ofof inhibitioninhibition atat thatthat concentrationconcentration waswas aboutabout

werewere sprayedsprayed withwith conidiaconidia suspensionsuspension withwith aa concentrationconcentration ofof
101066 conidiaconidia perper mlml.. TheThe sprayspray volumevolume usedused waswas 2020 mlml perper
plantplant.. TheThe treatmenttreatment hadhad threethree replicationsreplications;; andand eacheach replirepli--
cationcation consistedconsisted ofof oneone cagecage.. PlantsPlants inin threethree otherother cagescages werewere
sprayedsprayed withwith 00..0101 SilwetSilwet onlyonly asas controlscontrols.. TheThe cagescages werewere
placedplaced inin aa greenhousegreenhouse withwith thethe temperaturetemperature ofof 2929 ±± 22ooCC.. TheThe
numbernumber ofof alivealive andand deaddead aphidsaphids werewere recordedrecorded weeklyweekly forfor
threethree weeks,weeks, startingstarting oneone weekweek postpost treatmenttreatment..
EffectEffect ofof fungicidefungicide onon growthgrowth ofof myceliamycelia.. TreatmentsTreatments consisconsis--

OneOne ofof thethe mostmost importantimportant limitinglimiting factorsfactors ofof pepperpepper
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FFusariumusarium spsp.. cultureculture.. TheThe studystudy resultsresults showedshowed thatthat thethe LCLC5050 andand
LTLT5050 ofof thethe pathogenpathogen werewere 11..66 xx 101044 conidia/mlconidia/ml andand 33..88 days,days,
respectivelyrespectively.. ThereThere waswas aa tendencytendency thatthat thethe largerlarger thethe populationpopulation ofof
aphid,aphid, thethe moremore aphidsaphids werewere infectedinfected.. Therefore,Therefore, thethe fungusfungus isis veryvery
promisingpromising toto bebe developeddeveloped asas aa biopesticidebiopesticide againstagainst AA.. gossypiigossypii..
However,However, ffungicideungicide (mancozeb)(mancozeb) appliedapplied atat thethe recomrecom--mendedmended raterate
showedshowed aa detrimentaldetrimental effecteffect onon thethe growthgrowth ofof thethe FFusariumusarium spsp..
cultureculture;; hencehence itit isis nenecessarycessary toto conductconduct furtherfurther studstudiesies toto findfind aa
fungisicidefungisicidess whichwhich areare safesafe toto thethe entomopathogenentomopathogen..

11)).. TheThe levellevel ofof inhibitioninhibition atat thatthat concentrationconcentration waswas aboutabout
2626%% (Table(Table 22)) dandan (Fig(Fig.. 22)).. ThisThis isis probablyprobably thethe reasonreason
whywhy mycosismycosis incidenceincidence waswas lowlow inin thethe fieldfield duringduring 20092009
plantingplanting seasonseason whenwhen growersgrowers moremore intensivelyintensively usedused manman--
cozebcozeb inin controllingcontrolling blightblight diseasedisease onon pepperspeppers..

EffectEffect ofof fungicidefungicide onon growthgrowth ofof myceliamycelia.. TreatmentsTreatments consisconsis--
tedted ofof sixsix concentrationsconcentrations ofof mancozebmancozeb ((aa..ii)):: 00 ppmppm,, 00..024024
ppmppm,, 00..2424 ppmppm,, 22..44 ppmppm,, 2424 ppmppm (recommended(recommended concon--
centrationcentration forfor pepper),pepper), andand 240240 ppmppm.. TenTen mlml ofof liquidliquid potatopotato
dextrosedextrose agaragar waswas pouredpoured intointo aa PetriPetri dishdish andand 11 mlml ofof thethe
fungicidefungicide solutionsolution waswas addedadded atat concentrationconcentration equivalentequivalent toto
thethe concentrationconcentration treatmentstreatments.. OnceOnce thethe agaragar solidifiedsolidified aa 55 mmmm
plugplug waswas cutcut fromfrom thethe centercenter pointpoint ofof eacheach plateplate andand replacedreplaced
withwith plugsplugs fromfrom activelyactively growinggrowing laboratorylaboratory FusariumFusarium cultureculture
((LagnouiLagnoui andand RadcliffeRadcliffe 19981998)).. EachEach treatmenttreatment hadhad fivefive replirepli--
cationscations ofof platesplates.. TheThe platesplates werewere incubatedincubated inin roomroom temperatempera-- AA BB

VirulenceVirulence ofof FusariumFusarium spsp.. againstagainst AA.. gossypiigossypii nymphsnymphs..
BioassayBioassay resultsresults showedshowed thatthat LCLC5050 andand LTLT5050 ofof FusariumFusarium spsp..
onon AA.. gossypiigossypii werewere 11..66 xx 101044 conidiaconidia perper mlml andand 33..88 days,days,
respectivelyrespectively.. TheseThese valuesvalues indicatedindicated thatthat thethe entomopathogenentomopathogen
waswas highlyhighly virulentvirulent againstagainst thethe cottoncotton aphidaphid andand potentialpotential forfor

OneOne ofof thethe mostmost importantimportant limitinglimiting factorsfactors ofof pepperpepper
((CapsicumCapsicum annumannum L)L) cultivationcultivation inin SouthSouth Sulawesi,Sulawesi, IndoIndo--
nesianesia isis thethe cottoncotton aphidaphid ((AphisAphis gossypiigossypii Glover)Glover).. TheThe
insectinsect cancan directlydirectly damagedamage cropscrops byby suckingsucking theirtheir sap,sap, rere--
sultingsulting inin leafleaf distortiondistortion andand curlingcurling.. TheThe upperupper leafleaf surfacesurface
isis stickysticky duedue toto honeyhoney dewdew excretedexcreted byby thethe aphidaphid whichwhich isis
suitablesuitable forfor sootysooty moldmold toto growgrow.. BesidesBesides that,that, thethe cottoncotton
aphidaphid cancan alsoalso damagedamage plantsplants indirectlyindirectly byby actingacting asas aa vecvec--
tortor ofof PVYPVY onon pepperpepper ((SoedartoSoedarto 19851985))..

GrowersGrowers relyrely heavilyheavily onon insecticidesinsecticides toto controlcontrol thethe aa--
phidphid;; hencehence therethere isis anan increasingincreasing concernconcern ofof detrimentaldetrimental

RESULTS RESULTS 

Fig. 4.  Fusarium mycosis on A. gossypii: a week (A), two weeks (B), 
and 3 weeks © after Fusarium application.  Diseased aphid (E). 

cationscations ofof platesplates.. TheThe platesplates werewere incubatedincubated inin roomroom temperatempera--
tureture ((2828 ±± 22)).. DiameterDiameter ofof thethe colonycolony inin eacheach plateplate waswas
recordedrecorded dailydaily forfor sevenseven daysdays..
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waswas highlyhighly virulentvirulent againstagainst thethe cottoncotton aphidaphid andand potentialpotential forfor
biopesticidebiopesticide developmentdevelopment..
EffectEffect ofof FusariumFusarium spsp.. applicationapplication onon aphidaphid populationpopulation..
ThereThere waswas aa tendencytendency thatthat asas thethe aphidaphid populationpopulation increasedincreased ,,
thethe numbernumber ofof aphidsaphids killedkilled byby thethe entomopathogenentomopathogen alsoalso
increasedincreased (Fig(Fig.. 11)).. OneOne weekweek postpost FusariumFusarium treatment,treatment, aboutabout
3333%% ofof thethe aphidaphid populationpopulation waswas killedkilled andand thethe numbernumber ofof
alivealive aphidsaphids foundfound onon thethe treatedtreated plantsplants waswas significantlysignificantly lowerlower
thanthan thosethose inin thethe controlcontrol (P(P << 00..0505)).. ApproximatelyApproximately 4040%% ofof
thethe treatedtreated aphidsaphids waswas killedkilled twotwo weeksweeks afterafter FusariumFusarium
applicationapplication;; andand thethe numbernumber ofof alivealive aphidsaphids onon thethe treatedtreated

phidphid;; hencehence therethere isis anan increasingincreasing concernconcern ofof detrimentaldetrimental
effectseffects ofof excessiveexcessive useuse ofof thethe insecticidesinsecticides onon pepepperpper.. ThereThere--
fore,fore, alternativealternative effectiveeffective controlcontrol methodsmethods yetyet safesafe mustmust bebe devedeve--
lopedloped.. TheThe useuse ofof entomopathogenicentomopathogenic fungifungi toto controlcontrol thethe
cottoncotton aphidaphid isis anan alternativealternative measuresmeasures toto achieveachieve thesethese
goalsgoals..

AA fieldfield surveysurvey conductedconducted inin farmers’farmers’ pepperpepper fieldsfields inin thethe
DistrictsDistricts ofof GowaGowa andand Makassar,Makassar, SouthSouth SulawesiSulawesi Province,Province,
IndonesiaIndonesia toto assessassess thethe cottoncotton aphidaphid populationpopulation inin pepperpepper
showedshowed thatthat thethe aphidaphid populationspopulations werewere veryvery lowlow.. ManyMany
aphidaphid cadavers,cadavers, coveredcovered withwith fungalfungal myseliamyselia,, werewere foundfound

EntomopathogenEntomopathogen FusariumFusarium spsp.. isis highlyhighly virulentvirulent againstagainst
AA.. gossypiigossypii,, refelectedrefelected byby itsits relativelyrelatively lowlow LCLC5050 andand LTLT5050
valuesvalues obtainedobtained inin thisthis currentcurrent study,study, 11..66 xx 101044 conidiaconidia perper
mlml andand 33..88 days,days, respectivelyrespectively.. ThisThis agreesagrees withwith thethe resultsresults
ofof thethe surveysurvey conductedconducted inin pepperpepper growersgrowers fieldfield inin 20072007
showingshowing lowlow aphidaphid densitydensity;; andand manymany naturallynaturally infectedinfected
cadaverscadavers werewere foundfound onon thethe lowerlower surfacesurface ofof thethe leavesleaves..

ThreeThree daysdays afterafter conidiaconidia suspensionsuspension waswas sprayspray toto pepperpepper
plants,plants, aa fewfew aphidsaphids werewere alreadyalready killedkilled byby thethe fungusfungus..

DISCUSSIONDISCUSSION

applicationapplication;; andand thethe numbernumber ofof alivealive aphidsaphids onon thethe treatedtreatedaphidaphid cadavers,cadavers, coveredcovered withwith fungalfungal myseliamyselia,, werewere foundfound
inin thosethose fieldsfields.. LaboratoryLaboratory observationobservation resultsresults indicatedindicated
thatthat thethe aphidsaphids werewere killedkilled byby FusariumFusarium spsp.. ((NasruddinNasruddin
20072007,, unpublishedunpublished data)data)..

Therefore,Therefore, thethe mainmain purposepurpose ofof thisthis studystudy waswas toto dede--
terminetermine thethe potentialspotentials ofof FusariumFusarium spsp asas aa biocontrolbiocontrol agentagent
againstagainst AA.. gossypiigossypii onon pepperpepper.. TheThe specificspecific goalsgoals werewere toto
determinedetermine:: 11)) thethe virulencevirulence ofof FusariumFusarium spsp.. againstagainst AA..
gossypiigossypii;; 22)) thethe effecteffect ofof FusariumFusarium spsp.. applicationapplication onon thethe
aphidaphid populationpopulation;; andand 33)) thethe effectseffects ofof fungicidefungicide (man(man--
cozebcozeb),), thethe mostmost commonlycommonly usedused fungicidefungicide byby pepperpepper

plants,plants, aa fewfew aphidsaphids werewere alreadyalready killedkilled byby thethe fungusfungus..
AboutAbout 3333%%ofof thethe aphidaphid populationpopulation waswas killedkilled sevenseven daysdays
afterafter treatment,treatment, thisthis numbernumber increasedincreased forfor thethe successivesuccessive
observationsobservations.. TheThe increaseincrease ofof thethe percentpercent ofof thethe killedkilled aa--
phidsphids paralleledparalleled toto thethe increaseincrease ofof aphidaphid densitydensity inin thethe concon--
troltrol plantsplants.. Therefore,Therefore, thethe moremore aphidsaphids werewere available,available, thethe
higherhigher thethe percentpercent ofof mycosismycosis waswas..

FungicideFungicide mancozebmancozeb,, commonlycommonly usedused fungicidefungicide toto concon--
troltrol fungalfungal diseasesdiseases onon pepper,pepper, detrimentallydetrimentally affectedaffected thethe
entomopathogen’sentomopathogen’s myceliamycelia growthgrowth inin vitrovitro.. ThisThis isis propro--
bablybably oneone ofof thethe reasonsreasons whywhy duringduring 20092009 plantingplanting season,season,

Fig. 1. Fig. 1. Number of aphids per plant 1,2, and 3 weeks after Number of aphids per plant 1,2, and 3 weeks after FusariumFusarium
application.application.cozebcozeb),), thethe mostmost commonlycommonly usedused fungicidefungicide byby pepperpepper

growers,growers, onon FusariumFusarium spsp..

FusariumFusarium spsp.. isolateisolate.. EntomopathogenEntomopathogen waswas isolatedisolated fromfrom
fieldfield--collectedcollected AA.. gossypiigossypii andand thenthen culturedcultured onon potatopotato
dextrosedextrose agaragar mediummedium..
VirulenceVirulence ofof FusariumFusarium spsp.. againstagainst AA.. gossypiigossypii nymphsnymphs..
ToTo estimateestimate LCLC5050 ofof FusariumFusarium spsp..,, conidiaconidia werewere suspendedsuspended
inin distilleddistilled waterwater containingcontaining 00..0101%% SilwetSilwet withwith variousvarious

MATERIALS AND METHODSMATERIALS AND METHODS

bablybably oneone ofof thethe reasonsreasons whywhy duringduring 20092009 plantingplanting season,season,
mycosismycosis incidenceincidence inin thethe fieldfield waswas veryvery lowlow.. DuringDuring thatthat
timetime thethe rainrain fallfall waswas unusuallyunusually highhigh andand thethe rainyrainy seasonseason
waswas alsoalso unusuallyunusually long,long, soso thethe growersgrowers protectedprotected theirtheir
cropscrops fromfrom fungalfungal infectionsinfections byby applyingapplying moremore fungicidefungicide..

BecauseBecause itit isis relativelyrelatively highlyhighly virulentvirulent againstagainst AA.. gosgos--
sypiisypii,, FusariumFusarium spsp.. isis potentialpotential toto bebe usedused asas biocontrolbiocontrol
agentagent againstagainst thethe aphidaphid.. However,However, fungicidefungicide useuse toto controlcontrol

TabTable 1le 1.  .  Effect of fungicide Effect of fungicide mancozebmancozeb on the growth of on the growth of FusariumFusarium myceliamycelia

Colony Diameter (cm)
Treatment 24 h 48 h 72 h 96 h 120 h 144 h

0.000 ppm 1.40a 2.30a 3.18a 4.00a 4.84a 5.54a

0.024 ppm 1.58a 2.10a 2.94a 3.88a 4.56a 5.18a

0.240 ppm 1.52a 2.24a 2.86a 3.88a 4.46a 5.20a

2.400 ppm 1.54a 2.14a 2.74a 3.78a 4.58a 5.20a

24.000 ppm 0.88ab 1.04b 1.90b 2.58b 3.32b 4.08b

application.application.
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inin distilleddistilled waterwater containingcontaining 00..0101%% SilwetSilwet withwith variousvarious
concenconcen--trationstrations:: 00 (control),(control), 101044,, 101055,, 101066,, 101077,, andand 101088

conidiaconidia perper mlml.. TenTen adultadult aphidsaphids werewere transferredtransferred toto aa 22--
weekweek oldold pepperpepper seedlingseedling confinedconfined inin aa smallsmall cagecage ((2020xx--
2020xx4040 cm)cm).. FortyForty eighteight hourshours later,later, thethe aphidsaphids werewere
removedremoved fromfrom thethe cagecage butbut 2020 nymphsnymphs werewere leftleft onon thethe
plantplant.. AfterAfter thethe nymphsnymphs becamebecame instarinstar twotwo oror threethree (three(three
daysdays afterafter beingbeing deposited),deposited), thethe conidialconidial treatmentstreatments werewere
appliedapplied toto thethe plantplant untiluntil runrun offoff ((55 mlml perper plant)plant) usingusing aa
perfumeperfume sprayersprayer.. EachEach treatmenttreatment hadhad fivefive replicationsreplications;; andand
eacheach replicationreplication consistedconsisted ofof oneone plantplant.. MortalityMortality valuesvalues

agentagent againstagainst thethe aphidaphid.. However,However, fungicidefungicide useuse toto controlcontrol
fungalfungal diseasesdiseases onon pepperpepper cancan alsoalso affectaffect toto thethe entomoentomo--
pathogenpathogen.. Therefore,Therefore, furtherfurther studiesstudies shouldshould bebe conductedconducted toto
exploreexplore thethe developmentdevelopment ofof aa biopesticidebiopesticide withwith FusariumFusarium
spsp.. asas itsits activeactive ingredientingredient..

24.000 ppm 0.88ab 1.04b 1.90b 2.58b 3.32b 4.08b
Means marked with the same letter are not significantly different Means marked with the same letter are not significantly different ((P=0.05P=0.05))

TaTableble 22.  .  Inhibition by Inhibition by mancozebmancozeb of of mycelialmycelial growth of growth of FusariumFusarium sp. after seven days sp. after seven days 
of incubationof incubation

Treatment Inhibition rate of mycelia growth (%)
0,024 ppm 6.50a
0,240 ppm 6.14a
2,400 ppm 6.40a

24,000 ppm 26.35b
240,000 ppm 90.97c

Means marked with the same letter are not significantly different Means marked with the same letter are not significantly different ((P=0.05P=0.05))
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eacheach replicationreplication consistedconsisted ofof oneone plantplant.. MortalityMortality valuesvalues
werewere recordedrecorded everyevery 2424 hh forfor sevenseven daysdays.. MortalityMortality perper--
centagecentage waswas correctedcorrected usingusing Abbott’sAbbott’s formulaformula (Abbott(Abbott
19251925)).. EstimateEstimate ofof LCLC5050 forfor mortalitymortality atat sevenseven daysdays postpost
treatmenttreatment andand LTLT5050 forfor concentrationconcentration ofof 101066 perper mlml werewere
mademade usingusing ProbitProbit analysisanalysis (Finney,(Finney, 19711971))..
EffectEffect ofof FusariumFusarium spsp.. applicationapplication onon aphidaphid populationpopulation..

EightEight 33--weekweek oldold pepperpepper plantsplants werewere placedplaced insideinside aa
cagecage ((4040xx4040xx8080cm)cm) (Fig(Fig.. 44)).. TenTen adultadult aphidsaphids werewere transtrans--
ferredferred ontoonto eacheach ofof thosethose plantsplants.. TwoTwo weeksweeks laterlater thethe plantplant
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