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Evaluation of the EntomopathogenicFungi Metarhizium
anisopliaeand Beauveria bassianaagainstthe Red Palm

Weevil Rhynchophorusferrugineus

G. Gindin,S.Levski, I. GlazerandV. Soroker� ;1

The red palm weevil (RPW, Rhynchophorusferrugineus(Olivier) (Coleoptera:Curculion-
idae)is oneof the mostseverepestsof variouspalm species,including datepalms. While
examiningthesusceptibilityof RPWto twoentomopathogenicfungi,Metarhiziumanisopliae
andBeauveriabassiana,strainsof the formerwerefoundto bemorevirulent thanthoseof
the latter, achieving 100% larval mortality within 6–7 days. The most virulent strainsof
M. anisopliaewerethentestedon RPW eggsandadults. Incubationin a substratetreated
with M. anisopliaesporesincreasedegg mortality andreducedtheir hatchability. The total
percentagemortality of eggs andhatchedlarvaewas80–82%,comparedwith 34% in the
controls. RPW adultswerechallengedwith two typesof fungal formulation: dry powder
andaqueoussuspension.Cumulative adult mortality of 100%wasachieved in 2–3 weeks
for thedry rice-basedformulationandin 4–5weeksfor thesporesuspension.As a resultof
decreasedlongevity, treatedfemaleshada shorteroviposition periodandthreetimeslower
fertility thanthecontrols.Possiblestrategiesfor fungusapplicationarediscussedin thelight
of thehigh susceptibilityof eggsandlarvaeto fungalinfection.
KEY WORDS:Rhynchophorusferrugineus; RPW; entomopathogenicfungi; Metarhizium
anisopliae;Beauveriabassiana;datepalms.

INTRODUCTION

The red palm weevil (RPW), RhynchophorusferrugineusOlivier (Coleoptera:Cur-
culionidae), is one of the most severe pestsof various palm species,including date
palms (8). The weevils develop within the tree trunk, destroying its vascularsystem
andeventuallycausingthe collapseanddeathof the tree. The pestis widely distributed
in Oceania,Asia, Africa and Europe. The RPW causessevere damageto coconutsin
SoutheastAsia (8). It appearedin theMiddle Eastin the1980sandhasheavily damaged
dateproductionby destroying many thousandsof datepalms(16). Infestationwas �rst
reportedin IsraelandJordanin 1999(13).

It is commonlyacceptedthatRPWadultsareattractedto dying anddamagedpartsof
palmtrees,but this doesnot precludeattacksto undamagedpalms(16). Femalesoviposit
in thesplittingbark(1), at thebaseof youngleaves,or in woundson theleavesandtrunks
(5). Eggsarelaid closeto thesurfaceandthehole is cementedover. Thehatchedgrubs
tunnelinto andfeedonthesurroundingtissue,therebydestroying it. Pupationoccursinside
a cocoon.In youngtrees,cocoonsarefoundat thebaseof thepalmtrunk, nearor below
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thesoil surface.Usuallyall life stages,includingadults,arepresentwithin thesamepalm
tree(5).

With the exceptionof adults, the life cycle of RPW is mostly concealedwithin the
tree trunk, so detectionof infestationand treatmentof infestedtreesare problematic.
Current recommendedmethodsfor RPW managementinvolve monitoring and mass-
trappingof adultswith pheromonelures,culturalcontrol,andchemicaltreatments(1,24).
It is commonknowledgethat intensive chemicaltreatmentleadsto the developmentof
resistance,and thereforealternative methodsshould be considered. Recently, natural
parasitesandpathogensof RPWhave beenextensively studiedto evaluatetheir potential
asbiologicalcontrolagents(20,21,23).Entomopathogenicfungi areseldomisolatedfrom
Rhynchophorusspp.: of 95 isolatesof variousmicroorganismsthat were found in dead
RPWs and in their natural habitats,only three isolateswere fungi (21). Metarhizium
anisopliae (Metsch.) Sorokin was isolated from R. bilineatus in New Guinea, after
treatmentof youngpalmsagainstthe scarabaeidScapanesaustralis with a formulation
basedon M. anisopliaespores(17). In Iran, M. anisopliaewasisolatedfrom adultsand
Beauveriabassiana(Bals.)Vuill. from pupae(7). In addition,a fungusthatwasidenti�ed
asBeauveriasp. was associatedwith somecocoonsof R. ferrugineusand infectedthe
adultsthatemergedin anarti�cial rearing(22).

Unlike otherinsectpathogens,fungi infect thehostby contact,penetratingthe insect
cuticle.Thehostcanbeinfectedbothby directtreatmentandby transmissionof inoculum
from treatedinsectsor cadaversto untreatedinsectsor to subsequentdevelopmentalstages
via thenew generationof spores(14,18).Theseuniquecharactersmakeentomopathogenic
fungi especiallyimportantfor thecontrolof concealedinsects.In thecaseof Rhynchopho-
rus spp.,mostof the life cycle passeswithin the treetrunk, makingthepestinaccessible
to direct-contacttreatment.Adults arethe only exposedstageandcanbe infectedupon
emergence.Thequestionsremainof whetherthetreatedadultwill effectively convey the
infectiononwardsand,if so,how andwhereit canbestbetreated.

The potentialof entomopathogenicfungi asbiocontrolagentsagainstseveral weevil
specieshasbeenevaluated(2,11,12). Passive mechanicaltransmissionof fungi within
insectpopulationshasbeenobservedfor variousentomopathogenicfungi,e.g. B.bassiana,
M. anisopliaeandPaecilomycesfumosoroseus(6,14,18).In thesestudiesadultswereoften
the mostsuitableor even the only possiblestagefor treatment.Evidencefor successful
application of fungi via adults was obtainedfrom experimentson the pinhole borer,
Platypusspp.: adultsthat were contaminatedwith B. bassianaor M. anisopliaespores
transferredthefungalinfectionto larvae,which resultedin 50–100%larval mortality (9).

The aim of the presentstudy was to test the susceptibility of the various RPW
stagesto theentomopathogenicfungi M. anisopliaeandB. bassiana, in orderto develop
formulationsandapplicationstrategiessuitablefor futureusein biologicalcontrol.

MATERIALS AND METHODS

Insect rearing A RPW colony wasestablishedin the laboratoryon sugarcaneasboth
foodandovipositionsubstrate,following Rahalkaret al. (19). Adultsweresetto mateand
oviposit in groupsof at least� ve pairsplacedon a substrateof moist sugarcanesawdust
or on sugarcanelogs. From the �rst larval stageto adult emergence,the RPWswere
rearedindividually at 27–29� C. For egg harvesting,theadultsof bothsexeswerekepton
sugarcanesawdust.Eggswerecollectedevery2 days.
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Preparationof fungi Thevirulenceof sevenM. anisopliaeandthreeB.bassianaisolates
to R. ferrugineuslarvaewastestedin the �rst screening.The fungal isolatesusedin this
study(listed in Table1) wereobtainedfrom privatecollectionsor wereisolatedfrom soil
or from variousinsectsin countrieswith hot climates.Theisolatesfoundmostvirulent to
larvaewereusedfor egg andadultbioassays.Fungiweregrown for 2 weeksat 25� C on
Sabourauddextroseagar(Difco). Sporeswereharvestedby washingthe disheswith an
aqueoussolutionof 0.01%Triton X-100; subsequentlythe sporesuspensionwas�ltered
through several layers of cheeseclothto remove mycelium. Sporeconcentrationwas
determinedwith a hemacytometerandadjustedto 5� 107 sporesml� 1 for egg bioassay,
to 2� 107 sporesml� 1 for larval bioassay, andto 108 sporesml� 1 for adult bioassay. In
orderto obtainadry sporeformulation,M. anisopliaeRuisolatewasgrown onasolidrice-
basedmediumfor 3 weeksanddriedat 32oC. Theprocedurewasasfollows: Ricewashed
in cold runningwaterwasmixed with waterandsun�ower oil (500 ml of waterand20
ml of oil perkg of rice). Beforesterilizationin anautoclave, rice washeateduntil water
hadbeenabsorbed.The autoclaved rice was inoculatedwith � 25 ml sporesuspension
(106 sporesml� 1). Inoculatedricewasincubatedat 28� C for 2–3weeksuntil sporulation.
Subsequently, bagswereopenedandrice with sporeswasdriedin a ventilatedchamberat
30–32� C for 2–3days.

BIOASSAYPROCEDURES

Selectionof mostpathogenicisolates Isolateswereselectedusinglarvaein plasticboxes
(35 � 20 � 30 mm) containing2.5 g of moist sugarcanesawdust. Groupsof � ve or six
larvaewerelocatedin 9-cmpetri disheslined with �lter paper, sprayedwith 2 ml of spore
suspensioncontaining2 � 107 sporesml� 1 andtransferredto boxes(onelarva per box)
5–10min later. The control groupwastreatedwith an aqueoussolutionof 0.01%Triton
X-100. Theboxeswereincubatedat 27� C in darknessfor 7–14days.Thelarvaeusedfor
thebioassayweighed50–190mg. The bioassaywasrepeatedtwice andthe resultswere
averaged.

Eggs exposure The two most virulent isolatesof M. anisopliae, Ru and MA, were
evaluatedin this bioassay. Eggsfor bioassay(1–4 daysold) were obtainedfrom egg-
laying cages.The eggswereplacedsingly in plasticboxeseachcontaining2.5 g sugar
canesawdustpretreatedasfollows: thesawdustwassprayedwith fungalsporesuspension
(5� 107 sporesml� 1 in 0.01%Triton X-100) or an aqueoussolutionof 0.01%Triton X-
100ascontrol (bothat a rateof 0.2 ml pergramof sawdust)andwell mixed. The boxes
with eggswereincubatedfor 10 daysat 27� C in darkness.Egghatchingandmortality of
emerginglarvaeweremonitoredduringthisperiod.Theweightsof thelarvaethatsurvived
thetreatmentwith M. anisopliaeandof thosein thecontrolgroupswereexamined10days
after inoculation. The egg bioassaywasrepeatedthreetimeswith threedifferentbatches
of eggs(10–24eggspertreatmentof eachtestgroup).

Adult tr eatment An initial experimentwasdesignedto comparetheeffectivenessof two
applicationmethods:(a) sprayingwith sporesuspensionor (b) contactwith dry spores
obtainedin situ on SDA medium. (a) Groupsof eight adultsweresprayedwith 3 ml of
sporesuspensioncontaining1� 108 sporesml� 1 in petri disheslined with �lter paperand
left therefor 10min. (b) Groupsof 13–15adultswereput individually in petri disheswith
10-day-oldfungalculturesfor 1 min, in contactwith spores.Controlgroupsof eightor nine
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adultsweretreatedwith anaqueoussolutionof 0.01%Triton X-100 in thesprayingtests,
or with talcumpowderin thedry sporestests.Subsequently, eachtreatedor controlweevil
wasplacedin an individual box with 50 g of moist sugarcanesawdust,andincubatedat
28� C undera 12:12L:D regime for 2–7 weeks. Freshsubstratewasaddedto the boxes
everyweek.

In orderto evaluatethepossibilityof fungaltransmissionfrom surface-treatedfemales
to their progeny (eggs and larvae) during oviposition, 15 matedfemaleswere dusted
individually with M. anisopliaesporesin 5 g of a solid rice-basedformulation.They were
thentransferredin groupsof � veto largeplasticboxes(180� 145� 140mm),providedwith
ten3-cm-longlogs of sugarcaneasovipositionsubstrate,andincubatedat 28� C undera
12:12L:D regimeuntil they died.Thecontrolgroupcomprised15untreatedfemaleswhich
wereincubatedunderthesameregimeup to completionof oviposition. Twice a weekthe
sugarcanelogswerereplacedwith new ones,andtheold oneswith eggswereincubated
at27� C in darknessfor 14days.Thelogswerethencutupandtheeggsor emergedlarvae
werecounted.The latter wereplacedin individual boxeswith moist sugarcanesawdust
andincubatedfor anadditional2 weeksto comparetheirsurvival with thatof thecontrols.

Analysis of results Resultsof the bioassaywere recordedasmortality percentagesin
eggs, larvae and adults, as the hatchingpercentagesof eggs, or as the weight of the
surviving larvae. Student's t-test or one-way ANOVA was usedto comparethe effects
of theexperimentalandcontrol treatmentson theeggsandlarval mortality, andon larval
weight.Prior to statisticalanalysis,dataexpressedasproportionsweresubjectedto angular
transformation.Alpha was0.05. Dataarepresentedasmeans� SD. Statisticalanalyses
wereperformedwith theStatView for Power PCsoftware,version4.5 (AbacusConcepts,
Inc.,Berkeley, CA, USA).

RESULTS

Selectionof mostvirulent pathogenicisolates Sevenisolatesof M. anosopliaeandthree
isolatesof B. bassianaweresubjectedto aninitial assayonlarvaeto selectfungi with high
pathogenicityagainstR. ferrugineus. Thetestedfungi differedin their pathogenicityto R.
ferrugineuslarvae:at 5 dayspost-inoculation(PI), mortality of treatedlarvaerangedfrom
0 to 20%for B.bassianaandfrom 40%to 100%for M. anisopliae(Table1), andby 7 days
PI themortality of larvaetreatedwith M. anisopliaeisolatesRu, MA, M7 reached100%.
Mortality did notoccurin thecontrolgroupwithin any of thetestdurations.M. anisopliae
strainsweremorevirulent thanthoseof B. bassiana, killing the treatedlarvaerelatively
quickly (LT50: 3.5–5days),in comparisonwith theB. bassianastrainsthatbeganto affect
thelarvaeonly after5–6days(LT50: 5.8–6.5days).

The �rst signsof penetrationby both fungi wereidenticalandappeared2–3 daysPI
aslargedarkbrown or black spotson the larval cuticle. Oneto 2 dayslater, thecolor of
larvaekilled by B. bassianachangedfrom sandyto dark pink. After developmentinside
thelarvae,bothM. anisopliaeandB.bassianastrainsappearedto breakthroughthecuticle
andconidiaemergedon thesurfacesof thecadavers(Fig. 1a-c).

Pathogenicityof entomopathogenicfungi to R. ferrugineuseggs Thepathogenicityof
thetwo mostvirulent isolatesof M. anisopliae, selectedin the initial screeningon larvae,
wastestedagainstR. ferrugineuseggs.Both isolates(RuandMA) killed theeggsquickly,
without preliminary colonizationon the egg surface. The characteristicsymptoms,e.g.
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TABLE 1. Origin of fungalisolatesandtheir pathogenicityto Rhynchophorusferrugineuslarvae

Species Isolate Original source Country % Mortalityz

onday5
Beauveriabassiana Nb Soil Israel 20

Kl Soil Israel 0
FF Unidenti�ed Coleoptera Ethiopia 20

Metarhiziumanisopliae Ru Amblyommavariegatum Kenya 80
MA Soil Ethiopia 100
M7 Soil Israel 80
I30 Unknown Kenya 80
29 Pachnodainterrupta Ethiopia 40
EE Unknown Ethiopia 40
108 Unidenti�ed

Scarabaeidae
Germany 80

z Bioassaywasrepeatedtwo times(5–6larvaeperisolate)andresultswerecalculatedasaverageof two replicates.

TABLE 2. Pathogenicityof Metarhiziumanisopliaetoward eggs and larvae emerged from eggs
developingin treatedsubstrate

Testz no. Isolate Numberof
exposed
eggs

Egg
mortality
(%)

Egghatch
(%)

Mortality
of emerged
larvaey

Survival of
eggsand
larvae(%)

I Ru 15 80 20 1/3 13.3
MA 15 80 20 2/3 6.6
Control 15 40 60 1/9 53.3

II Ru 23 43.5 56.5 5/13 34.8
MA 23 47.8 52.2 4/12 34.8
Control 24 16.7 83.3 1/20 79.2

III Ru 10 80 20 1/2 10
MA 10 70 30 1/3 20
Control 10 30 70 0 70

z A differentbatchof eggswasusedfor eachtest.
y Numberof deadlarvaeoutof total larvaeemerged.

loss of turgor, dullnessand darkening of the eggs, appeared2–3 daysafter treatment;
subsequentlytheeggsweredestroyedanddisappearedin the substrate.The mortality of
eggs locatedin sugarcanesawdust containingfungal sporeswas 43.5–80%,compared
with only 16.7–30%in controleggsof thesameagegroup(Table2). Someof theemerged
larvaewereinfectedwith thestrainto which they weretreatedaseggs,anddied in a few
days.In total, theaveragedmortalitiesof treatedeggsandhatchedlarvae,calculatedfrom
threetests,were81.6%� 13.5%for M. anisopliaeRu, 79.8%� 13.7%for M. anisopliae
MA, and 33.7% � 13.2%for control. This treatmenteffect was signi�cant (ANOVA,
F=10.15,P=0.012). Moreover, theweightsof the larvaethat survivedthe treatmentwith
M. anisopliaeweresigni�cantly lower thanthoseof the controls(22 � 10 and33 � 12
mgfor RuandMA isolates,respectively, and61 � 8 mgfor thecontrol(ANOVA, F=32.8,
P< 0.0001).

Pathogenicity of entomopathogenicfungi to R. ferrugineusadults The bioassayson
adultswereconductedwith the M. anisopliaeisolateRu, which proved to be oneof the
mostvirulent to the larvae. Resultsof the �rst experimentindicatedthat themortality of
R. ferrugineusadultsdifferedaccordingto the fungusapplicationmethod.The mortality
of adultweevils wasrecorded1 weekaftercontactwith dry sporesfrom grown cultureand
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Fig. 1. Larvae and adultsof Rhynchophorusferrugineusinfectedwith Beauveriabassianaand
Metarhiziumanisopliae. (A) Larvaekilled by B. bassianachangecolor from pale-yellow to pink
(hereappeardarker thancontrol). Sporulationof B. bassiana(B) andM. anisopliae(C) on dead
larvae.Sporulationof M. anisopliaeon R. ferrugineusadult(D).

only 4 weeksafter sprayingwith sporesuspension.The maximummortality of weevils
reached84.6% by 2 weeksafter contactwith dry spores,and 100% by 5 weeksafter
spraying.Mortality in controlgroups(aqueousTriton sprayandtalc dusting)was12.5%
and22.2%,respectively.

Adults killed by the fungusdid not changecolor, whereasdeadadultsin the control
treatmentdarkened.After incubationof cadaversundermoist conditions,fungi emerged
on the dorsalandventralsurfacesof the weevil and formedconidiophoreswith conidia
(Fig. 1d).

In orderto evaluatethe possibility of fungal infection transmissionfrom the infected
femalesto eggsandlarvaewithin theovipositiontunnels,thefemalesthathadbeentreated
with dry formulationof sporeswereallowed to oviposit in logs of sugarcane.Mortality
of infectedfemalesreachedapprox. 60% by day 11 PI and100%after 2–2.5weeksPI.
However, theovipositionwascompletedearlier, in 7 to 11 days(Fig. 2). For femalesin
thecontrolgroup,intensiveegglayingcontinuedfor morethanamonth(Fig. 2). Mortality
of mostcontrol femalesoccurredafter1.5–2months.Theaveragereproductive periodof
infectedfemaleswas8.7days,comparedwith morethan30 daysfor controlfemales,and
the total numberof eggslaid by all infectedfemaleswas37 ascomparedwith 115 in the
control treatment.However, theaveragenumbersof eggslaid by eachfemaleperdaydid
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Fig. 2. Theeffect of Metarhiziumanisopliaeinfection (strainRu, rice-basedformulation)on adult
mortality (A) andoviposition(B). Barsindicatestandarddeviation of themean.

not differ signi�cantly: 0.7� 0.44pertreatedand1� 0.40percontrol female,respectively.
The weight of 3-week-oldlarvaefrom treatedfemaleswashighly variable,rangingfrom
1.2 to 10.7mg, andnot signi�cantly differentfrom thecontrol,which rangedfrom 1.2 to
35.0mg.
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DISCUSSION

The screeningof fungi known to be pathogenicto RPW wasaimedat evaluatingthe
pathogenicityof M. anisopliaeandB.bassianato variousdevelopmentstagesof RPW, and
to developamethodfor fungusimplementation.Thepresentinvestigationshowedthatthe
testedM. anisopliaeandB.bassianaisolatesinfect thelarvaeandfully completedtheir life
cyclesby forming conidiophoreswith conidiaon RPWcadavers.Theredpigmentationof
larvaekilled by B. bassianaindicatesthepresenceof a redpigment,oosporein,produced
by Beauveriaspp.(10,27).

All of the screenedM. anisopliaestrainsexhibited pathogenicityto all development
stagesof RPW, causingup to 80–100%mortality of larvae and adult weevils under
laboratoryconditions. Wheneggswereexposedto sawdustpreviously sprayedwith M.
anisopliaespores,the total survival of both theeggsandtheemergedlarvaewasreduced
by a factorof approximatelytwo to three,relative to control. Moreover, larvaedeveloping
in sprayedsawdustwith fungal sporeshada signi�cantly reducedweight in comparison
with larvaewhich emergedin the control treatment.The phenomenoncould result from
lower food intake by infectedinsectsand/orfrom theenergeticcostof confrontationwith
theinfection.Thereareanumberof examplesof reductionin foodconsumptionin insects
infectedby pathogenicfungi (4,25,26). On the otherhand,funguscontaminationof the
food sourcecouldrepellarvaeandthusreducetheir food consumption,aswasshown for
thegrasshopperStiphra robustaexposedto leavessprayedwith M. anisopliaevar. acridum
(Vicentini, Ph.D. thesis,1999; see15). In any case,we canexpect that larvaeof lower
weightmayhave lower �tness andthusashorterlife span.

Thepresentstudyshowedthat,in additionto thedirecteffectonadultmortality, fungal
treatmentreducedfemalefertility. Femalescontaminatedwith the dry sporeformulation
hada shorteroviposition time thanthe controls(7–11dayscomparedwith 30–45days)
and, moreover, the total numberof eggs laid by infectedfemaleswas threetimes less
than that by control females. However, the daily numbersof eggs laid by eachfemale,
andthesurvival andweightof emergedlarvae,did not differ signi�cantly betweentreated
andcontrol insects.This may suggestthat femalesdid not transmitfungal sporesto the
ovipositiontunnels.Thus,themaincontribution of thefungusto RPWcontrolwasfound
to bethroughtheprematuredeathof theinfectedfemales.

Despitetheobservedsusceptibilityof all thedevelopmentstagesof theRPWto theen-
tomopathogenicfungi underlaboratoryconditions,thepracticabilityof achieving ef�cient
control of RPW in the �eld seemsproblematic. The �eld ef�cacy of entomopathogenic
fungi toward variouspestsdependson many factors,often relatedto the behavior of the
insecthost in its naturalhabitat. The soil is the naturalhabitatof fungi and, sincethe
RPW pupaeoccasionallyinhabit the soil, it is theoreticallypossibleto infect themwith
fungal sporesby soil treatment. However, pupationoccursinside a cocoonand young
adultsremainin thecocoonfor 8–14days,which givesrise to doubtaboutthe feasibility
of implementingfungi in soil.

Thesprayingof palmsandof largeareasbetweenthemto ensurecontactbetweenfree-
living adultRPWandfungalsporesalsopresentsa dif�culty , becauseof the largefungal
inoculumneeded.Thebeststrategy wouldbeto treatonly selectedareasthatareespecially
likely to attractadults. Adult weevils areusuallycryptic, taking refugebetweenpetioles
andoffshootbases.They arehighly attractedto woundsin palmtrees,e.g. thatarein�icted
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during vegetative productionpracticesthat include the removal of offshoots(8). These
areasareoften themostattractive sitesto femalesfor oviposition and,therefore,may be
thebestcandidatesfor treatmentwith adry fungalformulation.Thepossibilityof infecting
the Rhynchophorusadultsby this methodwasdiscoveredby chance,after applicationof
a rice-basedformulationof M. anisopliaeagainstthe ScarabaeidScapanesaustralis on
young palms in New Guinea(17). The treatmentof frond axils with this formulation
causedinfection not only to the target pestbut also in�icted someincidental infection
on R. bilineatus.Thehigh mortality of adultsto dry sporesof a selectedisolateindicates
that therewaspropercontactbetweenfungi andovipositing females.Hydrophobicityof
fungalsporescouldplay a signi�cant role in thesuccessof thedry rice formulation. The
attachmentof a fungal sporeto the cuticle surfaceis the initial andthusa crucial event
in the establishmentof mycosis(3). The sporesof M. anisopliaepossessan outer layer
composedof interwovenfasciclesof hydrophobicrodlets,which providedtheadhesionto
the insectcuticledueto non-speci�chydrophobicforces(3). Thus,similar to thenatural
infection process,the applicationof dry sporescould provide betteradhesionrelative to
applicationof aquaticsporesuspension.

Ideally, we would like to usearti�cially inoculatedfemalesasvectorsof infection to
their progeny via egg contaminationduring oviposition. However, in the presentstudy
we wereunableto prove that suchinfection transferoccurred. We believe that the lack
of successwasduemainly to insuf�cient inoculumtransferredby femalesto eggs. It is
possiblethat this problemis connectedwith sporehydrophobicity. This charactermay
interferewith fungustransferfrom femalehydrophobicsurfaceto the egg underhumid
conditionsduring oviposition into the plant tissue. The mechanicaltransferof fungal
sporesbetweenthe oviposition sitesandeven further into the oviposition tunnelswould
bepossible,providedthatasuitablefungusformulationcouldbedeveloped.In light of the
highsusceptibilityof eggsandlarvaeto fungalinfection,weassumethatin suchacasethe
contaminationof eggsandof the larval habitatwould addto theeffectivenessof this pest
controlmethod.
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