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Evaluation of the EntomopathogenicFungi Metarhizium
anisopliaeand Beau\eria bassianaagainstthe Red Palm
Weevil Rhynchophorusferrugineus

G. Gindin, S. Levski, . GlazerandV. Soroler i1

The red palmweevil (RPW Rhyntiophorusferrugineus(Olivier) (Coleoptera:Curculion-
idae)is oneof the mostsevere pestsof variouspalm speciesjncluding datepalms. While

examiningthesusceptibilityof RPWto two entomopathogenitingi, Metarhiziumanisopliae
andBeauveriabassianastrainsof the formerwerefoundto be morevirulent thanthoseof

the latter, achiezing 100% larval mortality within 6—7 days. The mostvirulent strainsof

M. anisopliaewerethentestedon RPW eggsandadults. Incubationin a substratdreated
with M. anisopliaesporesincreasedegg mortality andreducedtheir hatchability The total

percentagemortality of eggs and hatchedlarvae was 80—82%,comparedwith 34% in the
controls. RPW adultswere challengedwith two typesof fungal formulation: dry powder
andaqueoussuspension.Cumulatve adult mortality of 100% was achieved in 2—3 weeks
for thedry rice-basedormulationandin 4-5weeksfor the sporesuspensionAs aresultof

decreasedbngevity, treatedfemaleshada shorteroviposition periodandthreetimeslower
fertility thanthecontrols.Possiblestratgiesfor fungusapplicationarediscussedn thelight

of the high susceptibilityof eggsandlarvaeto fungalinfection.

KEY WORDS: Rhyndophorusferrugineus RPW, entomopathogenitungi; Metarhizium
anisopliae;Beauveridbassianadatepalms.

INTRODUCTION

The red palm weevil (RPW), RhyndophorusferrugineusOlivier (Coleoptera: Cur
culionidae), is one of the most severe pestsof various palm species,including date
palms (8). The weevils develop within the tree trunk, destrging its vascularsystem
andeventually causingthe collapseand deathof the tree. The pestis widely distributed
in Oceania,Asia, Africa and Europe. The RPW causessevere damageto coconutsin
Southeasfsia (8). It appearedn the Middle Eastin the 1980sandhasheaily damaged
date productionby destrying mary thousandof datepalms(16). Infestationwas rst
reportedn IsraelandJordanin 1999(13).

It is commonlyacceptedhat RPW adultsareattractedo dying anddamagedartsof
palmtrees,but this doesnot precludeattacksto undamagegalms(16). Femalesoviposit
in the splitting bark (1), at the baseof youngleaves,or in woundson theleavesandtrunks
(5). Eggsarelaid closeto the surfaceandthe hole is cementedver. The hatchedgrubs
tunnelinto andfeedonthesurroundingdissue therebydestrying it. Pupatioroccursinside
acocoon.In youngtrees,cocoonsarefound at the baseof the palmtrunk, nearor belon
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thesoil surface.Usuallyall life stagesincludingadults,are presenwithin the samepalm
tree(5).

With the exceptionof adults,the life cycle of RPW is mostly concealedwithin the
tree trunk, so detectionof infestationand treatmentof infestedtreesare problematic.
Current recommendednethodsfor RPW managementnvolve monitoring and mass-
trappingof adultswith pheromondures, cultural control,andchemicaltreatmentg1,24).
It is commonknowledgethat intensive chemicaltreatmentieadsto the developmentof
resistanceand thereforealternatve methodsshould be considered. Recently natural
parasitesand pathogen®f RPW have beenextensiely studiedto evaluatetheir potential
asbiologicalcontrolagentg20,21,23). Entomopathogenifungi areseldomisolatedfrom
Rhyntophorusspp.: of 95 isolatesof variousmicroomganismsthat were found in dead
RPWsand in their natural habitats,only threeisolateswere fungi (21). Metarhizium
anisopliae (Metsch.) Sorokin was isolatedfrom R. bilineatusin New Guinea, after
treatmentof young palmsagainstthe scarabaeidscapanesustalis with a formulation
basedon M. anisopliaespores(17). In Iran, M. anisopliaewasisolatedfrom adultsand
BeauveriadbassianaBals.) Vuill. from pupa€g(7). In addition,a fungusthatwasidenti ed
as Beauveriasp. was associatedvith somecocoonsof R. ferrugineusand infectedthe
adultsthatemegedin anarti cial rearing(22).

Unlike otherinsectpathogensfungi infect the hostby contact,penetratinghe insect
cuticle. Thehostcanbeinfectedbothby directtreatmentandby transmissiorof inoculum
from treatednsectsor cadaersto untreatednsectsor to subsequerdevelopmentaktages
viathenew generatiorof sporeq14,18).Theseuniquecharactersnake entomopathogenic
fungi especiallyimportantfor the controlof concealednsects.In the caseof Rhyntopho-
rus spp.,mostof thelife cycle passesvithin the treetrunk, makingthe pestinaccessible
to direct-contactreatment. Adults arethe only exposedstageand canbe infectedupon
emegence.The questiongemainof whetherthe treatedadultwill effectively corvey the
infectiononwardsand,if so,how andwhereit canbestbetreated.

The potentialof entomopathogenitungi as biocontrol agentsagainstseveral weevil
specieshasbeenevaluated(2,11,12). Passve mechanicatransmissiorof fungi within
insectpopulationhasbeenobsenedfor variousentomopathogenitngi, e.g. B. bassiana,
M. anisopliaeandPaecilomycesumosooseuq6,14,18).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 contaminatedvith B. bassianaor M. anisopliaespores
transferredhefungalinfectionto larvae,which resultedin 50—-100%arval mortality (9).

The aim of the presentstudy was to test the susceptibility of the various RPW
stagego the entomopathogenifungi M. anisopliaeand B. bassianain orderto develop
formulationsandapplicationstrategiessuitablefor future usein biological control.

MATERIALS AND METHODS

Insectrearing A RPW colory was establishedn the laboratoryon sugarcanesboth
food andovipositionsubstratefollowing Rahalkaretal. (19). Adults weresetto mateand
ovipositin groupsof atleast ve pairsplacedon a substrateof moist sugarcanesavdust
or on sugarcanelogs. Fromthe rst larval stageto adult emegence,the RPWswere
rearedindividually at 27—-29 C. For egg harwesting,the adultsof both sexeswerekepton
sugarcansavdust. Eggswerecollectedevery 2 days.
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Preparationof fungi Thevirulenceof sevenM. anisopliaeandthreeB. bassianasolates
to R. ferrugineuslarvaewastestedin the rst screening.The fungalisolatesusedin this
study(listedin Table 1) wereobtainedfrom privatecollectionsor wereisolatedfrom soil
or from variousinsectsin countrieswith hot climates.Theisolatesfound mostvirulentto
larvaewere usedfor egg andadult bioassaysFungiweregrown for 2 weeksat 25 C on
Sabouraudiextroseagar(Difco). Sporeswere hanestedby washingthe disheswith an
aqueoussolutionof 0.01%Triton X-100; subsequentlyhe sporesuspensionvas ltered
through several layers of cheeseclotito remove mycelium. Spore concentrationwas
determinedwith a hemagtometerand adjustedto 5 107 sporesml ! for egg bioassay
to 2 10’ sporesml ! for larval bioassayandto 10° sporesml ! for adultbioassay In
orderto obtainadry sporeformulation,M. anisopliaeRuisolatewasgrown onasolid rice-
basedmediumfor 3 weeksanddriedat 32°C. The procedurevasasfollows: Ricewashed
in cold runningwaterwas mixed with waterand sun ower oil (500 ml of waterand 20
ml of oil perkg of rice). Beforesterilizationin anautoclae, rice was heateduntil water
had beenabsorbed. The autoclared rice wasinoculatedwith 25 ml sporesuspension
(10° sporegml 1). Inoculatedrice wasincubatedat 28 C for 2—3weeksuntil sporulation.
Subsequentlbagswereopenedandrice with sporesvasdriedin aventilatedchamberat
30-32 Cfor 2-3days.

BIOASSA PROCEDURES

Selectionof mostpathogenicisolates Isolatesvereselectedisinglarvaein plasticboxes
(35 20 30mm)containing2.5 g of moistsugarcanesavdust. Groupsof ve or six
larvaewerelocatedin 9-cm petri dishedined with Iter paper sprayedwith 2 ml of spore
suspensiorcontaining2  10” sporesml ! andtransferredo boxes(onelarva per box)
5-10min later The control groupwastreatedwith an aqueoussolutionof 0.01%Triton
X-100. Theboxeswereincubatedat 27 C in darknessor 7-14days. Thelarvaeusedfor
the bioassayweighed50-190mg. The bioassaywasrepeatedwice andthe resultswere
averaged.

Eggs exposure The two most virulent isolatesof M. anisopliag Ru and MA, were
evaluatedin this bioassay Eggsfor bioassay(1-4 daysold) were obtainedfrom egg-
laying cages. The eggswere placedsingly in plastic boxeseachcontaining2.5 g sugar
canesavdustpretreatedsfollows: the savdustwassprayedwith fungalsporesuspension
(5 107 sporesml ! in 0.01%Triton X-100) or an aqueoussolutionof 0.01%Triton X-
100ascontrol (both at a rateof 0.2 ml pergramof savdust)andwell mixed. The boxes
with eggswereincubatedor 10 daysat27 C in darknessEgg hatchingandmortality of
emeginglarvaeweremonitoredduringthis period. Theweightsof thelarvaethatsurvived
thetreatmentvith M. anisopliaeandof thosein thecontrolgroupswereexaminedl0 days
afterinoculation. The egg bioassaywasrepeatedhreetimeswith threedifferentbatches
of eggs(10—24eggspertreatmenbf eachtestgroup).

Adult treatment An initial experimentwasdesignedo comparehe effectivenesof two
applicationmethods: (a) sprayingwith sporesuspensioror (b) contactwith dry spores
obtainedin situ on SDA medium. (a) Groupsof eight adultswere sprayedwith 3 ml of
sporesuspensiogontainingl 10° sporesml ! in petridishedined with Iter paperand
left therefor 10 min. (b) Groupsof 13-15adultswereputindividually in petri disheswith
10-day-oldfungalculturesfor 1 min, in contactwith spores Controlgroupsof eightor nine
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adultsweretreatedwith anaqueoussolutionof 0.01%Triton X-100in the sprayingtests,
or with talcumpowderin thedry sporegests.Subsequentlyeachtreatedor controlweevil
wasplacedin anindividual box with 50 g of moist sugarcanesavdust,andincubatedat
28 C undera 12:12L:D regime for 2—7 weeks. Freshsubstratevas addedto the boxes
everyweek.

In orderto evaluatethe possibility of fungaltransmissiorfrom surface-treatedemales
to their progery (eggs and larvae) during oviposition, 15 mated femaleswere dusted
individually with M. anisopliaesporesn 5 g of a solid rice-basedormulation. They were
thentransferredn groupsof veto largeplasticboxes(180 145 140mm), providedwith
ten 3-cm-longlogs of sugarcaneasoviposition substrateandincubatedat 28 C undera
12:12L.:D regimeuntil they died. ThecontrolgroupcomprisedL5 untreatedemaleswhich
wereincubatedunderthe sameregime up to completionof oviposition. Twice a weekthe
sugarcanelogswerereplacedwith new ones,andthe old oneswith eggswereincubated
at27 Cin darknesdor 14 days.Thelogswerethencut up andtheeggsor emegedlarvae
were counted. The latter were placedin individual boxeswith moist sugarcanesavdust
andincubatedor anadditional2 weeksto comparetheir survival with thatof thecontrols.

Analysis of results Resultsof the bioassaywere recordedas mortality percentagen
eggs, larvae and adults, as the hatching percentage®f eggs, or as the weight of the
surviving larvae. Students t-test or one-way ANOVA was usedto comparethe effects
of the experimentaland controltreatmentsn the eggsandlarval mortality, andon larval
weight. Priorto statisticalanalysisdataexpresse@sproportionsveresubjectedo angular
transformation.Alphawas0.05. Dataarepresentechismeans SD. Statisticalanalyses
wereperformedwith the StatMew for Powver PC software,version4.5 (AbacusConcepts,
Inc., Berkeley, CA, USA).

RESULTS

Selectionof mostvirulent pathogenicisolates Sevenisolatesof M. anosopliaeandthree
isolatesof B. bassianaveresubjectedo aninitial assayon larvaeto selectfungi with high
pathogenicityagainstR. ferrugineus Thetestedfungi differedin their pathogenicityto R.
ferrugineudarvae: at 5 dayspost-inoculatior(PI), mortality of treatedarvaerangedrom
0to 20%for B. bassianaandfrom 40%to 100%for M. anisopliag(Tablel), andby 7 days
PI the mortality of larvaetreatedwith M. anisopliaeisolatesRu, MA, M7 reachedlL00%.
Mortality did notoccurin the controlgroupwithin ary of thetestdurations.M. anisopliae
strainswere more virulent thanthoseof B. bassianakilling the treatedlarvaerelatively
quickly (LTso: 3.5-5days),in comparisorwith the B. bassianastrainsthatbeganto affect
thelarvaeonly after5-6days(LTso: 5.8—6.5days).

The rst signsof penetratiorby both fungi wereidenticaland appeare®-3 daysPI
aslarge dark brown or black spotson the larval cuticle. Oneto 2 dayslater, the color of
larvaekilled by B. bassianachangedrom sandyto dark pink. After developmentinside
thelarvae,bothM. anisopliaeandB. bassianastrainsappearedo breakthroughthecuticle
andconidiaemegedon the surfacesof thecadarers(Fig. 1a-c).

Pathogenicity of entomopathogenidungi to R. ferrugineuseggs The pathogenicityof
the two mostvirulentisolatesof M. anisopliag selectedn theinitial screeningon larvae,
wastestedagainstR. ferrugineuseggs. Both isolateg RuandMA) killed theeggsquickly,
without preliminary colonizationon the egg surface. The characteristicsymptoms,e.g.

Phytopaasitica34:4,2006 373



TABLE 1. Origin of fungalisolatesandtheir pathogenicityo Rhyndophorusferrugineudarvae

Species Isolate  Original source Country % Mortality*
onday5

Beauverigbassiana Nb Soil Israel 20

Kl Soil Israel 0

FF Unidenti ed Coleoptera  Ethiopia 20
Metarhiziumanisopliae Ru Amblyommavarieggatum  Kerya 80

MA Soll Ethiopia 100

M7 Soll Israel 80

130 Unknawn Kerya 80

29 Pachnodainterrupta Ethiopia 40

EE Unknavn Ethiopia 40

108 Unidenti ed Germay 80

Scarabaeidae
ZBioassaywasrepeatedwo times(5—6larvaeperisolate)andresultswerecalculatecasaverageof two replicates.

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

Test no. Isolate Numberof  Egg Egghatch Mortality Survwal of
exposed mortality (%) of emeged eggsand
eggs (%) larvag’ larvae (%)

| Ru 15 80 20 1/3 13.3

MA 15 80 20 2/3 6.6
Control 15 40 60 1/9 53.3
Il 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
] Ru 10 80 20 1/2 10
MA 10 70 30 1/3 20
Control 10 30 70 0 70

ZA differentbatchof eggswasusedfor eachtest.
Y Numberof deadlarvaeout of total larvaeemepged.

loss of turgor, dullnessand darkening of the eggs, appeared?—3 days after treatment;
subsequentlyhe eggswere destroyed and disappearedh the substrate.The mortality of
eggs locatedin sugarcanesavdust containingfungal sporeswas 43.5-80%,compared
with only 16.7-30%n controleggsof thesameagegroup(Table2). Someof theemeged
larvaewereinfectedwith the strainto which they weretreatedaseggs,anddiedin a few
days.In total, the averagedmortalitiesof treatedeggsandhatchedarvae,calculatedrom
threetests,were81.6% 13.5%for M. anisopliaeRu, 79.8% 13.7%for M. anisopliae
MA, and33.7% 13.2%for control. This treatmenteffect was signi cant (ANOVA,
F=10.15,P=0.012). Moreover, the weightsof the larvaethat survivedthe treatmentwith
M. anisopliaeweressigni cantly lower thanthoseof the controls(22 10and33 12
mgfor RuandMA isolatesyespectiely,and61 8 mgfor thecontrol(ANOVA, F=32.8,
P<0.0001).

Pathogenicity of entomopathogenicfungi to R. ferrugineusadults The bioassay®n
adultswere conductedwith the M. anisopliaeisolateRu, which provedto be one of the
mostvirulent to the larvae. Resultsof the rst experimentindicatedthat the mortality of
R. ferrugineusadultsdifferedaccordingto the fungusapplicationmethod. The mortality
of adultweevils wasrecordedl weekaftercontactwith dry sporedrom grown cultureand
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Fig. 1. Larvae and adultsof Rhyn&ophorusferrugineusinfected with Beauveriabassianaand
Metarhiziumanisopliae (A) Larvaekilled by B. bassianachangecolor from pale-yellav to pink
(hereappeardarker than control). Sporulationof B. bassiana(B) and M. anisopliae(C) on dead
larvae. Sporulationof M. anisopliaeon R. ferrugineusadult (D).

only 4 weeksafter sprayingwith sporesuspension.The maximummortality of weevils
reachedd4.6% by 2 weeksafter contactwith dry spores,and 100% by 5 weeksafter
spraying. Mortality in control groups(aqueousTriton sprayandtalc dusting)was12.5%
and22.2%,respectiely.

Adults killed by the fungusdid not changecolor, whereasdeadadultsin the control
treatmentdarkened. After incubationof cadaersundermoist conditions,fungi emeged
on the dorsaland ventral surfacesof the weevil and formed conidiophoreswith conidia
(Fig. 1d).

In orderto evaluatethe possibility of fungal infection transmissiorfrom the infected
femalesto eggsandlarvaewithin theovipositiontunnels thefemaleshathadbeentreated
with dry formulationof sporeswereallowed to ovipositin logs of sugarcane. Mortality
of infectedfemalesreachedapprox. 60% by day 11 Pl and 100% after 2—2.5weeksPI.
However, the ovipositionwascompletedearlier in 7 to 11 days(Fig. 2). For femalesin
thecontrolgroup,intensive egg laying continuedior morethanamonth(Fig. 2). Mortality
of mostcontrolfemalesoccurredafter 1.5—2months. The averagereproductve periodof
infectedfemaleswas8.7 days,comparedvith morethan30 daysfor controlfemalesand
the total numberof eggslaid by all infectedfemaleswas37 ascomparedwvith 115in the
controltreatment.However, the averagenumbersof eggslaid by eachfemaleperday did
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Fig. 2. The effect of Metarhiziumanisopliaeinfection (strainRu, rice-basedormulation)on adult
mortality (A) andoviposition(B). Barsindicatestandardleviation of themean.

not differ signi cantly: 0.7 0.44pertreatedandl 0.40percontrolfemale,respectiely.
The weight of 3-week-oldlarvae from treatedfemaleswashighly variable,rangingfrom

1.2to0 10.7mg, andnot signi cantly differentfrom the control, which rangedfrom 1.2to
35.0mg.
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DISCUSSION

The screeningof fungi known to be pathogenido RPW wasaimedat evaluatingthe
pathogenicityof M. anisopliaeandB. bassianao variousdevelopmenstageof RPW and
to developa methodfor fungusimplementationThe preseninvestigationshovedthatthe
testedM. anisopliaeandB. bassiandsolatesnfectthelarvaeandfully completedheirlife
cyclesby forming conidiophoreswvith conidiaon RPW cadaers. The red pigmentatiorof
larvaekilled by B. bassianandicatesthe presencef a red pigment,oosporeinproduced
by Beauveriaspp.(10,27).

All of the screenedVl. anisopliaestrainsexhibited pathogenicityto all development
stagesof RPW causingup to 80-100% mortality of larvae and adult weevils under
laboratoryconditions. When eggs were exposedto savdust previously sprayedwith M.
anisopliaesporesthe total survival of boththe eggsandthe emegedlarvaewasreduced
by afactorof approximatelytwo to three,relative to control. Moreover, larvaedeveloping
in sprayedsavdustwith fungal sporeshada signi cantly reducedweightin comparison
with larvaewhich emegedin the control treatment. The phenomenortould resultfrom
lower food intake by infectedinsectsand/orfrom the enegetic costof confrontationwith
theinfection. Thereareanumberof examplesof reductionin food consumptionn insects
infectedby pathogenidungi (4,25,26). On the otherhand,funguscontaminatiorof the
food sourcecouldrepellarvaeandthusreducetheir food consumptionaswasshown for
thegrasshoppestiphma robustaexposedo leavessprayedvith M. anisopliaevar. acridum
(Vicentini, Ph.D.thesis,1999; seel5). In ary case,we canexpectthat larvae of lower
weightmayhave lower tness andthusa shorterlife span.

Thepresenstudyshovedthat,in additionto thedirecteffecton adultmortality, fungal
treatmentreducedfemalefertility. Femalescontaminatedvith the dry sporeformulation
had a shorteroviposition time thanthe controls (7—11 dayscomparedwith 30—45days)
and, moreover, the total numberof eggslaid by infectedfemaleswas threetimes less
thanthat by control females. However, the daily numbersof eggslaid by eachfemale,
andthesurvival andweightof emegedlarvae,did not differ signi cantly betweertreated
and control insects. This may suggesthat femalesdid not transmitfungal sporesto the
ovipositiontunnels.Thus,the main contribution of the fungusto RPW controlwasfound
to bethroughthe prematuredeathof theinfectedfemales.

Despitetheobsenedsusceptibilityof all the developmenstageof theRPWto theen-
tomopathogenifungi underlaboratoryconditions the practicabilityof achieving ef cient
control of RPW in the eld seemsproblematic. The eld efcacy of entomopathogenic
fungi toward variouspestsdependsn mary factors,often relatedto the behaior of the
insecthostin its naturalhabitat. The soil is the naturalhabitatof fungi and, sincethe
RPW pupaeoccasionallyinhabit the soil, it is theoreticallypossibleto infect themwith
fungal sporeshy soil treatment. However, pupationoccursinside a cocoonand young
adultsremainin the cocoonfor 8—14days,which givesrise to doubtaboutthe feasibility
of implementingiungi in soil.

Thesprayingof palmsandof largeareashetweerthemto ensurecontactbetweerfree-
living adult RPW andfungal sporesalsopresents dif culty , becausef the large fungal
inoculumneededThebeststrateyy would beto treatonly selectecareaghatareespecially
likely to attractadults. Adult weevils are usuallycryptic, taking refugebetweenpetioles
andoffshootbasesThey arehighly attractedo woundsin palmtreese.g. thatarein icted
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during vegetative productionpracticesthat include the removal of offshoots(8). These
areasare often the mostattractive sitesto femalesfor oviposition and,therefore,may be
thebestcandidates$or treatmentwvith adry fungalformulation. Thepossibilityof infecting
the Rhyntiophorusadultsby this methodwas discoveredby chance after applicationof

a rice-basedormulationof M. anisopliaeagainstthe ScarabaeidScapanesustalis on

young palmsin New Guinea(17). The treatmentof frond axils with this formulation
causedinfection not only to the target pestbut alsoin icted someincidentalinfection
on R. bilineatus. The high mortality of adultsto dry sporesof a selectedsolateindicates
that therewas propercontactbetweenfungi and ovipositing females. Hydrophobicityof

fungal sporescould play a signi cant role in the succes®f the dry rice formulation. The
attachmenbf a fungal sporeto the cuticle surfaceis the initial andthusa crucial event
in the establishmenof mycosis(3). The sporesof M. anisopliaepossessn outerlayer
composedf interwovenfasciclesof hydrophobiaodlets,which providedthe adhesiorto

theinsectcuticle dueto non-speci chydrophobicforces(3). Thus,similar to the natural
infection processthe applicationof dry sporescould provide betteradhesiorrelative to

applicationof aquaticsporesuspension.

Ideally, we would like to usearti cially inoculatedfemalesasvectorsof infectionto
their progety via egg contaminationduring oviposition. However, in the presentstudy
we were unableto prove that suchinfection transferoccurred. We believe that the lack
of successvasdue mainly to insufcient inoculumtransferrecby femalesto eggs. It is
possiblethat this problemis connectedwith sporehydrophobicity This charactemay
interferewith fungustransferfrom femalehydrophobicsurfaceto the egg underhumid
conditionsduring oviposition into the plant tissue. The mechanicaltransferof fungal
sporesbetweenthe oviposition sitesand even further into the oviposition tunnelswould
bepossible providedthata suitablefungusformulationcouldbedeveloped.In light of the
high susceptibilityof eggsandlarvaeto fungalinfection,we assumeéhatin suchacasethe
contaminatiorof eggsandof the larval habitatwould addto the effectivenesof this pest
controlmethod.
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