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Curr ent Statusof Red Palm Weevil Infestation in Date
Palm Plantationsin Israel
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The red palmweevil Rhyntiophorusferrugineus(Olivier) (RPW) is the mostseriouspest
of date palmsin the Middle East. Weevil infestationwas rst detectedin Israelin the
summerof 1999in dateplantationsin the JordanValley, on the westbank of the Jordan
River andin the northernareaof the Dead Sea. For 2 yearsfollowing the discovery of
the pest,proptylactic insecticidechemicaltreatmentaswell asadultweevil trappingwere
carriedoutover450haof datepalmplantations Trapsloadedwith acommerciabggreation
pheromoneferrugineol,supplementeavith ethyl acetateanda fermentingmixture of dates
andsugarcanemolasseswerepostedn high trap density(approx.tentrapsperha)in order
to monitorweevil infestationandreducehe RPW populationby masgrapping.A signi cant
decreas@& numberof trappedbeetlesandinfestedtreeswasobsenedin 2001andcontinued
in thefollowing years.No infestedtreeshave beenfound since2002,indicatinga decrease
in RPW population.The sex ratio of trappedadultsduring 3 yearsof studywassigni cantly
female-biaseqd 2.5:1).Thereforemasstrappingmight have playeda signi cant role in the
suppressionf RPW populationsn dateplantations.

KEY WORDS:Redpalmweevil; Rhyndophoruderrugineus adultmassrapping;sex ratio;
datepalm;aggreationpheromone.

INTRODUCTION

The red palmweevil (RPW), Rhyntiophorusferrugineus(Olivier) (Coleoptera:Cur
culionidae),is a seriouspestof variouspalm speciesncluding dates(6). The immature
stageddevelopwithin the treetrunk, destrqy its vascularsystemand eventually causethe
collapseanddeathof the tree. The pestis widely distributed,occurringin OceaniaAsia,
Africa, Europe(Spain)andthe Middle East(6). It causesevere damageto coconutsin
SouthEastAsia andto datepalmsin the Middle East. Theweevil appearedn the Middle
Eastin the1980sandhascausedereredamageo dateproductionby destrying thousands
of trees(13). In IsraelandJordan,nfestationwas rst reportedin 1999. It is commonly
acceptedhattheweevils areattractedo dying anddamagegartsof palm. This, however,
doesnot precludeattacksto undamagegalmsaswell. The weevils may y relatively
long distances, 1 km perday in the daytime,andare active for mostof the year(15).
Mating in RPW is mediatedby an aggrejation pheromoneproducedby the male weevil.
The aggreation pheromones composedf two components:ferrugineol (4-mettyl-5-
nonanol)- the major componentand4-mettyl-5-nonanone- the minor one(8,19). The
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activity of 4-metlyl-5-nonanonevasdemonstratedor the rst time by workersin Saudi
Arabiaandreportedn theFAO by Oehlschlagef15). Theadultswerereportedo behighly
attractedby the combinationof aggreation pheromonendthe volatilessecretedy palm
trees(7,8,10,22).

The main methodsemployed to control adult weevils in dateand coconutplantations
worldwide consistof monitoring and masstrapping, using bucket trapsloadedwith the
pheromoneblend and food bait (9,12,16,17,26). This pheromone—foodait is often
supplementeavith pesticidesto prevent weevils from escapingirom the trap. In Israel
intensive IPM measureswvere initiated in August 1999, following the rst reports of
weevils presentin date palm plantations. The control measuresaken includedthe use
of pheromonérapsfor massrappingandmonitoringof adultweevils, repeatednsecticide
treatmentas prophylactic applications,timely curative treatmentof the infestedpalms,
destructionof heavily damagedpalm treesand, most importantof all, applying strict
guarantineregulationsto preventthe tradeand transportof palmsand offshootsoutside
theinfestedarea.

This papersummarizeghe resultsin Israel of using a masstrappingtechniquefor
monitoringandcontrolof RPW, in additionto the othermethodamentionedabore, during
theyears1999-2003.

MATERIALS AND METHODS

Survey Sincethediscovery of RPWin the Jordanvalley andnorthernDeadSeaareaof
Israel, all dateplantationsin the region have beeninspectedregularly, every 7-10days,
for trappedbeetlesand newly infectedtrees. Treesin areasof frequenttrappingwere
inspectedor characteristicsymptomsof RPW infestation,suchas oozingfrom the tree
trunk or crown drying. Acousticmonitoring(23) aswell asdogstrainedto detectoozing
werealsoemployed (14).

Monitoring  Routinemonitoringtook placefrom August1999to SeptembeR002,in the
northernpart of the JordanValley and alongthe Arava Valley. Trapswere placedat a
densityof onetrapper3 ha. Thetotal areaof routinemonitoringwas 2200ha.

Masstrapping From August1999to Septembef001, masstrappingwasoperatedas
a control method,by placing 5000trapsat a densityof ten trapsper ha, over 450 ha of
datepalm plantationsparksandgardensalongthe JordanRiver andnorth of the DeadSea
(about70,000trees).In addition,a detailedmasgrapmonitoringof weevils wasconducted
in the dateplantationsof Kibbutz Almog (32 ha)in the areanorth of the DeadSea.In this
area420trapsweredistributed,at a densityof approximatelyonetrapper900m?. In order
to follow weevil spatialdistribution, we arbitrarily divided the trappingareainto distinct
zones. A zonewasde ned asa group of plantationsseparatedrom other date-graving
areashy morethanl km.

All trapswere setnext to the tree trunks at groundlevel. The trapsconsistedof a
104 upright bucket baited with the male aggreation pheromone ferrolure (Chemca
International,SanJo<, CostaRica), supplementedvith ethyl acetateplus a fermenting
mixture of datesandsugarcanemolassesasdescribedby Zadaetal. (29). Thetrapswere
inspectedegularly onceaweekfrom April to November(atambienthightemperatureand
oncein 2 weeksduring the monthsof low temperaturedrom Decembeto March. Water
was addedto the trapsregularly to maintainthe fermentationprocess. The fermenting
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Fig. 1. A mapof theredpalmweevil-infestedarea.Black dotsindicateareaof treeinfestationsand
intensie trapping. White dotsindicateareaswheretrappingswererecorded.1, Tirat Zevi; 2, Bizat
Argaman;3, Zor 58; 4, Massua;5, Fazael;6, Zor 83; 7, Yitav; 8, Na'ama;9, northernDeadSea
coast;10, Elat.

mixture wasrenaved oncein 2 months. The pheromonevasreplacedevery 2—3 months
during summerand onceduring winter whenit becameexhausted.All togethey four or
ve lure packswereusedperyearpertrap. Thetrappedweevils weresexed accordingto

genderspeci ¢ external characteristicof the rostrumaccordingto Booth et al. (2). In

males,the rostrumis almostfour- fths the lengthof the pronotum,coveredon the apical
part with denseerectsetae,whereasin femalesno suchsetaeare visible. To evaluate
whethertrapping removes young femaleswith high egg-laying potential, trappedlive
femalesweretakento the laboratory wherethey were providedwith food andoviposition
substrateasdescribedelov. Egglaying andhatchinglarvaewererecorded.

In an attemptto monitor weevils whenleaving the infestedtree, threeinfestedtrees
werecagedndividually in a meshtent(1 mm meshsize)andonepheromondrapwasset
insidethe cage hext to eachtree.

In SeptembeR001,dueto adecreas@ weevil catchespnly 20%of thetraps( 1,200
traps)were kept for masstrapping. Trap densitywas reducedto onetrap per 0.7 hain
infestedplantationsand onetrap per 3 hain areaswhereno beetleshadbeenpreviously
caught.

Phytopaasitica33:1,2005 99



Chemical control Pesticideswere usedin the infestedareasboth as preventive and
curative treatments. Proptylactic methodswhich were taken from May 2000to August
2001to preventweevil attackon offshoots,includedtrunk sprays(up to 2 m high) from
May until July twice a monthwith azinphos-metl 0.2% or with diazinon0.3% along
the northerncoastof the Dead Sea,and chlorpyriphos0.15%in the JordanValley (total
of 1133 ha). Curatve methodsfor RPWinfestedtreesincluded steminfusion with
dichlorvos 100 (10%), or soil applicationof imidacloprid (Con dor, Bayer) at 5-10 cc
per tree, threetimes at monthly intenals. In the caseof an infestedplantation,all the
young,offshoot-bearingreesweretreated.In August2002,all trunk sprayswerestopped.

Phytosanitation Heavily infestedreeqfour trees)wereuprootedandburned.Thetrunks
of moderatelyinfestedtreeswere treatedwith the abose mentionedcurative treatments.
Subsequentlytreeswerewrappedin denseplasticnet (mesh17-20),to prevent possible
escapef adultweevils.

Quarantine Quarantineegulationswereenforcedagainsttransportatiorof offshootsout
of theinfestedareaqtotalof 1133ha).

Laboratory culture Culture of RPW was establishedin the laboratory on freshly
shreddedsugarcanetissuethat sened both asfood and oviposition mediumaccordingto
Rahalkartal. (20). RPWwerekeptindividually, at27—29 C, from thesecondarval stage
to adultemegence. Upon emegence,adultswere sexed accordingto the characteristics
describedabove in orderto determinethe sex ratio of theadultpopulation.

RESULTS

Sincethe initiation of masstrappingand monitoring of weevils in August 1999, a
total of approximately600 weevils hadbeentrappedandabout60 treeswerereportedas
infested.No new infestedtreeshave beendetectedsince2002. Most of the trappingtook
placein several distinct zonesin the JordanValley (Fig. 1). Infestedtreesweredetected
in threeareasonly: the northerncoastof the DeadSea,Zor 83 andBizat Argaman. The
highestnumberof trappedweevils was recordedduring the summerof the rst year of
the study (1999) and in the following year (2000) (Fig. 2). Subsequent|ythe number
of trappedweevils declined,with only a few individuals trappedduring the summerof
2002 and even fewer in 2003. In theseyearstwo peaksof catcheswere obsered, one
during April-Juneandthe otherduring August—October The distribution of the trapped
weeils changedduring theseyears. Whereasn 1999-2000veevils weretrappedin 14
dateplantationdocatedin eightdistinctzones(Fig. 3), in 2002weevils weretrappedonly
in eightplantationsn four zones,andin 2003only a few individualsweretrapped- and
thosemainlyin two zones.In the JordanValley, sevzengeographicallyseparateihfestation
zoneswerede ned. The minimumdistancenvasbetweerBizat ArgamanandZor 58 (3.1
km) andthemaximumwas 30 km betweerZor 58 andTirat Zevi. Thedistancebetween
the majortrappingareasthe northerncoastof the DeadSeaandZor 83, is approximately
30km.

Localdistribution patternof weevils in thedateplantationof Almog shavedthatduring
the high infestationperiods,which occurredduring 2000-2001 weevil distribution was
clumped(CD=2.7and2.3,respectiely) andweevils werecaughtin only 20%of traps.In
fact,thehighesthumberof adultsweretrappedn afew adjacentraps,whereasnostother
trapscaughinoweevils. In two caseshightrappingin aspeci c arededto detectiorof two
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infestedtreeswhich were successfullytreatedby pesticidesasdescribedn the Materials
andMethodssection.Monitoring weevils in trapsin- andoutsidethe threecagedinfested
treesrevealedmore trappingin the trap within the cageratherthanin the adjacenttrap
locatedoutsideof the cage.ln 2002the populationdecreasedigni cantly andthe pattern
of theweevil populationin Almog plantationsapproachedandomdistribution (CD=0.98).

TABLE 1. Cumulatve numbersf redpalmweevil from thetrappedpopulationandfrom laboratory
culture

Population Year Females Males Total Ratio (F/M) Przobability
(x*)
In traps 2000 193 86 279 2.2 P< 0.001
2001 65 17 82 3.8 P<0.001
2002 20 6 26 3.3 P<0.01
2003 7 3 10 2.3 P=0.17
In culture 2000-2003 101 69 170 15 P< 0.05

Probabilitythatsex ratiois 1:1.
Binomial distribution.

Fig. 2. Total numberof adult red palm weevils capturedper month between1999 and 2003.
Trappingin 1999startedn August.

The sex ratio of trappedadultswasconsistentlyandsigni cantly female-biased72%
of total catcheswverefemales) with 2.2 to 3.8 timesmorefemalesthanmalescapturedn
traps(Tablel). In comparisonthe sex ratio of weevils in thelab culturewasonly 59%in
favor of females.

Phytopaasitica33:1,2005 101



Fig. 3. Annualdistribution of redpalmweevil trappingsby location.

DISCUSSION

The datepalmis one of the mosteconomicallyimportantcropsin Israel. It is a very
intensive cropfor bothlocal consumptiorandfor export, producinganincomeashigh as
approximately$3500ha 1. Therefore the dangerof RPW spreads of greatimportance,
andincreasingoroductioncostsby implementatiorof IPM alongwith quarantinaneasures
hasprovedeconomicallysustainableDatacollectedin thelast4 yearsindicatethatspread
of theweevil populationhasbeencon ned to the quarantinearea(Fig. 1), andits sizehas
beenreducedsigni cantly.

Specialemphasisvasgivento ervironmentallyfriendly control methodsusingphero-
mones. Pheromoneshave beenimplementedextensvely in monitoring and control
managemenof variouspestsand habitats(23). The useof pheromonedor trapping of
RPW seemgdo be an ef cient meansof monitoringthe pestin dateplantationsin Israel.
Thereareapparentlytwo peaksof adultcatchegluringtheyear onein April-Juneandthe
otherin August—October The rst peakis likely to representhe emegenceof the rst
generatiorandagreesvith ndings in the Kingdom of SaudiArabia(KSA), United Arab
Emirates(UAE) andEgypt, which shav highestcaptureratesin the spring,afterthe cold
months(15). The following peakis likely to correspondo the emegencepatternof the
secondyeneration.

The trappedadultsandthe location of the infestedtreesindicatea patternof patcly
distribution of RPW populationat both the plantationandregional level. The aggrejated
distribution of RPW populationwasalsodetectedn coconutplantationsof Goaby Faleiro
etal. (4). Theaggreation patternfoundin this speciesmay be the resultof (a) limited
breedingsites, whereasfemalesand malesare attractedto speci c trees,e.g. already
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damagedrees;and(b) femalesovipositingabatchof eggsin onetree.In thepresenstudy
atthearealevel, two majorspotsof trappingswerestill maintainedn 2003,in additionto a
few weevils trappecelsavhere.We believe thatthemajortrappingareasarecorrelatedvith
thelocationof theinfestedtrees.Sincethetwo majortrappingareasareseparatethy more
than30 km, a distancemuchgreater(about30 times)thanthe normal ight rangeof the
weevil in a day (15), we suspecthatthe weevil hasestablishedt leasttwo independent
populationsandthat humanactiity, suchastransportof the infestedoffshootsbetween
plantations,s likely to have contritutedto this patternof pestdistribution. However, it
is alsopossiblethat during their lifetime the long-lived weevils could travel muchlarger
distances.

The ight patternof the weevils in the dateplantationis still unknovn. Most of the
trappedadultswereconcentrateéh afew trapsandin somecasesninfestedireewaslater
foundin closevicinity to theactivetraps.Theserappedwveevils couldhave beencaughton
theirwayto theinfectedtreeor away fromit. Thedistanceatwhichthey perceve andreact
to their pheromoneandto plant volatiles hasnot beendeterminedand, whetherthey are
attractedor rejectedby treesinfestedwith conspeci csis yetto be studied.By usingtrees
coveredwith a screentent, we demonstratedhat adultsemeging from the infestedtree
aretrappedn pheromonerapspositionednearby but this doesnot excludethe possibility
thatweevils areattractedo the infestedtreesfrom remoteareas.Indeed,a long-distance
attractionto pheromondrapswasdemonstratedor R. palmarum.Sincemasstrappingof
R. palmarumin oil palmsis conductedwith trapsat a densityof onetrap per5 ha, these
relatedweevils mustbe ableto perceve the pheromondrapsfrom at least100 m away
(A.C. Oehlschlagempersonatommunication).

Sincethe discovery of RPW infestationin Israel,in 1999, variousmethodsof control
have beenimplementedagainstthis pest. The fact that the numberof capturedbeetles
hasdroppedsigni cantly from 325individualsin 2000to fewer than50in 2002,andthat
no infestedpalm treeshave beenreportedsince 2002, indicatessuccessn reductionof
RPWpopulationlevel. However, it is dif cult to determinethe contritution of eachcontrol
method.An estimationof therelative contritution of sprayingvstrappingcanbe obtained
from amajorstudyin the UAE betweer1996and1998thatincludedl,466farmsonwhich
therewere> 349,000palms(3). This studyexaminedthe effect of sprayingaloneand of
sprayingcombinedwith pheromondrapping.A bene tof 30%lessinfestationhasbeen
derivedfrom the combineduseof sprayandpheromonérapscomparedvith sprayalone.

Masstrapping,asa part of an IPM programusing aggreation pheromonesproved
usefulfor the control of someinsectpests(seeref. 24), amongthemsomeweevils such
asthesweetpotataveevil Cylasformicarius(28),the Westindiancaneweevil Metamasius
hemipterud.. (1), the scarabs.g. Anomalavitis andA. dubia (27), andthe Melanesian
rhinocerosheetleScapanesustralis (21).

Studiesin both the KSA and India indicate that masstrapping of RPW led to a
subsequenteductionin adult trapping,suggestinga declinein the local pestpopulation
(4,25,26). In the KSA, a reductionin numberof trappedindividualswas correlatedwith
adecreasén treeinfestation(25,26). A similar decreasén capturerateswasobsenedin
CostaRicafor arelatedspeciesR. palmarum in oil palm (16,18). The succes®f mass
trappingof the above pestscanbe explainedby the ability of the aggreation pheromone
to attractboth malesand females,while being especiallyeffective in trappingfemales.
The proportionof femalestrappedin our studywas 2—4 femalesper maleand Hallett et
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al. (9) founda sex ratio of 3—4femalespermale. Sincefemalesarethe primary target of
trappingiit is oftendebatedvhethertrappingremovesyoung,virgin femaleswith highegg-
laying potentialor old matedfemaleswith low egg-layingpotential.Our studyshavedthat
bothvirgin andmatedfemaleswerefoundin traps. Faleroetal. (5) reportedfurther that
in India young,gravid femaleswith high egg-layingpotentialare capturedn pheromone
traps.Takentogethertrappingis predictedo have amajoreffect onreproductve potential
of the population.

Male-emittedpheromonesare known to attractboth sexes (11). This phenomenon
of preferentiaRPW femaleattractionto the bait requiresfurther study The differences
in trappingcanresultfrom a numberof factors. One possibility could be a differential
responsef the sexesto thesecomplex chemicalcues. Femalesattractedo the maleand
thefood bait, gain accessimultaneouslyo bothpotentialmatesandhostplants. Thelatter
can be usedasfood sourceand oviposition sitesand as suchmay be more attracte to
femaleghanto males.Femalesnightalsobeundergreatepressureo dispersehanmales
whenthey leave aninfestedtrunk in a searchfor suitablefood resourcesandoviposition
sites.Whenthereasondor femalesoutnumberingnalesin thetrapareclari ed, they will
be usedto reducefurtherthe pestreproductie potentialin datepalms.

The presentresultsindicatethat pheromone-baseghasstrappingmay provide a tool
for controlling RPW females.Controlling femalesis of specialimportancen pestcontrol
programsandparticularlyin the caseof datepalm pestswherebreedingsitesaredif cult
to accessfemalesarelong-livedandtheindividual reproductie potentialis large.

By pers@ering with the integrated pest managemenefforts, we expectthe pestto
be maintainedbelov damagedevelsin the future. Our studiesfurther suggesthat mass
trappingas a part of IPM not only reducesthe pestpopulationbut also assistsin the
detectionof infestedtrees. However, trap operationis an extremely costly and time-
consumingprocedure. Efforts are requiredto bring down the costof labor for trapping
by furtheroptimizingbait compositiontrap designandtheir spatialdistribution.
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