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Useof Heat for Disinfestationand Control of Insectsin
Dates: Laboratory and Field Trials

S.Finkelman,1;� S.Navarro,1 Miriam Rindner1 andR. Dias1

Heattreatmentof datesat thetime of harvest,wasexaminedasanalternative to fumigation
with methylbromide,which hasbeenphasedout in Israelunderthe MontrealProtocol. In
laboratorystudies,the in�uence of 40� , 45� , 50� and55� C on the levels of disinfestation
andmortality of Carpophilushemipteruslarvaewasexaminedover a 2-h exposureperiod.
The ratio of the numberof insectsfound outsidethe feedingsitesto the total numberof
insects,wasgreatestat 50� C (92.3%),signi�cantly greaterthanat 40� and55� C. At 50�

and55� C, 100%mortality wasobtained.Sincedrying temperaturesfor mostdatevarieties
is between45� and50� C, andbecausepercentdisinfestationandcontrolwasmosteffective
at 50� C, these�ndings wereexaminedunder�eld conditions.Field trials werecarriedout
at a commercialdrying stationwherethe crateddatesare placedon the ground inside a
plastic-cladhothouse.The stackswere coveredwith plastic liners to form `drying ducts'
throughwhich heatedair wassuckedusingfanspositionedat theoppositeendof theducts.
It was shown that from 1 to 2 h were requiredfor the datesto reachthe set temperature
of 50� C. During the following 2-h aeration,the dateswere exposedto 50� C heatedair,
after which an examinationof infesteddatesinsertedinto the drying ducts, and natural
infestationsshowed that successfulcontrol and emigrationwere obtained. This method
producedresultscomparableto thoseobtainedwith methyl bromidefumigation, andwas
suitableasa replacementtechnologyfor infestationcontrol.
KEY WORDS:Dried fruits; nitidulid beetles;heat;insectcontrol; methylbromidealterna-
tives.

INTRODUCTION

In Israel,thedatevarietyMadjoul is verypopularbecauseof its largesize,texture,and
particulartaste.Consequently, its cultivation is on the increase,particularlyin theJordan
Valley, wheretechnologieson maturationanddrying, employing solarenergy, have been
developedandpracticed(J.Kanneret al., 1998,Annu. Rep.to IsraelMin. of Agriculture,
Res.Projectno. 416-0435-97).However, �eld infestationsof nitidulid beetlesin all date
varietiesposeaseriouscontaminationproblemwhichmaycompromiseexports.Until now,
this problemhasbeenaddressedsuccessfullyusingthe fumigantmethyl bromide(MB).
Its usehasbeenmandatoryin Israel,particularlybecauseit causesa high proportionof
larvaeandadultsto emigratefrom the fruit beforethey succumb(5,15;S. Navarroet al.,
1989,Final Rep. BARD Projectno. I-1095-86). This emigrationphenomenonis no less
importantthanthe toxic effect of the treatment,becauseminimum acceptancetolerances
havebeensetfor thepresenceof bothdeadandlive insectsin driedfruits.
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For severaldecadesMB hasbeenamainstaytreatmentto kill awidearrayof quarantine
pestsaswell asthoseencounteredin orchards,packinghouses,andfood plants.However,
thispotentfumigantis now associatedwith depletionof theEarth'sozonelayerand,under
the termsof the Montreal Protocol (17), it was phasedout in January2005 for Non-
Article 5 (developed)countries,and will be phasedout in the year 2015 for Article 5
(developing)countries,exceptfor quarantineandpre-shipmentfumigations.Nevertheless,
theMethyl BromideTechnicalOptionsCommittee(MBTOC)of theUNEP(17)recognizes
theproblemof MB phase-outin Non-Article5 countriesand,in consequence,hasrecently
publisheda handbookon Critical UseNominations(CUNs) for MB (16). This is to help
partiessubmit requestsfor exemptionson a yearly basisundercircumstanceswhereno
technicallyor economicallyfeasiblealternative treatmentto MB yet exists. However, the
partiesthatsubmitthesenominationsmustdemonstrateto theevaluationpanelthatthey are
makingintenseefforts to searchfor suitablealternatives.Thepresentstudywasconducted
for the expresspurposeof �nding sucha feasiblealternative for the disinfestationand
controlof insectpestsin drieddates.

The only other universallyavailable fumigant for control of durablecommoditiesis
phosphine(PH3). Regrettably, althoughPH3 is a very usefulfumigant,it is slow acting,
it hasnot beenshown to causeinsectsto emigratefrom the dates(disinfestation),and
insectsin variouscountrieshavedevelopedresistanceto thisgas(18,19).Othertreatments
have beenexaminedfor their disinfestationeffect (1,5–7,14;S. Navarro et al., 1989)
including the useof high carbondioxide concentrations,low oxygenconcentrationsand
low pressures.Although all threetreatmentsdo causehigh levels of disinfestation,they
arenot readilysuitablefor practicalapplicationat thepoint of entry into thedatepacking
houses.In contrast,althoughhigh temperatureshave beenstudiedfor insectcontrol, their
capacityto producedisinfestationhasnot beeninvestigatedpreviously, even thoughthe
useof heatis alreadypartof thepostharvesthandlingprocedure.If shown to beeffective,
disinfestationby heattreatmentmight beapplicableat thedatedryingstage.

The use of heat has beenrevived as a potential alternative to MB in a variety of
situations. Insectpestsof storedproductssurvive and multiply over narrow rangesof
temperatures.For eachspeciesthereis a minimum andmaximumtemperatureat which
it is able to develop. At certainlow temperatures,oviposition and larval growth cease;
andat speci�c high temperaturesegg sterility occursandmortality increases.The lower
andupperlimits andoptimaltemperaturesof mostof theimportantstored-productspecies
have beenstudiedandarewell known. Howe (12) lists minimum andoptimumcritical
temperatureandhumidity rangesfor themajorgrainstorageinsects.

Heattreatmentsmainly againstinsectpestsof storedgrainand�our havebeenstudied
in the laboratory(7–10) and implementedin the �eld (3,11). With regard to the dried
fruit industry, heattreatmentsarenot presentlyrecognizedasa recommendedprocessfor
disinfestation.Laboratorystudiesby LindgrenandVincent(13)showedthatto obtain90%
mortalityof adultnitidulids,exposureto 49� C for 4 to 20min wasneeded,dependingupon
theambientrelativehumidity. Al-Azawi etal. (2) showedthatunderlaboratoryconditions,
adultsof thedried fruit beetle,Carpophilushemipterus(L.), aretolerantto heat,andthat
exposuresfrom 25 to 60 min at 50� C are requiredto achieve completemortality. They
foundthatfor completemortality of all stagesof Cadra cautellaon storeddates,exposure
to 60� C for 33 min wasrequired(1). However, studiesthatconsidernot only controlbut
also emigrationof nitidulid beetlesfrom datesusingheatduring the drying processare
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lackingin theliterature.In thedryingprocessof thedateindustrytemperaturesareusually
keptmoderate(35� to 55� C) to avoid damage.For example,temperaturesusedfor drying
the Madjoul variety in Israel shouldbe kept within the rangeof 45� to 55� C to avoid
discolorationanda blisteringeffect thatseparatestheskin from the�esh of thefruit.

We considerhere the possibility that heat treatmentmay be effective in producing
both emigrationandcontrol of nitidulid beetlesin dates.The studyevaluatesthe results
of laboratoryexperimentsusing C. hemipterus, followed by �eld trials to integratethis
technologyinto theexistingdatedrying proceduresin Israel.

MATERIALS AND METHODS

LABORATORY EXPERIMENTS

The insects Individualsof CarpophilushemipterusL. werecollectedfrom infesteddates.
The beetleswere rearedin a rearing room at 26� C and 75% r.h. on an arti�cial diet
composedof 1 l water, 125 g cornstarch,90 g glucose,44 g sugar, 50 g brewer's yeast,
18 g agarextract, 3.1 ml propionicacid and1 g methyl 4-hydroxybenzoatein 10 ml of
ethanol. Cultureswere set up by placing adult beetlesin 200 ml jars containingabout
150g of food mediummixedwith sawdust. Following 2 daysof oviposition,adultswere
removedandtheinsectswererearedin thesejarsuntil requiredfor theexperiment.Larvae
6–8daysold wereremovedfrom theculturesfor theexposuretests,asneeded.

Althoughbothadultsandlarvaemay be foundwithin infesteddates,it wasshown in
preliminaryobservationsthat adult mortality is moresensitive to high temperaturesand
thatemigrationof adultswasgreaterthanthatof larvae. Consequently, only larvaewere
usedin thelaboratoryexperiments.

In previousstudies(5,6;S.Navarroet al., 1989)thehigh variancein infestationlevels
of datesin the laboratoryposedsigni�cant limitations in usingdatesfor experimentson
disinfestation.Therefore,theeffectivenessof anarti�cial feedingsitewascomparedwith
that of naturally infesteddatesand found suitable for disinfestationstudies(6). The
arti�cial feedingsitesdestinedto simulatethe datesconsistedof cardboardrectangles
placedon food mediumcontainedin petri dishes(6). Larvaeto be usedin experiments
were removed from the culturemediumandtransferredto the arti�cial feedingsites24
h beforeexposureto the differenttreatments.All larvaethat hadnot penetratedinto the
feedingsiteswere thenremoved immediatelyprior to exposure. The feedingsitesto be
usedin theexperimentswerecut out from thepetri dishes.Basedon examinationof 420
feedingsitesusedin thetests,theaveragenumberof larvaewas3.7perfeedingsite.

Experimentation Ten feedingsites,eachcontainingup to four larvae,wereintroduced
into the exposurechambersconsistingof 2.54 l desiccators. Each exposurechamber
(desiccator)usedin the treatmentsserved as a replicate. Thesechamberswere placed
in thermostaticallycontrolledincubators.Temperaturesof 40� , 45� , 50� and55� C were
testedfor determiningtheeffect of percentdisinfestationandmortality of larvae.Prior to
theexposureexperiments,feedingsiteswereplacedin thechambersinto which hadbeen
insertedthermocouplesconnectedto temperatureloggersin order to determinethe rates
at which the feedingsitesreachthe target temperatures.For eachtreatment,an exposure
time of 2 h after the feedingsiteshadreachedthe testtemperature,wasemployed. This
exposuretime waschosenbasedon the �ndings of Fields(8) andafter preliminarytests
showedthatat this duration,mortality took placewithin thechosenrangeof temperatures.
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The ratio of the numberof insectsfound outsidethe feedingsitesto the total numberof
insects,was usedto describethe term `percentdisinfestation'. Immediatelyafter each
treatment,the numberof survivors both inside and outsidethe siteswas recordedand
percentmortalitywascalculated.From4to 13replicatesof theseexperimentsweremadeat
eachtemperature.Thedataobtainedwereanalyzedusinga one-way analysisof variance,
andsigni�cance of differencesbetweenthe meanswasanalyzedby the leastsigni�cant
differencetest.

FIELD TRIALS

The�eld trialswerecarriedout in thedryingfacility of theTimuraCompany locatedat
theagriculturalcooperativeMoshav Meholain thenorthernJordanValley duringOctober
2003. Here we report on two �eld experimentsusing arti�cially infesteddates. The
experimentswereconductedin orderto evaluatetheef�ciency of thetechnology. A third
trial wasconductedonnaturallyandheavily infesteddatesreceivedfrom dateplantations.

The drying facility Thefacility consistedof a polyethylenecladhothouse40 m long �
10m wide � 3 m high,speciallypreparedfor large-scalecommercialdryingof dates(Fig.
1). Thehothousecanaccommodateup to 12 rows of stackeddatespositionedin-parallel
acrossthehothouseandcoveredover their top andsideswith polyethyleneliners to form
drying ducts(a). Eachrow consistsof tenpallets,arranged� vepalletslengthwiseandtwo
palletsacross.Eachpalletholdscratesstacked20 layershigh with � ve crates(40 � 60 �
10 cm) per layer. Eachcrateholds3 kg of datesonelayer deepof the variety Madjoul.
Thus,a standardrow consistingof tenpalletsholds3 tonsof dates.Oneopenfaceof each
row (b) is setoppositethe hot air outlet duct runningalongonewall, while a large axial
fan (c) is positionedagainstthe oppositeopenfaceof the row (d) leaving a walk-around
distanceof approximately50 cm from the facing wall of the hothouse. For the drying
procedureaheater(e)consistingof achamberequippedwith electricalheatingelementsis
usedto raisetheambientair temperaturewhenneeded,andis controlledby a thermostat.
Theair is directedthrougha polyethylenesleeve distribution duct (f), 60 cm in diameter,
alongtheouterwall of thehothouse.Outletsin thedistributionduct(g) 30cmin diameter,
positionedoppositeeachrow, enablethehot air to bedivertedinto thedrying ducts.The
fans(c) setagainstthe opposingfaceof the drying ductscreatean air-�o w throughthe
crateddatesinsidetheducts.Thefancasingmeasures1.38� 1.38m, thefandiameteris
1.28m, andfanspeci�cationis 1.5HP, 1.1KW. Thewholesystemtakesadvantageof the
ambientsolarheatduringtheharvestseason,supplementedby a heaterto compensatefor
dropsin temperatureduringthecoolertimesof thedayandnight.

This centralizedsetup is a recent developmentof the original method whereby
maturationand drying of the Madjoul dateswere achieved by stackingcrateddateson
palletsto a heightof 2 m. Thestackis thensealedwith `shrink' sheetingexceptfor entry
and exit aperturesat the bottom and top, respectively. The stackis exposedto vertical
convectioncurrentscausedby solar-heatedair within thecolumn(thechimney effect) (J.
Kanneretal., 1998).WhenMB fumigationswerecarriedout,thedateswere�rst fumigated
in a chamberandthentransferredto thedrying facility.

Datesfor bioassay RipeandintactMadjoul dateswereselectedandarti�cially infested
with C. hemipteruslarvaein the laboratory. For eachsamplingsite, 30 to 50 dateswere
placedin a standardcrate,which wasthenplacedover anotheremptycratelined with a
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Fig. 1. Schematicdiagramof thedatedryinghothouse.a,dryingducts;b, openfaceof arow; c, axial
fan;d, oppositeopenfaceof a row; e,heater;f, distributionduct;g, outletsin distributionduct.

white plasticliner. The infestationlevel of thesedateswasapproximatelyten insectsper
date.Thesedouble-cratesweretheninsertedinto thestackeddatesin thedryingductat the
following four pointsestimatedto beof critical importance:front-top,front-bottom,rear-
top andrear-bottom,where`front' refersto the fan endand`rear' refersto the opposite
end.All theseperipheralpointswerecritical becausethey weresuspectedto beoutsidethe
region of direct air-�o w. Mappingof air-�o w ratesat the fan endshowed that for points
within thefandiameter, ratesfrom 13.1to 14.6m sec� 1 wererecorded,whereasfor points
outsidethe fandimensions,�o w ratesrangedfrom 3.2 to 8.6 m sec� 1. At theendof the
2-h 50� C exposureperiod,thesedouble-crateswereremoved from the drying duct. The
numberof deadandlive larvaecollectedin thelowercrateswascounted,andeachtestdate
wasopenedandexaminedfor deadandlive larvae.Thedataobtainedwerethenanalyzed
for disinfestationslevelsandmortality.

Natural infestations The third trial wasconductedto evaluatethe disinfestationlevels
andmortality of naturalinfestationsduringthedrying procedure.For this purposea white
plasticsheet7.2 m2 in areawasplacedundersix palletswithin a drying duct. At theend
of thedrying periodof 72 h which includedthe2-h disinfestationtreatmentat 50� C, the
removedlarvaewerecollectedfrom theplasticsheeting,andalsodatesamplesfrom eight
cratesweretakenfor analysisof disinfestationandmortality. Dueto thelargenumbersof
insectscollectedonthesheeting,theinsectswereweighedandweightfactorswereapplied
to obtainapproximatenumericalcounts.

Temperaturemonitoring For trials1 and2 thedryerthermostatwassetto turntheheater
off at 50� C. Temperatureloggerswereplacedin eachinfestedcrate(situatedat peripheral
pointssuspectedto bemostvariablein temperature),andthesewererecoveredaftereach
trial anddownloadedin the laboratory. Data-loggers(HOBO Pro Series)also recorded
ambienttemperaturesinsideandoutsidethehothousethroughoutthedrying period.
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RESULTS

LABORATORY EXPERIMENTS

Temperature time-delay Thetime-delayrequiredfor thearti�cial feedingsitesto attain
the target temperaturefrom the initial ambienttemperatureof 26� C, was� 60 min for all
thetemperaturestested.This is illustratedin Figures2 and3, similarcurvesbeingobtained
at other temperatures.However, it can be seenthat temperatureswithin the siteswere
always1� to 2� C lower thanthenominaltesttemperature

Fig. 2. Thetime-delayrequiredfor thearti�cial feedingsiteto attainthetargettemperatureof 45� C
from theinitial ambienttemperatureof 26� C.

Disinfestation Table 1 shows that the highest disinfestationvalue was obtainedat
exposureto 50� C and averaged92.3%, whereasat 55� C signi�cantly lower (72.8%)
disinfestationwasobtainedin comparisonwith theresultat50� C.Exposureto 26� C served
ascontrol that resultedin 37.4%of the larvaeabandoningthefeedingsiteduringthetest.
One-wayanalysisof variancefor disinfestationdatain Table1 resultedin anF ratiovalue
of 25.02.

Mortality Thehighestmortalityvaluesreached100%andwereobtainedat50� and55� C
(Table1). At 45� C, mortality rangedfrom 24.5%to 65.2%,whereasat 40� C no mortality
wasrecorded.One-way analysisof variancefor disinfestationdatain Table1, resultedin
anF ratiovalueof 371.08.
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Fig. 3. Thetime-delayrequiredfor thearti�cial feedingsiteto attainthetargettemperatureof 50� C
from theinitial ambienttemperatureof 26� C.

TABLE 1. Percentmortality and percentdisinfestationof Carpophilushemipteruslarvae from
arti�cial feedingsitesafterexposurefor 2 h atdifferenttemperatures

Temp.(� C) No. of Replicates Disinfestationz Mortalityy

Mean(%) S.E.x Mean(%) S.E.x

26 13 37.4 3.16 0.9 1.7
40 7 48.4 4.3 0.0 2.3
45 6 72.9 4.6 43.7 2.5
50 4 92.3 5.7 100 3.1
55 4 72.8 5.6 100 3.1

z Analysisof variancefor disinfestationdatawas:df andmeansquarefor modelwere4 and3240.9,respectively.
df andmeansquarefor errorwere29and129.5,respectively; F ratio was25.02.
y Analysisof variancefor mortalitydatawas:df andmeansquarefor modelwere4 and14374.4,respectively. df
andmeansquarefor errorwere29and38.7,respectively; F ratiowas371.08.
x Standarderrorsarepooledestimatesof errorvariance.

FIELD TRIALS

Date temperatures Temperaturedataderived from dataloggercompilationsin trial 2
are given in Table 2, and are also representative of resultsobtainedin the other trials.
Thesedataindicatethatthetargettemperatureof 50� C wasnotachievedin theseperipheral
regionswithin 1 h after the introductionof the datesinto the dryer. In theseperipheral
regions,temperatureswerefrom 2� to 3� C lower thanthe target temperature.Although
therewasadelayin temperaturerise,thetargettemperatureswereapproachedwith adelay
of approximatelyhalf an hour. The mostproblematicregion wascloseto the fan at the
bottom,probablydueto a low air-�o w rateat this point.
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TABLE 2. Temperaturesrecordedat bioassaysamplingsitesduring trial 2, after 1 h pre-heating
period,with thermostatsetat50� C

Time
(min)

Temperature(� C)

Topfront
insidethedate

Bottomfront
insidethedate

Top rear
insidethedate

Bottomrear
insidethedate

Ambientair
insidethe
hothouse

0 48.4 45.9 44.7 44.6 49.5
30 48.4 45.9 50.9 47.7 49.5
60 48.4 47.1 49.5 48.5 z

85 49.0 47.1 49.5 48.0 44.5y

95 50.6 48.1 50.2 51.7 46.7
140 51.7 48.8 51.2 50.7 53.0
185 51.2 49.0 51.0 49.8 52.0
230 50.4 49.1 50.7 51.9 50.0

z Not recordeddueto power failurefor 20min.
y Thermostatwasraisedto 53� C for 20min.

Disinfestation levelsand mortalities in trials 1 and 2 Resultsof thebioassayscarried
out in trials 1 and2 at critical testpointsthat weresuspectedto be outsidethe region of
directair-�o w, aregivenin Tables3 and4. Bioassaysof theinfesteddatesresultedin total
emigrationandmortality of larvaeat the top layersof thedrying row. For the datesthat
were placedin the lower peripheralregion, whereit was found that air-�o w rateswere
lower, theseslight differencesallowedsurvival of larvaeat theendof boththe3 h and4 h
exposures.

Disinfestation levels and mortalities in the trial using naturally infested dates The
countsof insectsrecoveredfrom beneaththe cratedstacksat the endof the datedrying
procedurearegivenin Table5. Fromthesecounts,calculationof theinitial infestationwas
made.At theendof thedryingperiod,of theeightsampleseachcontainingapproximately
50 dates,only one samplecontainedthreeinfesteddatestotaling 22 deadlarvae. This
samplewaslocatedat thebottomof thestack.

DISCUSSION

In anearlierstudyon theeffect of MB on disinfestationandmortality (5), thehighest
level of disinfestationobtainedwith C. hemipterusandCarpophilusmutilatuslarvaedid
not exceed90%. Therefore,the disinfestationlevel (92.3%) reachedin the laboratory
experimentsof ourstudy(Table1) arein line with thebestknownmethodfor disinfestation
using MB. This effect was further supportedin �eld trials using laboratorynaturally
infesteddates(Tables3 and4). Thefumigationconditionsfor thisdisinfestationlevel were
16 mg l � 1 for a 4-h durationat 26� C. With regardto mortality usingMB, Donahayeand
Navarro(4) showedthatfor C. hemipteruslarvae,exposedfor 2 h to MB at26� C, 22.4mg
l � 1 wasrequiredto obtain95%mortality (LD95). Mortality dataprovidedin Table1 also
show thatcompletecontrolof thebeetlelarvaecanbeachievedat temperaturesof 50� and
55� C. Thelow disinfestationandmortality levelsrecordedat theextremitiesof thedrying
tunnel(Tables3 and4, bottomfront andrear)werederivedfrom thepoorair distribution.
Air�o w ratesrecordedin theseareasof the drying tunnelwerenegligible comparedto 1
to 2 m sec� 1 measuredat the centerinside the tunnel. To overcomethis problem,the
company hasalteredthe air�o w con�guration at thesecritical points to enablebetterair
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TABLE 3. Disinfestationlevelsandmortality of Carpophilushemipteruslarvaeafter3 h at 50� C at four sitesin thedrying ductin trial 1 usinglaboratory
infesteddatesthatservedasbioassay

Locationof samplein
thedryingducts

No. of dates
experimentally
infested

No. of insects
removedfrom
thedates

No. of insects
thatremainedin
thedates

Datescontaining
insectsafter
treatment

Disinfestation%
of thetotal
insect
population

Disinfestation%
of thedates

Mortality % of
insectsthat
remainedin the
dates

1 (top front) 33 0 (317)z 0 (12) 7 100 96.4 100
2 (bottomfront) 35 4 (124) 154(0) 9 44.0 45.4 0
3 (top rear) 35 0 (248) 0 (8) 5 100 96.9 100
4 (bottomrear) 30 2 (117) 61(0) 10 59.1 66.1 0

z Live insects(in parentheses,deadinsects)

TABLE 4. Disinfestationlevelsandmortality of Carpophilushemipteruslarvaeafter4 h at 50� C at four sitesin thedrying ductin trial 2 usinglaboratory
infesteddatesthatservedasbioassay

Locationof samplein
thedryingducts

No. of dates
experimentally
infested

No. of insects
removedfrom
thedates

No. of insects
thatremainedin
thedates

Datescontaining
insectsafter
treatment

Disinfestation%
of thetotal
insect
population

Disinfestation%
of thedates

Mortality % of
insectsthat
remainedin the
dates

1 (top front) 35 0 (571)z 0 (20) 5 100 96.6 100
2 (bottomfront) 35 3 (230) 143(9) 28 44.0 60.5 5.9
3 (top rear) 35 0 (475) 21 (17) 6 100 96.9 100
4 (bottomrear) 30 0 (370) 61(0) 16 59.1 92.6 0

z Live insects(in parentheses,deadinsects)
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TABLE 5. Insectsrecordedafter 72 h drying on 7.2 m2 liner placedbeneathsix palletsof crated
dates

Insect Insectson �oor Insectskg� 1 z

Carpophilusmutilatusadults 6,451 3.6
Carpophilushemipterusadults 1,873 1.0
Epuraea(Haptoncus)luteolaadults 208 0.1
Carpophilusspp.larvae 12,276 6.8
Lasiodermaserricorneadults 209 0.1
Tribolium castaneumadults 4 0.002
T. castaneumlarvae 8 0.004
Cryptolestessp.adults 3 0.002
Total 20,791 11.6

z Original infestationbasedon1,800kg stackedonsix palletsabove theliner, eachholding100cratescontaining
3 kg datespercrate.

distribution. No subsequenttrials with infesteddateswerecarriedout by the authorsof
this study. However, verbalreportsby thecompany on the following dateharvestseason
indicatethatcorrectionof air�o w con�gurationsolvedthis problem.

Carpophilus hemipteruswas selectedas the test insect in the presentlaboratory
experimentsto explore the responseof this speciesto heat. As canbe seenin Table5,
thedateswerenaturallyinfestedby threenitidulid species,andC. mutilatuswasthemost
numerousfollowedby C. hemipterus, althoughthis wasnotalwaysthecase.Theintensity
of infestationby a speci�c speciesmay vary during the seasonand is in�uenced by the
locationof thedategrove. Lasiodermaserricorne, the tobaccobeetle,is known to infest
dried fruit andalsoto initiate infestationsin the �eld. The recordsof low infestationsof
Tribolium castaneumandCryptolestessp. areparticularlyinterestingin that thesespecies
aregenerallyregardedaspostharvestpests.

Althoughpostharvestquarantinetreatmentsusinghigh temperatureshavebeenstudied
on various commodities,this is the �rst study of datesto evaluatethe emigrationof
nitidulid beetlesfrom the fruit. Dateswereusedin this studybut a rangeof commodities
couldbeconsideredastargetswhereemigrationof otherinsectpestswould bebene�cial.
However, the effectivenessof heat treatmentagainstother stored-productinsectsmay
vary considerablyanda betterknowledgeof heatsensitivity of both the insectsand the
commodityis desirable.In this laboratorystudya heatingtime of � 60 min wasnecessary
before the temperaturereachedits target level. This heatingtime may also affect the
emigrationrateof the larvae. Respiration,asto be expected,is alsoaffectedby heat. As
thebodytemperatureof theinsectincreases,thereis a concomitantincreasein respiration
up to anuppercritical thermallimit. It hasbeensuggested(5) thatasthetemperaturerises
above its optimumlevel and larval metabolismaccelerates,the insectentersa condition
of stresscharacterizedby involuntarymuscularcontractionsthatcausetheleglesslarva to
leave its feedingsiteandeventuallyfall from thedate.We foundthat50� C producedthe
highestdisinfestationlevel (92.3%)whereasat 55� C a disinfestationlevel of only 75%
wasreached,possiblybecauseat that highertemperaturemortality is morerapid andthe
insectsdie beforethey are able to escapefrom the dates. Theseeffects of heaton the
nervousandendocrinesystemsareareaswhereelevatedtemperaturedamageneedsfurther
investigation. Among the most studiedresponsesof insectsto heatis the elicitation of
heat-shockproteins.Theimpactof theseproteinson thermo-tolerancealsorequiresstudy.
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Consideringthat, until now, most dates,including the favored Madjoul variety, are
�rst disinfestedby MB fumigationandthendriedwhennecessary, it is expectedthat this
treatmentwill bemostsuitablefor datesthatrequiredryingbeforestorage.Thecommercial
scaletrials showedthattheuseof heatfor insectdisinfestationandcontrolwasevenmore
effective thanthe useof MB. Two critical pointswereidenti�ed at the bottomfront and
rearof the drying duct wheredisinfestationwasnot fully successfulbut thoselocations
representonly a negligible proportionof thequantitiesof datestreated.

With regard to datesthat areharvesteddry from the datepalm andarealreadyat a
moisturecontentsuitablefor storage(suchasthe Deglet-Nourvariety),exposureto heat
would lastnomorethan2 h afterthedateshavereachedthedesiredtemperature.

Sinceconventionaldrying temperaturesfor mostdatevarietiesarein therangeof 45�

to 55� C, applicationof heatappearsto be an encouragingsolution for the treatmentof
datesasa replacementfor MB. This approachwasshown to befeasibleusinganexisting
commercialdrying installation,with nomodi�cation required.
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