ENTOMOLOGY S. Finkelmanetal. (2006)Phytopaasitica34(1):37-48

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

S.Finkelman? S.Navarro! Miriam Rindnet andR. Diast

Heattreatmenbf datesat the time of hanest,wasexaminedasan alternatve to fumigation
with methylbromide,which hasbeenphasedutin Israelunderthe Montreal Protocol. In
laboratorystudies,the in uence of 40 , 45 , 50 and55 C on the levels of disinfestation
andmortality of Carpophilushemipterudarvae wasexaminedover a 2-h exposureperiod.
The ratio of the numberof insectsfound outsidethe feedingsitesto the total numberof
insects,was greatestat 50 C (92.3%), signi cantly greaterthanat 40 and55 C. At 50
and55 C, 100% mortality was obtained.Sincedrying temperaturefor mostdatevarieties
is betwee5 and50 C, andbecausgercentisinfestatiorandcontrolwasmosteffective
at50 C, these ndings wereexaminedunder eld conditions. Field trials were carriedout
at a commercialdrying stationwherethe crateddatesare placedon the groundinside a
plastic-cladhothouse. The stackswere coveredwith plasticliners to form “drying ducts'
throughwhich heatedair wassucled usingfanspositionedat the oppositeendof the ducts.
It was shavn that from 1 to 2 h were requiredfor the datesto reachthe settemperature
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
infestationsshaved that successfulcontrol and emigrationwere obtained. This method
producedresultscomparableo thoseobtainedwith methyl bromide fumigation, and was
suitableasareplacementechnologyfor infestationcontrol.

KEY WORDS:Dried fruits; nitidulid beetles:heat;insectcontrol; methyl bromidealterna-
tives.

INTRODUCTION

In Israel,the datevariety Madjoulis very popularbecausef its large size,texture,and
particulartaste. Consequentlyits cultivationis on theincreaseparticularlyin the Jordan
Valley, wheretechnologieon maturationanddrying, employing solarenegy, have been
developedandpracticedJ. Kanneretal., 1998,Annu. Rep.to IsraelMin. of Agriculture,
Res. Projectno. 416-0435-97).However, eld infestationsof nitidulid beetlesn all date
varietiesposeaseriouscontaminatiorproblemwhichmaycompromisexports. Until now,
this problemhasbeenaddresseduccessfullyusing the fumigantmethyl bromide (MB).
Its usehasbeenmandatoryin Israel, particularly becauset causesa high proportionof
larvaeandadultsto emigratefrom the fruit beforethey succumb(5,15;S. Navarroetal.,
1989, Final Rep. BARD Projectno. 1-1095-86). This emigrationphenomenoiis no less
importantthanthe toxic effect of the treatmentpecausaminimum acceptancéolerances
have beensetfor the presencef bothdeadandlive insectsn driedfruits.
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For severaldecade$/B hasbeenamainstaytreatmentokill awide arrayof quarantine
pestsaswell asthoseencounteredh orchardspackinghousesandfood plants. However,
this potentfumigantis now associateavith depletionof the Earth's ozonelayerand,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)countriesgxceptfor quarantineandpre-shipmenfumigations.Nevertheless,
theMethyl BromideTechnicalOptionsCommitteg MBT OC) of theUNEP (17)recognizes
theproblemof MB phase-ouin Non-Article 5 countriesand,in consequencdyasrecently
publisheda handbookon Critical Use Nominations(CUNs) for MB (16). This s to help
partiessubmitrequestsor exemptionson a yearly basisundercircumstancesvhereno
technicallyor economicallyfeasiblealternatve treatmento MB yet exists. However, the
partiesthatsubmitthesenominationsmustdemonstratéo the evaluationpanelthatthey are
makingintenseeffortsto searcHor suitablealternatves. The presenstudywasconducted
for the expresspurposeof nding sucha feasiblealternative for the disinfestationand
controlof insectpestsn drieddates.

The only other universally available fumigantfor control of durablecommoditiesis
phosphing(PHs). Regrettably althoughPH; is a very usefulfumigant,it is slow acting,
it hasnot beenshavn to causeinsectsto emigratefrom the dates(disinfestation),and
insectdn variouscountrieshave developedresistanceo this gas(18,19).Othertreatments
have beenexaminedfor their disinfestationeffect (1,5-7,14;S. Navarro et al., 1989)
including the useof high carbondioxide concentrationslow oxygenconcentrationsand
low pressures Although all threetreatmentsdo causehigh levels of disinfestationthey
arenotreadily suitablefor practicalapplicationat the point of entryinto the datepacking
housesIn contrastalthoughhigh temperaturebave beenstudiedfor insectcontrol, their
capacityto producedisinfestationhasnot beeninvestigatedoreviously, even thoughthe
useof heatis alreadypartof the postharesthandlingprocedurelf shavn to be effective,
disinfestatiorby heattreatmenmight beapplicableat the datedrying stage.

The use of heathasbeenrevived as a potential alternatve to MB in a variety of
situations. Insectpestsof storedproductssurvive and multiply over narrav rangesof
temperaturesFor eachspecieghereis a minimum and maximumtemperatureat which
it is ableto develop. At certainlow temperaturesoviposition and larval grownth cease;
andat speci ¢ high temperatureggg sterility occursand mortality increases.The lower
andupperlimits andoptimaltemperaturesf mostof theimportantstored-producspecies
have beenstudiedand are well known. Howe (12) lists minimum and optimum critical
temperatur@andhumidity rangedor themajorgrainstoragensects.

Heattreatmentsnainly againstinsectpestsof storedgrainand our have beenstudied
in the laboratory(7—10) and implementedin the eld (3,11). With regardto the dried
fruit industry heattreatmentsarenot presentlyrecognizedasa recommendegrocessor
disinfestationLaboratorystudieshy LindgrenandVincent(13) shavedthatto obtain90%
mortality of adultnitidulids, exposureto 49 C for 4 to 20 min wasneededdependingipon
theambientelatve humidity. Al-Azawi etal. (2) shovedthatunderlaboratoryconditions,
adultsof the dried fruit beetle,CarpophilushemipteruqL.), aretolerantto heat,andthat
exposuresirom 25 to 60 min at 50 C are requiredto achieve completemortality. They
foundthatfor completemortality of all stagef Cadra cautellaon storeddates exposure
to 60 C for 33 min wasrequired(1). However, studiesthat considemot only control but
also emigrationof nitidulid beetlesfrom datesusing heatduring the drying processare
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lackingin theliterature.In thedrying procesof thedateindustrytemperatureareusually
keptmoderatg35 to 55 C) to avoid damageFor example,temperaturesisedfor drying
the Madjoul variety in Israel should be kept within the rangeof 45 to 55 C to avoid
discolorationanda blisteringeffectthatseparatethe skinfrom the esh of thefruit.

We considerherethe possibility that heattreatmentmay be effective in producing
both emigrationand control of nitidulid beetlesin dates. The study evaluatesthe results
of laboratoryexperimentsusing C. hemipterus followed by eld trials to integratethis
technologyinto the existing datedrying proceduresn Israel.

MATERIALS AND METHODS

LABORATORY EXPERIMENTS

Theinsects Individualsof Carpophilushemipterud.. werecollectedrom infesteddates.
The beetleswere rearedin a rearingroom at 26 C and 75% r.h. on an arti cial diet
composedf 1 | water 1259 cornstarch90 g glucose,44 g sugar 50 g brewer's yeast,
18 g agarextract, 3.1 ml propionicacid and 1 g methyl 4-hydroxybenzoate 10 ml of
ethanol. Cultureswere setup by placing adult beetlesin 200 ml jars containingabout
1509 of food mediummixedwith savdust. Following 2 daysof oviposition, adultswere
removedandtheinsectsvererearedn thesdarsuntil requiredfor the experiment.Larvae
6—8daysold wereremovedfrom the culturesfor the exposuretests,asneeded.

Although both adultsandlarvae may be found within infesteddates,it wasshavn in
preliminary obsenationsthat adult mortality is more sensitve to high temperaturesand
thatemigrationof adultswasgreaterthanthat of larvae. Consequentlyonly larvaewere
usedin thelaboratoryexperiments.

In previousstudieg(5,6; S. Navarroetal., 1989)the high variancein infestationlevels
of datesin the laboratoryposedsigni cant limitations in usingdatesfor experimentson
disinfestation.Therefore the effectivenes®f anarti cial feedingsite wascomparedvith
that of naturally infested datesand 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 culture mediumand transferredo the arti cial feedingsites24
h beforeexposureto the differenttreatments.All larvaethat had not penetratednto the
feedingsiteswere thenremoved immediatelyprior to exposure. The feedingsitesto be
usedin the experimentswere cut out from the petri dishes.Basedon examinationof 420
feedingsitesusedin the tests the averagenumberof larvaewas3.7 perfeedingsite.

Experimentation Tenfeedingsites,eachcontainingup to four larvae,wereintroduced
into the exposurechambersconsistingof 2.54 | desiccators. Each exposurechamber
(desiccator)usedin the treatmentssened as a replicate. Thesechamberswere placed
in thermostaticallycontrolledincubators. Temperaturesf 40 , 45 , 50 and55 C were
testedfor determiningthe effect of percentdisinfestatiorandmortality of larvae. Prior to
the exposureexperimentsfeedingsiteswereplacedin the chambersnto which hadbeen
insertedthermocouplegonnectedo temperaturdoggersin orderto determinethe rates
at which the feedingsitesreachthe targettemperaturesFor eachtreatmentan exposure
time of 2 h afterthe feedingsiteshadreachedhe testtemperaturewasemployed. This
exposuretime was chosenbasedon the ndings of Fields(8) andafter preliminarytests
shavedthatat this duration,mortality took placewithin the choserrangeof 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
percenmortalitywascalculated From4 to 13replicatef theseexperimentsveremadeat

eachtemperatureThe dataobtainedwereanalyzedusinga one-way analysisof variance,
and signi cance of differencesbetweenthe meanswas analyzedby the leastsigni cant

differencetest.

FIELD TRIALS

The eld trialswerecarriedoutin thedryingfacility of the TimuraCompaly locatedat
the agriculturalcooperatie Moshar Meholain the northernJordanvalley during October
2003. Herewe reporton two eld experimentsusing arti cially infesteddates. The
experimentsvereconductedn orderto evaluatethe ef ciency of thetechnology A third
trial wasconductedn naturallyandheavily infesteddatesrecevvedfrom dateplantations.

The drying facility Thefacility consistedf a polyethyleneclad hothouset0 m long
10mwide 3 m high,speciallypreparedor large-scaleommerciadrying of dates(Fig.
1). The hothousecanaccommodateip to 12 rows of stacled datespositionedin-parallel
acrosghe hothouseandcoveredover their top andsideswith polyethylendinersto form
drying ducts(a). Eachrow consistf ten pallets,arranged ve palletslengthwiseandtwo
palletsacross.Eachpalletholdscratesstaclked 20 layershigh with ve crates(40 60
10 cm) perlayer Eachcrateholds 3 kg of datesonelayer deepof the variety Madjoul.
Thus,a standardow consistingof tenpalletsholds3 tonsof dates.Oneopenfaceof each
row (b) is setoppositethe hot air outletduct runningalongonewall, while a large axial
fan (c) is positionedagainstthe oppositeopenfaceof therow (d) leaving a walk-around
distanceof approximately50 cm from the facing wall of the hothouse. For the drying
procedureaheatern(e) consistingof achambeequippedvith electricalheatingelementss
usedto raisethe ambientair temperaturavhenneededandis controlledby a thermostat.
Theair is directedthrougha polyethylenesleere distribution duct (f), 60 cm in diameter
alongtheouterwall of the hothouseOutletsin thedistribution duct(g) 30 cmin diameter
positionedoppositeeachrow, enablethe hot air to be divertedinto the drying ducts. The
fans(c) setagainstthe opposingfaceof the drying ductscreatean air- o w throughthe
crateddatesinsidethe ducts. Thefancasingmeasured.38 1.38m, thefandiameteris
1.28m, andfanspeci cationis 1.5HP, 1.1 KW. The whole systemtakesadvantageof the
ambientsolarheatduringthe hanestseasonsupplementethy a heaterto compensatéor
dropsin temperatureluringthe coolertimesof the dayandnight.

This centralizedsetupis a recent developmentof the original method whereby
maturationand drying of the Madjoul dateswere achieved by stackingcrateddateson
palletsto a heightof 2 m. The stackis thensealedwith “shrink' sheetingexceptfor entry
and exit aperturesat the bottomandtop, respectiely. The stackis exposedto vertical
corvectioncurrentscausedy solarheatedair within the column (the chimney effect) (J.
Kanneretal., 1998). WhenMB fumigationswerecarriedout,thedateswvere rst fumigated
in achambemndthentransferredo thedrying facility.

Datesfor bioassay RipeandintactMadjoul dateswereselectedandarti cially infested
with C. hemipterudarvaein the laboratory For eachsamplingsite, 30 to 50 dateswere
placedin a standardcrate,which wasthen placedover anotherempty cratelined with a
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Fig. 1. Schematiaciagramof thedatedrying hothousea, drying ducts;b, openfaceof arow; c, axial
fan;d, oppositeopenfaceof arow; e, heaterf, distribution duct;g, outletsin distribution duct.

white plasticliner. The infestationlevel of thesedateswasapproximatelyteninsectsper
date.Thesedouble-cratesveretheninsertednto the staclkeddatesn thedrying ductatthe
following four pointsestimatedo be of critical importance:front-top, front-bottom,rear

top andrearbottom,where front' refersto the fan endand ‘rear' refersto the opposite
end.All theseperipherabointswerecritical becaus¢hey weresuspectetb beoutsidethe
region of directair- o w. Mappingof air- o w ratesat the fan endshowved that for points
within thefandiameteyratesfrom 13.1to 14.6m sec ! wererecordedwhereador points
outsidethe fan dimensions,o w ratesrangedfrom 3.2to 8.6 m sec 1. At theendof the
2-h 50 C exposureperiod,thesedouble-cratesvere removed from the drying duct. The
numberof deadandlive larvaecollectedin thelower cratesvascountedandeachtestdate
wasopenedandexaminedfor deadandlive larvae. The dataobtainedwerethenanalyzed
for disinfestationgevelsandmortality.

Natural infestations The third trial wasconductedo evaluatethe disinfestationlevels
andmortality of naturalinfestationsduringthe drying procedureFor this purposea white
plasticsheet7.2 m? in areawasplacedundersix palletswithin a drying duct. At theend
of the drying periodof 72 h which includedthe 2-h disinfestationtreatmentat 50 C, the
removedlarvaewerecollectedfrom the plasticsheetingandalsodatesampledrom eight
cratesweretakenfor analysisof disinfestatiorandmortality. Dueto the large numbersof
insectscollectedon the sheetingtheinsectsvereweighedandweightfactorswereapplied
to obtainapproximatenumericalcounts.

Temperaturemonitoring Fortrials1 and2 thedryerthermostawassetto turntheheater
off at50 C. Temperaturéoggerswereplacedin eachinfestedcrate(situatedat peripheral
pointssuspectedo be mostvariablein temperature)andthesewererecoveredaftereach
trial and downloadedin the laboratory Data-loggerdHOBO Pro Series)also recorded
ambientemperaturemsideandoutsidethe hothousehroughouthedrying period.
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RESULTS

LABORATORY EXPERIMENTS

Temperaturetime-delay Thetime-delayrequiredfor thearti cial feedingsitesto attain
thetargettemperaturdrom the initial ambienttemperaturef 26 C, was 60 min for all
thetemperaturetested.Thisis illustratedin Figures2 and3, similar curvesbeingobtained
at othertemperatures.However, it can be seenthat temperaturesvithin the siteswere
alwaysl to2 Clowerthanthenominaltesttemperature

Fig. 2. Thetime-delayrequiredfor thearti cial feedingsiteto attainthetargettemperaturef 45 C
from theinitial ambienttemperaturef 26 C.

Disinfestation Table 1 shaows that the highest disinfestationvalue was obtained at
exposureto 50 C and averaged92.3%, whereasat 55 C signi cantly lower (72.8%)
disinfestationvasobtainedn comparisowith theresultat50 C. Exposurego 26 C sened
ascontrolthatresultedin 37.4%of the larvaeabandoninghe feedingsite during the test.
One-vay analysisof variancefor disinfestatiordatain Tablel resultedn anF ratio value
of 25.02.

Mortality = Thehighestmortalityvaluesreached 00%andwereobtainecat50 and55 C
(Tablel). At 45 C, mortality rangedfrom 24.5%to 65.2%,whereasat40 C no mortality
wasrecorded.One-way analysisof variancefor disinfestatiordatain Table 1, resultedin
anF ratiovalueof 371.08.
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Fig. 3. Thetime-delayrequiredfor the arti cial feedingsiteto attainthetargettemperaturef 50 C
from theinitial ambienttemperaturef 26 C.

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

Temp.( C) No. of Replicates Disinfestatiof Mortality¥
Mean(%) S.EX Mean(%) S.EX
26 13 37.4 3.16 0.9 1.7
40 7 48.4 4.3 0.0 23
45 6 72.9 4.6 43.7 25
50 4 92.3 5.7 100 3.1
55 4 72.8 5.6 100 3.1

2 Analysisof variancefor disinfestatiordatawas: df andmeansquarefor modelwere4 and3240.9 respectiely.
df andmeansquarefor errorwere29and129.5 respectiely; F ratiowas25.02.

Y Analysisof variancefor mortality datawas: df andmeansquareor modelwere4 and14374.4 respectiely. df
andmeansquarefor errorwere29 and38.7,respectiely; F ratiowas371.08.

X Standarcerrorsarepooledestimate®f errorvariance.

FIELD TRIALS

Date temperatures Temperaturedataderived from datalogger compilationsin trial 2

are givenin Table 2, and are also representatie of resultsobtainedin the other trials.

Thesedataindicatethatthetargettemperaturef 50 C wasnotachievedin theseperipheral
regionswithin 1 h after the introductionof the datesinto the dryer. In theseperipheral
regions, temperaturesverefrom 2 to 3 C lower thanthe targettemperature. Although
therewasadelayin temperatureise, thetargettemperaturesereapproachedvith adelay
of approximatelyhalf an hour The mostproblematicregion was closeto the fan at the
bottom,probablydueto alow air- o w rateatthis point.
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TABLE 2. Temperaturesecordedat bioassaysamplingsitesduring trial 2, after 1 h pre-heating
period,with thermostasetat50 C

Time Temperaturé C)
(min)
Topfront Bottomfront Toprear Bottomrear Ambientair
insidethedate insidethedate insidethedate insidethedate 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 48.0 445
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

ZNot recordeddueto power failurefor 20 min.
Y Thermostatvasraisedto 53 C for 20 min.

Disinfestation levelsand mortalities in trials 1 and 2 Resultsof the bioassaysarried
outin trials 1 and?2 at critical testpointsthat were suspectedo be outsidethe region of
directair- o w, aregivenin Tables3 and4. Bioassay®f theinfesteddatesresultedn total
emigrationand mortality of larvaeat the top layersof the drying row. For the datesthat
were placedin the lower peripheralregion, whereit was found that air- o w rateswere
lower, theseslight differencesllowed survival of larvaeat the endof boththe 3 hand4 h
exposures.

Disinfestation levels and mortalities in the trial using naturally infesteddates The

countsof insectsrecoveredfrom beneaththe cratedstacksat the end of the datedrying

procedurearegivenin Table5. Fromthesecountscalculationof theinitial infestationwas
made.At the endof thedrying period,of the eightsamplesachcontainingapproximately
50 dates,only one samplecontainedthree infesteddatestotaling 22 deadlarvae. This

samplewaslocatedat the bottomof the stack.

DISCUSSION

In an earlierstudyon the effect of MB on disinfestatiorand mortality (5), the highest
level of disinfestationobtainedwith C. hemipterusand Carpophilusmutilatuslarvaedid
not exceed90%. Therefore,the disinfestationlevel (92.3%) reachedin the laboratory
experimentf our study(Tablel) arein line with thebestknown methodfor disinfestation
using MB. This effect was further supportedin eld trials using laboratory naturally
infesteddateqTables3 and4). Thefumigationconditionsfor this disinfestatiorlevel were
16 mg! ! for a4-hdurationat26 C. With regardto mortality usingMB, Donahayeand
Navarro(4) shovedthatfor C. hemipterudarvae,exposedor 2 hto MB at26 C,22.4mg
|  wasrequiredto obtain95% mortality (LD gs). Mortality dataprovidedin Table1 also
shaw thatcompletecontrolof the beetlelarvaecanbe achieredattemperaturesf 50 and
55 C. Thelow disinfestatiorandmortality levelsrecordedat the extremitiesof thedrying
tunnel(Tables3 and4, bottomfront andrear)werederivedfrom the poor air distribution.
Air o w ratesrecordedn theseareasof the drying tunnelwere neggligible comparedo 1
to 2 m sec ! measuredt the centerinside the tunnel. To overcomethis problem,the
compary hasalteredthe air o w con guration at thesecritical pointsto enablebetterair
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TABLE 3. Disinfestationlevelsandmortality of Carpophilushemipterudarvaeafter3 h at50 C atfour sitesin thedrying ductin trial 1 usinglaboratory
infesteddatesthatsernedashioassay

Locationof samplein No. of dates No. of insects No. of insects Datescontaining Disinfestatior%  Disinfestatior®  Mortality % of

thedryingducts experimentally removedfrom thatremainedn insectsafter of thetotal of thedates insectghat
infested thedates thedates treatment insect remainedn the

population dates

1 (topfront) 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 (toprear) 35 0(248) 0(8) 5 100 96.9 100

4 (bottomrear) 30 2(117) 61(0) 10 59.1 66.1 0

ZLiveinsects(in parenthesesleadinsects)

TABLE 4. Disinfestationlevelsandmortality of Carpophilushemipterudarvaeafter4 h at50 C atfour sitesin the drying ductin trial 2 usinglaboratory
infesteddatesthatsernedashioassay

Locationof samplein No. of dates No. of insects No. of insects Datescontaining Disinfestatior%  Disinfestatior®%  Mortality % of
thedryingducts experimentally removedfrom thatremainedn insectsafter of thetotal of thedates insectghat
infested thedates thedates treatment insect remainedn the

population dates

1 (topfront) 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 (toprear) 35 0(475) 21(17) 6 100 96.9 100

4 (bottomrear) 30 0(370) 61(0) 16 59.1 92.6 0

ZLiveinsectg(in parenthesesleadinsects)



TABLE 5. Insectsrecordedafter 72 h drying on 7.2 m? liner placedbeneattsix palletsof crated
dates

Insect Insectson oor Insectskg 12
Carpophilusmutilatusadults 6,451 3.6
Carpophilushemipterusadults 1,873 1.0
Epuraea(Haptoncus)uteolaadults 208 0.1
Carpopbhilusspp.larvae 12,276 6.8
Lasiodermaserricorneadults 209 0.1
Tribolium castaneunadults 4 0.002

T. castaneuntarvae 8 0.004
Cryptolestesp. adults 3 0.002

Total 20,791 11.6

2 Originalinfestationbasedn 1,800kg stacled on six palletsabove theliner, eachholding 100 cratescontaining
3 kg datespercrate.

distribution. No subsequentrials with infesteddateswere carriedout by the authorsof
this study However, verbalreportsby the compaly on the following dateharestseason
indicatethatcorrectionof air o w con gurationsolvedthis problem.

Carpophilus hemipteruswas selectedas the test insectin the presentlaboratory
experimentsto explore the responseof this specieso heat. As canbe seenin Table5,
the dateswerenaturallyinfestedby threenitidulid speciesandC. mutilatuswasthe most
numerougollowedby C. hemipterusalthoughthis wasnot alwaysthe case . Theintensity
of infestationby a speci ¢ speciesmay vary during the seasorandis in uenced by the
locationof the dategrove. Lasiodermaserricorne the tobaccobeetle,is known to infest
dried fruit andalsoto initiate infestationdgn the eld. Therecordsof low infestationsof
Tribolium castaneunandCryptolestesp. areparticularlyinterestingin thatthesespecies
aregenerallyregardedaspostharestpests.

Althoughpostharestquarantingreatmentsisinghigh temperaturehave beenstudied
on various commodities,this is the rst study of datesto evaluatethe emigration of
nitidulid beetlesfrom the fruit. Dateswereusedin this studybut a rangeof commodities
couldbe consideredstamgetswhereemigrationof otherinsectpestswould be bene cial.
However, the effectivenessof heattreatmentagainstother stored-producinsectsmay
vary considerablyand a betterknowledgeof heatsensitvity of both the insectsandthe
commodityis desirable In this laboratorystudya heatingtime of 60 min wasnecessary
before the temperatureeachedits target level. This heatingtime may also affect the
emigrationrate of the larvae. Respirationasto be expected,s alsoaffectedby heat. As
thebodytemperaturef the insectincreasesthereis a concomitanincreasen respiration
up to anuppercritical thermallimit. It hasbeensuggested5) thatasthetemperaturgises
above its optimum level and larval metabolismacceleratesthe insectentersa condition
of stresscharacterizedby involuntarymuscularcontractionghatcausethe leglesslarvato
leave its feedingsite andeventuallyfall from the date. We foundthat50 C producedhe
highestdisinfestationlevel (92.3%)whereasat 55 C a disinfestationlevel of only 75%
wasreachedpossiblybecauset that highertemperaturenortality is morerapid andthe
insectsdie beforethey are able to escaperom the dates. Theseeffects of heaton the
nenousandendocrinesystemsareareasvhereelevatedtemperaturelamageneeddurther
investigation. Among the most studiedresponse®f insectsto heatis the elicitation of
heat-shoclproteins.Theimpactof theseproteinson thermo-tolerancalsorequiresstudy
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Consideringthat, until now, most dates,including the favored Madjoul variety, are
rst disinfestedoy MB fumigationandthendried whennecessanyit is expectedthatthis

treatmentvill bemostsuitablefor dateghatrequiredrying beforestorage Thecommercial
scaletrials shavedthatthe useof heatfor insectdisinfestatiorandcontrolwasevenmore
effective thanthe useof MB. Two critical pointswereidenti ed at the bottomfront and
rear of the drying duct wheredisinfestationwas not fully successfubut thoselocations
represenbnly a negligible proportionof the quantitiesof datestreated.

With regardto datesthat are harvesteddry from the datepalm and are alreadyat a
moisturecontentsuitablefor storage(suchasthe Deglet-Nourvariety), exposureto heat
wouldlastno morethan2 h afterthedateshave reachedhedesirectemperature.

Sincecorventionaldrying temperaturefor mostdatevarietiesarein the rangeof 45
to 55 C, applicationof heatappeardo be an encouragingsolutionfor the treatmentof
datesasareplacementor MB. This approachwasshown to be feasibleusingan existing
commercialdryinginstallation,with no modi cation required.
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