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Effectsof PheromoneLoading, DispenserAge,and Trap
Height on PheromoneTrap Catchesof the Oriental Fruit

Moth in Apple Orchards

OrkunB. Kovanci,� ;1 CobySchal,2 JamesF. Walgenbach3

andGeorgeG. Kennedy2

The effectsof �eld aging(0–28days)andpheromoneloadingrateon the longevity of red
rubberseptaloadedwith the sex pheromoneblend of the oriental fruit moth Grapholita
molesta(Busck),wereevaluatedin North Carolinaappleorchardsin 2002. Separate�eld
testsexaminedthein�uenceof trapheightandpheromoneloadingrateof rubberseptaontrap
catchesof adultG.molestamalesin anabandonedorchard.Thelossof themajorpheromone
component,(Z)-8-dodecenyl acetate(Z8-12:OAc), from red rubber septaover a 4-week
periodexhibiteda relatively constantreleaseratewith 30,100and300� g pheromone.Trap
catchwassigni�cantly higherin pheromonetrapsplacedin theuppercanopy thanin thosein
the lower canopy. Pheromonetrapsbaitedwith 100-� g lurescaughtmoremothscompared
with thoseloadedwith 300 � g. Therewas no apparentrelationshipbetweenpheromone
trapcatchandseptaage,with trapcatchappearingto beprimarily a functionof G. molesta
populationdensity.
KEY WORDS:Grapholitamolesta;(Z)-8-dodecenyl acetate;apple;redrubbersepta;release
rate;septadose;trapplacement.

INTRODUCTION

TheOrientalfruit moth(OFM) Grapholitamolesta(Busck)is a key pestof stonefruit
throughouttheworld (32). It hasrecentlybecomeproblematicin apple(Malusdomestica
Borkh.) orchardsin theeasternUSA, especiallyin areaswherepeachandappleorchards
are locatedin closeproximity or in areasfree of stonefruit orchards(13,19). In North
Carolina(NC), OFM completesfour generationsonapplesgrown in monoculture(18)and
it hasbecomeevenmoredamagingthanthecodlingmothCydiapomonella(L.) (20). The
presenceandemergenceof adult OFM malesin appleorchardscanbe detectedby using
pheromonetrapsbaitedwith a four-componentOFM sex pheromone,consistingof (Z)-8-
dodecenyl acetate(Z8-12:OAc), (E)-8-dodecenyl acetate(E8-12:OAc), (Z)-8-dodecen-1-ol
(Z8-12:OH),anddodecan-1-ol(12:0H) (6). Trap catcheshave alsobeenusedfor timing
insecticideapplications,andassessingtheef�cacy of OFM matingdisruption(25,26,30).

Pheromoneluresusedin monitoringtrapsideally shouldreleasean effective doseof
pheromoneat a constantrate throughoutthe trappingperiod(38,39). Controlled-release
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pheromonelures have included cotton dental wicks, rubber septa,polyethylenevials,
laminates,hollow �bers, membranes,andpolymericsystems(13). Rubberseptahavebeen
themostwidely usedsubstratefor thecontrolledreleaseof many insectsex pheromones
(5,40). Flint et al. (10) showed that rubberseptawere an excellent substratefor the
controlledreleaseof gossyplurefor pink bollworm Pectinophora gossypiella(Saunders),
and rubberseptabaitedwith codlemonehave beenthe most commonsubstratefor the
codlingmoth(27).

Theselectionof anappropriatedoseof pheromonein luresis alsocritical for successful
monitoring. Unlike many moth species,OFM is not attractedto high concentrationsof
pheromone(7), andRoelofset al. (29) reportedthatpheromonetrapsusingrubbersepta
baitedwith 200� g of OFM pheromonecaughtsigni�cantly moremalesthantrapsbaited
with 1, 10 or 1000� g in peachorchards.Completearrestof male�ight at dosesof 1000
� g hasbeenobserved(3,33). Therefore,high loadingof OFM luresto extendlongevity
is not anoption. However, althoughstudieswereconductedto evaluatethedoseresponse
of OFM malesto luresbaitedwith variousamountsof sex pheromonein peaches,no such
informationis availablefor populationsof OFM in apple.

The longevity of �eld-aged red rubberseptadependson their pheromonereleaserate
and the initial loading (9,21). Maitlen et al. (21) showed that codlemoneexhibited a
�rst-order releaserate from rubbersepta,where initially a high amountof codlemone
wasreleasedfollowed by a gradualdeclinein the releaserateover time. Basedon their
calculations,they reportedthata 1-mg lure shouldprovide optimal attractionfor codling
moth for up to 4 weeks,whereasa 5-mg lure would remaineffective for more than 4
months.Yet, Kehatet al. (14) showedthatboth the releaserateandtheattractivenessof
1-mg luresdeclinedrapidly after 2 weeksin the �eld. This apparentinconsistency was
attributedto theeffectsof highsummertemperatures.

For reliableOFM monitoring,pheromoneluresshouldbe replacedregularly, usually
every4 weeks(23,28,35,37).However, little informationis availableonfactorsin�uencing
thelongevity of �eld-agedrubbersepta.Usingpheromonelureswithouta full understand-
ing of how the initial pheromonedoseanddispenseragemay in�uence theattractiveness
of lurescouldleadto unreliabletrapcatches(17,36).

Theobjectiveof thisstudywasto determinetheeffectsof �eld agingandinitial loading
on the releaserateandlongevity of OFM pheromonefrom red rubbersepta.In addition,
�eld testswereconductedto determinethe attractivenessof trapsthat were baitedwith
differentamountsof OFMpheromoneandplacedatdifferentheightswithin appleorchards.

MATERIALS AND METHODS

Preparation of lur es Redrubbersepta(no. 1780J07,ThomasScienti�c, Swedesboro,
NJ, USA) wereusedin all experiments.Septawere�rst ultrasonicatedfor 6 h in hexane,
andthenextractedthreetimeswith hexanefor a totalof 24h, andair-driedin a fumehood
for 48h beforeloading.Thisprocedureresultedin cleanseptathatlatercouldbeextracted
for analysisof pheromone. Septawere impregnatedwith 30, 100 or 300 � g of OFM
pheromone(95.5%pure;BedoukianResearchInc., Danbury, CT, USA), which consisted
of 90.4%Z8-12:OAc, 6.1%E8-12:OAc, 1.1%Z8-12:OH,and2.4%inert materials,in 25
� l hexane.Hexane(50� l) wasaddedto aidin thepenetrationof pheromoneinto therubber.
Septawerestoredat –20� C until usedin experiments.
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Evaluation of �eld-aged septa To determinethereleaserateof pheromonefrom rubber
septaagedin the �eld, luresloadedwith differentamountsof pheromonewereplacedin
the �eld. Pre-extractedpheromone-loadedseptawerepinnedwith brasssafetypins (size
00) andattached1 cm apartto wire hangers.Hangersweredeployedat a heightof 1.7m
in an appleorchardat the MountainHorticultural CropsResearchStation(Fletcher, NC,
USA) on 11 June2002for an earlyseasontrial, andon 23 Augustfor a late-seasontrial.
Septawereexposedto naturalweathering.In theearlyseasontrial, a total of 42 septaof
eachdosewereplacedin the orchard;seven septaper dose(30, 100 and300 � g) were
removed 0, 1, 7, 14, 21 and28 daysafter placementin the orchard. For the late-season
trial, which included36septa,six septaperdosewereremoved0, 1, 7, 14,21and28days
after placementin the orchard.After removal from the �eld, septawerestoredat –20� C
until pheromonewasextracted.

To extractpheromone,eachseptumwasindividuallysubjectedto intermittentvortexing
for 90 min in a glassvial containing3 ml of hexaneand 30 � g of hexadecyl acetate
(16:OAc), thelatterusedasaninternalstandard.Theseptumwasextractedagainwith 3 ml
hexanewith shakingfor 90 min. Both extractswerecombinedandcappedwith a Te�on-
lined cap, and storedat –20� C. This combinedextract recovered97.95� 0.54%of the
loadedZ8-12:OAc. For chemicalanalyses,thevolumeof eachsamplewasreducedunder
a gentleN2 streamto � 1 or 2 ml (dependingon initial dose,resultingin approximately
the sameamountof pheromonein each sample)and � 1 � l was injected into a gas
chromatograph(GC). Analyseswereconductedon a HP5890SeriesII GC (Agilent, Palo
Alto, CA, USA) equippedwith a splitlessinjector(250� C) anda �ame-ionizationdetector
(250� C) andinterfacedwith a ChemStation.Thecolumn(HP-5,30 m � 0.32mm � 0.25
� m) wasoperatedat50� C for 2 min, andtheoventemperaturewasincreased20� C permin
to 245� C andheldfor 5 min. Heliumwasusedasthecarrierata �o w rateof 30cmsec� 1.

Field trapping study To determinetheresponseof OFM malemothsto redrubbersepta
loadedwith 100 and 300 � g of pheromone,a trappingstudy was conductedin a 2-ha
abandonedorchardin HendersonCounty, NC, USA, in 2002. A total of 16 Scentrywing
traps(ScentryBiologicals,Billings, MT, USA) wereplacedin theorchardin arandomized
completeblock designwith four replications: eight trapswere placedin the lower and
eight in the upperthird of the canopy. Four trapsat eachheightwerebaitedwith septa
loadedwith 100 � g andfour with 300 � g pheromone.The low trapswereplacedon the
peripheryof treesat eye level (� 1.6m), whereashigh trapswerehungwithin 0.5m of the
top of thecanopy, oftennearthetrunk of a tree.Trapswereplaced50m apart.They were
monitoredweekly from 11 Juneto 7 July in theearlyseasontrial, andfrom 16 Augustto
13 Septemberin the late seasontrial. Trapswererotatedamongtreeseachweekso that
eachtrapappearedat eachtreefor a one-weekperiod.

Data analysis Pheromoneextractiondatawereanalyzedusinga2 (season)x 3 (dose)x 6
(�eld age)factorialexperiment.Theeffectsof pheromonedoseand�eld ageduringthetwo
trial periodsweretestedwith analysisof variance(ANOVA; 34). Fisher's protectedLSD
testwasusedfor meanseparation(P=0.05). Exponentialandlinear regressionanalysis
wasusedto �t the releaseof pheromonefrom septaover time. Theaveragedaily release
rateof Z8-12:OAc from luresduring eachtime interval wasestimatedby calculatingthe
differencein meansex pheromonecontentat thebeginningandendof successive sample
periods,anddividing by thenumberof daysbetweensampleperiods.
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TABLE 1. Orientalfruit mothcaptures(mean� SEM) in pheromonetrapsbaitedwith 100or 300
� g pheromone,andtrapsplacedin the upperand lower canopy in the early and late seasontrials
(HendersonCounty, NC, USA; 2002)

Trial Septa
load(� g)

Trap
height

Mothspertrapz

Week1 Week2 Week3 Week4
Earlyseason 100 Low 0.8(0.3)a 2.3(0.6)a 1.0(0.4)a 0.3(0.3)a

High 3.0(0.9)a 2.8(1.3)a 1.5(0.9)a 1.5(1.0)a
300 Low 1.5(0.5)a 1.0(0.4)a 0.0(0.0)a 1.0(0.6)a

High 0.8(0.3)a 1.5(0.6)a 2.0(0.4)a 0.8(0.5)a
Lateseason 100 Low 2.3(0.5)a 4.0(0.8)a 2.5(1.3)a 4.3(2.0)a

High 3.5(1.2)b 7.0(0.9)b 4.3(1.6)ab 9.3(3.1)a
300 Low 1.3(0.3)b 2.5(0.5)ab 2.0(1.4)b 5.3(2.4)a

High 2.5(0.6)b 2.8(0.8)b 3.3(0.5)ab 7.3(2.1)a
z Within rows,meansfollowedby acommonletterdonotdiffer signi�cantly accordingto Fisher's protectedLSD
test(P< 0.05).Datawereanalyzedusinglog (x + 0.5),but datashown arebacktransformations.

Capturesin pheromonetrapsover the4-weektrappingperiodfor theearly- andlate-
seasontrials were analyzedusing ANOVA. Basedon inspectionof plots of residuals,
data were transformedusing log (x + 0.5) before ANOVA, but data are presentedas
backtransformations.Fisher's ProtectedLSD testwasusedto comparetreatmentmeans
(P=0.05). If thereweresigni�cant interactioneffects,LSMEANS comparisonswereused
to identify theseeffects(34). Becausetherewasa signi�cant interactioneffect between
seasonand�eld agingon trapcatch,theresultsfor �eld agingeffectswerepresentedand
analyzedseparatelyfor eachseason.

RESULTS

Pheromonereleasefr om septa The releaseof pheromonefrom septaloadedwith 30,
100 and 300 � g of the three-componentOFM pheromone(27.1, 90.4 and 271.2 � g
Z8-12:OAc) was bestdescribedby linear regressionsin both the early- (Fig. 1A) and
late-seasontrials (Fig. 1B). The equationswere similar for the two trials (for 30 � g
lures: y=38.7–0.62x[R2=0.73] in the early seasonand y=37.2–0.66x[R2=0.82] in the
lateseason;for 100� g lures: y=121.8–2.36x[R2=0.87] in theearlyseasonandy=114.6–
1.99x[R2=0.82]in thelateseason;for 300� g lures:y=310.3–4.32x[R2=0.62]in theearly
seasonandy=295.1–4.93x[R2=0.74] in the lateseason).Applying anexponentialdecay
function to thesedatafailed to improve the �t for 30 � g and100 � g, andonly improved
the R2 for late-seasonseptaloadedwith 300 � g to 0.76. Therefore,thesedataindicate
relatively constantreleaseratesfrom all luresin bothearly-andlate-seasontrials.

As for totalpheromonereleasedovereachseason,thereleaseratesfrom the30,100and
300� g luresalsodid notdiffer signi�cantly betweenseasons(F=0.11;df=1,110;P=0.74).
Thedifferencesin thereleaserateperday(slopeof thelinearregression,Fig. 1) between
theearlyandlateseasonwere6.5%,18.5%and12.5%for the30, 100and300 � g lures,
respectively. We detectedno signi�cant interactionsbetweenlure doseand�eld agingon
releaserate(F=0.79;df=8, 110;P=0.61).

Field trapping study Total OFM capturesweresigni�cantly higher in the late-season
comparedwith the early-seasontrial (F=61.30; df=1, 97; P< 0.01). The effect of �eld
aging(1–4weeks)wasnot signi�cant averagedover seasons(F=2.25;df=1, 97; P=0.09).
However, therewasasigni�cant interactionbetweenseasonand�eld aging(F=5.36;df=3,
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Fig. 1. Lossof Z8-12:OAc in the�eld from redrubberseptaloadedwith 30, 100and300� g OFM
pheromone(A) in theearlyseasonand(B) in thelateseasonin HendersonCounty, in 2002.Means
andSEMareoffsetfrom theirrespectivedatapointsfor clarity. Linearregressionsaredrawn through
theraw data,not throughthemeans.

97;P< 0.01).Whenanalyzedseparatelyfor eachseason(Table1), therewasnosigni�cant
effectof lureageon trapcatchin theearlyseason(F=2.21;df=3, 36;P=0.10).In contrast,
lureagehadasigni�cant effectin thelateseason(F=6.13;df=3,36;P< 0.01).Signi�cantly
moremothswerecapturedafter4 weeksof lure placementcomparedwith thoseafterone
and3 weekswhenaveragedover trapheightandpheromoneload.

Trapheight(F=14.35;df=1, 97;P< 0.01)andpheromonedosein septa(F=4.73;df=1,
97; P=0.03)werebothsigni�cant factorsaffectingmothcatchin pheromonetraps. Total
moth capturewas signi�cantly higher in pheromonetrapsplacedin the uppervs lower
canopy whenaveragedacrossdosesandseasons(Fig. 2A). Theheighteffectwasconsistent
over seasons,whereasthe heightx seasoninteractionwasnot signi�cant (F=0.43; df=1,
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Fig. 2. Mean(� SEM) cumulative orientalfruit mothcatchesin (A) pheromonetrapsplacedin the
loweranduppercanopy averagedacrossdosesandseasonsand(B) pheromonetrapsbaitedwith 100
or 300 � g pheromoneper septumaveragedacrosstrap heightsandseasonsin HendersonCounty
abandonedorchardin 2002.

97; P=0.51). Pheromonetrapsbaitedwith 100 � g septalures caughtmore total moths
comparedwith 300 � g averagedover both heightsand seasons(Fig. 2B), and this
differencebetweendoseswassigni�cant (F=14.26;df=1, 97; P< 0.01). The septadose
x seasoninteractionwasnot signi�cant (F=0.04;df=1, 97;P=0.85).

DISCUSSION

Our resultsshowedthatrubberseptaloadedwith a three-componentOFM pheromone
blendreleasedpheromonein an approximatelylinear fashionover a 4-weekperiod(Fig.
1). Nevertheless,slightly higher ratesof pheromonereleasefrom septalures generally
occurredduringthe�rst 2 weeks.Thiswasmostevidentamongseptaloadedwith different
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amountsof pheromone.For example,betweendays1 and 7, the averagereleaserates
from 30, 100 and300 � g lures (averagedacrosstrial dates),respectively, were1.0, 3.2
and8.0� g/day(3.7%,3.5%and2.9%of loadeddose),whereasthey weresimilarbetween
days21 and28, being 0.2, 0.9 and0.8 � g/day (0.7%, 0.9% and0.3% of loadeddose).
Similarly, thepheromonereleasefromrubberseptaloadedwith 0.2–20mgof thehoneydew
mothCryptoblabesgnidiella (Milli �ere)pheromone((Z)-11-hexadecenal)wasshown to be
initially constantfor 18days,andthengraduallydeclined(1). Conversely, GutandBrunner
(11) andKehatet al. (14) demonstrateda rapiddeclinein thereleaseratesof pheromone
luresfor codlingmothwithin 2 weeks,but this rapiddeclinewasattributedto thechemical
instabilityof codlemone,aconjugateddienealcohol(4).

Pheromonereleasefrom septaluresis generallyexpectedto behigherwith increasing
temperature(24). However, in our trials ambienttemperaturewasprobablynot a factor
in OFM pheromonereleasefrom septa,becausetemperaturesweresimilar duringthetwo
studyperiods:averagedaily temperatureswere21.2� C and20.3� C during the early and
lateseasontrials, respectively.

Duringtheearlyseasontrial, thehighestmothcountsaveragedoverthetwo trapheights
for eachpheromoneload occurredwhenlureswere2 weeksold, a periodof time when
pheromonereleasefrom lureswashighest,basedon extractionsandgaschromatography.
Whetherthis responsewasdueto septumperformance,changingambienttemperatureor
decliningOFM populationsis unknown. Somestudieshave reporteda decreasingtrend
in trapcatchesof tortricid pestsincludingcodlingmothandEuropeanvine mothLobesia
botranaDen. & Schiff. astheseptumageincreased(2,14,17),whereasothersfound no
relationshipbetweenseptaageandmothcapture(15).

Resultsof the late seasontrial, when total OFM captureswere signi�cantly higher
comparedwith theearlyseasontrial, suggestthatmothresponsedid notdeclinein response
to lure age. During the lateseasontrial therewasa trendof increasedmothcapturewith
lureage.In fact,thehighestmothcaptureswererecordedin trapswhenlureswere4 weeks
old for eachpheromoneload. This waslikely dueto increasingOFM populationslater in
the seasonratherthana positive responseof mothsto aginglures,althoughtheseeffects
could not be separatedin this study. Basedon pheromoneextractionstudies,septawere
releasing� 1 � g/dayduringthis time.

Therelativeef�ciency of pheromonetrapsdependsonfactorssuchasproperplacement
of traps(22). According to our results,OFM trap catcheswere consistentlyhigher in
pheromonetrapsplacedin the uppercanopy. This �nding supportsthe earlier reports
by RothschildandMinks (31) in peachorchardsthat the variationin OFM adult catches
with canopy heightstemmedfrom the matingactivity of mothsin the uppercanopy. An
increasingcatchtrendin theuppercanopy hasalsobeenobservedfor codlingmothmales
in bothpheromone-treatedandnon-treatedorchards(8,16). However, althoughhigh load
codlemonelures(10 mg) wereshown to outperformlow load lures(1 mg) (8), high load
OFM lures(300� g) did not improvethecatchingef�ciency of traps.Onthecontrary, traps
loadedwith 100� g of OFM pheromonecaptureda greaternumberof mothsthan300� g
luresin this study, asreportedpreviouslyby Bakeretal. (3).

In conclusion,redrubberseptaloadedwith 100� g and300� g OFM pheromoneeffec-
tively monitoredOFM over a 4-weekperiodin appleorchards.Currentrecommendations
areto replaceOFM luresevery 4 weeks(23,28,37).Basedon releaserates,which were
determinedto be < 1.2 � g/day betweendays21 and 28 in this study, pheromonelures
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arelikely to remaineffective for at least6 weeks. However, further �eld studieswill be
requiredto con�rm theseestimates.
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