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Effectsof Application Rateand Inter val on the Ef�cacy of
SprayablePheromonefor Mating Disruption of the

Oriental Fruit Moth Grapholitamolesta
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Theef�cacy of microencapsulatedsprayablepheromonewasevaluatedat differentapplica-
tion ratesandintervals for matingdisruptionof the orientalfruit moth,Grapholitamolesta
(Busck), in apple orchardsduring 2002. The following treatmentswere arrangedin a
randomizedcompleteblock designwith three replications: (i) a low rate of pheromone
(6.2 g a.i. ha� 1) appliedat 14-dayintervals, (ii) a mediumrateof pheromone(12.4g a.i.
ha� 1) appliedat 28-dayintervals, (iii) a high rateof pheromone(24.7g a.i. ha� 1) applied
at 28- dayintervals,and(iv) a non-pheromonecontrol (insecticidesonly). Thecombination
of a single insecticideapplicationagainst �rst generationG. molestaat petal fall with one
pheromoneapplicationeachfor the second,third andfourth generationsat 12.4–24.7g a.i.
ha� 1 successfullycontrolledlow populations.Pheromone-treatedblockshadsigni�cantly
lower trap catchesthanthosein the insecticide-treatedcontrol blocks. Among pheromone
treatments,signi�cantly moremothswerecaughtin the6.2gcomparedwith the12.4and24.7
g rates.Fruit damagewas< 1% at harvestandtherewereno signi�cant differencesamong
treatments.Low ratefrequentapplicationsof sprayableformulationappearedto beeffective
underlow pestpressurebut ef�cacy declinedwith increasingpopulations.Furtherstudiesare
neededto demonstratetheeffectivenessof thisapproachunderhigherpestpressure.
KEY WORDS:Grapholitamolesta(Busck);orientalfruit moth;matingdisruption;sprayable
pheromone;integratedpestmanagement;apples.

INTRODUCTION

The oriental fruit moth (OFM), Grapholita molesta(Busck),haslong beena serious
pestof peaches,with only sporadicinfestationsobserved in applesthroughoutthe world
(19). However, it hasrisento akey peststatusonapplesin theeasternUSA in recentyears
and464 loadsof appleswererejectedbecauseof thepresenceof live OFM larvaewithin
fruit in Pennsylvaniain 2000(11). Thereasonfor thesuddenriseof theOFM onapplesis
unknown, but theincreaseduseof morenarrow-spectruminsecticidesdueto FoodQuality
ProtectionAct restrictionsby theUnitedStatesDepartmentof Agricultureandresistance
to organophosphateinsecticidesmayhavecontributedto theproblem(17,24).

Four generationsof OFM occurper yearon applesgrown in monoculturein western
North Carolina(NC). OFM populationscan sustainthemselves in applesalonein NC,
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wheretherearenonearbystonefruit orchardsor otherfruit cropsasalternativehosts(14).
Chemicalcontrolof theOFM hasbeeninsuf�ciently effectivein many locationsbecauseof
thelongandcontinuouspresenceof ovipositingOFM adultsduringAugust–September(2).
Most insecticidesdo not provide thenecessaryresidualactivity to allow growersto spray
later-maturingvarietiesin mid-August,and this is presumablythe reasonfor the higher
incidenceof live larvaein appleslater in the season.The increasingimportanceof late-
seasonOFM damageon applehasincreasedinterestin theuseof alternative management
tacticsthathaveprovedsuccessfulin controllingthispestin stonefruit.

Mating disruption,thereleaseof largeamountsof syntheticinsectpheromoneinto the
croppingenvironmentto preventor reducesexualcommunication,hasprovento beaviable
alternative for controlof many tortricid pestsin anumberof cropsincludingcodlingmoth,
Cydiapomonella(L.) in pears(15)andapples(1); EupoeciliaambiguellaHübner(25)and
LobesiabotranaDen.& Schiff. in grapes(21); andOFM in peaches(19) andapples(14).
Severaltypesof pheromone-dispensingsystemshavebeendevelopedfor matingdisruption
including hand-applieddispensers,paraf�n emulsions,andmicroencapsulatedsprayable
formulations(12). Sprayableformulationsconsistof a blendof pheromoneencapsulated
in 15–150� m polymermicrocapsulesthataresuspendedwithin a liquid carrier. Following
the applicationof sprayablepheromone,thesecapsulesadhereto the leavesandfoliage.
Oncedried, thecapsulesbegin emittingsmallamountsof pheromonethroughoutthe tree
canopy (26).

Theef�cacy of microencapsulatedsprayablepheromonefor matingdisruptionof OFM
was �rst evaluatedby Gentry et al. (9). Small-plot studieswith microencapsulation
formulationof 5 g OFM pheromone+ 15 g dodecyl alcohol/hacontainedwithin gelatin-
basedmicrocapsules(50–250� m diameter)resultedin suppressionof adult trapcaptures
for 2 weeks. Later, water-basedmicrocapsules(15–60� m diameter)containing20% of
OFM pheromoneand80%inert ingredientssuchasstickers,spreadersandUV-protectants,
weretestedagainsttheOFM to increasethelongevity of sprayablepheromonein the�eld
(10). Gut and Wise reportedthat improved sprayableformulationsappliedat a rate of
19–37a.i. g ha� 1 greatlyinhibitedmothcapturein pheromonetrapsup to 3 weeks(10).
Recently, sprayablepheromoneproductshave beensuccessfullyusedfor the OFM and
many othertortricid pests,includingRhopobotanaevana(Hübner),Sparganothissulfure-
ana(Clemens),Cydiapomonella(L.) andEndopizaviteana(Clemens)(5,8,16,22,23).

Thehigh costof matingdisruptionrelative to conventionalinsecticidemanagementis
a major impedimentto its morewidespreadadoption(18). Oneway to reducethe cost
of sprayablepheromoneapplicationis by usinglower dosagerates. In addition,frequent
applicationsof low ratesof sprayablepheromonecould improve the ef�cacy of mating
disruptionby maintaininghigh levelsof pheromonetiter throughouttheadult�ight period.
However, little is known aboutthe effectsof applicationratesand intervals on the �eld
performanceof sprayablepheromoneformulations. The objectivesof this studywereto
(i) comparethe ef�cacy of differentratesof sprayablepheromoneformulations,and(ii)
evaluatetheuseof low ratefrequentapplicationsof sprayablepheromonefor management
of theOFM in apples.

MATERIALS AND METHODS

Study sites Large block trials werecarriedout in threecommercialappleorchardsin
HendersonCounty, NorthCarolina(USA) in 2002.Theexperimentwasconductedusinga

Phytoparasitica33:4,2005 335



randomizedcompleteblock designwith threereplications(orchards).TheCostonorchard
wasa 10.5-hablock of `GoldenDelicious' and`RomeBeauty' apples,andwasdivided
into a 4 ha conventional insecticideblock, and threesprayablepheromoneblocks each
approximately2–2.5hain size.TheDaltonorchardwasa7.5-hablockof GoldenDelicious
applesthat consistedof threeadjacentblocks. Locatedapproximately500 m from these
plotswasan insecticide-treatedblock. Eachtreatmentblock wasapproximately2.5 ha in
size. The Marlowe orchardwasa 10-hablock of RomeBeautyapples,andwasdivided
into four plotsrangingin sizefrom 2 to 3.2ha. Onetreatment(12.4g rate)wasseparated
from othertreatmentsby a shrubberyarea,composedmainly of kudzuPueraria montana
(Lour.) Merr. var. lobata(Willd.) MaesenandAlmeida,easternpoisonivy Toxicodendron
radicans(L.) KuntzeandfalsepoisonsumacRhusmichauxiiSarg.

Description of treatments The ef�cacy of OFM sprayablepheromone(PhaseV, 3M
CanadaCompany, London,ON, Canada)containing18.6%Z-8-dodecen-1-ylacetate(Z8-
12:Ac), 1.2% E-8-dodecen-1-ylacetate(E8-12:Ac),0.2% Z-8-dodecen-1-ol(Z8-12:OH)
and 80% inert ingredientswas evaluatedat different applicationratesand intervals. In
eachorchard,thefollowing treatmentswerecompared:(a) a low rateof pheromone(6.2g
a.i. ha� 1) appliedat 14-dayintervals; (b) a mediumrateof pheromone(12.4g a.i. ha� 1)
appliedat 28-dayintervals; (c) a high rate of pheromone(24.7 g a.i. ha� 1) appliedat
28-dayintervals;and(d) a non-pheromonecontrol(insecticides).All blocksweresprayed
with carbaryl(Sevin 50WP, 80WPSand/orXLR, Aventis,ResearchTrianglePark, NC,
USA) to control the �rst generationOFM larvaeat petalfall (14). Sprayablepheromone
wasappliedby growercooperatorswith anairblastsprayerdelivering1000–1400l ha� 1 of
water. For eachpheromonetreatment,the initial applicationof sprayablepheromonewas
madeon9 Junein all orchards.

In sprayablepheromone-treatedorchards,codling moth was managedwith three
applicationsof tebufenozide(Con�rm 2F, Dow Agrosciences,Indianapolis,IN, USA),
oneapplicationeachin May, July andAugust. Onetebufenozideapplicationwasmade
againsteachof the two tuftedapplebud mothPlatynotaidaeusalis(Walker) generations,
in Juneand mid August. Tebufenozidewas usedin sprayablepheromonetreatments
becauseit has relatively low toxicity to the OFM (2). Due to increasingpopulations
of apple maggot Rhagoletis pomonella(Walsh) in sprayablepheromoneblocks, two
organophosphateinsecticideapplicationsusing azinphos-methyl (Guthion 50WP, Bayer
CropScience,ResearchTrianglePark,NC, USA) and/orphosmet(Imidan70WP, Gowan,
Yuma,AZ, USA) wereunavoidable:onein lateJuneandonein earlyJuly.

A non-pheromone-treatedconventionalblock was includedat eachsite, andsprayed
with � ve to seven applicationsof organophosphateinsecticidesusing azinphos-methyl
and/orphosmetfor OFM, codling moth andapplemaggotcontrol, andtebufenozidefor
tuftedapplebud mothcontrol. Organophosphateinsecticidesweretimedto coincidewith
egg laying periodsof eachof the threegenerationsof codlingmoth (two applicationsfor
the�rst generationin May andearlyJune,oneor two applicationsfor thesecondgeneration
in July, andoneapplicationagainstthethird generationin lateAugustto earlySeptember).
One tebufenozideapplicationwas madeagainst eachof the two tufted applebud moth
generations,in Juneandmid August.

Assessment of treatment efficacy Theef�cacy of treatmentswasevaluatedby compar-
ing capturesof adultmaleOFM in pheromone-baitedtrapsandby inspectionof fruit for
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OFM larval feedinginjury at harvest.
The captureof moths in sex pheromonetraps in pheromone-treatedblocks relative

to thosecapturedin traps placedin insecticide-treatedblocks was usedas an indirect
measureof theef�cacy of thesprayablepheromonetreatment.Wing-stylepheromonetraps
(Pherocon1C Trap,Tréće, Salinas,CA, USA) wereusedto monitorOFM populationsin
eachtreatment.For eachtreatment,trapswerehungatadensityof onetrapper0.4ha,and
eachtrapwasplacedin theupperthird of thecanopy basedontheresultsof Kovanci(Ph.D.
dissertation,2003),who reportedcatchingsigni�cantly moremothsin trapsplacedwithin
0.5m of thetop of thecanopy comparedwith thoseplacedat eye level (∼1.6m). Rubber
septa(ThomasScienti�c, Swedesboro,NJ,USA) wereloadedwith OFM pheromone(100
� g, BedoukianResearchInc., Danbury, CT, USA). A blend(95.5%purity) of pheromone
consistingof 90.4%Z8-12:Ac,6.1%E8-12:Ac,1.1%Z8-12:OH,and2.4%inertmaterials
in 25� l hexanewasloadedonaseptum(3). Pheromonelureswerechangedevery4 weeks.
Trapswerecheckedweekly from 4 Juneto 31 September. Trapbottomswerereplacedas
needed.

Fruit damagewas assessedat harvest on 23 September. Three types of OFM
damagewererecognized:`sting' representedsurfaceblemishescausedby a complex of
lepidopterouslarvae, `entry' representedlarval tunneling into the fruit �esh, and `live
larvae'wasusedfor fruit infestedwith alivelarva. Within eachtreatment,fruit damagewas
evaluatedby picking 100 fruit arbitrarily from eachof ten treesper treatment.The trees
were randomlyselectedandall together80 treesweresampled,representing1% of the
total trees.All fruits werecut to checkfor thepresenceof internallepidopterousdamage.
Larvaewerecollectedandidenti�ed to speciesusingmorphologicalcriteria(4). Thelarva
of the Grapholita canbe distinguishedfrom the Cydia larva by the presenceof an anal
comb,which theCydia larva is lacking. Of thetwo Grapholitaspecies,lesserappleworm
Grapholitaprunivora (Walsh.)larva is known to retainpinkishpigmentin theintegument,
whereasthebodycolor of G. molestalarva is alteredto whitish or creamyafter thelarvae
arekilled in boiling waterandpreservedin 70%ethyl alcohol.

Data analysis Pooleddataweresubjectedto analysisof variance(ANOVA) (20). Data
are presentedas meancumulative moth catchesper trap, but countswere transformed
to log (x+0.5) beforeANOVA. If therewere signi�cant interactioneffects, LSMEANS
comparisonswere usedto identify theseeffects. Mean percentagefruit damagewas
transformedusingarcsinesquarerootanddatawereanalyzedusingANOVA.

RESULTS

Pheromone trap catches Mean weekly catchesper pheromonetrap for eachconven-
tional insecticideblock in theCoston,DaltonandMarlowe orchardsareshown in Figure
1. Capturedata from conventional insecticideblocks indicatedthat the second,third
and fourth generation�ight peaksof OFM adultsoccurredin late June,late July and
late August, respectively. Basedon pooleddatafrom the threelocationswherestudies
were conducted,seasontotal pheromonetrap capturesvaried signi�cantly with the rate
of pheromoneapplied(F=8.35; df=3,24; P=0.02). At all ratesof sprayablepheromone,
signi�cantly fewer mothswerecapturedcomparedwith the conventionaltreatment,and
signi�cantly fewermothswerecaughtin the12.4and24.7g ratescomparedwith the6.2g
rate(Table1).
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TABLE 1. Mean cumulative oriental fruit moth pheromonetrap capturesin appleblocks treated
with 6.2, 12.4 and 24.7 g a.i. ha� 1 of sprayablepheromone,and conventionalorganophosphate
insecticidesduringthestudyperiod(HendersonCounty, NC, 2002)

Location Pheromonerate n Mothspertrap
(±SEM)

% Reductionx

Coston 6.2 4 2.0(0.4)b 87
12.4 4 4.3(1.9)b 71
24.7 4 1.3(0.3)b 92
Controlz 4 15.3(0.8)a -

Dalton 6.2 4 7.8(2.6)b 87
12.4 4 3.5(1.4)c 94
24.7 4 0.8(0.5)c 99
Control 4 61.0(10.5)a -

Marlowe 6.2 8 27.4(7.1)a 0
12.4 4 1.3(0.8)b 90
24.7 4 1.3(0.8)b 90
Control 4 12.8(1.9)a -

Pooled 6.2 16 16.1(4.5)b 46
12.4 12 3.0(0.9)c 90
24.7 12 1.1(0.3)c 96
Control 12 29.7(7.4)a -

z Controlsconsistedof insecticidetreatment.
y Within the samelocation,meansfollowed by the sameletter do not differ signi�cantly by Fisher's protected
LSD test(P<0.05).Datawereanalyzedusinglog (x + 0.5),but datashown arebacktransformations.
x Percentagereductioncalculatedusing(C-T/C)×100, whereC = meancumulative trap catchesin insecticide-
treatedcontrol,andT = meancumulative trapcatchesin treatment.

TABLE 2. Meanpercentage(� SEM)fruit damageatharvestaveragedacrossthreedifferentlocations
treatedwith 6.2,12.4and24.7g a.i. ha� 1 of sprayablepheromoneandconventionalorganophosphate
insecticides(HendersonCounty, NC, 2002)z

Pheromonerate n Sting Entry Live larvae
6.2 3 0.6(0.3) 0.6(0.3) 0.1(0.1)
12.4 3 0.2(0.1) 0.1(0.0) 0.0(0.0)
24.7 3 0.1(0.1) 0.0(0.0) 0.0(0.0)
Control(insecticide) 3 0.8(0.3) 3.0(1.7) 0.6(0.4)

z Within columns,therewereno signi�cant differencesaccordingto Fisher's protectedLSD test(P<0.05).Data
wereanalyzedusingarcsinesquareroot,but datashown arebacktransformations.

Trap capturesdid not vary amonglocations(F=1.03;df=2,24;P=0.37)but therewas
a signi�cant treatmentx locationinteraction(F=4.14;df=6,24,P< 0.01).At Coston,there
wereno differencesamongpheromonetreatments.At theMarlowe andDaltonsites,trap
capturesdifferedsigni�cantly amongpheromonetreatments.At bothlocations,lateseason
trapcapturesincreasedto signi�cantly highernumbersin the6.2g ratecomparedwith the
12.4and24.7g rates.

Sprayablepheromonetreatmentsresultedin reducedtrap shutdown at all locations
except for the 6.2 g treatmentin Marlowe (Table 1). Treatmentwith the 6.2 g rate
in Marlowe inhibited OFM capturesthroughJunebut the pheromonetreatmentsat this
rate had no effect on OFM orientationto traps, with consistentmoth capturesduring
both the third andfourth generation�ights. Overall, averageinhibition of moth captures
in pheromone-baitedtrapsrangedfrom 46% to 96% in all sprayablepheromone-treated
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Fig.1. Meanweekly(� SEM)orientalfruit mothpheromonetrapcapturesaveragedoverfour trapsin
eachconventionalinsecticideblockin theCoston,DaltonandMarloweorchards(HendersonCounty,
NC, USA) duringthestudyperiod2002.

blocks,indicatinga low to high level of trapcatchshutdown.

Fruit damage Damagein all categorieswaslow in all treatmentsexceptfor thenumber
of entriesin theconventionalinsecticideblocks(Table2). Sprayablepheromonetreatments
werehighly successfulin minimizing insectdamageandlessthan0.7%of fruit exhibited
larval entriesand stings. The highestincidenceof meanlarval stingswas found in the
insecticide-treatedblocks (0.8%), but no signi�cant differenceswere detectedamong
treatments(F=2.06, df=3,6, P=0.21). Similarly, the meanpercentageof entriesin the
sprayablepheromone-andinsecticide-treatedblocksdid not differ signi�cantly (F=2.97,
df=3,6, P=0.12). No larval entry damageor live larvaewerefound in the 24.7g rateof
sprayablepheromone,whereastheconventionaltreatmentaveraged3.0%and0.6%larval
entriesandfruit with live larvae,respectively. However, themeanpercentageof infested
fruits in sprayablepheromoneblockswasnot signi�cantly differentcomparedwith thatin
conventionalinsecticideblocks(F=1.92,df=3,6,P=0.23).A total of four live OFM larvae
wererecoveredin the6.2g rateof sprayablepheromoneat Marlowe.

DISCUSSION

Our resultsshowed clearly that the combinationof a single insecticideapplication
against �rst generationG. molestaat petal fall with onepheromoneapplicationeachfor
the second,third andfourth generationsat 12.4–24.7g a.i. ha� 1 successfullycontrolled
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low populations. Insecticideapplicationis neededto reduceinitial OFM populationsin
NC because�rst generationOFM hasthe largestmoth population,reachingup to 250
moths/trap/weekin unmanagedorchards(27).

Following thereductionof initial populationsby aninsecticide,mediumandhigh rate
pheromoneapplicationsatmonthlyintervalsprovidedanaverageof, respectively, 90%and
96%inhibition of OFM mothcatchin pheromonetrapsduringsubsequentpestgenerations.
In contrast,low rate(6.2g a.i. ha� 1), frequentapplicationshadsubstantiallyweakereffects
in disruptingcommunication(46%). However, low level of matingdisruptionwaslikely
dueto consistentlyincreasingedgeandinterior trapcapturesduringAugust–Septemberat
onelocation(Marlowe),suggestinganincompletedisruptionwith sprayableformulations,
asreportedpreviously by Trimble et al. (22). Incompletedisruptionmaybecausedby the
unevenreleaseratesfrom microcapsulesover time (13). Basedon theelectroantennogram
measurementsof sprayablepheromoneof Sesamianonagrioides Lefebvre, Koch et al.
showed a very high initial pheromonereleaserate followed by an exponentialdecayin
releaseto theantennalthresholdlevelsafter8–10days(13).

It is also important to note that moth captureswere very low in insecticide-treated
controlblocks,which mayhave masked the level of trapshutdown in the �eld. This was
particularlyevidentin the6.2g treatmentatMarlowe,wherenoeffectsof matingdisruption
could be detectedfrom pheromonetrap catches. Unfortunately, it was not possibleto
comparematingdisruptionwith an untreatedcontrol in this studybecauseof economic
constraints.

Grower adoptionof mating disruption as a managementstrategy can be adversely
affectedby the relatively high costof matingdisruptioncomparedwith chemicalcontrol
(14). Following the insecticideapplicationat petal fall for �rst generationOFM, only
oneapplicationof Isomate-M100 dispensersin late May proved effective (14), while at
least threeapplicationswere necessarywith sprayableformulationsto provide season-
long control in North Carolina. Currently, IsomateM-100 costsapproximatelyUS$100
ha� 1, andan additional$15 ha� 1 for application,whereasthe costof threeapplications
of sprayablepheromoneat 24.7ga.i. ha� 1 totals$135ha� 1, costing$45ha� 1 each(14).
Becausethe 12.4 g rate was found to be as effective as 24.7 g a.i. ha� 1, the cost of a
singleapplicationcouldpotentiallybedecreasedby 50%.Thiscouldnotonly signi�cantly
reducethecostof matingdisruptionbut alsoencouragethegreateradoptionof sprayable
formulations.

In North Carolina, OFM sprayablepheromoneis typically applied three times per
seasonat ratesrangingfrom 24.7to 37.1g a.i. ha� 1. Trapcatchesandfruit inspectionsin
blocks treatedwith 24.7 g a.i. ha� 1 indicatethat the PhaseV formulationof sprayable
pheromoneremainedeffective for 21 to 28 days. However, �eld trials conductedin
Michiganandin otherstatessuggestthathighratesarenotthemosteffectiveor economical
way to usesprayablepheromones(6,7).Theeffectivenessof thepheromonetreatmentwas
shown to becorrelatedwith rainwash-off of themicrocapsulesthatcontainthepheromone
(26).

A more economicalalternative to high rate applicationsof sprayableformulations
might be the frequentapplicationof sprayablepheromoneat a low rate. Under a low-
rate,frequent-applicationprogram,OFM sprayablepheromoneis currentlylabeledat5–10
g a.i. ha� 1 on a sprayscheduleof every 7–10daysduring the �ight period. Basedon
our results,low-rate,frequentapplications(6.2g a.i. ha� 1) of sprayablepheromonewere
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effective in suppressingtrapcatchesunderlow OFM pressureat Costonfor up to 14 days,
but ef�cacy declinedwith increasingpopulationdensitiesencounteredat the Dalton and
Marloweorchards.

Althoughcumulative mothcatchesin insecticide-treatedblocksat theDaltonorchard
(61.0moths/trap)werehigherthanthoseat Marlowe (12.8moths/trap),the 6.2 g rateof
sprayablepheromoneappearedto performbetterat the Dalton thanat the Marlowe site.
Environmentalvariablessuchasprecipitation,temperatureandwind velocitycanall affect
thepheromonereleaseratesandaerialconcentrations,anddifferencesin thesevariations
amongstudy sites may accountfor the ef�cacy differences. In addition, temperature,
rainfall andsunlightcanimpact the adherenceof microencapsulatedpheromoneto trees
(26). The late seasonincreasein trap capturesobserved in the sprayablepheromone
treatmentsmayalsoberelatedto theadherenceof microcapsulesto olderleaves.Waldstein
andGutshowedthattherewasagreaterpropensityof microcapsulesto adhereto branches
andimmatureapplefoliagecomparedwith maturefoliage(26).

Theresultsof largeplot trialsdemonstratedthatOFM matingdisruptionwith sprayable
formulationswassuccessfulin managinglow populationsof this insectwhencombined
with chemicalcontrolof the�rst generation.Theuseof matingdisruptionreducedtheuse
of conventionalinsecticidesconsiderablyby eliminatingthefour or � ve organophosphate
applicationsper season. This study showed clearly that sprayablepheromonesoffer
growersconsiderable�e xibility in therateandtiming of applicationwhentailoringmating
disruptionprograms.However, furtherstudiesareneededto demonstratetheeffectiveness
of sprayableformulationsunderhigherpestpressure.
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