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Effects of Application Rate and Inter val on the Ef cacy of
Sprayable Pheromonefor Mating Disruption of the
Oriental Fruit Moth Grapholitamolesta

Orkun B. Kovanci,*? James F. Walgenbach,? George G. Kennedy?
and Coby Schal®

Theefcacy of microencapsulategprayablepheromonevasevaluatedat differentapplica-
tion ratesandintervals for matingdisruptionof the orientalfruit moth, Grapholita molesta
(Busck), in apple orchardsduring 2002. The following treatmentswere arrangedin a
randomizedcompleteblock designwith threereplications: (i) a low rate of pheromone
(6.2g a.i. ha ') appliedat 14-dayintenals, (i) a mediumrate of pheromong12.4g a.i.
ha 1) appliedat 28-dayintenvals, (iii) a high rateof pheromong24.7g a.i. ha !) applied
at 28- dayintervals,and(iv) a non-pheromoneontrol (insecticideonly). The combination
of a single insecticideapplicationagainst rst generationG. molestaat petalfall with one
pheromoneapplicationeachfor the secondthird andfourth generationsat 12.4-24.79 a.i.
ha ! successfullycontrolledlow populations. Pheromone-treatelocks had signi cantly
lower trap catcheghanthosein the insecticide-treatedontrol blocks. Among pheromone
treatmentssigni cantly moremothswerecaughtin the6.2g comparedvith the12.4and24.7
g rates.Fruit damagewvas< 1% at hanestandtherewereno signi cant differencesamong
treatmentsLow ratefrequentapplicationsof sprayabldormulationappearedo be effective
underlow pestpressurédut ef cacy declinedwith increasingpopulations Furtherstudiesare
neededo demonstrat¢he effectivenesf this approactunderhigherpestpressure.

KEY WORDS:GrapholitamolestaBusck);orientalfruit moth; matingdisruption;sprayable
pheromoneintegratedpestmanagemengpples.

INTRODUCTION

The orientalfruit moth (OFM), Grapholita molesta(Busck), haslong beena serious
pestof peacheswith only sporadicinfestationsobsenedin applesthroughoutthe world
(19). However, it hasrisento a key peststatuson applesn theeasteriJSA in recentyears
and464loadsof appleswererejectedbecausef the presencef live OFM larvaewithin
fruit in Pennsylaniain 2000(11). Thereasorfor the sudderrise of the OFM on appless
unknawvn, but theincreasediseof morenarrav-spectruninsecticidesiueto Food Quality
ProtectionAct restrictionsby the United StatesDepartmenbf Agriculture andresistance
to organophosphatmsecticidesnay have contritutedto the problem(17,24).

Four generation®df OFM occurperyearon applesgrovn in monoculturein western
North Carolina(NC). OFM populationscan sustainthemselesin applesalonein NC,
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wherethereareno nearbystonefruit orchardor otherfruit cropsasalternatve hosts(14).
Chemicakontrolof the OFM hasbeeninsufciently effectivein mary locationshecausef
thelongandcontinuougpresencef ovipositingOFM adultsduringAugust—Septembép).
Most insecticidesdo not provide the necessaryesidualactivity to allow growversto spray
latermaturingvarietiesin mid-August,andthis is presumablythe reasonfor the higher
incidenceof live larvaein appleslaterin the season.The increasingmportanceof late-
seasorOFM damageon applehasincreasednterestin the useof alternatve management
tacticsthathave provedsuccessfuin controllingthis pestin stonefruit.

Mating disruption,the releaseof large amountf syntheticinsectpheromonento the
croppingervironmentto preventor reducesexual communicationhasprovento beaviable
alternatve for controlof mary tortricid pestsn anumberof cropsincludingcodlingmoth,
CydiapomonellaL.) in pearg(15) andappleq1); EupoeciliaambiguellaHbner(25) and
LobesiabotranaDen. & Schiff. in grapeq21); andOFM in peache¢19) andapples(14).
Severaltypesof pheromone-dispensigystemd$ave beendevelopedfor matingdisruption
including hand-applieddispensersparafn emulsions,and microencapsulatedprayable
formulations(12). Sprayableformulationsconsistof a blend of pheromoneencapsulated
in 15-150 m polymermicrocapsulethataresuspendedithin aliquid carrier Following
the applicationof sprayablepheromonethesecapsulesadhereto the leavesandfoliage.
Oncedried, the capsuledegin emitting smallamountsof pheromonehroughoutthe tree
canoyy (26).

Theefcacy of microencapsulatesprayablgpheromondor matingdisruptionof OFM
was rst evaluatedby Gentry et al. (9). Small-plot studieswith microencapsulation
formulationof 5 g OFM pheromonet 15 g dodeg! alcohol/hacontainedwithin gelatin-
basedmicrocapsuleg50-250 m diameter)resultedin suppressiotf adulttrap captures
for 2 weeks. Later, waterbasedmicrocapsuleg15-60 m diameter)containing20% of
OFM pheromonend80%inertingredientsuchasstickers,spreaderandUV-protectants,
weretestedagainstthe OFM to increasehe longevity of sprayablgopheromonen the eld
(10). Gut and Wise reportedthat improved sprayableformulationsappliedat a rate of
19-37a.i. g ha ! greatlyinhibited moth capturein pheromonedrapsup to 3 weeks(10).
Recently sprayablepheromoneproductshave beensuccessfullyusedfor the OFM and
mary othertortricid pestsjncluding Rhopobotanaevana(Hubner),Spaganothissulfure-
ana(Clemens)CydiapomonellalL.) andEndopizaviteana(Clemens)5,8,16,22,23).

Thehigh costof matingdisruptionrelative to corventionalinsecticidemanagemens
a major impedimentto its more widespreadadoption(18). Oneway to reducethe cost
of sprayablepheromonepplicationis by usinglower dosageates. In addition,frequent
applicationsof low ratesof sprayablepheromonecould improve the efcacy of mating
disruptionby maintaininghigh levels of pheromonditer throughoutheadult ight period.
However, little is known aboutthe effects of applicationratesandintervals on the eld
performanceof sprayablepheromondormulations. The objectives of this studywereto
(i) comparethe ef cacy of differentratesof sprayablepheromondormulations,and (i)
evaluatethe useof low ratefrequentapplicationsof sprayablepheromondor management
of theOFM in apples.

MATERIALS AND METHODS
Study sites Large block trials were carriedout in three commercialapple orchardsin

HendersorCounty North Carolina(USA) in 2002. The experimentwasconductedisinga
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randomizeccompleteblock designwith threereplications(orchards).The Costonorchard
wasa 10.5-hablock of "GoldenDelicious' and 'RomeBeauty' apples,andwas divided
into a 4 ha corventionalinsecticideblock, and three sprayablepheromoneblocks each
approximately2—2.5hain size. TheDaltonorchardwasa7.5-hablock of GoldenDelicious
applesthat consistedof threeadjacentblocks. Locatedapproximately500 m from these
plotswasaninsecticide-treateBlock. Eachtreatmenblock wasapproximately2.5 hain
size. The Marlowe orchardwasa 10-hablock of RomeBeautyapples,andwasdivided
into four plotsrangingin sizefrom 2 to 3.2 ha. Onetreatmen{12.4g rate)wasseparated
from othertreatmentdy a shrubberyarea,composednainly of kudzuPueraria montana
(Lour.) Merr. var. lobata(Willd.) MaeserandAlmeida, easterrpoisonivy Toxicodendon
radicans(L.) KuntzeandfalsepoisonsumadRhusmichauxii Sag.

Description of treatments The efcacy of OFM sprayablepheromongPhaseV, 3M
Canada&Compaty, London,ON, Canadayontainingl18.6%Z-8-dodecen-1-yhcetateZ8-
12:Ac), 1.2% E-8-dodecen-1-yacetatg E8-12:Ac), 0.2% Z-8-dodecen-1-0{Z8-12:0H)
and 80% inert ingredientswas evaluatedat different applicationratesand intervals. In
eachorchard thefollowing treatmentsverecompared{a) alow rateof pheromong6.2g
a.i. ha ) appliedat 14-dayintervals; (b) a mediumrateof pheromong12.4g a.i. ha 1)
appliedat 28-dayintenals; (c) a high rate of pheromong24.7 g a.i. ha ) appliedat
28-dayintenals; and(d) a non-pheromoneontrol (insecticides) All blocksweresprayed
with carbaryl(Sevin 50WR 80WPSand/orXLR, Aventis, Researchlriangle Park, NC,
USA) to controlthe rst generatiorOFM larvae at petalfall (14). Sprayablepheromone
wasappliedby grower cooperatorsvith anairblastsprayedelivering1000-1400 ha ?* of
water For eachpheromondreatmentthe initial applicationof sprayablgpheromonevas
madeon 9 Junein all orchards.

In sprayablepheromone-treatedrchards, codling moth was managedwith three
applicationsof telufenozide(Con rm 2F, Dow Agrosciences)ndianapolis,IN, USA),
one applicationeachin May, July and August. Onetehkufenozideapplicationwas made
againsteachof the two tufted applebud moth Platynotaidaeusalis(Walker) generations,
in Juneand mid August. Tehlufenozidewas usedin sprayablepheromonetreatments
becauset hasrelatively low toxicity to the OFM (2). Due to increasingpopulations
of apple maggot Rhayoletis pomonella(Walsh) in sprayablepheromoneblocks, two
organophosphatisecticideapplicationsusing azinphos-metyl (Guthion 50WR Bayer
Crop ScienceResearcHrianglePark, NC, USA) and/orphosme{Imidan 70WR Gowan,
Yuma,AZ, USA) wereunavoidable:onein late Juneandonein early July.

A non-pheromone-treatembrventionalblock wasincludedat eachsite, and sprayed
with ve to seven applicationsof organophosphaténsecticidesusing azinphos-metyi
and/orphosmetfor OFM, codling moth and applemaggotcontrol, and tekufenozidefor
tufted applebud moth control. Organophosphatimsecticidesveretimedto coincidewith
egg laying periodsof eachof the threegeneration®f codling moth (two applicationsfor
the rst generatiorin May andearlyJune pneor two applicationdor thesecondyeneration
in July, andoneapplicationagainstthethird generatiorin late Augustto early September).
Onetehlufenozideapplicationwas madeagginst eachof the two tufted apple bud moth
generationsn Juneandmid August.

Assessment of treatment efficacy Theefcacy of treatmentsvasevaluatedby compar
ing capturesf adultmale OFM in pheromone-baitettapsandby inspectionof fruit for
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OFM larval feedinginjury at hanest.

The captureof mothsin sex pheromonerapsin pheromone-treatetlocks relative
to thosecapturedin trapsplacedin insecticide-treatedblocks was usedas an indirect
measuref theef cacy of thesprayablegheromondreatmentWing-stylepheromonéraps
(PheroconlC Trap, Trécg, Salinas,CA, USA) wereusedto monitor OFM populationsn
eachtreatmentFor eachtreatmentfrapswerehungatadensityof onetrapper0.4ha,and
eachtrapwasplacedn theupperthird of thecanopy basedntheresultsof Kovanci(Ph.D.
dissertation2003),who reportedcatchingsigni cantly moremothsin trapsplacedwithin
0.5m of thetop of the canofy comparedvith thoseplacedat eye level (~1.6 m). Rubber
septaThomasScienti ¢, Swedesbord\J, USA) wereloadedwith OFM pheromon&100

g, BedoukianResearchnc., Dankury, CT, USA). A blend(95.5%purity) of pheromone
consistingof 90.4%2Z8-12:Ac,6.1%E8-12:Ac,1.1%28-12:0H,and2.4%inert materials
in 25 | hexanewasloadedonaseptum(3). Pheromondureswerechangedvery 4 weeks.
Trapswerechecled weekly from 4 Juneto 31 SeptemberTrap bottomswerereplacedas
needed.

Fruit damagewas assessedt harest on 23 September Three types of OFM
damagewererecognized: sting' representedurfaceblemishescausedby a comple of
lepidopteroudarvae, “entry' representedarval tunnelinginto the fruit esh, and live
larvae' wasusedfor fruit infestedwith alivelarva. Within eachtreatmentfruit damagevas
evaluatedby picking 100 fruit arbitrarily from eachof tentreesper treatment.The trees
were randomlyselectedand all together80 treeswere sampledrepresentindl% of the
total trees.All fruits werecutto checkfor the presencef internallepidopterouglamage.
Larvaewerecollectedandidenti ed to speciesisingmorphologicakriteria(4). Thelarva
of the Grapholita can be distinguishedrom the Cydia larva by the presenceof an anal
comb,which the Cydialarvais lacking. Of the two Grapholitaspecies|esserapplavorm
Grapholitaprunivora (Walsh.)larvais known to retainpinkishpigmentin theintegument,
whereaghe body color of G. molestaarva is alteredto whitish or creamyafterthe larvae
arekilled in boiling waterandpreseredin 70%ethyl alcohol.

Data analysis Pooleddataweresubjectedo analysisof variance(ANOVA) (20). Data
are presentedas meancumulatve moth catchesper trap, but countswere transformed
to log (x+0.5) before ANOVA. If therewere signi cant interactioneffects, LSMEANS
comparisonswere usedto identify theseeffects. Mean percentagdruit damagewas
transformedisingarcsinesquareroot anddatawereanalyzedusingANOVA.

RESULTS

Pheromone trap catches Meanweekly catchesper pheromonerap for eachcornven-

tional insecticideblock in the Coston,Dalton and Marlowe orchardsareshawvn in Figure
1. Capturedatafrom cornventional insecticideblocks indicatedthat the second,third

and fourth generationight peaksof OFM adults occurredin late June,late July and
late August, respectiely. Basedon pooleddatafrom the threelocationswhere studies
were conducted seasortotal pheromonerap capturesvaried signi cantly with the rate
of pheromoneapplied(F=8.35; df=3,24; P=0.02). At all ratesof sprayablepheromone,
signi cantly fewer mothswere capturedcomparedwith the cornventionaltreatment,and

signi cantly fewer mothswerecaughtin the12.4and24.7g ratescomparedvith the6.2g

rate(Tablel).
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TABLE 1. Meancumulative oriental fruit moth pheromonerap capturesin appleblockstreated
with 6.2, 12.4and24.7 g a.i. ha ! of sprayablepheromoneand corventionalorganophosphate
insecticidegluringthe studyperiod(HendersorCounty NC, 2002)

Location Pheromoneate n Mothspertrap % Reductiorf
(+£SEM)

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
ControF 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
247 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 -

“Controlsconsistedf insecticidetreatment.

Y Within the samelocation, meansfollowed by the sameletter do not differ signi cantly by Fishers protected
LSD test(P<0.05). Datawereanalyzedusinglog (x + 0.5), but datashavn arebacktransformations.

X Percentageeductioncalculatedusing (C-T/C)x 100, whereC = meancumulatve trap catchesn insecticide-
treatedcontrol,andT = meancumulatve trap catchesn treatment.

TABLE 2. Meanpercentagé SEM)fruit damageathanestaveragedacrosshreedifferentlocations
treatedwith 6.2,12.4and24.7ga.i. ha ! of sprayableheromonandconventionalorganophosphate
insecticidegHendersorCounty NC, 2002¥

Pheromoneate n Sting Entry Livelarvae
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)

2Within columns therewereno signi cant differencesaccordingto Fishers protected_SD test(P<0.05). Data
wereanalyzedusingarcsinesquareroot, but datashavn arebacktransformations.

Trap capturedid not vary amonglocations(F=1.03; df=2,24; P=0.37) but therewas
asigni cant treatmeni locationinteraction(F=4.14;df=6,24,P< 0.01). At Coston there
wereno differencesamongpheromondreatments At the Marlowe andDalton sites,trap
captureglifferedsigni cantly amongpheromondreatmentsAt bothlocationsJateseason
trap capturesncreasedo signi cantly highernumberdn the 6.2 g ratecomparedvith the
12.4and24.7g rates.

Sprayablepheromonereatmentsresultedin reducedtrap shutdavn 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 pheromonedreatmentsat this
rate had no effect on OFM orientationto traps, with consistentmoth capturesduring
both the third andfourth generationights. Overall, averageinhibition of moth captures
in pheromone-baitettapsrangedfrom 46% to 96% in all sprayablepheromone-treated
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Fig. 1. Meanweekly( SEM) orientalfruit mothpheromoneérapcapturesveragedverfour trapsin
eachconventionalinsecticideblockin the Coston DaltonandMarlowe orcharddHendersorCounty
NC, USA) duringthe studyperiod2002.

blocks,indicatingalow to high level of trap catchshutdavn.

Fruit damage Damagen all catggorieswaslow in all treatment®xceptfor the number
of entriesin thecorventionalinsecticideblocks(Table2). Sprayablgpheromondreatments
werehighly successfuin minimizing insectdamageandlessthan0.7% of fruit exhibited
larval entriesand stings. The highestincidenceof meanlarval stingswas found in the
insecticide-treatedlocks (0.8%), but no signi cant differenceswere detectedamong
treatmentyF=2.06, df=3,6, P=0.21). Similarly, the meanpercentagef entriesin the
sprayablepheromoneandinsecticide-treatettlocksdid not differ signi cantly (F=2.97,
df=3,6,P=0.12). No larval entry damageor live larvaewerefoundin the 24.7 g rate of
sprayablepheromonewhereaghe corventionaltreatmentveraged3.0%and0.6%larval
entriesandfruit with live larvae,respectiely. However, the meanpercentag®f infested
fruits in sprayablgpheromonélockswasnotsigni cantly differentcomparedwvith thatin
conventionalinsecticideblocks(F=1.92,df=3,6,P=0.23). A total of four live OFM larvae
wererecoveredin the 6.2 g rateof sprayablgoheromonet Marlowe.

DISCUSSION

Our resultsshowved clearly that the combinationof a single insecticideapplication
agqainst rst generationG. molestaat petalfall with one pheromoneapplicationeachfor
the second third andfourth generationsat 12.4—-24.7g a.i. ha ! successfullycontrolled
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low populations. Insecticideapplicationis neededo reduceinitial OFM populationsin
NC becauserst generationOFM hasthe largestmoth population,reachingup to 250
moths/trap/weein unmanagedrchardq27).

Following thereductionof initial populationdy aninsecticide mediumandhigh rate
pheromoneapplicationsatmonthlyintervals providedanaverageof, respectiely, 90%and
96%inhibition of OFM mothcatchin pheromonérapsduringsubsequergestgenerations.
In contrastjow rate(6.2ga.i. ha 1), frequentapplicationshadsubstantiallyvealer effects
in disruptingcommunication46%). However, low level of matingdisruptionwaslikely
dueto consistentlyincreasingedgeandinterior trap capturesiuring August—Septembeat
onelocation(Marlowe), suggestin@nincompletedisruptionwith sprayabldormulations,
asreportedpreviously by Trimble etal. (22). Incompletedisruptionmay be causedy the
unerenreleasaatesfrom microcapsulesvertime (13). Basedon the electroantennogram
measurementsf sprayablepheromoneof Sesamianonagrioides Lefebvre, Koch et al.
shaved a very high initial pheromonereleaserate followed by an exponentialdecayin
releasdo the antennathresholdevelsafter8—10days(13).

It is alsoimportantto note that moth captureswere very low in insecticide-treated
control blocks,which may have masledthelevel of trap shutdavn in the eld. Thiswas
particularlyevidentin the6.2g treatmenat Marlowe, whereno effectsof matingdisruption
could be detectedfrom pheromonetrap catches. Unfortunately it was not possibleto
comparemating disruptionwith an untreatedcontrolin this study becauseof economic
constraints.

Grower adoptionof mating disruption as a managemenstratgyy can be adwersely
affectedby the relatively high costof matingdisruptioncomparedwith chemicalcontrol
(14). Following the insecticideapplicationat petal fall for rst generationOFM, only
one applicationof Isomate-M100 dispenserén late May proved effective (14), while at
leastthree applicationswere necessaryith sprayableformulationsto provide season-
long controlin North Carolina. Currently IsomateM-100 costsapproximatelyUS$100
ha !, andan additional$15ha * for application,whereasthe costof threeapplications
of sprayablegoheromoneat 24.7ga.i. ha * totals$135ha !, costing$45ha ' each(14).
Becausehe 12.4 g rate was found to be as effective as24.7 g a.i. ha !, the costof a
singleapplicationcould potentiallybedecreasefly 50%. This couldnot only signi cantly
reducethe costof matingdisruptionbut alsoencouragehe greateradoptionof sprayable
formulations.

In North Carolina, OFM sprayablepheromoneis typically appliedthree times per
seasoratratesrangingfrom 24.7to 37.1g a.i. ha *. Trapcatchesandfruit inspectionsn
blockstreatedwith 24.7 g a.i. ha ! indicatethatthe PhaseV formulationof sprayable
pheromoneremainedeffective for 21 to 28 days. However, eld trials conductedin
Michiganandin otherstatesuggesthathigh ratesarenotthe mosteffective or economical
way to usesprayablepheromone$6,7). The effectivenesof thepheromondreatmenivas
shawn to be correlatedwith rain wash-of of themicrocapsuleshatcontainthe pheromone
(26).

A more economicalalternatve to high rate applicationsof sprayableformulations
might be the frequentapplicationof sprayablepheromoneat a low rate. Undera low-
rate,frequent-applicatioprogram OFM sprayablgpheromones currentlylabeledat5-10
g a.i. ha ! ona sprayscheduleof every 7-10daysduring the ight period. Basedon
our results low-rate,frequentapplicationg6.2 g a.i. ha !) of sprayablgopheromonavere
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effective in suppressingrap catchesinderlow OFM pressuret Costonfor up to 14 days,
but ef cacy declinedwith increasingpopulationdensitiesencountereat the Dalton and
Marlowe orchards.

Although cumulatve moth catchedn insecticide-treatetlocksat the Dalton orchard
(61.0 moths/trapwere higherthanthoseat Marlowe (12.8 moths/trap)the 6.2 g rate of
sprayablegheromoneappearedo performbetterat the Dalton than at the Marlowe site.
Environmentalvariablessuchasprecipitation temperatur@andwind velocity canall affect
the pheromoneeleaseaatesandaerial concentrationsanddifferencedn thesevariations
amongstudy sites may accountfor the efcacy differences. In addition, temperature,
rainfall and sunlightcanimpactthe adherencef microencapsulategheromoneo trees
(26). The late seasonincreasein trap capturesobsened in the sprayablepheromone
treatmentsnayalsoberelatedto theadherencef microcapsuleso olderleaves.Waldstein
andGutshavedthattherewasa greatempropensityof microcapsuleso adhereo branches
andimmatureapplefoliage comparedvith maturefoliage (26).

Theresultsof largeplot trials demonstratethat OFM matingdisruptionwith sprayable
formulationswas successfuln managinglow populationsof this insectwhencombined
with chemicalcontrolof the rst generationThe useof matingdisruptionreducedheuse
of corventionalinsecticidesconsiderablyby eliminatingthe four or ve organophosphate
applicationsper season. This study shaved clearly that sprayablepheromonesoffer
growersconsiderablee xibility in therateandtiming of applicationwhentailoring mating
disruptionprograms However, further studiesareneededo demonstratéhe effectiveness
of sprayabldormulationsunderhigherpestpressure.
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