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Prospectsof MonosodiumGlutamate Usefor
Enhancementof SpinosadToxicity Against Codling Moth

Neonates

Maciej A. Pszczolkowski andJohnJ.Brown
�

It wasdemonstratedthatneonatesof thecodlingmoth,Cydiapomonella(L.), feedon `Red
Delicious' apple leaves and successfullymolt to the secondinstar. Next, using a non-
choicebioassay, we targetedcodling moth neonatesfeedingon appleleaves,with standard
concentrationsof a culinary tasteenhancer, monosodiumglutamate(MSG), andSuccessâ ,
which contains22.8% spinosadas its active ingredient. The addition of 25 ppm MSG
increasedfeedingby 20–30%.Stimulatorypropertiesof MSGwerepreservedin thepresence
of 12.5ppmSuccess,andmortality from a 12.5ppmSuccess+ 25 ppmMSG combination
increasedby factorsof 3.1–1.6comparedwith Successalone.In a �eld experimentwithout
rain, MSG maintainedits stimulatory propertiesfor 24 h, increasingfeeding by 37%.
Consistently, without rain, MSG increasedthe toxicity of Successin the �eld by a factor
of � 3.5. However, thestimulatorypropertiesof MSG droppedto 19%with 4.3mm of rain,
andto zerowith 9.6 mm of rain. IncreasedSuccesstoxicity by MSG wasreducedto � 1.6
with 4.3 mm of rain, anddroppedto zeroafter 9.6 mm of rain. It is concludedthat MSG
seemsto bea promisingfeedingstimulant,enhancingthetoxic propertiesof Successwhich
itself is agoodcandidatefor codlingmothcontrol.However, �eld persistenceof MSGneeds
to beimproved,eitherby formulatingtheSuccess+ MSGcombinationinto some�eld-stable
matrix, or by employing a sparinglywater-solublesubstancemimicking MSG's actionasa
feedingstimulantin codlingmothneonates.
KEY WORDS: Codling moth; Cydia pomonella; codling moth feeding; monosodium
glutamate;spinosad.

INTRODUCTION

Spinosadis a natural, fermentation-derived lactone,producedby an actinomycete,
Saccharopolyspora spinosa (Nov.) (19). With attributes such as rapid action and
ef�cacy (25,29),anda very favorablesafetypro�le towardmammalsandtheenvironment
(25,27), spinosadis a highly promisingand desirableinsectcontrol agent. Becauseit
hassigni�cantly lessactivity in driedresiduecontactthanin diet- or leaf-spraybioassays
(10,26),spinosadis referredto asaper osactingpesticide.

Larvaeof thecodlingmoth,Cydiapomonella(L.), areimportantcosmopolitanpestsof
apples.Currently, in theU.S.Northwest,codlingmoth is controlledby spraysor mating
disruption. Becausecodling moth larvaebore into fruit and feed thereuntil their larval
developmentis complete,contactpesticidesareusedthat targetadults,eggs,andneonate
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larvae. However, pesticide-resistantlepidopterans(23), andthe Food Quality Protection
Act (12),soonwill requirea drasticreductionin theuseof broad-spectrumpesticides(e.g.
azinphosmethyl),andfavor the introductionof new, moreeffective, andenvironmentally
friendly formulations. Mating disruptionandattract-and-killtechnology(7) reducepest
populationsin orchards,but basic researchon alternative approachesto codling moth
controlmayprovideamoreef�cacious useof currentpesticides.

Enhancingpesticideconsumptionwith formulationsthat includefeedingstimulantsis
an alternative strategy for control of defoliators. A numberof insect-feedingstimulators
have beenadvocatedto enhancetheef�cacy of insectcontrollingagents,especiallywhere
ingestion increasesef�cacy. Bacillus thuringiensis(Berliner) (B.t.) or polyhedrosis
viruses,in combinationwith feedingstimulantsbasedon cottonseedandsucrose,suchas
Coaxâ or Gustolâ , were usedtoward Heliotis sp. (F.) (5,13,17,22).Cottonseedextracts
mixed with B.t. were successfullyimplementedagainstSpodoptera littoralis (Boisd.)
(9). More recently, promisingresultson enhancementof B.t. toxicity againstBoarmia
selenaria (Schiff.) on avocadoby Coax or Gustol have beenreported(18). Use of
Coax,combinedwith a B.t. formulationagainstOstrinia nubilalis (Hübner),substantially
increasedmortality from thispathogenwithoutanincreaseof thetoxic ingredient(4). Pure
sucrose,locally producedsugar, and molasseswere successfullyusedfor enhancement
of B.t. ef�cacy toward Chilo partellus(Swinhoe)(6). Monosodiumglutamate(MSG), a
compoundwidely usedasa tasteenhancer, canstimulatefood and �uid intake in mice
andhumans,if administeredat concentrationsof 10–100ppm(3,14). Therehave beena
few reportssuggestingthatL-glutamatemayplay theroleof chemostimulantandincrease
feedingbehavior in Oncopeltusfasciatus(Dallas) (11), Nilaparvata lugens(Støal)(24),
andSpodoptera littoralis (Boisd.) (2).

In unmanagedappleorchards80%of codlingmotheggsaredepositedon foliage,not
on fruit (16), but it is not clearif codlingmothneonatescanfeedon leavesbeforeboring
into apple. If so, they could be targetedon leaveswith a per os-actingpesticideinstead
of heavy contactpesticides.Neonates'feedingon leavesseemsplausiblein the light of
reportson codling moth larvaepolyphagy. Codlingmoth larvaefeedon not only apples,
but alsopears(15),cherries(20),nectarines(8), prunes(30),andevenwalnuts(28).

The presentstudy extendedthe conceptof enhancingpesticideef�cacy by feeding
stimulants.Weinvestigatedif codlingmothneonatescanfeedandcompletetheir�rst instar
on `RedDelicious' foliage. Moreover, we testedMSG's potentialof feedingstimulation
on per os-actingpesticideresidues,andtherebyof increasingmortality above thatderived
from a standardpesticideconcentration.Effectson mortality andfeedingof Successâ and
MSG, separatelyand in combination,were testedin laboratoryassays.In addition, the
persistenceof Success,MSG andtheir combinationin the �eld, wasevaluatedin no-rain
conditionsandin naturalrainexposures.

MATERIALS AND METHODS

Insects Codlingmothadultsoriginatingfrom theUSDA-ARS insectaryat Yakima,WA,
USA, wereheld at 25

�

C, 70–80%r.h., undera 16L:8D photoperiod,andgivensaturated
sucrosesolution. Wax paperwasprovidedasan oviposition surface. In all experiments,
theneonatesusedto testmaterialswere1–3h post-hatch,collected6 h afterthelightswere
turnedon.
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Chemicals Monosodiumglutamateand Triton X-100 were from Sigma (St. Louis,
MO, USA). Success(DE 105 technicalformulation,containing22.8%of spinosad)was
from Dow Agroscience(Indianapolis,IN, USA). All chemicalsweredissolved in double
distilledwatercontaining0.02%Triton X-100.

Fig. 1. Explodedview of feedingstationusedfor assays.Circular leaf section(d) is mountedto
microscopeglassslide(g) by sectionsof adhesive tapecoatedwith glueonbothsides(b, f), andself-
adhesive reinforcementlabels(c, e). After infestationwith onecodling moth neonate,the feeding
stationis coveredwith a microscopecover glass(a).

Bioassaytechnique Red Delicious foliage, harvestedin an unmanagedorchardsouth
of Pullman,WA, USA, was usedfor the assay. Circular sectionsof uniform size were
removed from appleleaves,avoiding the mid-rib area. Dependingon the purposeof the
assay, thesectionswereleft untreatedor coatedwith testsolutions.Treatedsectionswere
mountedon a glassmicroscopeslide,between400CrepeLiner Double-coatedTapeâ (3M
IndustrialTapeandSpecialtiesDivision, St. Paul, MN, USA) andself-adhesive 3-ring-
binderreinforcementlabels(05721AveryDennison,Of�ce Products,Brea,CA, USA)with
a circularopeningof 6 mm. Eachbioassaystationcontainedonesectionof leaf infested
with one,0–3-h-oldneonatelarva, trappedby a glasscover slip andobserved to record
feedingactivity. An explodedview of a feedingstationis shown in Figure1. Because,
in preliminaryassays,someneonatestendedto borethroughthe leaf sectionandfeedon
both surfacesof the leaf, test solutions(10 � l) weredistributedevenly over both upper
andlowersurfacesof theexcisedsectionswhich subsequentlywereallowedto air-dry. To
preventdehydration,themicroscopeslideswereplacedin petridisheswith wet �lter paper
placedon thebottomof eachdish.

Percentmortality andweight of leaf tissueconsumedweredetermined.To estimate
weight of consumedleaf tissue,the surfaceareaof a leaf disc that was consumedwas
determinedusingastereomicroscopeequippedwith anocularsquaremeshreferencescale
(No. 12-561-RG2,FisherScienti�c, Pittsburgh,PA, USA).Surfaceareasfrom 33randomly
chosenfragmentsof leavesweredeterminedby thesamemethod,but theseleaf fragments
weredried andweighed. Basedon this determination,consumedareasof the leaf were
convertedto anestimateddry weightof leaf.
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Weather monitoring During �eld trials, temperaturechanges,wind chill, wind speed,
and precipitation were monitored continuouslyby a SkyLogâ(AR Harris GPSE Ltd.,
Christchurch,New Zealand)computerizedweatherstation,storing weatherreadingsas
realtime events.Thesedatawerecollectedat 0.5-hintervals.

Experimental design Todemonstratefeedinganddevelopmentof codlingmothneonates
on RedDeliciousleaves,we useda laboratoryassaywith sectionsfrom untreatedleaves.
Consumedareasof thesesectionswere estimatedat 24-h intervals. Additionally, the
feedingstationswereexaminedfor mortality, andfor thepresenceof shedheadcapsules,
which indicatedsuccessfulmolting to thenext instar. Day of hatchwasadoptedasday0
in this experiment.

For base-linetoxicity assays,experimentalleaves were treatedwith the following
concentrations(in ppm) of Success:2.5, 5, 12.5, 20, 25, 100 and 250. Control leaves
were treatedwith 0.02%Triton X-100 in double-distilledwater. Numbersof larvaeper
concentrationvariedfrom 55 to 62. Larvaeof codling moth wereexposedcontinuously
to pesticideresidues,andexaminedfor mortality at 24-hintervals. LC ��� (95%con�dence
interval) wasdeterminedwith LeOra'sPOLOPCsoftware.TheLC ��� for 24h of exposure
to Successequaled16.06ppm(9.05–35.77),whereasafter 48 h of exposureit wasequal
to 8.45ppm(5.15–14.31).For furtherexperiments,a standardconcentrationof 12.5ppm
Success(2.85ppmspinosad)wasselected.

A standardconcentrationof MSG wasestablishedin assaysusingconcentrationsof
1, 5, 10, 50 and 100 ppm MSG. Larvae were exposedcontinuouslyto MSG residues,
andexaminedfor feedingat 24-h intervals. Datafrom this preliminaryexperimentwere
subjectedto one-wayANOVA with Bonferroni'smultiple comparisonof means.MSG,at
concentrationsof 10, 50 and100 ppm, increasedthe amountof ingestedRedDelicious
foliage (P � 0.05,ANOVA, Fig. 2). Numbersof larvaeper concentrationvariedfrom 24
to 31. Themaximumeffect on feedingwasobservedwith the50 ppmconcentration.On
the basisof this preliminaryexperiment,a standardconcentrationof 25 ppm MSG was
selectedfor furthertests.

The effects of Success,MSG and their combinationwere assayedunder laboratory
conditionsby exposingneonatelarvae to test solutionsfor 24 or 48 h. Control groups
weregiven 25 ppm MSG, 12.5ppm Success,or 0.02%Triton X-100 in doubledistilled
water. Experimentalgroupswere exposedto a mixture of 25 ppm MSG and12.5 ppm
Success.Mortality andfeedingweremonitoredat 24-hintervals. Meanleaf consumption
wascalculatedfor all larvae,includingthosethatweredeadatthetimeof monitoring.Each
experimentalserieswasreplicatedat leastfour times.

Field persistencewas testedin two repetitionsof 12.5 ppm Success,25 ppm MSG
andtheir combinationbetweenJuly 7 and21, 2000, in an unmanagedorchardsouthof
Pullman,WA. Shootsof theRedDeliciousvarietyweretreatedin situ by dippingthemin
testsolutionsfor � 5 seconds,andthenallowing themto dry. Control leavesweretreated
with 0.02%Triton X-100 in doubledistilled water. Leaves from the middle part of the
shootwereharvestedafter 1, 3 or 7 daysandthe ef�cacy of testsolutions' residueswas
monitoredby the laboratoryassay. Mortality or feedingwasmonitoredafter 24 h. Each
experimentalserieswasreplicatedat leastfour times.

Statistics All feedingdatasetspassednormality testsby GraphPad InStatâ (GraphPad
Software Inc., SanDiego, CA, USA). Student's t-testwas usedto evaluatesigni�cance
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betweentwo samplemeans.Comparedpairsof feedingdataareidenti�ed in Table1. Data
on mortality werecomparedbetweengroupstreatedwith SuccessandSuccess+ MSG by
theMann-Whitney test. In all tests,the resultswereregardedassigni�cantly differentat
P � 0.05.

RESULTS

Feeding, molting and mortality of codling moth neonateson Red Delicious foliage
No mortality wasobserved amonglarvaefeedingon RedDelicious foliage. During the
�rst instar, eachlarvaconsumedanaverageof 682 � g of leaf tissue(Fig. 3). Abouthalf of
thatamountwasconsumedwithin the �rst 48 h. Feedingpeakedon day2, averaging223

� g larva�

�

day�

�

. Molting beganonday2 (33%)andby 96h post-hatchall neonateshad
successfullymoltedto thesecondinstar.

TABLE 1. Effects of a Success+ monosodiumglutamate(MSG) combinationon feeding and
mortalityof codlingmothneonates,understandardlaboratoryconditions(RedDeliciousappleleaves
wereusedasfeedingsubstrate.Eachdatapoint (mean

�

SEM) representsn=34–47larvae.)

Varianttested Mortality after � hours(%) Feedingafter � hours( � g larva ��� day��� )
� =24 � =48 � =24 � =48

Control(0.02%Triton X) 0 0 136.9� 04.7 322.2� 18.0
MSG25 ppm 0 0 179.4� 09.4	 429.6� 25.5	

Success12.5ppm 14.2
 56.8� 54.1� 04.0

� 	 146.4� 08.3��� 	

Success12.5ppm
+ MSG 25 ppm 44.0
 89.4� 89.3� 04.1

� 	 217.7� 13.5��� 	



� � Signi�cantly different(P � 0.05,Mann-Whitney testfor mortality, andStudent's t-testfor feeding).
	 Signi�cantly differentfrom control(P � 0.05,Student's t-test).

Fig. 2. Concentration-dependenteffect of monosodiumglutamate(MSG) on codlingmothneonates
feedingon `Red Delicious' appleleaves for 24 h. Eachdatapoint (average

�

SEM) represents
n=24–31larvae.Averageingestionof leaf tissueby larvaeexposedto 0.02%Triton X-100in double-
distilled water was equalto 140.9

�

4.8 � g larva�

�

day�

�

. Asterisksindicatesigni�cant feeding
increases(P � 0.05,ANOVA with Bonferronimultiplecomparison).
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Fig. 3. Consumptionof `RedDelicious' appleleavesby codlingmoth �rst instarlarvae. Eachdata
point (average

�

SEM) represents46 larvae.

Effects of MSG, Success,and their combination in laboratory trials Monosodium
glutamate,at25ppm,increasedfeedingby 20–30%in both24-hand48-htrials. However,
exposureto 12.5ppmSuccessled to decreasedfeedingof neonatesby 60%in comparison
with control insects(Table1). This inhibitory effect of 12.5ppmSuccesson feedingwas
lesswhenthepesticidewascombinedwith 25ppmMSG.

In assayswith leavestreatedwith theSuccess+ MSGcombination,feedingwas � 30%
higherthanthatonleavestreatedwith Successalone.Thus,stimulatorypropertiesof MSG
werepreservedin thepresenceof Successfor at least48 h. Addition of MSG to Success
resultedin higher mortality. After 24-h exposureto the Success+ MSG combination,
mortality was44%, 3.1-fold greaterthan that obtainedwith Successalone. In the 48-h
assays,themortality of Success+ MSG-treatedneonateswas1.6-foldgreaterthanthatof
insectstreatedwith Successonly.

Weathermonitoring data During the�eld experiment,temperaturesoscillatedbetween
25.3 and 0.1

�

C, and maximum wind speedwas equal to 16.1 m sec�

�

. Minimum,
maximumandaveragetemperatures,wind chill, andwind speeddid notdiffer betweentwo
replicationsof the �eld experiment(P � 0.05,Student's t-test). During the �rst repetition
therewasnorain,but duringthesecondtrial rainfall reachedcumulativevaluesof 4.3mm
onday1, 9.6mmonday3, and19.2mmonday7.

Persistenceof MSG, Success,and their combination in the �eld Without rain,toxicity
of Successalonewassustainedin the �eld at a level of � 20%for 7 days,whereasMSG
maintainedits stimulatorypropertiesfor 24 h, andincreasedfeedingby 37% (Fig. 4C).
After 3 daysthestimulatoryeffectof MSGdroppedto 14%andafter7 daysnostimulation
wasobserved(Fig. 4C). With 4.3 mm of rain, stimulatorypropertiesof MSG droppedto
19%on day1 andto zeroon day3 (whencumulative precipitationhadreached9.6 mm)
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Fig. 4. Fieldpersistenceof monosodiumglutamate(MSG),Successâ , andtheir combinationon `Red
Delicious' appleleavesunderdry (left) andrainfall (right) conditions.Threedaysafterapplication,
without rain (A), MSG still stimulatesfeedingin codling moth neonates(B) in comparisonwith
0.02%Triton X-100-treatedcontrols(143.2

�

5.4 � g larva�

�

day�

�

), andincreasesmortality from
Success(E, squares)in comparisonwith Successalone(E, diamonds).Approximately10mmof rain
(B) abolishesstimulatorypropertiesof MSG (D) in comparisonwith 0.02%Triton X-100-treated
controls(141.2

�

3.1 � g larva�

�

day�

�

). With � 10 mm of rain MSG doesnot enhancemortality
from Success(F). Eachdatapoint (average

�

SEM)for feedingor mortalityrepresents68–77larvae.
Asterisksindicatesigni�cant difference(P � 0.05, Mann-Whitney test for mortality, andStudent's
t-testfor feeding).

(Fig. 4D). Consistently, without rain,MSGincreasedthetoxicity of Successin the�eld by
3.5-foldafter24h andby 1.5-foldafter72h of exposure(Fig. 4E).However, with just 4.3
mmof rain,thiseffectivenesswasreducedto 1.6-fold,andwith 9.6mmof rain theadditive
effectdroppedto zero(Fig. 4F).

DISCUSSION

The data show that Red Delicious leaves as a suf�cient feeding substrateprovide
enough nutrients to support developmentand molting of codling moth neonatesto
the secondinstar. This �nding supportsprevious reportson codling moth polyphagy
(8,15,20,28,30).Additionally, the dynamicsof leaf consumptionsuggeststhat codling
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moth neonatescould be targetedby insecticidesor feedingstimulantswhile feedingon
leaves,beforeboringinto thefruit.

Exposureto 12.5ppmSuccessalonegreatlydecreasedthemeanleaf consumptionof
codling moth larvae(Table1). A similar responseto spinosadwasreportedin larvaeof
Spodopteraexiguaexposedto this lactone(25). Exposureto 25ppmMSG,with or without
Success,stimulatedfeedingby � 30% and signi�cantly (P � 0.05) increasedmortality
from Success.Dependingon durationof the assay, a combinationof 12.5ppm Success
with 25 ppmMSG increasedmortality by 1.7–3.1-foldin comparisonwith Successalone.
Theseresultsfor MSG arewithin the rangeof ratios reportedby othersfor mixturesof
variousfeedingstimulantscombinedwith B.t. For instance,in Heliotis sp., cottonseed-
basedfeedingstimulantsincreasedmortality factorsfrom � 2.0 (16) to � 4.5 (22). The
samefeedingstimulantsincreasedmortality from B.t. in O. nubilalis 1.2–3.2-fold(4),
andin B. selenaria1.4–1.8-fold(18). Similar increasedmortality factors( � 1.3–2.3)were
foundin Ch. partellustreatedwith B.t. mixedwith tablesugar(6). It is striking,however,
thattheconcentrationsof cottonseed-basedfeedingstimulantsor sugarneededto increase
mortality from B.t., variedbetween1% and10%, whereasMSG usedin our studywas
equallyeffectiveat amuchlowerconcentration(0.0025%).

The stimulatoryeffect of MSG on feedingmay explain satisfactorily the increased
mortality in 48-hassays.In thiscasetheSuccess+ MSGcombinationincreasedfood(and,
concomitantly, pesticide)consumptionby � 50%above thatof larvaeexposedto Success
alone,which correspondswell with � 50% increasein mortality (Table1). However, in
24-hassaysthemortality increasedby almost200%,whereasleaf consumptionincreased
by � 65%. Furtherstudiesareneededto determinethecauseof this unexpectedincrease
in mortality.

Thepresentresults(Fig. 4) show thatin the�eld, MSGmaystimulatefeedingfor only
a limited periodof time. Within 3 daysof exposurewith no rain, MSG maintainedits
stimulatoryproperties,andthe additionof MSG to Successincreasedmortality 1.5–3.5-
fold. However, lessthan10 mm of rain resultedin a total lossof feedingstimulationby
MSG.With 4.3mmof rain, therewasonly aslight increasein mortality resultingfrom the
additionof MSG.

In summary, thetoxicity parametersof Successsuggestthat it is a goodcandidatefor
codling moth control. Also MSG seemsto be a promisingfeedingstimulantenhancing
the toxic propertiesof Success.However, �eld persistenceof MSG shouldbe improved,
sincea simple mixture of Successand hydrophylic MSG exerts desirableeffects only
underfavorableweatherconditions. Therearetwo potentialsolutionsthat may improve
�eld performanceof MSG. The �rst is formulatingtheSuccess+ MSG combinationinto
a stablematrix that would improve the adhesive propertiesof eachof theseingredients,
therebyprotectingthem from being easily washedoff leaves by rain. An alternative
solution would be to employ a sparingly water-soluble substancemimicking MSG's
action in codling moth neonates. There are hydrophobicsubstances,e.g. trans-1-
aminocyclobutane-1,3-dicarboxylic acid(1) or derivativesof (RS)-� -(amino)-3,4-dihydro-
2,4-dioxo-1(2H)pyridinepropanoic acid (21), which, in vertebrateexperimentalsystems,
haveeffectsonglutamatereceptorssimilar to thoseof hydrophylicMSG.Employing them
would requireprior extensive investigationon thepharmacologyof codlingmothfeeding.
Researchon insectfeedingstimulationby MSG-mimickingsubstancesis underway.
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