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SystemicApplications of Neemin the Control of
Camerariaohridella, a Pestof Horse Chestnut (Aesculus
hippocastanun

RomanPavela® andMartin Barnet

Systemicinjection of neem (azadirachtin)was testedin the control of horse chestnut
leafminer Camearia ohridella Deschka& Dimic (Lepidoptera:Gracillariidae),a pestof
horsechestnutrees(Aesculusippocastanunt..: Hippocastanaceaeyhreeconcentrations,
0.08,0.15and0.25g of active ingredient(a.i.) percm of diameterat breastheight(dbh),
providedlong-lastinginsecticidalactvity. The0.15and0.25g a.i. concentrationsesultedn
100% pupaereductionin all generationsthe 0.089 a.i. concentratiorwaseffective against
thehorsechestnuteafminerfor atleast23weeksandledto 70—-80%pupaeeduction.Treated
treesdid notlosetheir leavesbeforewinter. Neemapplicationvia injectionis cheapwith no
ernvironmentahazardsandthusthistreatments recommendetbr thecontrolof C. ohridella
in horsechestnutrees.

KEY WORDS:NeemAzal;azadirachtinbotanicalinsecticidespestmanagemenfyrnamen-
tal plants;leafminer

INTRODUCTION

The genusAesculudgs widespreadn North America, CaucasusAsia Minor andthe
Himalayas(16). The white o wering horsechestnuttree (Aesculushippocastanunti_.:
Hippocastanacead native to the temperatezoneof the northernhemisphereandfound
mostlyin the Balkans(19). The horsechestnuhasbeenpopularasanornamentatreein
urbanparks recreatiorareasandpublic gardenssincethe seconchalf of the 17" Century
Recently this commontree has beenwidely attacled by the horsechestnutleafminer
Camearia ohridella Deschka& Dimic (Lepidoptera:Gracillariidae). Larvae of this tiny
moth destry parenclyma of leaves by making large minesin which they pupate. The
leafminermay have up to four generationperyear Absenceof naturalenemies- larval
parasitizatioris only about5-21%(5) — is, mostlikely, the major causeof its large-scale
outbreakg18).

New managemertbolsareneededo controltheleafminer becauseintil now all strate-
giesfor sustainableontrol of C. ohridella have failed. Theremoval of A. hippocastanum
leaflitter is currentlythe only ecologicallysoundmeasurevailable. Unfortunatelyit has
only short-termeffectivity. City gardenersndthepublicaskfor chemicatreatment®f the
treesespeciallyin countriesof easterrEurope however, chemicakontrolis expensve,and
the protectionof full-grown horsechestnutreesis dif cult andecologicallyquestionable.

Thereis a needto develop saferalternatvesto the conventional,highly toxic systemic
insecticideswhich are presently applied on treesin populatedcities, and botanical
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insecticidescould be ideally suitedfor this purpose.Developmentof naturalinsecticides
hasincreasedecentlybecausef dravbackssuchaservironmentalpollution, andadwerse
effects on non-taget organisms, that result from the use of syntheticinsecticides. A
promisingnaturalinsecticideis anextractfrom seedof theneemtree(Azadirachtaindica
A. Juss.)whichhasbeenfoundto beeffective againstmary pestsandis alsobiodegradable
(7). Themainactive ingredientof mostneem-basegesticidess azadirachtinalimonoid
compoundwith high insecticidalactivity againstmary phytophagougests.Azadirachtin
affects insectgrowth, feeding and reproduction(13,23). Neem extracts have minimal
toxicity to non-tagetorganismssuchasparasitoidspredatorsandpollinators(10,14)and
aredegradedrapidly in theervironment(7).

Neverthelessthe rapid degradabilityis actually disadwantageousvhen neemextracts
are usedagainstdefoliating pests. This canbe resoled by useof higherconcentrations
in foliar applicationg(17) or, a more effective alternative, in termsof insecticideamount,
would be basedon the uptale of the neeminsecticideby plant conductie tissues. The
insecticidecould be deliveredto thetreeeithervia theroot system(8,20)or throughatree
injection(6,14,24).Dissolvedazadirachtins thenincorporatednto planttissueasanatural
metabolite(20).

It hasbeendemonstratethatneemseedkernelextractscontainingazadirachtirpossess
systemicactivity in plant tissue(4). Serveral studieshave demonstratedhat systemic
treatmentsof treeswith such extractswere effective against mary pests,suchas birch
leafminer (12), mountainpine beetle (15), pine engraer beetle (2), sprucebudworm
(22,24),andtwospottedspidermite (21).

This paperpresentgesultsof anexperimentconductedn 2003in which azadirachtin,
appliedvia macroinjections,wasusedto controlthe horsechestnuteafminerC. ohridella
in the CzechRepublic.

MATERIALS AND METHODS

The experimentwas conductedin an alley nearLibovice (50 5' N, 14 17" W), the
CzechRepublic,which includedabout60 trees. The experimentwas performedon nine
horsechestnutrees;four othertreeswereusedasa control. Thetreatmentsvereassigned
randomlyto treeswithin the alley. Neemwasappliedat threeconcentrations).08,0.15
and0.25g of active ingredient(a.i.) percm of diameterat breastheight(dbh)on 20 April
2003.Eachconcentratiorwasappliedto threetrees.

Two formulationsof the commercialinsecticideNeemAzal(Trifolio-M GmbH, Lah-
nau, Germaly) wereused: NeemAzalT (5% of azadirachtinA) wasusedfor the 0.08g
and0.15g a.i. cm * of dbhtreatmentsaindNeemAzalU (17% azadirachtind) wasused
for the0.259 a.i. treatment.Treeswere16.5 1.5cm dbhandapproximately4.0 0.8m
high; the 0.08g a.i. treesreceved 24—-29ml, the 0.159 a.i. treesreceved 45-48ml, and
the0.25g a.i. treesreceived 24—-27g dissohedin 48-54ml water

The insecticidewas appliedby systemictree injection. The injection apparatusvas
manufcturedaccordingto Helsonet al. (6; seephotographtherein). The “injection’
consistedof a maple sap spile, a piece of plastic tubing cut to the length neededto
accommodatehe requiredvolume of insecticide,a tubelessautomobiletire stemwith
valve,andtwo hoseclamps.Theequipmentequiredto setupthedevice onatreeincluded
adrill with a 9.5 mm bit, a hammeranda screvdriver for tighteningthe hoseclamps. A
6-cm-deephole wasdrilled at the baseof thetreeat a slight downward angle. The maple
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sapspilewashammerednto the holeto aboutl cm of the baseof the spile until therewas
solid resistanceo furtherhammering.The plastictubewas lled with the desiredvolume
of uid andthe tire valve stemwasinsertedinto the top of the tubing and sealedwith a
hoseclamp. A bicycle air pumpwasconnectedo thetire valve andtheinjectiontubewas
pressurizedo 250kPa. The pumpwasdisconnectedapidly to prevent depressurization.
The plastictubingwaschecledfor rigidity to ensurehatthe systemwaspressurizedThe
requiredamountof insecticidewasputinto eachtubeandthe systemwaspressurizedThe
deviceswere examined24 h after setup,andthreeof the nine tubesstill containedneem.
Thesewerere-pressurizedndafter 72 h all of the contenthadenterednto thetrees.

Threepheromoneraps(100ng of pheromonejnstalledon treeswereusedto monitor

ying actiity of C. ohridella males. Onetrap was installedat the entranceonein the

middle, and one at the exit of the alley. The trapswere checled and replacedat 3-day
intervals. Theexperimentwasevaluatedcontinuouslythroughouthe seasonbeginningon
1 April.

Thirty leaves,taken randomlyfrom eachtree on eachsamplingdate,were evaluated
in the laboratory The leaves were sampledtwice during eachgeneration. For the rst
two generationghe numberand size of mineswererecordedon eachleaf. The size of
mineswas not analyzedfor the last (third) generatiorbecausecontrol treeswere 100%
defoliated. The minesweredividedinto threesize categoriesbasedon minewidth, which
correspondednoreor lessto larval stageslL1: 1 mm, thelarva minesfrom the empty
egg caseparallelto the vein of the leaf, andslightly lateral. L2: 1.1-2.0mm, the larva
continuego thelengthof themineasit feeds.L3-5: 2.1 mm,thelarva extendsthemine
to atotal lengthof 3—4cm, forming anirregularshapeon theleaf.

Thenumberof pupaein theleaveswasexaminedattheendof thedevelopmenbf each
generationi.e., on adaywhen90% of larvaedevelopedinto pupaeor pre-pupaén thelast
generationWhenassessinthethird generationthe leavesof treatedreeshadalot of old
mines(from thesecondyeneration)soit wasimpossibleto recognizenvhich mineswerea
resultof thethird generation.Therefore we usedthe numberof pupaeasanindicatorof
the populationnumber

Data on the numberof minesand pupaewere subjectedto one-way ANOVA with
concentratiorasa factor Datafrom ten leavesfrom eachtree were averaged. Separate
ANOVAs werecarriedout for eachsamplingdate. Differencesetweernreatmentmeans
werefoundusingTukey's HSD (HonestelySigni cant Difference)est.

RESULTS

Flying activity of C. ohridella A heary ight of C. ohridellamothsin the studylocality
was obsered during 2003 (Fig. 1). In total, three generationsof C. ohridella were
identi ed basedon the male ight actiity pattern. The beginning of ying actvity was
identi ed on 24 April 2003,with peakactiity for the rst generatioroccurringon 10 May
2003.Thebeginning of the secondyeneratiorwason 30 June2003,with peakoccurrence
between9 and 15 July 2003. The beginning of the third generatiorwas on 23 August
2003, with peakactiity on 6 SeptembeR003. After 12 SeptembeR003,the ights of C.
ohridella malesinto the pheromondrapsceased.

First genemtion: Two leaf samplesweretaken duringthe rst generation.The rst
evaluationwas conductedbn May 23, i.e., onemonthafter the beginning of ight of the
rst generationTablel). At this datethe control treeshada signi cantly highernumber
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TABLE 1. Meannumber( S.E.)of three mine sizesof Camearia ohridella during the rst

generation

Sampling Treatment L1 L2 L3-5

date (gem 1
of dbt¥)

May 23 Control 11.7 3.5¢ 23 2.7b 3.1 2.3b
0.08 6.7 2.2b 1.1 2.3ab 0.2 0.4a
0.15 25 2.1la 0.5 0.8a 0.2 0.4a
0.25 25 l4a 0.5 0.7a 0.2 0.4a

Juned Control 4.0 0.7A 11.3 11.8B 28.8 16.8C
0.08 2.0 1.3B 8.8 2.7B 18.4 8.5B
0.15 7.6 3.5C 1.4 1.6A 1.0 2.4A
0.25 7.6 2.1C 1.4 1.6A 1.0 0.8A

ZDiameteratbreastheight.

Y Valueswith the samelowercasgMay 23) or uppercasé¢June4) letter do not differ signi cantly (Tukey's HSD
test,P> 0.05).

TABLE 2. Meannumber( S.E.)of threemine sizesof Camearia ohridella during the second
generation

Sampling Treatment L1 L2 L3-5

date (gem 1
of db?)

July 26 Control 66.0 15.5d 53.5 19.8c 57.7 17.6¢
0.08 51.8 19.0a 10.0 8.4b 10.5 6.9b
0.15 92.4 55.0b 0 Oa 0 Oa
0.25 179.4 39.7c 0 Oa 0 Oa

August4 Control 0 OA 10.2 4.8A 83.8 15.4C
0.08 30.7 4.7B 9.3 4.2A 28.1 7.6B
0.15 176.3 44.1C 24.6 9.0B 4.3 5.8A
0.25 194.7 63.4C 32.4 24.5B 2.5 4.0A

“Diameteratbreastheight.
Y Valueswith thesamdowercasdJuly 26) or uppercas¢August4) letterdo notdiffer signi cantly (Tukey'sHSD
test,P> 0.05).

of C. ohridella minesof all types(L1, L2, L3-5) thanthe treatedtrees(df=3,8,F=86.19,
P<0.001;df=3,8,F=35.75,P< 0.001;df=3,8, F=11.71,P< 0.0027,respectiely). There
was no differenceamong concentrationsexcept for 0.08 g a.i. cm !, which had a

signi cantly higher number of L1 mines than the two other concentrationgdf=3,8,
F=86.19,P<0.0027).

TABLE 3. Meannumber( S.E.)of Camearia ohridellapupaeperleafof thehorsechestnutiuring
the studyperiod

Treatment Generation
(gcm 1 of dbl?)

1st 2nd 3rd
Control 58.4 16.1¢ 56.1 16.8c n.d.
0.08 12.5 5.8b 17.6 4.3b 21.3 6.0b
0.15 0.1 0.3a 0.5 0.5a 0.9 1.0a
0.25 0 Oa 0 Oa 0 Oa

2 Diameterat breasteight.
Y Valueswith the sameletterdo notdiffer signi cantly (Tukey's HSD test,P> 0.05).
n.d.,notdetermined.
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Male catches

Apr.  May June July Aug Sept

Fig. 1. Flying actvity of Cameamria ohridella malesinto trapsbaitedwith 100 ng of pheromone
(Libovice, CzechRepublic,2003). EM, datethe mineswere examined; ER, datethe pupaewere
examined.

Thesecondsamplingwas12 dayslater, on June4 (Tablel). At this datethe numberof
L1 mineswassigni cantly higheron concentration§.15and0.25g a.i. cm * thanonthe
controlor 0.08g a.i. cm ! concentratior{df=3,8,F=29.11,P< 0.031). The numberof L2
andL3-5mineswassigni cantly higheronthecontroland0.08g a.i. cm ! concentration
than on the two other concentrationgdf=3,8, F=106.94,P< 0.001; df=3,8, F=394.37,
P<0.001,respectiely).

At the rst samplingdatetherewereprimarily 15t instarlarvaein the control. As the
populationdeveloped,by the secondsamplingdatetherewere primarily 3"9-5" instar
larvaein thecontrol. The0.8g a.i. cm ! treatmenfollowedthe samepattern.Conversely
with the two higherconcentrationsherewerefewer 29 — 5 instarlarvaeat the second
samplingdate,becausehe 1stinstarlarvaewerekilled beforedeveloping.

The evaluation of pupaeof the rst generationwas carried out 40 days after the
identi ed peakof male ights into the pheromoneraps(Fig. 1). The numberof pupae
(Table3) wassigni cantly lower with concentration§.15and0.25g a.i. cm * thanwith
0.08ga.i.cm ! andcontroltrees(df=3.8,F=484.23P< 0.001). Thehigherconcentrations
reducedhe numberof pupaeby 100%andthelowestconcentratiorby 79% (Table3).

Secondjeneation: Thesecondyeneratiorwasalsosampledwice. The rst evaluation
wasconducted?6 daysaftertheidenti ed beginning of male ight actvity of the second
generatiormales(Fig. 1). Signi cantly highernumbersof L1 mineswerefoundon trees
treatedwith the concentration®f 0.25and0.15g a.i. cm * vs control and the lowest
concentratior0.08 g a.i. cm ! (df=3,8, F=241.13,P<0.001) (Table 2). However, the
numberof L2 andL3-5 mineswas signi cantly lower on the two higherconcentrations
thanonthe controlor lowestconcentratior{df=3,8,F=43.32,P< 0.001;df=3,8,F=307.23,
P<0.001,respectiely).

At thesecondsamplingdate,9 daysafterthe rst, thenumberof L1 andL2 mineswas
signi cantly higheron the two higherconcentrationshanon the lowestconcentratioror
the control (df=3,8,F=195.58,P< 0.001;df=3,8,F=49.41,P< 0.001,respectrely) (Table
2). However, the numberof L3-5 mineswasin turn signi cantly higheron the control
and the lowest concentratiorthan on the two higher concentrationgdf=3,8, F=1740.8,
P<0.001).

The evaluationof pupae(Table 3) of the secondgenerationwas carriedout 35 days
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aftertheidenti ed peakof male ights into the pheromondraps(Fig. 1). Thetwo higher
concentration®f azadirachtirhada signi cantly lower numberof pupaethanthe lowest
concentratiorandthe control (df=3,8, F=231.53,P< 0.001). For the secondyeneratiorof
C. ohridella, the concentration®f 0.25,0.15and0.08g a.i. cm ?* of dbh reducedthe
numberof pupaeby 100%,99.1%and68.6%,respectiely (Table3).

Third genestion: Given the high defoliationof leaveson untreatedrees,wherethe
leaves were shedprematurely the numberand size of mineswere not determined;only
the numberof pupaewasdeterminedn treatedtrees(Table 3). The numberof pupaeper
leaf waslow in all concentrationdested,althoughno comparisorwith the control was
available. The two higherconcentrationdad signi cantly lower numbersof pupaethan
thelowestconcentratior{df=3,8,F=211.11,P< 0.001).

DISCUSSION

Injection of neeminsecticideinto horsechestnuttreeswas effective in controlling
the horse chestnutleafminer C. ohridella. Basedon theseexperiments,the effective
concentratiorof azadirachtirwas0.15g a.i. cm * of dbh. A lower concentratior(0.08g
a.i.) resultedin a 78.6% (for the rst generationand68.6% (for the secondgeneration)
reductionin pupaeand was effective againstthe leafminerfor at least23 weeks. The
concentrationsf 0.15and0.25g a.i. cm ! of dbhresultedn 100%pupaereductionin all
threegenerationslt is suspectedhatthe lowestconcentratior(0.089 a.i.) could provide
efcient protectionfor the whole seasonif all treesin the alley weretreated. This would
leadto a reductionin the secondandthird generationsthus reducingthe damageto the
leaveslaterin theseason.

For the rst generation,the treestreatedwith higher concentrationshad fewer L1
minesthan the lowest concentratiortreatmentand the control. It seemsthat neemhad
an immediateeffect on the developmentof L1 mines. The minesapparentlyfailed to
develop further and stagnateetweenthe L1 andL2. Although the physiology of the
absorptionandtranslocatiorof azadirachtirin treesis still unclear a studyby Sundaram
(20) demonstratedhat azadirachtin-Amoleculeswhich enteredthroughthe root system
of spruceseedlingsweretransportednto the conductve tissues,andtranslocatedo the
aerialparts,especiallyin photosynthatsinks(shootsandneedles) Thereit is incorporated
into thetissue.Thereforetheinsecticidaleffectis long-term.

Thecontroltreeshadmostof theirleavesdamagedby the rst generatiorof leafminers,
and thereforethe treatedtrees were more attractve for the next two generationsof
leafminer This resultedin a high numberof L1 minesfound particularlyon treestreated
with the0.15and0.25g cm ! concentrationsHowever, the larvaedid not develop very
well on thesetrees: only 15% minespassedrom L1 to L2, andnearly noneof them
reachechupae.

Thetreesn thisexperimeniaveraged! min height.However, thecontrolof fully grown
trees approximatelyl0—15m tall, shouldonly requirealargeramountof insecticide.

The systemictree injection tube hasproven to be a reliable and effective device for
injecting neemformulationsinto horsechestnutrees. The possibleharmto treescaused
by injection,suchasrisk of infection,hasnot beenstudied.Oneyearafterapplication the
treesdid notshav any negative symptoms Possiblenegative effectsaregoingto bestudied
in thefuture.

In Europe,the rst trials with treeinjectionsusedthe systemicinsecticideCon dor
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WG 70 (imidacloprid) at a concentratiorof 80 mg a.i. ml (3 ml per20 cm of treetrunk
circumference}o control the secondandthird generation®f C. ohridella Goodresults
wereobtainedonly whentheinsecticidewasappliedafterthe rst generatiorof larvaehad
nished their development.Elevenweeksafterapplication theinjectedtreesshavedonly

50% defoliation,whereasnorethan80% of the leaveshadfallen on the untreatedrees
(3). Several experimentswith imidacloprid(Con dor 200 SL at a concentratiorof 25-30
ml pertreewith 145-200cm circumferencepppliedvia a tree-injectiontechniquewere
conductedn Sloveniain 2000. It wasfound thattreatedtreeslost only 50% of leavesin
November whereaghe untreatedreeshadlost all their leaves(9). The rst experiment
with theendotherapeutiteatmentsvith imidaclopridandabamectirappliedunder8 bars
pressurestartedin May 1998in Italy. Resultswere very promisingand openedup new
possibilitiesin the controlof theleafminerin urbanareag1).

Systemicinjections of neemEC formulationswere effective against several forest
insectpests. Dosagesof 0.2 a.i. cm ! of dbh or less provided control of pine false
webworm (Acantholydaerythrocephalal.), sprucebudworm (Choristoneua fumiferana
Clemens)cedareafminerg(Argyresthiathuiella PackardandA. aureoaigentellaBrower),
gypsy moth (Lymantria dispar L.), and pine savy (Diprion similis (Hartig) (6). Our
resultsandotherstudies(11,12,22,24Fon rmed thatsystemicapplicationof azadirachtin
hasthe potentialto managemary lepidopterarand hymenopterardefoliatorsand miners
on conifersandmay alsohave the potentialto controlscolytidbeetleq2,15).

In comparisorwith othercontrol measuresthe costof neeminjectionsis particularly
dependenton the commercial price of the insecticide, as the device itself is very
inexpensve. The costof the treatmentis alsorelatedto the size of the tree, sincelarger
treesrequirelarger amountsof the insecticide. Although naturalinsecticidesare more
expensvethanthesyntheticonesthelatterusuallyhaveto beappliedrepeatedlyo achieve
efcient control. Our resultsshavedthatoneapplicationof neemextractat the beginning
of theseasomwassufcient to provide protectionagainstthreegeneration®f C. ohridella.
Application of neemextracts (NeemAzal-Tand/or NeemAzal-U)with a systemictree
injectiontubeseemdo be a very promisingnew technologyfor the managemerf mary
defoliatorsminersandborersof trees.
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