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SystemicApplications of Neemin the Control of
Camerariaohridella, a Pestof HorseChestnut (Aesculus

hippocastanum)

RomanPavela1;� andMartin Bárnet1

Systemic injection of neem (azadirachtin)was tested in the control of horse chestnut
leafminer, Cameraria ohridella Deschka& Dimic (Lepidoptera:Gracillariidae),a pestof
horsechestnuttrees(AesculushippocastanumL.: Hippocastanaceae).Threeconcentrations,
0.08,0.15and0.25g of active ingredient(a.i.) per cm of diameterat breastheight (dbh),
providedlong-lastinginsecticidalactivity. The0.15and0.25g a.i. concentrationsresultedin
100%pupaereductionin all generations;the0.08g a.i. concentrationwaseffective against
thehorsechestnutleafminerfor atleast23weeksandledto70–80%pupaereduction.Treated
treesdid not losetheir leavesbeforewinter. Neemapplicationvia injectionis cheap,with no
environmentalhazards,andthusthistreatmentis recommendedfor thecontrolof C.ohridella
in horsechestnuttrees.
KEY WORDS:NeemAzal;azadirachtin;botanicalinsecticides;pestmanagement;ornamen-
tal plants;leafminer.

INTRODUCTION

The genusAesculusis widespreadin North America,Caucasus,Asia Minor andthe
Himalayas(16). The white �o wering horsechestnuttree (AesculushippocastanumL.:
Hippocastanaceae)is native to the temperatezoneof the northernhemisphereandfound
mostly in theBalkans(19). Thehorsechestnuthasbeenpopularasanornamentaltreein
urbanparks,recreationareasandpublicgardenssincethesecondhalf of the17th Century.
Recently, this commontree hasbeenwidely attacked by the horsechestnutleafminer,
Cameraria ohridella Deschka& Dimic (Lepidoptera:Gracillariidae).Larvaeof this tiny
moth destroy parenchyma of leaves by making large minesin which they pupate. The
leafminermayhave up to four generationsperyear. Absenceof naturalenemies– larval
parasitizationis only about5–21%(5) – is, mostlikely, themajorcauseof its large-scale
outbreaks(18).

New managementtoolsareneededto controltheleafminer, becauseuntil now all strate-
giesfor sustainablecontrolof C. ohridella have failed. Theremoval of A. hippocastanum
leaf litter is currentlytheonly ecologicallysoundmeasureavailable.Unfortunately, it has
only short-termeffectivity. City gardenersandthepublicaskfor chemicaltreatmentsof the
trees,especiallyin countriesof easternEurope;however, chemicalcontrolisexpensive,and
theprotectionof full-grown horsechestnuttreesis dif�cult andecologicallyquestionable.

Thereis a needto developsaferalternativesto theconventional,highly toxic systemic
insecticideswhich are presently applied on trees in populatedcities, and botanical
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insecticidescouldbe ideally suitedfor this purpose.Developmentof naturalinsecticides
hasincreasedrecentlybecauseof drawbacks,suchasenvironmentalpollution,andadverse
effects on non-target organisms,that result from the use of synthetic insecticides. A
promisingnaturalinsecticideis anextractfrom seedsof theneemtree(Azadirachta indica
A. Juss.),whichhasbeenfoundto beeffectiveagainstmany pestsandis alsobiodegradable
(7). Themainactive ingredientof mostneem-basedpesticidesis azadirachtin,a limonoid
compoundwith high insecticidalactivity againstmany phytophagouspests.Azadirachtin
affects insect growth, feeding and reproduction(13,23). Neem extracts have minimal
toxicity to non-targetorganismssuchasparasitoids,predatorsandpollinators(10,14)and
aredegradedrapidly in theenvironment(7).

Nevertheless,the rapid degradabilityis actuallydisadvantageouswhenneemextracts
areusedagainstdefoliatingpests. This canbe resolved by useof higherconcentrations
in foliar applications(17) or, a moreeffective alternative, in termsof insecticideamount,
would be basedon the uptake of the neeminsecticideby plant conductive tissues. The
insecticidecouldbedeliveredto thetreeeithervia theroot system(8,20)or througha tree
injection(6,14,24).Dissolvedazadirachtinis thenincorporatedinto planttissueasanatural
metabolite(20).

It hasbeendemonstratedthatneemseedkernelextractscontainingazadirachtinpossess
systemicactivity in plant tissue(4). Several studieshave demonstratedthat systemic
treatmentsof treeswith suchextractswere effective against many pests,suchas birch
leafminer (12), mountainpine beetle (15), pine engraver beetle (2), sprucebudworm
(22,24),andtwospottedspidermite (21).

This paperpresentsresultsof anexperimentconductedin 2003in which azadirachtin,
appliedvia macroinjections,wasusedto controlthehorsechestnutleafminerC. ohridella
in theCzechRepublic.

MATERIALS AND METHODS

The experimentwas conductedin an alley nearLibovice (50� 5' N, 14� 17' W), the
CzechRepublic,which includedabout60 trees. The experimentwasperformedon nine
horsechestnuttrees;four othertreeswereusedasa control.Thetreatmentswereassigned
randomlyto treeswithin the alley. Neemwasappliedat threeconcentrations,0.08,0.15
and0.25g of active ingredient(a.i.) percm of diameterat breastheight(dbh)on 20 April
2003.Eachconcentrationwasappliedto threetrees.

Two formulationsof the commercialinsecticideNeemAzal(Trifolio-M GmbH,Lah-
nau,Germany) wereused:NeemAzalT (5% of azadirachtinA) wasusedfor the 0.08g
and0.15g a.i. cm� 1 of dbh treatmentsandNeemAzalU (17%azadirachtinA) wasused
for the0.25g a.i. treatment.Treeswere16.5� 1.5 cm dbhandapproximately4.0� 0.8 m
high; the0.08g a.i. treesreceived24–29ml, the0.15g a.i. treesreceived45–48ml, and
the0.25g a.i. treesreceived24–27g dissolvedin 48–54ml water.

The insecticidewasappliedby systemictree injection. The injection apparatuswas
manufacturedaccordingto Helsonet al. (6; seephotographtherein). The `injection'
consistedof a maple sap spile, a piece of plastic tubing cut to the length neededto
accommodatethe requiredvolume of insecticide,a tubelessautomobiletire stemwith
valve,andtwo hoseclamps.Theequipmentrequiredto setupthedeviceonatreeincluded
a drill with a 9.5 mm bit, a hammer, anda screwdriver for tighteningthehoseclamps.A
6-cm-deepholewasdrilled at thebaseof thetreeat a slight downwardangle.Themaple
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sapspilewashammeredinto theholeto about1 cmof thebaseof thespileuntil therewas
solid resistanceto furtherhammering.Theplastictubewas�lled with thedesiredvolume
of �uid andthe tire valve stemwasinsertedinto the top of the tubing andsealedwith a
hoseclamp.A bicycle air pumpwasconnectedto thetire valve andtheinjectiontubewas
pressurizedto 250 kPa. Thepumpwasdisconnectedrapidly to preventdepressurization.
Theplastictubingwascheckedfor rigidity to ensurethatthesystemwaspressurized.The
requiredamountof insecticidewasput into eachtubeandthesystemwaspressurized.The
deviceswereexamined24 h aftersetup,andthreeof thenine tubesstill containedneem.
Thesewerere-pressurizedandafter72h all of thecontentshadenteredinto thetrees.

Threepheromonetraps(100ng of pheromone)installedon treeswereusedto monitor
�ying activity of C. ohridella males. One trap was installedat the entrance,one in the
middle, andoneat the exit of the alley. The trapswerechecked and replacedat 3-day
intervals.Theexperimentwasevaluatedcontinuouslythroughouttheseason,beginningon
1 April.

Thirty leaves,taken randomlyfrom eachtreeon eachsamplingdate,wereevaluated
in the laboratory. The leavesweresampledtwice during eachgeneration.For the �rst
two generationsthe numberandsizeof mineswererecordedon eachleaf. The sizeof
mineswasnot analyzedfor the last (third) generationbecausecontrol treeswere100%
defoliated.Theminesweredividedinto threesizecategoriesbasedon minewidth, which
correspondedmoreor lessto larval stages:L1: � 1 mm, the larva minesfrom theempty
egg caseparallel to the vein of the leaf, andslightly lateral. L2: 1.1–2.0mm, the larva
continuesto thelengthof themineasit feeds.L3–5: � 2.1mm,thelarvaextendsthemine
to a total lengthof 3–4cm,forminganirregularshapeon theleaf.

Thenumberof pupaein theleaveswasexaminedat theendof thedevelopmentof each
generation,i.e., onadaywhen90%of larvaedevelopedinto pupaeor pre-pupaein thelast
generation.Whenassessingthethird generation,theleavesof treatedtreeshada lot of old
mines(from thesecondgeneration),soit wasimpossibleto recognizewhichmineswerea
resultof the third generation.Therefore,we usedthenumberof pupaeasan indicatorof
thepopulationnumber.

Data on the numberof minesand pupaewere subjectedto one-way ANOVA with
concentrationasa factor. Data from ten leavesfrom eachtreewereaveraged.Separate
ANOVAs werecarriedout for eachsamplingdate. Differencesbetweentreatmentmeans
werefoundusingTukey'sHSD (HonestelySigni�cant Difference)test.

RESULTS

Flying activity of C. ohridella A heavy �ight of C. ohridellamothsin thestudylocality
was observed during 2003 (Fig. 1). In total, three generationsof C. ohridella were
identi�ed basedon the male �ight activity pattern. The beginning of �ying activity was
identi�ed on24April 2003,with peakactivity for the�rst generationoccurringon10May
2003.Thebeginningof thesecondgenerationwason30June2003,with peakoccurrence
between9 and 15 July 2003. The beginning of the third generationwas on 23 August
2003,with peakactivity on 6 September2003.After 12 September2003,the�ights of C.
ohridellamalesinto thepheromonetrapsceased.

First generation: Two leaf sampleswere taken during the �rst generation.The �rst
evaluationwasconductedon May 23, i.e., onemonthafter the beginningof �ight of the
�rst generation(Table1). At this datethecontrol treeshada signi�cantly highernumber
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TABLE 1. Mean number(� S.E.) of three mine sizesof Cameraria ohridella during the �rst
generation

Sampling
date

Treatment
(g cm� 1

of dbhz )

L1 L2 L3–5

May 23 Control 11.7� 3.5cy 2.3� 2.7b 3.1� 2.3b
0.08 6.7� 2.2b 1.1� 2.3ab 0.2� 0.4a
0.15 2.5� 2.1a 0.5� 0.8a 0.2� 0.4a
0.25 2.5� 1.4a 0.5� 0.7a 0.2� 0.4a

June4 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

z Diameteratbreastheight.
y Valueswith thesamelowercase(May 23) or uppercase(June4) letterdo not differ signi�cantly (Tukey's HSD
test,P> 0.05).

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

Sampling
date

Treatment
(g cm� 1

of dbhz )

L1 L2 L3–5

July26 Control 66.0� 15.5ay 53.5� 19.8c 57.7� 17.6c
0.08 51.8� 19.0a 10.0� 8.4b 10.5� 6.9b
0.15 92.4� 55.0b 0� 0a 0� 0a
0.25 179.4� 39.7c 0� 0a 0� 0a

August4 Control 0� 0A 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

z Diameteratbreastheight.
y Valueswith thesamelowercase(July26)or uppercase(August4) letterdonotdiffer 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,respectively). There
was no differenceamong concentrationsexcept for 0.08 g a.i. cm� 1, which had a
signi�cantly higher number of L1 mines than the two other concentrations(df=3,8,
F=86.19,P< 0.0027).

TABLE 3. Meannumber(� S.E.)of Cameraria ohridellapupaeperleafof thehorsechestnutduring
thestudyperiod

Treatment
(g cm� 1 of dbhz )

Generation

1st 2nd 3rd
Control 58.4� 16.1cy 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� 0a 0� 0a 0� 0a

z Diameteratbreastheight.
y Valueswith thesameletterdonotdiffer signi�cantly (Tukey's HSDtest,P> 0.05).
n.d.,notdetermined.
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Fig. 1. Flying activity of Cameraria ohridella malesinto trapsbaitedwith 100 ng of pheromone
(Libovice, CzechRepublic,2003). EM, datethe mineswereexamined;EP, datethe pupaewere
examined.

Thesecondsamplingwas12dayslater, onJune4 (Table1). At thisdatethenumberof
L1 mineswassigni�cantly higheronconcentrations0.15and0.25g a.i. cm� 1 thanon the
controlor 0.08g a.i. cm� 1 concentration(df=3,8,F=29.11,P< 0.031).Thenumberof L2
andL3–5mineswassigni�cantly higheron thecontroland0.08g a.i. cm� 1 concentration
than on the two other concentrations(df=3,8, F=106.94,P< 0.001; df=3,8, F=394.37,
P< 0.001,respectively).

At the �rst samplingdatetherewereprimarily 1st instarlarvaein thecontrol. As the
populationdeveloped,by the secondsamplingdatetherewere primarily 3r d–5th instar
larvaein thecontrol.The0.8g a.i. cm� 1 treatmentfollowedthesamepattern.Conversely,
with the two higherconcentrationstherewerefewer 2nd – 5th instarlarvaeat thesecond
samplingdate,becausethe1stinstarlarvaewerekilled beforedeveloping.

The evaluation of pupaeof the �rst generationwas carried out 40 days after the
identi�ed peakof male�ights into the pheromonetraps(Fig. 1). The numberof pupae
(Table3) wassigni�cantly lower with concentrations0.15and0.25g a.i. cm� 1 thanwith
0.08g a.i. cm� 1 andcontroltrees(df=3.8,F=484.23,P< 0.001).Thehigherconcentrations
reducedthenumberof pupaeby 100%andthelowestconcentrationby 79%(Table3).

Secondgeneration: Thesecondgenerationwasalsosampledtwice. The�rst evaluation
wasconducted26 daysafter the identi�ed beginningof male�ight activity of thesecond
generationmales(Fig. 1). Signi�cantly highernumbersof L1 mineswerefoundon trees
treatedwith the concentrationsof 0.25 and 0.15 g a.i. cm� 1 vs control and the lowest
concentration0.08 g a.i. cm� 1 (df=3,8, F=241.13,P< 0.001) (Table 2). However, the
numberof L2 andL3–5 mineswassigni�cantly lower on the two higherconcentrations
thanonthecontrolor lowestconcentration(df=3,8,F=43.32,P< 0.001;df=3,8,F=307.23,
P< 0.001,respectively).

At thesecondsamplingdate,9 daysafterthe�rst, thenumberof L1 andL2 mineswas
signi�cantly higheron the two higherconcentrationsthanon the lowestconcentrationor
thecontrol (df=3,8,F=195.58,P< 0.001;df=3,8,F=49.41,P< 0.001,respectively) (Table
2). However, the numberof L3–5 mineswas in turn signi�cantly higheron the control
and the lowest concentrationthan on the two higher concentrations(df=3,8, F=1740.8,
P< 0.001).

The evaluationof pupae(Table3) of the secondgenerationwascarriedout 35 days

Phytoparasitica33:1,2005 53



after theidenti�ed peakof male�ights into thepheromonetraps(Fig. 1). Thetwo higher
concentrationsof azadirachtinhada signi�cantly lower numberof pupaethanthe lowest
concentrationandthecontrol(df=3,8,F=231.53,P< 0.001).For thesecondgenerationof
C. ohridella, the concentrationsof 0.25, 0.15 and0.08 g a.i. cm� 1 of dbh reducedthe
numberof pupaeby 100%,99.1%and68.6%,respectively (Table3).

Third generation: Given the high defoliationof leaveson untreatedtrees,wherethe
leaveswereshedprematurely, the numberandsizeof mineswerenot determined;only
thenumberof pupaewasdeterminedon treatedtrees(Table3). Thenumberof pupaeper
leaf was low in all concentrationstested,althoughno comparisonwith the control was
available. The two higherconcentrationshadsigni�cantly lower numbersof pupaethan
thelowestconcentration(df=3,8,F=211.11,P< 0.001).

DISCUSSION

Injection of neeminsecticideinto horsechestnuttreeswas effective in controlling
the horsechestnutleafminer C. ohridella. Basedon theseexperiments,the effective
concentrationof azadirachtinwas0.15g a.i. cm� 1 of dbh. A lower concentration(0.08g
a.i.) resultedin a 78.6%(for the �rst generation)and68.6%(for the secondgeneration)
reductionin pupaeand was effective against the leafminer for at least23 weeks. The
concentrationsof 0.15and0.25g a.i. cm� 1 of dbhresultedin 100%pupaereductionin all
threegenerations.It is suspectedthat the lowestconcentration(0.08g a.i.) couldprovide
ef�cient protectionfor thewholeseasonif all treesin thealley weretreated.This would
leadto a reductionin the secondandthird generations,thusreducingthe damageto the
leaveslaterin theseason.

For the �rst generation,the treestreatedwith higher concentrationshad fewer L1
minesthan the lowest concentrationtreatmentand the control. It seemsthat neemhad
an immediateeffect on the developmentof L1 mines. The minesapparentlyfailed to
develop further and stagnatedbetweenthe L1 and L2. Although the physiology of the
absorptionandtranslocationof azadirachtinin treesis still unclear, a studyby Sundaram
(20) demonstratedthat azadirachtin-Amolecules,which enteredthroughthe root system
of spruceseedlings,weretransportedinto the conductive tissues,andtranslocatedto the
aerialparts,especiallyin photosynthatesinks(shootsandneedles).Thereit is incorporated
into thetissue.Therefore,theinsecticidaleffect is long-term.

Thecontroltreeshadmostof their leavesdamagedby the�rst generationof leafminers,
and thereforethe treatedtrees were more attractive for the next two generationsof
leafminer. This resultedin a high numberof L1 minesfoundparticularlyon treestreated
with the0.15and0.25g cm� 1 concentrations.However, the larvaedid not developvery
well on thesetrees: only � 15% minespassedfrom L1 to L2, andnearlynoneof them
reachedpupae.

Thetreesin thisexperimentaveraged4min height.However, thecontrolof fully grown
trees,approximately10–15m tall, shouldonly requirea largeramountof insecticide.

The systemictree injection tubehasproven to be a reliableandeffective device for
injecting neemformulationsinto horsechestnuttrees.The possibleharmto treescaused
by injection,suchasrisk of infection,hasnotbeenstudied.Oneyearafterapplication,the
treesdid notshow any negativesymptoms.Possiblenegativeeffectsaregoingto bestudied
in thefuture.

In Europe,the �rst trials with tree injectionsusedthe systemicinsecticideCon�dor
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WG 70 (imidacloprid)at a concentrationof 80 mg a.i. ml (3 ml per 20 cm of treetrunk
circumference)to control the secondandthird generationsof C. ohridella. Goodresults
wereobtainedonly whentheinsecticidewasappliedafterthe�rst generationof larvaehad
�nished their development.Elevenweeksafterapplication,theinjectedtreesshowedonly
� 50%defoliation,whereasmorethan80%of the leaveshadfallenon theuntreatedtrees
(3). Severalexperimentswith imidacloprid(Con�dor 200SL at a concentrationof 25–30
ml per treewith 145–200cm circumference)appliedvia a tree-injectiontechniquewere
conductedin Sloveniain 2000. It wasfound that treatedtreeslost only 50%of leavesin
November, whereasthe untreatedtreeshadlost all their leaves(9). The �rst experiment
with theendotherapeutictreatmentswith imidaclopridandabamectinappliedunder8 bars
pressurestartedin May 1998in Italy. Resultswerevery promisingandopenedup new
possibilitiesin thecontrolof theleafminerin urbanareas(1).

Systemicinjections of neemEC formulationswere effective against several forest
insectpests. Dosagesof 0.2 a.i. cm� 1 of dbh or less provided control of pine false
webworm (AcantholydaerythrocephalaL.), sprucebudworm (Choristoneura fumiferana
Clemens),cedarleafminers(ArgyresthiathuiellaPackardandA. aureoargentellaBrower),
gypsy moth (Lymantria dispar L.), and pine saw�y (Diprion similis (Hartig) (6). Our
resultsandotherstudies(11,12,22,24)con�rmed thatsystemicapplicationof azadirachtin
hasthepotentialto managemany lepidopteranandhymenopterandefoliatorsandminers
onconifersandmayalsohave thepotentialto controlscolytidbeetles(2,15).

In comparisonwith othercontrolmeasures,thecostof neeminjectionsis particularly
dependenton the commercial price of the insecticide, as the device itself is very
inexpensive. The costof the treatmentis alsorelatedto the sizeof the tree,sincelarger
treesrequire larger amountsof the insecticide. Although natural insecticidesare more
expensivethanthesyntheticones,thelatterusuallyhaveto beappliedrepeatedlyto achieve
ef�cient control. Our resultsshowedthatoneapplicationof neemextractat thebeginning
of theseasonwassuf�cient to provideprotectionagainstthreegenerationsof C. ohridella.
Application of neemextracts (NeemAzal-Tand/or NeemAzal-U)with a systemictree
injectiontubeseemsto bea very promisingnew technologyfor themanagementof many
defoliators,minersandborersof trees.
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18. Skuhravý, V. (1998)Zur KenntnisderBlattminen-MotteCameraria ohridellaDesch.& Dim. (Lep.,Litho-
colletidae)an AesculushippocastanumL. in der TschechischenRepublik.Anz.Schädlkd.P�anzenschutz
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