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Detectionof Resistanceto Sterol Demethylation-Inhibiting
(DMI) Fungicidesin Cercosporabeticolaand Ef�cacy of
Control of Resistantand SensitiveStrains with Flutriaf ol
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�����
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�

andP.M. Ioannidis
�

Single-lesionisolatesof Cercospora beticola(n=150)werecollectedin 1998from sugarbeet
�elds in the areaof Serres,N. Greece.In this area,steroldemethylation-inhibiting (DMI)
fungicideshavebeenusedfor almost20yearsto controlsugarbeetleafspot.Thesensitivity
of theseisolatesto the DMI fungicides�utriafol and difenoconazole(EC�	� values)was
determinedon thebasisof inhibition of mycelialgrowth at severalfungicideconcentrations.
The relative growth (RG) of isolateswas correlatedat all testedconcentrationswith the
respective EC�	� values,indicating that RG provides a reliable estimatefor the sensitivity
of the isolates. The highestcorrelationcoef�cients were obtainedfor concentrationsof
1 
 g ml �

�

�utriafol and of 0.05 
 g ml �

�

difenoconazole,respectively. Consequently,
they are proposedfor monitoring of DMI sensitivity in C. beticola populations,as single
discriminatoryconcentrationsin a simpli�ed testmethod. Basedon the RG valuesat the
discriminatoryconcentrationof 1 
 g ml �

�

�utriafol, C. beticola isolateswere classi�ed
as either resistantor sensitive. The ef�cacy of �utriafol, applied at the commercially
recommendeddose,in controlling Cercosporaleaf spotwasexaminedin �eld experiments
conductedduring 1999 and 2000. Diseaseincidencein plots arti�cially inoculatedwith
resistantisolatesand treatedwith �utriafol was signi�cantly higher than in similar plots
inoculatedwith sensitive strains. Theseresults suggestthat poor diseasecontrol after
applicationof �utriafol maybebasedonthepresenceof resistantstrainswithin thepathogen
populationin northernGreece. This emphasizesthe risk of the developmentof practical
resistanceif thereis increasedfrequency of suchstrainswithin thepopulation.
KEY WORDS:Fungicideresistance;steroldemethylation inhibitors;sugarbeet;Cercospora
leaf spot.

INTRODUCTION

Sugar beetleaf spotcausedby Cercospora beticolaSacc.is themostimportantfoliar
diseaseof sugarbeetin warmandhumidareas(2). In theabsenceof controlmeasures,yield
is signi�cantly reducedin theseareas(16). In Greece,control of the diseaseis achieved
mainly by fungicidesprayapplicationsinvolving steroldemethylation inhibitors (DMIs),
in mixture with a protectantfungicide,eithermanebor chlorothalonil(7). However, the
extensive useof DMIs in someareasof northernGreecefor almost20 yearshasled to
decreasingsensitivity of thepathogenpopulationto DMI fungicides(8,9).
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In contrastto otherfungicidegroupssuchasbenzimidazoles,thesensitivity levelsof
fungal populationsto DMIs show a continuousdistribution, rangingfrom highly sensitive
to signi�cantly lesssensitive strains(17,22). The lesssensitive strainsmay reproduceat
the fungicide doseappliedin the �eld for diseasecontrol and, consequently, resistance
frequency may increaseto levels at which diseasecontrol by the fungicide becomes
unsatisfactoryand`practicalresistance'will evolve (1,10).

The responsesof the pathogensto fungicidescanbe measuredin several ways. The
mostcommonlyusedmethodis the determinationof EC��� valuesof individual isolates.
EC��� values can be determinedeither in vitro or in vivo, and expressthe fungicide
concentrationwhich inhibits fungal developmentby 50%. For DMIs themycelialgrowth
is consideredto bea very sensitive developmentalstage(15). However, thedetermination
of EC��� valuesis labor-intensive and time-consuming,since it requiresmeasurements
of mycelial growth at several fungicide concentrations.To simplify the procedure,one
discriminatoryconcentrationslightly higher than the meanEC��� valueof the wild-type
populationis often proposedto identify resistantindividuals (18). This approachhas
beenusedsuccessfullyto determinethesensitivity to DMIs of severalpathogens,suchas
Venturiainaequalis(11,18),Pyrenophora teres(13)andMycosphaerella �jiensis (14). The
samemethodwasusedpreviously to determinethe sensitivity of C. beticolato the DMI
fungicide bitertanol(5). In addition, an alternative methodof sensitivity determination
to DMIs hasbeenproposedfor C. beticola basedon diseasecontrol achieved by spray
applicationof several concentrations,on arti�cially inoculatedsugar beetleaf discs(19).
This methodis suitablefor testingbulk samplesof thepathogenbut inoculumdensityhas
to becalibratedcarefullyin orderalwaysto obtaincomparablelevelsof infection.

Theobjectiveof thisstudywasto evaluateasimplemethodto determinethesensitivity
of C.beticolaisolatesto theDMI fungicides�utriafol anddifenoconazole,by usingasingle
discriminatoryconcentrationof thefungicides.In addition,theclassi�cationof C. beticola
isolatesasresistantor sensitive shouldbecon�rmed in the �eld by testingtheef�cacy of
therecommendeddoserateof �utriafol againstsuchisolates.

MATERIALS AND METHODS

Fungal isolatesand sensitivity determination Single-lesionisolatesof C.beticolawere
obtainedin 1998from sugar beet�elds in theareaof Serres,in northernGreece.In this
region DMIs have beenusedextensively for approximately20 years,to controlsugar beet
leafspot.Isolationswerecarriedouton2%wateragar (Oxoid,UnipathLtd., Basingstoke,
UK), acidi�ed with lactic acid (0.5 ml l �

�

) to suppressbacterialgrowth. After 2 days
of incubationat 25� C in the dark, youngfungal coloniesweretransferredto Aspergillus
CompleteMedium (ACM), composedof 20 g agar (Oxoid,), 10 g dextrose (Merck,
Darmstadt,Germany) and1 g yeastextract (Oxoid) per liter of medium. A total of 150
isolateswerescreenedfor sensitivity. All isolateswerecollectedassingle-lesionisolates
from sugar beet�elds in October1998andthentransformedto single-sporeisolatesusing
a dilution technique(20). Isolatesweremaintainedon PotatoDextroseAgar (Oxoid) at
4� C.

Technicalgrade�utriafol anddifenoconazoleweregenerouslysuppliedby Syngenta
Hellas S.A., Athens, Greece. The methodfor determinationof the sensitivity to the
two fungicides,the relative growth (RG) measurement,andEC��� calculationhave been
describedpreviously in moredetail (9). Brie�y , mycelial plugswereremoved from the
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colony margins with the aid of a 5-mm-diamcork borer, placedupsidedown on the
fungicide-amendedand-unamendedgrowth medium,andincubatedat25� C in thedarkfor
7 days.Then,themeancolony diameter, minusthediameterof the inoculationplug, was
measuredandexpressedaspercentageof themeandiameterof theuntreatedcontrol. The
EC��� value(effectiveconcentrationthatcauses50%inhibition of mycelialgrowth) of each
strainwascalculatedby regressingtherelativegrowth (RG:colony diameteron fungicide-
amendedmediumdividedby thecolony diameteron unamendedmedium � 100)against
thelog of thefungicideconcentration.

Field experiments Five sensitive and� ve resistantisolatesof C. beticolawereusedin
�eld experimentsfor studyingtheef�cacy of �utriafol againstsugarbeetleafspot.Details
on thelevel of sensitivity of isolatesusedin thisstudyaregivenin Table1.

Conidia for the arti�cial inoculationwere producedon young sugar beetseedlings,
cv. `Rizor'. Ten 5-week-oldseedlingplantsper isolatewere inoculatedwith conidial
suspensionsof eachisolateandincubatedin theglasshouseat 25� C for � 15 days. Once
symptomsappeared,plantswere coveredwith plastic bagsin order to induceabundant
sporulation. Two dayslater, plastic bagswere removed. Diseasedleaves were cut off
and gently shaken in 1 l of tap water to detachconidia. The conidial suspensionwas
�ltered throughasinglelayerof cheeseclothto removeplantdebrisandthenmixed-isolate
inoculumwaspreparedby mixing conidiafrom thesensitiveandtheresistantisolates.The
�nal conidial suspensionscontained500 sporesper ml. As surfactant,0.3 ml l �

�

Agral
90 (SyngentaHellasS.A.) wasaddedto theconidialsuspensions.Fifteenliters of conidial
suspensionscontainingsporesof both resistantand sensitive isolateswere preparedfor
inoculatingthe�elds.

The �eld experimentswereconductedduring the summersof 1999and2000, in the
areaof Stavros,Imathia,northernGreece.Thecrop(cv. Rizor) wassown on 16 Marchin
1999andon22Marchin 2000,andall thenecessaryculturalpractices(thinning,irrigation,
fertilization, weedandinsectcontrol) werefollowed. A major concernwasthe possible
risk of inter-plot migrationof conidia.To minimizethis risk asmuchaspossible,eachplot
wasseparatedfrom otherplots by a 4-m-widebuffer zonefreeof sugar beetplants. The
experimentalplotswere10 � 2.25m in sizeandconsistedof six rows of sugar beetplants.
Theexperimentwasdesignedascompletelyrandomizedblockswith four treatments,and
four replicatespertreatment:(i) plotsinoculatedwith �utriafol-sensitivestrainsandtreated
with �utriafol; (ii) untreatedplots inoculatedwith �utriafol-sensitive strains; (iii) plots
inoculatedwith �utriafol-resistant strainsand treatedwith �utriafol; (iv) untreatedplots
inoculatedwith �utriafol-resistantstrains.Plantswerearti�cially inoculatedafter`closing'
of the rows on 23 Junein 1999and17 Junein 2000. Inoculationwascarriedout after
sunset,a few minutesafter irrigation of the plots. Inoculumwasapplieduniformly onto
foliagewith theaidof a tie-backsprayer.

About16h afterinoculation,thecommercialformulationof �utriafol (Impact12.5SC,
SyngentaHellas)wassprayedon sugar beetplantsuntil runoff, at therecommendeddose
rateof 0.062l a.i. ha�

�

, with anAZO precisionsprayerat a volumeof 0.9 l perplot (400
l ha�

�

) and4 barpressure.Flutriafol applicationswererepeatedat 15-dayintervalsuntil
theendof August(a total of � ve sprayapplications).Diseasedevelopmentwasassessed
visually, usingthe12-degreeratingscaleof Barrat-Horsfall (6). Assessmentsof thedisease
beganjustaftertheappearanceof symptomsandwererepeatedat10–15-dayintervalsuntil
theendof theexperiment.AreaUnderDiseaseProgressCurve (AUDPC)wascalculated
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for theassessmentperiodasfollows (21):
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= diseaseseverity at theith observation,t
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= time(days)at theith observationand
n = totalnumberof observations

Data analysis LinearregressionsbetweenRG andEC��� valuesof �utriafol anddifeno-
conazolewereconstructedfor 150single-lesionisolatesof C. beticola. EC��� valueswere
derived from dose-responseregressionsobtainedfrom sensitivity testsat six fungicide
concentrations.Valuesof AUDPCweresubjectedto ananalysisof varianceandcompared
by Duncan's Multiple RangeTest. Thestatisticalanalysiswassupportedby the Mstat-C
statisticalprogram(Mstat-C,version2.10,MichiganStateUniversity).

TABLE 1. Sensitivity of Cercospora beticolaisolatesto �utriafol, expressedaseffective concentra-
tion (EC�;� ) andrelativegrowth (RG) values

Resistantisolates Sensitive isolates
Isolate EC�	� ( < g ml-1) RG= Isolate EC�;� ( < g ml-1) RG
R 10 13.9 93.3 S3 0.16 22.7
R 64 11.1 81.2 S28 0.10 15.0
R 77 12.5 82.3 S37 0.16 18.2
R 94 10.5 93.7 S49 0.12 25.0
R 127 9.4 87.5 S67 0.13 23.5

= Relativegrowth valuesof isolatesat1.0 < g ml
�

�

�utriafol.

RESULTS

Corr elation betweenRG and EC ��� values Measurementsof EC��� valueswerebased
on the inhibition of mycelial growth at several fungicideconcentrations.In addition,the
RG valuesweredeterminedat a singlediscriminatoryconcentration,for eachisolate. To
comparethetwo sensitivity measures,a regressionanalysiswasconductedbetweenEC���

and RG valuesfor 150 C. beticola isolates. Both sensitivity measureshad correlation
coef�cients signi�cantly different from zero (P > 0.01) for all concentrationstestedand
both fungicides. The highestcorrelationcoef�cients were calculatedfor RG valuesat
1.0 ? g ml �

�

�utriafol (r=0.87;Fig. 1A) and0.05 ? g ml �

�

difenoconazole(r=0.90;Fig.
1B). Both concentrationswerehigherthanthe respective meanEC��� valuesof the wild-
type population. Thus,RG valuesprovided a reliableestimateof the sensitivity to both
fungicides.

Ef�cacy of �utriaf ol against Cercosporaleaf spot in relation to the sensitivity of the
isolates Isolatesof C. beticolawereclassi�edaseitherresistantor sensitive to �utriafol
accordingto theRGatthediscriminatoryconcentrationof 1.0 ? g ml �

�

. Resultsondisease
incidence,expressedasAUDPC,arepresentedin Figure2. AUDPCvaluesin theuntreated
plots inoculatedwith eithersensitive or resistantstrains,werenot signi�cantly different
(P @ 0.05) in 1999 or in 2000. The foliage was completelydestroyed in early August.
In plots inoculatedwith conidia of sensitive strainsand sprayedwith �utriafol, disease
incidencehadthe lowestvalues,until mid August in 1999or the endof August in 2000
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Fig. 1. Correlationcoef�cients betweenlog EC�;� values( 
 g ml �

�

) and relative growth (RG)
valuesat 1 
 g ml �

�

�utriafol (A) and0.05 
 g ml �

�

difenoconazole(B). RG andEC�	� valueswere
determinedin 150single-lesionisolatesof Cercospora beticola.

(Fig. 3). In theseplotsfoliagedamage,following �utriafol treatments,remainedlow until
earlyAugustandbeganto increaseafter themiddleof Augustin bothyears.Conversely,
in plotsinoculatedwith resistantstrainsandsprayedwith �utriafol, diseaseincidencewas
higher thanin plots inoculatedwith sensitive strains(P @ 0.05). Foliagedamagein plots
inoculatedwith resistantstrainsincreasedrapidlydespite�utriafol treatments(Fig. 3).

DISCUSSION

Detection and measurementof resistanceto fungicides can contribute to address
severalquestionsincludingdocumentationof emerging resistanceprior to controlfailures,
diagnosisof resistanceas the causeof control failuresand evaluationof antiresistance
strategies(3). For suchpurposesthe availability of a precisetestmethodto discriminate

Phytoparasitica31:4,2003 377



Fig. 2. AreaUnderDiseaseProgressCurve(AUDPC)in arti�cially inoculated�eld plotswith DMI-
sensitive(S)and-resistant(R) strainsof Cercospora beticolain 1999and2000.Meanswith thesame
lower case(1999)or capital (2000) letter above the columnsdo not differ signi�cantly at P=0.05
accordingto Duncan'sMultiple RangeTest.

resistantfrom sensitivestrainsis aprerequisite.
In our study it was demonstratedthat a strong positive correlationexists between

RG valuesfor differentconcentrationsof �utriafol anddifenoconazoleandEC��� values
of individual fungal isolates. The highestcorrelationcoef�cients were found for the
concentrationsof 1 ? gml �

�

�utriafol and0.05 ? gml �

�

difenoconazole,whichwerehigher
thanthe respective meanEC��� valuesof thewild-type population:for �utriafol � 0.5 ? g
ml �

�

andfor difenoconazole� 0.03 ? g ml �

�

(8,9).
A discriminatory concentrationclose to the highest level of resistancefound in

populations,hasbeenproposedfor DMIs for V. inaequalis(18). Sucha concentration
would be of aid in detectingisolateswith a strongly reducedsensitivity, as is known to
occurin M. �jiensis (14). In our study, a discriminatoryconcentrationcloseto the mean
EC��� value of the wild-type populationdid not result in a good correlationwith EC���

valuesof individual isolates,probablybecausethepopulationswereshiftedtowardreduced
sensitivity levelsin comparisonwith thewild-typepopulation.

The results of a 4-year monitoring program carried out to determinechangesin
sensitivity of C. beticolapopulationsto �utriafol anddifenoconazole,showeda stepwise
increaseof resistancefrequency in two areasof northernGreece(9). In our study C.
beticolaisolateswereclassi�ed asresistantor sensitive accordingto their relative growth
at 1 ? g ml �

�

�utriafol. In thewild-type populationtherewereno strainswith RG values
higherthan70%at this concentrationof �utriafol. Consequently, strainswith RG values

@ 70%wereconsideredasresistant.
In orderto evaluatethereliability of this ratherarbitraryclassi�cation,theef�cacy of

�utriafol sprayapplicationsagainst�utriafol-resistantC. beticolastrainswasdetermined
in �eld experiments.Theef�cacy of �utriafol in theplotsinoculatedwith sensitive isolates
was signi�cantly higher than in plots inoculatedwith resistantisolates. In the latter
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Fig. 3. Foliagedamageof sugar beetafter arti�cial inoculationwith conidiaof DMI-sensitive (S)
and-resistant(R) strainsof Cercospora beticolain futriafol-treatedand-untreatedexperimental�eld
plots. Inoculationdates:23June1999,17June2000.LSD at P=0.05.

treatmentfoliage damagewasextremelyhigh despite�utriafol applications,andin some
casesnotsigni�cantly differentfrom theuntreatedcontroltreatments.In contrast,in treated
plotsinoculatedwith sensitive isolatesfoliagedamagewasinitially very low andremained
relatively low until early August. Afterwards,diseaselevels startedto rise rapidly and
�nally reachedlevelsalmostsimilar to thosein untreatedcontrolplots.Thiswasexpected,
for threemainreasons:(a) thehighinoculumdensityintroducedin the�eld by thearti�cial
inoculation,(b) theextremelyfavorableenvironmentalconditionsfor diseasedevelopment
duringAugust,and(c) themigrationof conidiafrom oneplot to adjacentplots,particularly
thetransferof resistantstrainsto plotsinoculatedwith sensitivestrains.

Basedon our results,it is concludedthatC. beticolastrainsresistantto DMIs cannot
becontrolledsuf�ciently by therecommendeddoserateof �utriafol. Underthecontinuous
selectionpressureof DMI fungicides,the frequency of resistantstrainshasapparently
increasedand`practical' resistancehasbeenenhanced.In our studywe usedC. beticola
strainsthat differed in sensitivity by a factor of � 100. The ef�cacy of �utriafol and
difenoconazoleagainststrainsthatrepresentthemajorityof individualsin themiddleof the
sensitivity spectrumshouldbeevaluatedin a futurestudy. By correlatingcontrol failures
with thesensitivity of C. beticolapopulations,morereliablethresholdlimits for resistance
frequency maybeestablished,aswasdonewith V. inaequalis(12) andUncinulanecator
(4).
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11. Köller, W., Parker, D.M. andReynolds,K.L. (1991)Baselinesensitivities of Venturia inaequalisto sterol
demethylation inhibitors.PlantDis. 75:726-728.
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