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Detectionof Resistanceo Sterol Demethylation-Inhibiting
(DMI) Fungicidesin Cercosporaeticolaand Ef cacy of
Control of Resistantand Sensitve Strains with Flutriaf ol

G.S.Karaoglanidis, D.A. KaradimosandP.M. loannidis

Single-lesiorisolatesof Cercospoa beticola(n=150)werecollectedin 1998from sugar beet
elds in the areaof SerresN. Greece.In this area,steroldemetlylation-inhibiting (DMI)
fungicideshave beenusedfor almost20 yearsto controlsugar beetleaf spot. The sensitvity
of theseisolatesto the DMI fungicides utriafol and difenoconazoldEC values)was
determinedn the basisof inhibition of mycelialgrowth at severalfungicideconcentrations.
The relative growth (RG) of isolateswas correlatedat all testedconcentrationaith the
respectie EC values,indicatingthat RG provides a reliable estimatefor the sensitvity
of the isolates. The highestcorrelationcoefcients were obtainedfor concentrationsof
1 gmi utriafol and of 0.05 g ml difenoconazolerespectiely. Consequently
they are proposedfor monitoring of DMI sensitvity in C. beticola populations,as single
discriminatoryconcentrationsn a simpli ed testmethod. Basedon the RG valuesat the
discriminatoryconcentrationof 1 g ml  utriafol, C. beticolaisolateswere classi ed
as either resistantor sensitve. The efcacy of utriafol, applied at the commercially
recommendedose,in controlling Cercospordeaf spotwasexaminedin eld experiments
conductedduring 1999 and 2000. Diseaseincidencein plots arti cially inoculatedwith
resistantisolatesand treatedwith utriafol was signi cantly higherthanin similar plots
inoculatedwith sensitve strains. Theseresults suggestthat poor diseasecontrol after
applicationof utriafol maybebasednthepresenc®f resistanstrainswithin the pathogen
populationin northernGreece. This emphasizeshe risk of the developmentof practical
resistancéf thereis increasedrequeny of suchstrainswithin the population.

KEY WORDS:Fungicideresistancesteroldemetlylation inhibitors;sugar beet;Cercospora
leaf spot.

INTRODUCTION

Sugpr beetleaf spotcausediy Cercospon beticolaSacc.is the mostimportantfoliar
diseas®f sugarbeetin warmandhumidareaq?2). In theabsencef controlmeasuresyield
is signi cantly reducedn theseareas(16). In Greece control of the diseasds achiered
mainly by fungicide sprayapplicationsnvolving steroldemetlylation inhibitors (DMIs),
in mixture with a protectantfungicide, eithermanebor chlorothalonil(7). However, the
extensve useof DMIs in someareasof northernGreecefor almost20 yearshasled to
decreasingensitvity of the pathogerpopulationto DMI fungicides(8,9).
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In contrastto otherfungicide groupssuchasbenzimidazolesthe sensitvity levels of
fungal populationgo DMIs showv a continuoudistribution, rangingfrom highly sensitie
to signi cantly lesssensitie strains(17,22). The lesssensitve strainsmay reproduceat
the fungicide doseappliedin the eld for diseasecontrol and, consequentlyresistance
frequeny may increaseto levels at which diseasecontrol by the fungicide becomes
unsatishctoryand practicalresistancewill evolve (1,10).

The responsesf the pathogengo fungicidescanbe measuredn severalways. The
mostcommonlyusedmethodis the determinatiorof EC  valuesof individual isolates.
EC valuescan be determinedeither in vitro or in vivo, and expressthe fungicide
concentratiorwhich inhibits fungal developmentby 50%. For DMIs the mycelial growth
is consideredo be a very sensitve developmentaktage(15). However, the determination
of EC valuesis laborintensve and time-consumingsinceit requiresmeasurements
of mycelial growth at several fungicide concentrations.To simplify the procedureone
discriminatoryconcentratiorslightly higherthanthe meanEC value of the wild-type
populationis often proposedto identify resistantindividuals (18). This approachhas
beenusedsuccessfullyto determinethe sensitvity to DMIs of several pathogenssuchas
\enturiainaequalis(11,18),Pyrenophoateres(13)andMycosphaeglla jiensis (14). The
samemethodwas usedpreviously to determinethe sensitvity of C. beticolato the DMI
fungicide bitertanol (5). In addition, an alternatve methodof sensitvity determination
to DMIs hasbeenproposedor C. beticolabasedon diseasecontrol achiezed by spray
applicationof several concentrationson arti cially inoculatedsugar beetleaf discs(19).
This methodis suitablefor testingbulk samplesf the pathogerbut inoculumdensityhas
to becalibratedcarefullyin orderalwaysto obtaincomparabldevels of infection.

Theobijective of this studywasto evaluatea simplemethodto determinehe sensitvity
of C. beticolaisolatego theDMI fungicides utriafol anddifenoconazoleyy usingasingle
discriminatoryconcentratiorof thefungicides.In addition,the classi cationof C. beticola
isolatesasresistanbr sensitve shouldbe con rmed in the eld by testingthe ef cacy of
therecommendedoserateof utriafol againstsuchisolates.

MATERIALS AND METHODS

Fungalisolatesand sensitivity determination Single-lesiorisolatesof C. beticolawere
obtainedin 1998from sugar beet elds in the areaof Serresjn northernGreece.In this
region DMIs have beenusedextensively for approximately20 years to controlsugar beet
leaf spot.Isolationswerecarriedout on 2% wateragar (Oxoid, UnipathLtd., Basingstol,
UK), acidi ed with lactic acid (0.5ml | ) to suppresdacterialgronth. After 2 days
of incubationat 25 C in the dark, youngfungal coloniesweretransferredo Aspegillus
Complete Medium (ACM), composedof 20 g agar (Oxoid,), 10 g dextrose (Merck,
Darmstadt,Germary) and1 g yeastextract (Oxoid) per liter of medium. A total of 150
isolateswere screenedor sensitvity. All isolateswerecollectedassingle-lesionisolates
from sugar beet elds in Octoberl998andthentransformedo single-sporésolatesusing
a dilution technique(20). Isolateswere maintainedon PotatoDextrose Agar (Oxoid) at
4 C.

Technicalgrade utriafol anddifenoconazolavere generouslysuppliedby Syngenta
Hellas S.A., Athens, Greece. The methodfor determinationof the sensitvity to the
two fungicides,the relative grownth (RG) measuremenandEC  calculationhave been
describedpreviously in more detail (9). Brie y, mycelial plugs were removed from the
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colory mamgins with the aid of a 5-mm-diamcork borer placedupsidedown on the
fungicide-amendednd-unamendedrowth medium,andincubatecat25 Cin thedarkfor
7 days. Then,the meancolory diametey minusthe diameterof the inoculationplug, was
measure@ndexpressedispercentagef the meandiameterof the untreateccontrol. The
EC value(effective concentrationthatcause$0%inhibition of mycelialgronth) of each
strainwascalculatedy regressingherelative growth (RG: colory diameteron fungicide-
amendednediumdivided by the colory diameteron unamendednedium 100) against
thelog of thefungicideconcentration.

Field experiments Five sensitve and ve resistantisolatesof C. beticolawere usedin
eld experimentdor studyingtheef cacy of utriafol againstsugar beetleaf spot. Details
onthelevel of sensitvity of isolatesusedin this studyaregivenin Tablel.

Conidia for the arti cial inoculationwere producedon young sugar beetseedlings,
cv. "Rizor'. Ten 5-week-oldseedlingplants per isolate were inoculatedwith conidial
suspensionsf eachisolateandincubatedn the glasshousat 25 C for 15 days. Once
symptomsappearedplantswere coveredwith plastic bagsin orderto inducealundant
sporulation. Two dayslater, plastic bagswere removed. Diseasedeaves were cut off
and gently shalenin 1 | of tap waterto detachconidia. The conidial suspensiorwas

Itered throughasinglelayerof cheeseclotlo remove plantdebrisandthenmixed-isolate
inoculumwaspreparedy mixing conidiafrom the sensitve andtheresistanisolates.The

nal conidial suspensionsontained500 sporesper ml. As surfactant,0.3ml | Agral

90 (SyngenteHellasS.A.) wasaddedo the conidial suspensiongrifteenliters of conidial
suspensionsontainingsporesof both resistantand sensitve isolateswere preparedfor

inoculatingthe elds.

The eld experimentswere conductedduring the summersof 1999 and 2000, in the
areaof Starros,Imathia,northernGreece.The crop(cv. Rizor) wassonn on 16 Marchin
1999andon 22 Marchin 2000,andall thenecessargulturalpracticeqthinning,irrigation,
fertilization, weedandinsectcontrol) were followed. A major concernwasthe possible
risk of inter-plot migrationof conidia. To minimizethis risk asmuchaspossible gachplot
was separatedrom otherplots by a 4-m-wide buffer zonefree of sugar beetplants. The
experimentalplotswere10 2.25m in sizeandconsistedf six rows of sugar beetplants.
The experimentwasdesignedascompletelyrandomizedlockswith four treatmentsand
four replicategpertreatment(i) plotsinoculatedwith utriafol-sensitive strainsandtreated
with utriafol; (i) untreatedplots inoculatedwith utriafol-sensitive strains; (i) plots
inoculatedwith utriafol-resistant strainsand treatedwith utriafol; (iv) untreatedplots
inoculatedwith utriafol-resistantstrains.Plantswerearti cially inoculatedafter closing'
of the rows on 23 Junein 1999 and 17 Junein 2000. Inoculationwas carriedout after
sunseta few minutesafterirrigation of the plots. Inoculumwasapplieduniformly onto
foliagewith theaid of atie-backsprayer

About 16 h afterinoculation thecommerciaformulationof utriafol (Impact12.5SC,
SyngentaHellas)wassprayedon sugar beetplantsuntil runoff, attherecommendedose
rateof 0.062I a.i. ha , with an AZO precisionsprayeratavolumeof 0.91 perplot (400
| ha ) and4 barpressure Flutriafol applicationswvererepeatecht 15-dayintervals until
the endof August(atotal of ve sprayapplications).Diseasedevelopmentwasassessed
visually, usingthe 12-degreeratingscaleof Barrat-Horséll (6). Assessmentsf thedisease
beganjustaftertheappearancef symptomsandwererepeatedt 10—-15-dayinternvalsuntil
the endof the experiment. Area UnderDiseaseProgresCurve (AUDPC)wascalculated
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for theassessmemteriodasfollows (21):

whereY = diseaseseverity attheith obsenation,t =time (days)attheith obserationand
n = total numberof obsenations

Data analysis LinearregressiondetweerRG andEC valuesof utriafol anddifeno-
conazolewereconstructedor 150single-lesionisolatesof C. beticola EC valueswere
derived from dose-responseegressionsobtainedfrom sensitvity testsat six fungicide
concentrationsvValuesof AUDPCweresubjectedo ananalysisof varianceandcompared
by Duncans Multiple RangeTest. The statisticalanalysiswas supportedoy the Mstat-C
statisticalprogram(Mstat-C,version2.10,Michigan StateUniversity).

TABLE 1. Sensitvity of Cercospon beticolaisolatesto utriafol, expressediseffective concentra-
tion (EC ) andrelative growth (RG) values

Resistantsolates | Sensitve isolates
Isolate EC (gml-l) RG Isolate EC ( gmll) RG
R 10 13.9 93.3 S3 0.16 22.7
R 64 11.1 81.2 S28 0.10 15.0
R77 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 0.13 235

Relative growth valuesof isolatesat1.0 g ml utriafol.

RESULTS

Correlation betweenRG and EC  values Measurementsf EC valueswerebased
on theinhibition of mycelial growth at several fungicide concentrationsin addition, the
RG valuesweredeterminedat a singlediscriminatoryconcentrationfor eachisolate. To
comparehetwo sensitvity measuresaregressioranalysiswasconducteetweenEC
and RG valuesfor 150 C. beticolaisolates. Both sensitvity measuresad correlation
coefcients signi cantly differentfrom zero (P 0.01) for all concentrationgestedand
both fungicides. The highestcorrelationcoefcients were calculatedfor RG valuesat
1.0 gml utriafol (r=0.87;Fig. 1A) and0.05 gml difenoconazoldr=0.90; Fig.
1B). Both concentrationsvere higherthanthe respectre meanEC valuesof the wild-
type population. Thus, RG valuesprovided a reliable estimateof the sensitvity to both
fungicides.

Ef cacy of utriaf ol against Cercosporaleaf spotin relation to the sensitvity of the

isolates Isolatesof C. beticolawereclassi ed aseitherresistanbr sensitve to utriafol

accordingo theRG atthediscriminatoryconcentratiomf 1.0 gml . Resultondisease
incidenceexpresse@sAUDPC,arepresentedh Figure2. AUDPCvaluesin theuntreated
plots inoculatedwith either sensitve or resistantstrains,were not signi cantly different
(P 0.05)in 1999 or in 2000. The foliage was completelydestryed in early August.
In plots inoculatedwith conidia of sensitve strainsand sprayedwith utriafol, disease
incidencehadthe lowestvalues,until mid Augustin 1999 or the end of Augustin 2000

376 G.S.Karaoglanidistal.



17, ) s
90 4
80
70
60 -
50
407
30 4
20 |
10

!
T =T 1

-1 0 1 2

Relative Growth (%)

go| r=090

P=0.001
70 -
60
50
40 -
30 1
20 -
10

0+ ‘

Log ECsy ng mi™") difenoconazole

Fig. 1. Correlationcoefcients betweenlog EC values( g ml ) andrelative growth (RG)

valuesatl gml utriafol (A) and0.05 gml difenoconazolgB). RGandEC valueswere
determinedn 150single-lesiorisolatesof Cercospor beticola.

(Fig. 3). In theseplotsfoliage damagefollowing utriafol treatmentsremainedow until
early Augustandbeganto increaseafter the middle of Augustin bothyears.Corversely
in plotsinoculatedwith resistanstrainsandsprayedwith utriafol, diseasencidencewas
higherthanin plots inoculatedwith sensitve strains(P  0.05). Foliage damagen plots
inoculatedwith resistanstrainsincreasedapidly despite utriafol treatmentgFig. 3).

DISCUSSION

Detection and measuremenbf resistanceto fungicides can contribute to address
severalquestionsncludingdocumentatiorf emeging resistancerior to controlfailures,
diagnosisof resistanceas the causeof control failuresand evaluationof antiresistance
stratgies(3). For suchpurposeghe availability of a precisetestmethodto discriminate
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Fig. 2. AreaUnderDiseaséProgresCurve (AUDPC)in arti cially inoculatedeld plotswith DMI-
sensitve (S) and-resistan{R) strainsof Cercospoa beticolain 1999and2000.Meanswith thesame
lower case(1999) or capital (2000) letter above the columnsdo not differ signi cantly at P=0.05
accordingio Duncans Multiple RangeTest.

resistanfrom sensitve strainsis a prerequisite.

In our study it was demonstratedhat a strong positive correlationexists between
RG valuesfor differentconcentration®f utriafol anddifenoconazolendEC values
of individual fungal isolates. The highestcorrelationcoefcients were found for the
concentrationsf1 gml utriafol and0.05 gml difenoconazolexhichwerehigher
thanthe respectie meanEC valuesof the wild-type population:for utriafol 0.5 g
ml andfor difenoconazole 0.03 gml (8,9).

A discriminatory concentrationclose to the highestlevel of resistancefound in
populations,hasbeenproposedor DMIs for V. inaequalis(18). Sucha concentration
would be of aid in detectingisolateswith a strongly reducedsensitvity, asis known to
occurin M. jiensis (14). In our study a discriminatoryconcentratiorcloseto the mean
EC value of the wild-type populationdid not resultin a good correlationwith EC
valuesof individualisolates probablybecaus¢hepopulationsvereshiftedtowardreduced
sensitvity levelsin comparisorwith thewild-type population.

The resultsof a 4-year monitoring program carried out to determinechangesin
sensitvity of C. beticolapopulationsto utriafol anddifenoconazoleshaved a stepwise
increaseof resistancdrequeng in two areasof northernGreece(9). In our study C.
beticolaisolateswereclassi ed asresistanbr sensitve accordingto their relative growth
atl gml utriafol. In thewild-type populationtherewereno strainswith RG values
higherthan70% at this concentratiorof utriafol. Consequentlystrainswith RG values

70%wereconsideredhsresistant.

In orderto evaluatethe reliability of this ratherarbitraryclassi cation,the ef cacy of
utriafol sprayapplicationsagainst utriafol-resistantC. beticolastrainswasdetermined
in eld experimentsTheefcacy of utriafol in theplotsinoculatedwith sensitveisolates
was signi cantly higher than in plots inoculatedwith resistantisolates. In the latter
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Fig. 3. Foliagedamageof sugar beetafterarti cial inoculationwith conidiaof DMI-sensitive (S)
and-resistan{R) strainsof Cercospon beticolain futriafol-treatedand-untreatedxperimentaleld
plots. Inoculationdates:23 June1999,17 June2000.LSD at P=0.05.

treatmentoliage damagewasextremelyhigh despite utriafol applicationsandin some
casesotsigni cantly differentfrom theuntreateatontroltreatmentsin contrastjn treated
plotsinoculatedwith sensitve isolatesfoliagedamageavasinitially verylow andremained
relatively low until early August. Afterwards, diseasdevels startedto rise rapidly and
nally reachedevelsalmostsimilarto thosein untreatedccontrolplots. This wasexpected,
for threemainreasons(a) the highinoculumdensityintroducedn the eld by thearti cial
inoculation,(b) the extremelyfavorableervironmentalconditionsfor diseasalevelopment
duringAugust,and(c) themigrationof conidiafrom oneplot to adjacenplots,particularly
thetransferof resistanstrainsto plotsinoculatedwith sensitve strains.

Basedon our results,it is concludedthat C. beticolastrainsresistanto DMIs cannot
becontrolledsufciently by therecommendedoserateof utriafol. Underthecontinuous
selectionpressureof DMI fungicides,the frequeng of resistantstrainshas apparently
increasedand “practical’ resistancéasbeenenhancedIn our studywe usedC. beticola
strainsthat differed in sensitvity by a factor of 100. The efcacy of utriafol and
difenoconazolaginststrainsthatrepresenthe majority of individualsin themiddleof the
sensitvity spectrumshouldbe evaluatedin a future study By correlatingcontrolfailures
with the sensitvity of C. beticolapopulationsmorereliablethresholdimits for resistance
frequeny may be establishedaswasdonewith V. inaequalis(12) and Uncinula necator

(4).
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