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PassaloraBlight of Anise (Pimpinellaanisum) and Its
Control in Turk ey

K. Erzurum,1 F. Demirci,1 A. Karakaya,1 E. Çak�r,2 G. Tuncer2

andS.Maden1;�

Passalorablight of anise,causedby Passalora malkof�i (Bubák) U. Braun,is an important
diseaseof anisein Turkey. Thediseaseaffectsall theabovegroundpartsof plantsincluding
�o werclusters.Infectedseedshavedark,linearstromata.Detectionof thepathogenonseeds
wasstudiedby theblottermethod,agar method,washingtestandsowing infectedseedsin
disease-freesoils. The pathogenwasrecoveredonly by the washingtestand to a limited
extentby wateragar+ seeddecoctionagar. Sixteenof 24seedsamplesfrom diseasedregions
werefoundto be infected.Thepathogenwasnot detectedby any othermethods.However,
severalindigenousfungi, e.g. Alternariaalternata, wereisolated,whichmayhaveprevented
the growth of the pathogen.Seedwashingsof infectedseedsampleshadtypical sporesof
thepathogenup to 106 conidiapergramof seed.Transmissionof thepathogenwasshown
by sowing infectedseedsin disease-free�eld soilsin two locationswhereanisehadnotbeen
grown previously. Azoxystrobin,chlorothalonil+ carbendazimand�utriafol seedtreatments
at 0.04g a.i. kg� 1 seed,1.0 g + 4.5 g a.i. kg� 1 seedand0.015g a.i. kg� 1 seedreduced
thediseaseby 92.5%,89.6%and36.2%in 2002andby 78.9%,75.8%and41.2%in 2003,
respectively. Threefoliar applicationsof azoxystrobin,chlorothalonil+ carbendazimand
�utriafol at the ratesof 187.5g a.i. ha� 1 , 1500g + 6750g a.i. ha� 1 and31.3g a.i ha� 1

reduceddiseaseincidenceby 92.5%,86.0%and96.8%in 2002andby 97.5%,90.8%and
97.0%in 2003,respectively.
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INTRODUCTION

Anise (PimpinellaanisumL.) is a memberof the Umbelliferaeandwidely grown in
theMediterraneanandAegeanregionsof Turkey, namely, in Antalya,BurdurandDenizli
provinces. It is usedprimarily in the productionof raki, an alcoholicdrink, and80% of
the total production(22,067tons on 35,000ha) of the country comesfrom this region
(2). Blight of anisecausedby Passalora malkof�i (Bubák) U. Braunwas�rst described
in 1906 from samplescollectedat Sadovo, near Philippopel, Bulgaria, as Cercospora
malkof�i (5). Lateron, a diseaseunderthesamenamewasreportedfrom othercountries
whereanisewasgrown (7,8,10,12).In Turkey, it was�rst mentionedby Bremer(4), who
gave a brief descriptionof the causalagentandits symptoms.The genericnameof the
pathogenrecentlyhasbeenchangedto Passalora (3,6). The diseasedsamplescollected
from Turkey werealsoidenti�ed asPassalora malkof�i by U. Braunandthey werekept
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in the Martin Luther Universiẗat Inst. f. Geobotanikund BotanischerGartenHerbarium
(collection#HAL 1750).

A seriousdiseaseepidemicoccurredin 2000in theanise-growing regionof Turkey and
theestimatedannualcroplossdueto thisdiseasein thisregionisapproximately$10million
(9). The diseaseis widespreadand damagingin somewarm and rainy years,infecting
mostly seedclusters. Seedtransmissionof the pathogenand its control have not been
studied.Thepresentstudydealswith detectionof thepathogenon theseeds,transmission
of thediseaseandits control.

MATERIALS AND METHODS

Detection of P. malkof�i on seeds Various methodswere employed to detect the
pathogenon theseeds.Seedswereexaminedundera stereomicroscopefor morphological
variations.Seedsamplesshowing blackdiscolorationswerewashedby shaking5 g seeds
in 20 ml water for 2 minutesand the suspensionwasexaminedundera microscopefor
the presenceof the sporesof the pathogen. This test was conductedfor all 24 seed
samples.Seedsof a samplehaving abundantsporeswereincubatedon moistenedblotter
paperswith andwithout pretreatmentby 0.1%NaOCl for 3 min; on agar mediasuchas
potatodextroseagar (PDA), half-strengthPDA amendedwith seeddecoction,Cercospora
Selective Mediumof Stavely andNimmo (13), V8 juice agar andwateragar (WA) alone
andamendedwith seeddecoctionwith pretreatment.Theseeddecoctionwaspreparedby
boiling 10g of aniseseedsin 100ml of waterfor 2 min and500ml extractwasthenadded
to 1 l of the respective agar medium. Incubationof all theapplicationswasdoneundera
12L:12D regime,with light provided by two 40 W near-ultra-violet tubesat 20� 1� C. In
anotherstudy, seedswerekept at 4� C for 10 daysto breakthe possibledormancy of the
fungusandincubatedon WA with andwithout seedextract,half-strengthPDA with seed
extract andtheir controlsunderthe sameincubationconditions. Onehundredseeds(20
seedsper10-cm-diampetri dish)with four replications,all together400seeds,wereused
in all theapplications.In all theagarmediaincubationstudies,pretreatedseedswereused.

Seedtransmission Seedtransmissionof the pathogenwasinvestigatedby sowing 100
seedsfrom adiscoloredseedsamplein four replicationsin asterilesoil (sterilizedat121� C
for 1 h on two consecutive days)mixture of peat,sandand�eld soil (1:1:2, v:v:v). The
experimentwascarriedoutin controlledclimateroomswith a12-hphotoperiodilluminated
by �uorescentlampsof 0.17W persecat 22� 2� C. Seedswerealsosown in two �elds in
which anisehadnot beenpreviously grown andwhich were300 km distantfrom anise-
growing areasof Turkey. The soils in the experiment�elds wereloamy in texture. The
potsandthe plots in the �eld werewateredasneeded.A cleanseedsamplewhich was
determinedby thewashingtestwasalsoincludedin theexperiment.Aerial sporedispersal
to thecleanplotswasdeterminedby Burkardsporetraps(BurkardManufacturingCo. Ltd.,
Rickmansworth,Herts.,UK) duringtheentiregrowing season.

Fungicide tr eatments Azoxystrobin(Quadrisâ SC 250), carbendazim+ chlorothalonil
(Takistinâ 50%WP+ Hektanilâ 50%WP)and�utriafol (Impactâ 125SC)wereevaluatedas
seedtreatment.They wereappliedasaslurryat theratesof 0.04g a.i. kg� 1 seed,1 g + 4.5
g a.i. kg� 1 seedand0.015g a.i. kg� 1 seed,respectively. Twentyg of seedswereusedfor
eachplot. Treatedseedsweremixedwith sand(1:3,v:v) andthenimmediatelysown in the
testplots (1.5� 4.5 m) by spreadingthemixtureevenly on theplotsandincorporatedinto
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thesoil to adepthof 2–3cmwith thehelpof a rake,accordingto usualfarmingpractice.
Foliar treatmentswith azoxystrobin,carbendazim+ chlorothaloniland�utriafol were

�rst appliedat the5–6-leafstageat ratesof 187.5g a.i. ha� 1, 1500g + 6750g a.i. ha� 1

and 31.3 g a.i. ha� 1 in 2500 l ha� 1 of water. The secondand third applicationswere
givenat 15-dayintervals. Treatmentswereappliedwith a knapsackpulverizerunder3 kg
cm� 2 pressure.Field experimentsweredoneat the HaymanaExperimentalFarm of the
AgriculturalFacultyof AnkaraUniversityduringtheyears2002and2003.

All the fungicidetreatmentexperimentswereconductedin a completelyrandomized
block designwith four replicationsandrepeatedin two consecutive years.Therewasan
averageof 200� 20 plantsin eachplot andthey completelycoveredthewholeplot at the
�o weringstage.

Diseaseestimation Diseaseseverity wasdeterminedasmeanpercentdiseaseat �o w-
ering stageby visual observationson 150 plantscollectedfrom � ve pointsfrom eachof
theplots. MINITAB (Minitab Inc., StateCollege,PA, USA) andMSTAT (MichiganState
Univ., EastLansing,MI, USA) packageprogramswereusedin thestatisticalanalyses.

RESULTS

Diseasesymptomsand the pathogen The pathogencausedblight on all aboveground
partsof theplants. Leaf blight symptomsstartedfrom theedgesof lea�ets asa sectorial
necrosis(Fig. 1a). Abundantconidiaandconidiophoreswereobserved,especiallyon the
lower surfacesof the leaves,asa velvety cover. The conidiophoreswerevery short (5–
25� 4–7 � m) andarrangedin densesporodochialconidiomata(Fig. 1b). Conidiawere
subcylindric-obclavate,fusiform, 26.3–107.5� 2.5–5.73� m (average53� 4 � m), hyaline,
subhyalineto verypaleyellowishgreenor olivaceous,mostly1–3septate(Fig. 1c).

TABLE 1. Averagediseaseseverity and inhibition of diseasedevelopmenton anisegrown from
treatedseedsatHaymanaexperimentalplotsin 2002and2003z

Fungicides Rate
(g a.i.
kg� 1

seed)

2002 2003

Disease
severity (%)

Inhibition (%) Disease
severity (%)

Inhibition (%)

Control 76.9� 7.46ay 16.4� 9.58a
Azoxystrobin 0.04 5.7� 089b 92.5 3.5� 1.16b 78.9
Carbendazim+
chlorothalonil 1 + 4.5 8.0� 3.96b 89.6 4.0� 2.38b 75.8

Flutriafol 0.015 49.0� 29.55a 36.2 9.50� 3.76ab 42.2
z Thevalueswerecalculatedfrom averagesof four replications;valuesfor eachyearwereanalyzedseparately.
y For eachyear, valuesfollowedby a commonletterdo not differ signi�cantly (P=0.05)accordingto Duncan's
Multiple RangeTest.

Detectionof the pathogenon seeds Examinationof seedsamplesrevealedthatinfected
seedsweredarker thanthe healthy ones(Fig. 1d) dueto black stromataof the pathogen
(Fig. 1e). Stromataappearedasraised,linear dark areas.Thereweretypical conidiaof
P. malkof�i in thesuspensionof seedwashingsof thedarkseedsamples.Thenumbersof
conidiaof theinfectedseedsamplesrangedfrom 103 to 106 pergramof seeds.Sixteenof
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24seedsamplescollectedfrom diseasedlocationswerefoundto havedarkstromatain dry
examinationsandconidiain seedwashings.

Fig. 1. Variousaspectsof Passalorablight, thediseaseandthecausalagent:(a) Diseasesymptoms
on aniseleaves;(b) conidiophoresof Passalora malkof�i; (c) conidiaof P. malkof�i; (d) healthy and
(e)diseasedaniseseeds.

TABLE 2. Averagediseaseseverity and inhibition of diseasedevelopmenton aniseat Haymana
experimentalplotsafterthreefoliar applicationsin 2002and2003z

Fungicides Rate
(g a.i.
ha� 1 )

2002 2003

Disease
severity (%)

Inhibition (%) Disease
severity (%)

Inhibition (%)

Control 49.1� 3.68ay 21.4� 11.94a
Azoxystrobin 187.5 3.7� 1.77c 92.5 0.5� 0.38b 97.5
Carbendazim+
chlorothalonil 1500

+6750
6.9� 3.34b 86.0 0.5� 0.22b 97.8

Flutriafol 31.3 1.6� 0.29c 96.8 0.6� 0.27b 97.0
z Thevalueswerecalculatedfrom averagesof four replications;valuesfor eachyearwereanalyzedseparately.
y For eachyear, valuesfollowed by the sameletter do not differ signi�cantly (P=0.05)accordingto Duncan's
Multiple RangeTest.
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In the blotter test most of the seeds,surfacedisinfestedor not, were coveredwith
non-pathogenicfungi, especiallyAlternaria alternata. Thesefungi probablyprevented
thedetectionof P. malkof�i.

Noneof thetestedmediayieldedfructi�cations of thefungusexceptWA amendedwith
aseeddecoction,wheregrowth of P. malkof�i wasobservedon threeseedsoutof 200.

Transmissionof the pathogenby seeds No clearsymptomontheplantsgrown from in-
fectedseedsin controlledgrowth roomswasobtained.Someplantshadreddiscolorations
on leavesbut no fungal growth wasobserved. Wheninfectedseedsweresown in the�eld
at two locationswhich hadnever beensown with anise,very profusediseasedevelopment
andfungal sporulationwereseen.Diseaseseverity reachedapproximately90%at theend
of theseason.Therewerenodiseasesymptomsin thecontrolplotsnorany sporespreadto
them.

Control of the disease Seedtreatments:Azoxystrobinandcarbendazim+ chlorothalonil
seedtreatmenteffectively reducedseedtransmissionof thepathogenin the�eld (Table1).
Azoxystrobinreducedthe diseaseby 92.5%and78.9%in 2001and2002, respectively.
Thereductionfor carbendazim+ chlorothalonilwas89.6%and75.8%for 2001and2002,
respectively. Flutriafol seedtreatmentwasnot very effective, achieving only 36.2%and
42.2%controlin 2001and2002.

Foliar treatments: When diseasedseedswere sown, uniform diseasesymptoms
appearedin thecontrolplots. All the foliar fungicidescontrolledthedisease(Table2) in
bothyears.Theeffectivenessof carbendazim+ chlorothalonilin 2002wasslightly lower
thanthatof theotherfungicides.

DISCUSSION

Thepathogenwasidenti�ed on thebasisof thedescriptiongivenby BraunandMelnik
(3). Theconidiaof P. malkof�i describedby theseauthorsare(0-)1-3(-5)-septate,hyaline,
subhyaline to very paleyellowish greenor olivaceous,subcylindric-obclavate, fusiform,
(20-) 30-60 (-90) � (2-) 3-5 (-6) � m (minimum, averageand maximumvalues). The
septationand the form of the conidia in our observationswere in closeagreementwith
theseauthors.Conidiophorestructureandmeasurementswerealsosimilar.

Even thoughthe diseasehasbeenreportedfrom several countries,seedtransmission
hasnotbeendemonstrated.Our �eld studiesconcerningseedtransmissionwereconducted
at two locationsin Ankara(�eld cropsexperimentalareaat D�şkap�,andat theHaymana
ExperimentalFarm of AnkaraUniversity). No anisehasbeengrown in theseareasand
the closestanisegrowing areais about300 km away. The high rateof disease(76.0%)
reachedin thesedisease-freeareasby sowing infectedseedsshows the importanceof
diseasetransmission.Visualexaminationandwashingtheseedswereusefulin detection
of thepathogenonseeds.Transmissionof P. malkof�i wasnotevidentin controlledstudies
with sterilesoil, andthereasonfor thisshouldalsobeinvestigated.

Therearemany differenteffectsof mediaandincubationconditionsonsporulationand
growth of cercosporoidspecies(1,11,13,14)andthespeciesP. malkof�i did not grow and
sporulateon any of themediatested.Furtherwork is neededto determinethegrowth and
sporulationof thisspeciesonvariousmediawith differentincubationconditions.It appears
that therearesomefactorsaffecting seedtransmissionin the �eld andthesedo not exist
undercontrolledconditions. Among thesefactorsare temperature�uctuations of up to
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15–20� C betweendayandnight,daylength,andthequalityandintensityof thelight. Soil
factorsareprobablynotsoimportantsinceweobtainedthediseasewith differentsoil types
atdifferentlocations.
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