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

K. Erzurum!F. Demirci! A. Karakayat E. Cak r,> G. Tuncef
andS.Madert

Passalorablight of anise,causedby Passaloa malkofi (Bubak) U. Braun,is animportant
diseasef anisein Turkey. The diseasaffectsall the abovegroundpartsof plantsincluding
o wer clusters.Infectedseedsave dark,linearstromata Detectionof thepathogeron seeds
wasstudiedby the blotter method,agar method,washingtestand sowing infectedseedsn
disease-freesoils. The pathogerwasrecoveredonly by the washingtestandto a limited
extentby wateragar + seeddecoctioragar. Sixteenof 24 seedsampledrom diseasedegions
werefoundto be infected. The pathogerwasnot detectedoy ary othermethods.However,
severalindigenousungi, e.g. Alternariaalternata wereisolated which mayhave prevented
the growth of the pathogen.Seedwashingsof infectedseedsampleshadtypical sporesof
the pathogerupto 10° conidiaper gramof seed.Transmissiorof the pathogerwasshown
by saving infectedseedsn disease-freeeld soilsin two locationswhereanisehadnotbeen
grown previously. Azoxystrobin,chlorothalonil+ carbendazinand utriafol seedreatments
at0.04g a.i. kg ! seed,1.0g+ 4.5ga.i. kg ! seedand0.015g a.i. kg * seedreduced
the diseaséoy 92.5%,89.6%and36.2%in 2002andby 78.9%,75.8%and41.2%in 2003,
respectiely. Threefoliar applicationsof azoxystrobin,chlorothalonil+ carbendazimand
utriafol at the ratesof 187.5g a.i. ha !, 1500g + 67509 a.i. ha ! and31.3ga.iha !
reduceddiseasancidenceby 92.5%,86.0%and96.8%in 2002 andby 97.5%,90.8%and
97.0%in 2003, respectiely.
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INTRODUCTION

Anise (PimpinellaanisumL.) is a memberof the Umbelliferaeandwidely grown in
the Mediterranearand Aegeanregionsof Turkey, namely in Antalya, BurdurandDenizli
provinces. It is usedprimarily in the productionof raki, an alcoholicdrink, and 80% of
the total production(22,067tons on 35,000ha) of the country comesfrom this region
(2). Blight of anisecausedby Passaloa malkofi (Bubak) U. Braunwas rst described
in 1906 from samplescollectedat Sadwo, near Philippopel, Bulgaria, as Cercospoa
malkofi (5). Lateron, a diseasainderthe samenamewasreportedfrom 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
pathogerrecentlyhasbeenchangedo Passalor (3,6). The diseasedamplescollected
from Turkey werealsoidenti ed asPassaloa malkofi by U. Braunandthey were kept
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in the Martin Luther Universitat Inst. f. Geobotanikund BotanischeiGartenHerbarium
(collection#HAL 1750).

A serioudiseasepidemicoccurredn 2000in theanise-graving region of Turkey and
theestimatednnuakroplossdueto thisdiseasén thisregionis approximately$10million
(9). The diseases widespreadand damagingin somewarm andrainy years,infecting
mostly seedclusters. Seedtransmissiorof the pathogenand its control have not been
studied.The presenstudydealswith detectionof the pathogeron the seedstransmission
of thediseasendits control.

MATERIALS AND METHODS

Detection of P. malkofi on seeds Various methodswere emplgred to detectthe
pathogeron the seeds Seedsvereexaminedundera stereomicroscop®r morphological
variations.Seedsampleshaving black discolorationsverewashedby shaking5 g seeds
in 20 ml waterfor 2 minutesand the suspensionwas examinedundera microscopefor
the presenceof the sporesof the pathogen. This test was conductedfor all 24 seed
samples.Seedf a samplehaving abundantsporeswereincubatedon moistenedlotter
paperswith andwithout pretreatmenby 0.1% NaOCIfor 3 min; on agar mediasuchas
potatodextroseagar (PDA), half-strengthPDA amendedvith seeddecoctionCercospora
Selectve Medium of Stavely andNimmo (13), V8 juice agar andwateragar (WA) alone
andamendedvith seeddecoctiorwith pretreatmentThe seeddecoctionwaspreparedy
boiling 10 g of aniseseedsn 100ml of waterfor 2 min and500ml extractwasthenadded
to 1 | of therespectie agar medium. Incubationof all the applicationsvasdoneundera
121.:12D regime, with light provided by two 40 W nearultra-violettubesat20 1 C. In
anotherstudy seedswverekeptat4 C for 10 daysto breakthe possibledormang of the
fungusandincubatedon WA with andwithout seedextract, half-strengthPDA with seed
extract andtheir controlsunderthe sameincubationconditions. One hundredseedy20
seedger 10-cm-diampetri dish) with four replicationsall together400 seedswereused
in all theapplicationsIn all theagar mediaincubationstudiespretreatecseedwereused.

Seedtransmission Seedtransmissiorof the pathogernwasinvesticatedby sowing 100
seeddrom adiscoloredseedsamplen four replicationdn asterilesoil (sterilizedat121 C

for 1 h on two consecutie days)mixture of peat,sandand eld soil (1:1:2,v:v:v). The
experimentwascarriedoutin controlledclimateroomswith a12-hphotoperiodlluminated
by uorescentlampsof 0.17W persecat22 2 C. Seedsverealsosovnin two elds in

which anisehad not beenpreviously grown andwhich were 300 km distantfrom anise-
growing areasof Turkey. The soilsin the experiment elds wereloamy in texture. The
potsandthe plotsin the eld werewateredasneeded.A cleanseedsamplewhich was
determinedy thewashingtestwasalsoincludedin the experiment.Aerial sporedispersal
to thecleanplotswasdeterminedy Burkardsporetraps(BurkardManufacturingCo. Ltd.,

Rickmanswverth, Herts.,UK) duringtheentiregrowing season.

Fungicide treatments Azoxystrobin (Quadri§ SC 250), carbendazimt+ chlorothalonil
(Takistirf 50% WP + Hektanif 50%WP) and utriafol (Impact 125SC)wereevaluatedas
seedreatmentThey wereappliedasaslurry attheratesof 0.04g a.i. kg * seedlg+4.5
ga.i. kg ! seedand0.015g a.i. kg ! seedyespectiely. Twentyg of seedsvereusedfor
eachplot. Treatedseedsveremixedwith sand(1:3, v:v) andthenimmediatelysowvn in the
testplots (1.5 4.5m) by spreadinghe mixture evenly on the plots andincorporatednto
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the soil to adepthof 2—3cmwith the helpof arake, accordingo usualfarmingpractice.

Foliar treatmentsavith azoxystrobincarbendazimt chlorothaloniland utriafol were
rst appliedat the 5-6-leafstageat ratesof 187.5g a.i. ha !, 15009 + 67509 a.i. ha !
and31.3g a.i. ha ! in 25001 ha ! of water The secondandthird applicationswere
givenat 15-dayintervals. Treatmentsvereappliedwith a knapsackpulverizerunder3 kg
cm 2 pressure.Field experimentswere doneat the HaymanaExperimentalFarm of the
Agricultural Faculty of AnkaraUniversityduringtheyears2002and2003.

All the fungicide treatmentexperimentswere conductedn a completelyrandomized
block designwith four replicationsandrepeatedn two consecutie years. Therewasan
averageof 200 20 plantsin eachplot andthey completelycoveredthe whole plot at the
0 weringstage.

Diseaseestimation Diseaseseverity was determinedas meanpercentdiseaseat o w-

ering stageby visual obsenationson 150 plantscollectedfrom ve pointsfrom eachof

theplots. MINITAB (Minitab Inc., StateCollege,PA, USA) andMSTAT (Michigan State
Univ., EastLansing,MI, USA) packaggrogramsvereusedin the statisticalanalyses.

RESULTS

Diseasesymptomsand the pathogen The pathogerncausedlight on all aboreground
partsof the plants. Leaf blight symptomsstartedfrom the edgesof lea ets asa sectorial
necrosigFig. 1a). Abundantconidiaandconidiophoresvereobsenred, especiallyon the
lower surfacesof the leaves, asa velvety cover. The conidiophoresvere very short (5—
25 4-7 m) andarrangedn densesporodochiakonidiomata(Fig. 1b). Conidiawere
subglindric-obclavate, fusiform, 26.3-107.5 2.5-5.73 m (average53 4 m), hyaline,
subtyalineto very paleyellowish greenor olivaceousmostly 1-3septatgFig. 1c).

TABLE 1. Averagediseaseseverity and inhibition of diseasedevelopmenton anisegrown from
treatedseedsat Haymanaexperimentaplotsin 2002and2003

Fungicides Rate 2002 2003
(ga..
kg 1
seed)
Disease Inhibition (%) Disease Inhibition (%)
severity (%) severity (%)
Control 76.9 7.46d 16.4 9.58a
Azoxystrobin 0.04 5.7 089b 92.5 3.5 1.16b 78.9
Carbendazint
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

“Thevalueswerecalculatedrom averagef four replicationsyaluesfor eachyearwereanalyzedseparately
Y For eachyear valuesfollowed by a commonletter do not differ signi cantly (P=0.05)accordingto Duncans
Multiple RangeTest.

Detectionof the pathogenon seeds Examinationof seedsamplesevealedthatinfected
seedsweredarker thanthe healtty ones(Fig. 1d) dueto black stromataof the pathogen
(Fig. 1e). Stromataappearedisraised,linear dark areas. Thereweretypical conidiaof
P. mallofi in the suspensionf seedwashingsof the dark seedsamples.The numbersof
conidiaof theinfectedseedsamplesangedrom 10° to 10° pergramof seeds Sixteenof
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24 seedsamplexollectedfrom diseasedbcationswerefoundto have darkstromatan dry
examinationsandconidiain seedwvashings.

Fig. 1. Variousaspectof Passalorablight, the diseaseandthe causalagent: (a) Diseasesymptoms
on aniseleaves;(b) conidiophore®f Passaloa malkofi; (c) conidiaof P. mallofi; (d) healtty and
(e) disease@niseseeds.

TABLE 2. Averagediseaseseverity and inhibition of diseasedevelopmenton aniseat Haymana
experimentaplots afterthreefoliar applicationsn 2002and2003F

Fungicides Rate 2002 2003
(g a.i.
ha 1)
Disease Inhibition (%) Disease Inhibition (%)
severity (%) severity (%)
Control 49.1 3.684 21.4 11.94a
Azoxystrobin 187.5 3.7 1.77c 92.5 0.5 0.38b 97.5
Carbendazim+
chlorothalonil 1500 6.9 3.34b 86.0 0.5 0.22b 97.8
+6750
Flutriafol 31.3 1.6 0.29c 96.8 0.6 0.27b 97.0

ZThevalueswerecalculatedrom averagef four replicationsyvaluesfor eachyearwereanalyzedseparately
Y For eachyear valuesfollowed by the sameletter do not differ signi cantly (P=0.05)accordingto Duncans
Multiple RangeTest.
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In the blotter test most of the seeds,surface disinfestedor not, were covered with
non-pathogenidungi, especiallyAlternaria alternata Thesefungi probably prevented
thedetectionof P. mallofi.

Noneof thetestednediayieldedfructi cations of thefungusexceptWA amendedvith
aseeddecoctionwheregrowth of P. malkofi wasobsenedonthreeseedsut of 200.

Transmissionof the pathogenby seeds No clearsymptomonthe plantsgrovn fromin-
fectedseedsn controlledgronth roomswasobtained.Someplantshadreddiscolorations
onleavesbut no fungal growth wasobsened. Wheninfectedseedsveresownn in the eld
attwo locationswhich hadnever beensown with anise very profusediseaselevelopment
andfungal sporulatiorwereseen.Diseaseseverity reachedapproximately90%at theend
of theseasonTherewereno diseasesymptomsn the controlplotsnor ary sporespreado
them.

Control of the disease SeedreatmentsAzoxystrobinandcarbendazim chlorothalonil
seedreatmeneffectively reducedseedransmissiorof the pathogernin the eld (Tablel).
Azoxystrobinreducedthe diseaseby 92.5%and 78.9%in 2001 and 2002, respectiely.
Thereductionfor carbendazint chlorothalonilwas89.6%and75.8%for 2001and2002,
respectiely. Flutriafol seedtreatmentwasnot very effective, achiezing only 36.2%and
42.2%controlin 2001and2002.

Foliar treatments: When diseasedseedswere sovn, uniform diseasesymptoms
appearedn the control plots. All the foliar fungicidescontrolledthe diseasgTable2) in
bothyears. The effectivenesf carbendazint chlorothalonilin 2002wasslightly lower
thanthatof the otherfungicides.

DISCUSSION

The pathogerwasidenti ed onthebasisof thedescriptiongivenby BraunandMelnik
(3). Theconidiaof P. mallofi describedy theseauthorsare(0-)1-3(-5)-septatehyaline,
subtyaline to very paleyellowish greenor olivaceous subglindric-obclavate, fusiform,
(20-) 30-60(-90) (2-) 3-5(-6) m (minimum, averageand maximumvalues). The
septationand the form of the conidiain our obsenationswerein closeagreementvith
theseauthors.Conidiophorestructureandmeasurementserealsosimilar.

Even thoughthe diseasenasbeenreportedfrom several countries,seedtransmission
hasnotbeendemonstratedOur eld studiesconcerningseedransmissiorwereconducted
at two locationsin Ankara( eld cropsexperimentalareaat D skap ,andat the Haymana
ExperimentalFarm of Ankara University). No anisehasbeengrown in theseareasand
the closestanisegrowing areais about300 km away. The high rate of diseasq76.0%)
reachedin thesedisease-freareasby sawing infected seedsshavs the importanceof
diseasdransmission.Visual examinationandwashingthe seedswvere usefulin detection
of the pathogeron seedsTransmissiorof P. mallofi wasnotevidentin controlledstudies
with sterilesoil, andthe reasorfor this shouldalsobeinvesticated.

Therearemary differenteffectsof mediaandincubationconditionson sporulatiorand
growth of cercosporoicgspecieq1,11,13,14)andthe specied. mallofi did not grow and
sporulateon ary of the mediatested.Furtherwork is neededo determinethe growth and
sporulatiorof this specie®nvariousmediawith differentincubationconditions.It appears
that thereare somefactorsaffecting seedtransmissiorin the eld andthesedo not exist
undercontrolled conditions. Among thesefactorsare temperatureuctuations of up to
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15-20 C betweerdayandnight, daylength,andthe quality andintensityof thelight. Soil
factorsareprobablynotsoimportantsincewe obtainedhediseasavith differentsoil types
atdifferentlocations.
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