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In uence of Environmental Factorson Field
Concentrationsof Alternaria solani Conidia above a South
African Potato Crop

J.E.vanderWaals L. Korsten, T.A.S.Aveling andF.D.N. Denner

Trendsin weathewariablesandconcentrationsf airborneconidiaof Alternariasolaniwere
monitoredin a potatofield in South Africa during three potato-graving seasonsn 2001
and 2002. Distinct seasonalariation was noted, with a drop in spore numbersduring
winter. Peaksin sporeconcentratiorcoincidedwith periodsfavorablefor sporeformation
anddispersalmostnotablewasthe effect of interruptedwetting periods.Diurnal periodicity
of sporedispersaivasalsoobsered,with thepeakof sporeconcentrationsetweerdhOOand
18h00. Few sporeswere sampledat night, whenwind velocity andtemperaturearelowest
andrelative humidity is highest.Increasechumbersof sporeswere sampledduring daysof
hanestingor whenotherground-operatethrmequipmentvasused.Theresultsobtainedn
this studywill be usefulin establishingdecisionsupportsystemso control early blight on
potatoesn southermAfrica.
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INTRODUCTION

Potatoeareanimportantcropin SouthAfrica, with productionexceedingl.6 million
tons annually (25). The potato productionareasin South Africa are divided into 14
main regions, namely Limpopo (formerly Northern Province), North-West, Gauteng,
Mpumalan@, Northern Cape, WesternFree State, EasternFree State, Kwazulu-Natal,
Sandeld, Ceres,SouthernCape, South-WesternCape,EasternCapeand North-Eastern
Cape.

Early blight (causalgentAlternaria solaniSorauer)s oneof themajorfoliar diseases
of potatoesandcausegprematuredefoliationof potatoplantsalmosteverywherethey are
grown. In SouthAfrica, early blight is also one of the most underestimatedliseases
on potatoeq22). Diseasesymptomsare characteristiddark brown to black lesionswith
concentricrings, which producea “tamgetspot' effect. Symptomsareinitially obseredon
older, senescingeaves.

The primaryinoculumproducesonidiain the spring,which arethensplash-or wind-
dispersedo thelower leavesof the plant,wherethey germinateandinfect (33). Wind, rain
andinsectsarethe primary methodsof disseminatiorof the pathogen(30). A. solanihas
typical dry-dispersedspores;the conidia have slightly rough surfaceswith dark-colored
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walls and are producedaway from the hostsurfaceon aerial conidiophoreg12). Such
dry-dispersedsporesmay be removed from the host by gustsof wind, by acceleration
forcesasleaves ap in thewind, andby rain or overheadirrigation splash,throughpuff
or tapmechanism¢12,16).PscheidandStevenson(29) have shavn thaton potatoplants,
sporulationoccursattemperaturesf betweerb and30 C, with theoptimumaround20 C.

Theobjective of this studywasto determingherelationshipbetweenveathewariables
and concentratiorof airborneconidiaof A. solaniabore a potatocrop. Although mary
authorshave studiedthedispersabf A. solaniconidia(2-5,8,31) thisis the rst suchstudy
of A. solanion potatoesn southernAfrica. It haspreviously beenshowvn that, although
correlationsexist betweensporulationand weathervariables,the nature of conditions
in uencing thesecorrelationsdependson the characteristicof the speci ¢ region (33);
hencethe importanceof conductingsucha studyin SouthAfrica. The informationwill
provide a betterunderstandingf factorsthataffect A. solanisporeproduction liberation
anddispersalandwill alsoprovide a usefultool for early blight diseasemanagemenin
southerrAfrica.

MATERIALS AND METHODS

This studywasconductedn the Gautengegion, atthe Agricultural ResearctCouncil
at Roodeplaatin Pretoria(25 35'S 28 21'E; alt. 1164 m). Weatherconditionsand
concentration®f airborneconidia of A. solani were monitoredin a potato plot at the
Roodeplaafgricultural Researct€Council,duringthefollowing growing seasonsMarch—
May 2000,Nov. 2001-Jan2002,andFeh—-June2002;the respectie plantingdateswere
1 March2000,1 Oct. 2001and28 Feb 2003.In eachseasorthe plot wasplantedwith two
differentcultivars,onesusceptibléo early blight (BP1)andthe othermoderatelyresistant
(Fianna)(41). The cropswerenaturallyinfectedandno inoculumwasaddedfor disease
development.

Weatheparametersveremonitoredusingan Adconweatherstation(A730MD, Adcon
Telemetry Agrotop,CapeTown, SouthAfrica) situatedl.5m above soil level, andlessthan
10 m outsidethetrial plot. Therecordedparametersveretemperaturetelative humidity;
leaf wetnessprecipitation,wind speedandradiation.Leaf wetnessvasmeasuredvith an
electricalresistance-sensimgid that simulatedleaf surfaces. Wind speedwas measured
approximately2 m above the ground. The dataloggerscannedheinstalledsensorsvery
3 min and15-minaveragesveredowvnloadedremotelyvia aradiobase-statiofinkedto a
personatomputer

Concentrationof A. solani conidia presentin the atmospherewvere estimatedby
collecting sporesusing a volumetric spore sampler(QuestDevelopments,Brits, South
Africa) — which was a modi cation of the Burkard SporeSampler and sampled20 m
of air permin. Thesamplemwasmountedonatripod, with air intake at0.5m above ground
level, andwaspoweredby a 12 V DC batterythat waschagedfrom a solarpanel. The
sporesamplemwvassituatedessthan10 m outsidethe potatofield on anopenpieceof land.
Sporeswere collectedon a monitoring disc coatedwith a Vaselinespray The disc had
an8-daymonitoringcapabilitywith 3-h resolutionandinterfacedwith alight microscope.
Sporeson the disc were countedat 100  magni cation. Although A. solani sporesare
morphologicallysimilar to thoseof A. dauci(Kiihn) Groves& Skolko (19), therewereno
hosts(carrots)of A. daucinearthe potatofield. It wasthusassumedhatthe numberof
A. daucisporespossiblycollectedandincorrectlyidentified as A. solani, wasnegligible.
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Sporeson the samplingdisc wereidentified solely by morphologicalcharacteristics.A
stepwiseregressionanalysiswas conductedon weathervariablesand sporedatafrom 8
Feb to 4 July2002,from 09h00to 18h00daily, theperiodwhenmostsporesverereleased.
Early blight diseasesererity and amount of defoliation for both cultivars in an
unsprayedlot of the Nov. 2001-Jan2002trial wasestimatedvisually every 7-10days,
usingstandardeafareadiagramgq18), startingwith the rst appearancef symptomauntil
plantsbeganto senesce Area Underthe DiseaseProgresCurve (AUDPC) valueswere
calculatedrom diseaseseverity valuesfor eachcultivar, usingRiemannSums(11,39).

RESULTS

In all seasonssimilar trendsin spore concentrationsvere obsened in relation to
temperatureinterruptedwetting periods(IWP) and hanesting. Throughoutmostof this
study wind speedsvereabose 2-3m sec , which hasbeenshown to be the minimum
speedequiredto releaseanddispersdarge numbersof sporeof Alternaria specieg37).

March —May 2000 Sincethis trial wasnot precededy anothermpotatoor tomatocrop,
the initial inoculum levels of A. solani were low at the onsetof the seasonput during
the seasorthe levels slowly increased.A few distinct peaksin sporeconcentratiorwere
obseredduringthelaterpartof thecycle (Fig. 1).

A sporecountpeakwasrecordedon 17 March. The 6 daysprecedingthis datehad
pronouncedWPs. TheselWPs were characterizedy relative humidity of 95% for at
least6 hatnightand 80%duringtheday. Leafwetnesshaovedsimilartrendsto relative
humidity, but wasnot usedin the calculationof IWPs. The averagetemperaturesecorded
werel7 Catnightand25 C duringtheday On 17 Marchbetweer6h00and12h00,when
the greatesthhumbersof sporeswere recordedwind speedsangedfrom 6.67to 8.00m
sec .

Anothersporecountpeakwasrecordedn 31 March,whichcouldhave beenn uenced
by numerousfactors. Among others,a neighboringpotatofield was hanestedon that
day, thusdisturbingplantsandsoil. The maximumwind speedwvas5.50m sec , which
was lower thanon 17 March. This datewas precededy a 5-day IWP. Maximum daily
temperatures/erelower andmorerain wasrecordedvhencomparedvith mid-March.

Smallerpeakswererecordedn 20,21 and28 April andthesedayswerealsopreceded
by IWPsof 3-5days,with conditionssimilar to thoserecordedn mid-March.

November 2001 — January 2002 During this period, two fields were planted with
potatoespnecommercialindonetrial field. Both wereplantedimmediatelyafteranother
potatocrop washanestedwhich resultedin sporecountsat the startof this seasorbeing
higherthan at the startof the March 2000 season.Plantsin the commercialfield were
approximatelyl monthold on 25 Oct.,whenthe potatoesn thetrial field hadjust started
emeping. On 12 Nov. early blight lesionswereobseredin the commerciaffield. There
wasamarkedincreasén sporegowardsthe endof the seasor{Fig. 2).

Early blight diseaseprogresscurvesfollowed similar patternsfor both cultivars, with
Fiannashaving the highestseverity towardsthe endof the seasorfFig. 3).

February 2002—-June 2002 Harwestingof thecommerciafield from 5-15Feh, andthe
trial field on 15 March, onceagain resultedin disturbanceof plantsandsoil andthusin
anincreasdn sporecounts(Fig. 4). A dropin sporeconcentrationsvasrecordedor the
period1-14 April. Two nightswith relative humidity 95%for atleast6 h resultedin an
increasen sporeconcentrationsn 14 and15 April 2002(Fig.4).
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Fig. 1. Interruptedwetting periods(presence= 1 bar;absences nobar) (A); daily weathewariables
(B); and Alternaria solani conidia concentration(C), for March — May 2000, at the Roodeplaat
Agricultural ResearciCouncil, Pretoria,SouthAfrica.
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Fig. 2. Daily weathervariables(A andB) and Alternaria solani conidiacounts(C) for November
2001- January2002,atthe Roodeplaafgricultural ResearctCouncil, Pretoria,SouthAfrica.
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The rst frostin this trial wasrecordedon 6 May, after which therewasa noticeable
dropin sporenumberssampleddaily.

Theregressioranalysisof weathetvariablesandsporedatafrom 8 Feh to 4 July 2002
between09h00and 18h00shaved thattemperatureccountedor 40.4%of the variation
in (log) sporecount(P 0.001),relative humidity accountedor anotherl2.1%(P 0.001),
andtheinteractionbetweereaf wetnessandtime of dayfor another5% (P=0.008).Thus,
the combinationof thesefactorsaccountedor 60% of thevariationin sporecounts.

Diur nal dispersal of spores The highestsporecountswere found between09h00and
18h00daily, with a peakaround15h00(Fig. 5), shawving diurnal periodicity.

Fig. 3. Early blight diseaseprogresscurves on potatocultivars BP1 and Fiannaduring December
2001- January2002,at the Roodeplaafgricultural ResearctCouncil, Pretoria,SouthAfrica. The
plantingdatewas1 October2002.Error barsareS.E.valuesithosenot shavn werenggligible.

DISCUSSION

Thetemperatur@andmoisturerequirements$or sporedispersabf A. solaniin potatoes
obsenredin this studyarein line with thosereportedpreviously (2-5,8,31). The present
dataalsoresemblehe requirement®f otherAlternaria speciessuchasA. alternata(Fr:
Fr.) Keissl. (40), A. dauci(19,37),A. porri (Ellis) Cif. (9,10),A. brassicag(Berk.) Sacc.
and A. brassicicola(Schwein.) Wiltsh. (17). However, this study shaved that, for A.
solani IWPsaremoreimportantthanhigh leaf wetnessn sporeformationanddispersal,
contraryto thatfoundwith A. dauci(37). Sincethe stepwiseaegressioranalysisof weather
variablesand sporedatacould accountfor only 60% of the variationin sporecounts,the
useof otherstatisticalanalysesnay be necessaryo augmenthe resultsand explain the
remaining40% of the variation.

Integrated effects of host and ervironment on number of airborne spores The
numberof A. solaniconidiain theatmospherdroppeddrasticallyfrom summeito autumn,
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Fig. 4. Interruptedwetting periods(presences 1 bar;absence= nobar) (A); daily weathewariables
(B); andAlternaria solani conidiaconcentration(C), for February— June2002, at the Roodeplaat
Agricultural ResearclCouncil, Pretoria,SouthAfrica.

with very few sporescollectedduringthewinter months.Thedropin sporeconcentrations
afterthe rst frostin May 2002 canbe attributedto the fact that night temperaturesgell

to well belov 8 C, which hasbeenshavn to be the minimum temperaturefor spore
productionby A. solani(13). Thisreducedsporulationcapacityof A. solaniduringperiods
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Fig. 5. Meandaily circadiantrendsof Alternaria solani spores,air temperatureg( C), relatve
humidity (RH, %), leaf wetness(LW, %), and wind speed(WS, m.sec ). Valuesare averages
of datafor February- March2002.Y-axiserrorbarsareS.E.values.

of low temperaturesvenwhenrelative humidityis high, is of epidemiologicalmportance
in reducingthe spreadof diseaseduring winter, especiallyin growing areaswith winter

temperaturebelon 8 C atnight. Althoughlow temperaturedid notstopthe productionof

sporestherateof sporeproductionwasreduced Reducedonidialdispersaturingperiods
with low temperaturefasalsobeennotedto be the casewith Alternaria brassicicolain

the UK (17). Temperatureanthusbe usedin decisionsupportsystemgDSS),asit gives
anindicationof expectedsporeabundance.

In fields plantedafterwinter or afallow seasoninitial sporeconcentrationarelow and
the build-up of inoculumis slow. This is dueto the age-conditionedesistancef young
plants;the factthatsporesare producedmainly on deador dying leaves(33); andthe low
numberof sporeproducedduringwinter months.Variousauthorshave notedthis trendin
sporeconcentrationsf A. solani(8,14,21,29)In astudyof A. solaniontomatoesn Israel,
Rotem (31) shaved that maximumsporedispersaloccurred2 weeksafter deathof the
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tomatoplantsandcontinuedor afurther2 weeks.However, in this studytherewasadrop
in sporeconcentrationatthe beginningof April 2002 towardstheendof theseasonThis
canbe explainedby the factthatthis wasa dry periodwith no rain, andrelative humidity
seldomexceeding88%. It could alsobe that, in spite of anincreasein tiny early blight
lesionslatein the seasonyery few sporesareproducedperlesion(27). It wasalsonoted
that sporeconcentrationslid not drop drastically betweenconsecutie potatoor tomato
croppingseasonsasshowvn by thefactthatinitial sporecountswerehigherin Nov. 2001
thanthey werein March 2000.

Controlledervironmentstudieson tomatoplantshave shavn thatearly blight severity
is directly proportionalto inoculumconcentratior(7,42). This hasalsobeenshowvn to be
the casewith otherAlternaria pathogeng42; I. Vloutoglou, Ph.D.thesis,1994). Results
from the presenstudycon rmed this correlation.Diseaseprogresscurvesshavedonly a
slightincreasen diseaseseverity from 13 Dec. to 10 Jan. (71-99daysafter planting)for
BP1; andfrom 3 to 20 Dec. (64—78daysafter planting)for Fianna. During thesetimes,
therewas also no signi cant increasein sporecounts,althoughoccasionalpeakswere
obsened. Diseaseseverity on Fiannaincreasednarkedly towardsthe end of the season,
whereaon BP1therewasa moregradualincreaseFor both cultivars,this correlatedwith
theincreasen sporecountsrecordedafter5 Jan.Althoughthe nal diseaseseverity onthe
moderatelyresistantultivar, Fiannawashigherthanthaton the susceptibleultivar, BP1,
the AUDPCvaluefor BP1wassigni cantly higherthanthatfor Fianna.AUDPCis amore
accurataneasuremertf diseaseasit measurethedevelopmenif diseas@verthewhole
epidemic(20).

Increasechumbersof sporeswere sampledduring daysof hanestingor when other
ground-operatethrmequipmentvasused jndicatingthatsporesnayhave beendislodged
from leaves. The obsenationin this studythat sporeconcentrationglsoincreasedvhen
afallow field — previously plantedto potatoes- wasplowed, supportshe conclusionthat
the life cycle of A. solaniincludesa soilbornestageduring which conidiaand mycelia
overwinterin infectedpotatodebrisburiedin thesoil (6,23,24,26,30,32).

Interrupted wetting periods Alternaria solaniandvariousotherAlternaria speciesare
amonghefew pathogenshatareableto sporulatedespitealack of prolongechumidity, by

usingseveralshortwet periods(usuallyat night) interruptedoy dry intervalsduringtheday;

otherwiseknown asinterruptedwettingperiods(5,9,34).A. solaniis ableto produceseven
timesmoreconidiaunderlWP thanundera continuousvettingperiodof thesameduration
in darknesg5). This is becausenatureandimmatureconidiophoresormedat night, are
ableto withstandunfavorabledry conditionsthe following day and continueto develop
during the humid conditionsof the subsequentight. This adaptatiorallows A. solanito

thrive equallywell in areaswith continuoushumidity andin areaswith alternatingwet—
dry conditions. This studyhascon rmed the obsenation of Rotem(33) that sporulation
in the field requiresat least2 daysof IWPs, with minimum wetting periodsof 6 h. This
is animportantconsideratiorin the developmentof DSS,especiallyin areaswvherethese
typesof conditionsareevident. The climateof mostSouthAfrican potato-graving regions
manifestgheseconditions.

Diurnal periodicity The releaseof mary dry-dispersedspores,including thoseof A.
solani A. dauciandA. porri, shavs diurnal periodicity, with the majority of sporesbeing
collectedduring midday whentemperaturewind speedand level of turbulencenearthe
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groundare highest,andrelative humidity lowest(1,8,9,15,17,31,36)The dispersalof A.
solani conidiain this studyalso clearly displayedthis diurnal periodicity However, this
studyshavedthatsporesverealsodispersedtnight,contraryto the ndings of Strandbeg
(37),whodid notcollectary A. daucisporesat night.

Control stratgyiesfor early blight cannotdependon the useof resistanceas no true
resistanceo early blight exists in commercialcultivars (33). Therefore,growers must
rely on goodcultural control practicesanda protectie fungicidal sprayprogramin order
to managethe diseaseadequately In growing areaswhere potato cropsare plantedin
successionearly blight hasthe potentialto becomea seriousthreatto potatoproduction,
dueto a continuedincreasan inoculumlevels. The dangerof cross-infectiorby airborne
inoculumto new potatoplantingscanbereducedoy removal of plantdebris,croprotation
with non-hostsorincreasinghetimethatfieldslie fallow betweersuccessie potatocrops.

Somedisadwantage®f usingavolumetricsporesampleto assesamountf inoculum
presenin theair, asdonein this study arethatit is time consumingandthe concentration
of sporesn a unit volumeof air is determinedratherthanthe numberof sporesactually
producedand releasedduring a certaintime period. Oneis not able to determinethe
epidemicpotentialof sporesasthis dependsiot only on the numberof sporessampled
but alsoon the factorsthataffect their dispersalyiability, infectivity andability to survive
until thetime of infection(34). However, it may beassumedhat, givena susceptibléost
attheright timein anervironmentfavorablefor diseasalevelopmentthepathogeris able
toinducediseas€34,38). Thesendings, andthoseof similar studiesn othercountrieg2-
5,13,27,28,31,37xhav thusthatearly blight on potatoeshasthe epidemicpotentialto be
a highly destructve diseaseén mary growing regionsof southerrAfrica: only arelatively
shortincubationperiodis required,especiallyin older or moresusceptiblgplants(27,35);
sporeformationanddispersakare promotedby IWPs asopposedo a continuouswetting
period;gronth (28), sporulatioranddispersabrepossibleoverarangeof temperatureand
wind speedsandinoculumpressuréncreasesluringthe growing seasorueto premature
sheddingof leavesandincreasingnecrotictissueon which sporulationis possible.

The aim of this particular study was to relate spore production and dispersalto
ervironmentalfactors. It is, however, possibleto make diseasemanagementlecisions
basedon assumedor actual detectionof inoculum (38). Continuationof this study
with attentionto the relation of plant age and thresholdinoculum levels to epidemic
development, could aid in the developmentor improvement of early blight disease
forecasterandDSSfor SouthAfrica.
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