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In�uence of Envir onmentalFactorson Field
Concentrationsof Alternaria solaniConidia abovea South
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Trendsin weathervariablesandconcentrationsof airborneconidiaof Alternariasolaniwere
monitoredin a potatofield in SouthAfrica during threepotato-growing seasonsin 2001
and 2002. Distinct seasonalvariation was noted, with a drop in sporenumbersduring
winter. Peaksin sporeconcentrationcoincidedwith periodsfavorablefor sporeformation
anddispersal;mostnotablewastheeffectof interruptedwettingperiods.Diurnalperiodicity
of sporedispersalwasalsoobserved,with thepeakof sporeconcentrationsbetween9h00and
18h00. Few sporesweresampledat night, whenwind velocity andtemperaturearelowest
andrelative humidity is highest.Increasednumbersof sporesweresampledduringdaysof
harvestingor whenotherground-operatedfarmequipmentwasused.Theresultsobtainedin
this studywill be usefulin establishingdecisionsupportsystemsto control early blight on
potatoesin southernAfrica.
KEY WORDS:Earlyblight; epidemiology;Solanumtuberosum; sporedispersal.

INTRODUCTION

Potatoesareanimportantcropin SouthAfrica, with productionexceeding1.6million
tons annually (25). The potato productionareasin South Africa are divided into 14
main regions, namely, Limpopo (formerly Northern Province), North-West, Gauteng,
Mpumalanga, Northern Cape,WesternFree State,EasternFree State,Kwazulu-Natal,
Sandveld, Ceres,SouthernCape,South-WesternCape,EasternCapeandNorth-Eastern
Cape.

Earlyblight (causalagentAlternariasolaniSorauer)is oneof themajorfoliar diseases
of potatoesandcausesprematuredefoliationof potatoplantsalmosteverywherethey are
grown. In SouthAfrica, early blight is also one of the most underestimateddiseases
on potatoes(22). Diseasesymptomsarecharacteristicdark brown to black lesionswith
concentricrings,which producea `targetspot' effect. Symptomsareinitially observedon
older, senescingleaves.

Theprimaryinoculumproducesconidiain thespring,which arethensplash-or wind-
dispersedto thelower leavesof theplant,wherethey germinateandinfect (33). Wind, rain
andinsectsaretheprimarymethodsof disseminationof thepathogen(30). A. solanihas
typical dry-dispersedspores;the conidiahave slightly roughsurfaceswith dark-colored
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walls andare producedaway from the host surfaceon aerial conidiophores(12). Such
dry-dispersedsporesmay be removed from the host by gustsof wind, by acceleration
forcesasleaves�ap in the wind, andby rain or overheadirrigation splash,throughpuff
or tapmechanisms(12,16).PscheidtandStevenson(29)haveshown thatonpotatoplants,
sporulationoccursat temperaturesof between5 and30
 C,with theoptimumaround20
 C.

Theobjectiveof thisstudywasto determinetherelationshipbetweenweathervariables
andconcentrationof airborneconidiaof A. solani above a potatocrop. Although many
authorshavestudiedthedispersalof A. solaniconidia(2-5,8,31),this is the�rst suchstudy
of A. solani on potatoesin southernAfrica. It haspreviously beenshown that, although
correlationsexist betweensporulationand weathervariables,the natureof conditions
in�uencing thesecorrelationsdependson the characteristicsof the speci�c region (33);
hencethe importanceof conductingsucha study in SouthAfrica. The informationwill
provide a betterunderstandingof factorsthataffect A. solanisporeproduction,liberation
anddispersal,andwill alsoprovide a usefultool for early blight diseasemanagementin
southernAfrica.

MATERIALS AND METHODS

This studywasconductedin theGautengregion,at theAgricultural ResearchCouncil
at Roodeplaatin Pretoria (25
 35'S 28
 21'E; alt. 1164 m). Weatherconditionsand
concentrationsof airborneconidia of A. solani were monitoredin a potatoplot at the
RoodeplaatAgriculturalResearchCouncil,duringthefollowing growing seasons:March–
May 2000,Nov. 2001–Jan.2002,andFeb.–June2002;therespective plantingdateswere
1 March2000,1 Oct. 2001and28Feb. 2003.In eachseasontheplot wasplantedwith two
differentcultivars,onesusceptibleto earlyblight (BP1)andtheothermoderatelyresistant
(Fianna)(41). The cropswerenaturallyinfectedandno inoculumwasaddedfor disease
development.

WeatherparametersweremonitoredusinganAdconweatherstation(A730MD,Adcon
Telemetry, Agrotop,CapeTown,SouthAfrica) situated1.5m abovesoil level,andlessthan
10 m outsidethe trial plot. Therecordedparametersweretemperature,relative humidity,
leaf wetness,precipitation,wind speedandradiation.Leaf wetnesswasmeasuredwith an
electricalresistance-sensinggrid that simulatedleaf surfaces.Wind speedwasmeasured
approximately2 m above theground.Thedataloggerscannedtheinstalledsensorsevery
3 min and15-minaveragesweredownloadedremotelyvia a radiobase-stationlinkedto a
personalcomputer.

Concentrationsof A. solani conidia presentin the atmospherewere estimatedby
collecting sporesusing a volumetric sporesampler(QuestDevelopments,Brits, South
Africa) – which wasa modi�cation of the BurkardSporeSampler, andsampled20 m

�

of air permin. Thesamplerwasmountedonatripod,with air intakeat0.5m aboveground
level, andwaspoweredby a 12 V DC batterythat waschargedfrom a solarpanel. The
sporesamplerwassituatedlessthan10m outsidethepotatofield onanopenpieceof land.
Sporeswerecollectedon a monitoringdisc coatedwith a Vaselinespray. The disc had
an8-daymonitoringcapabilitywith 3-h resolutionandinterfacedwith a light microscope.
Sporeson the disc werecountedat 100 � magni�cation. Although A. solani sporesare
morphologicallysimilar to thoseof A. dauci(Kühn)Groves& Skolko (19), therewereno
hosts(carrots)of A. dauci nearthe potatofield. It wasthusassumedthat the numberof
A. dauci sporespossiblycollectedandincorrectlyidentified asA. solani,wasnegligible.
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Sporeson the samplingdisc were identified solely by morphologicalcharacteristics.A
stepwiseregressionanalysiswasconductedon weathervariablesandsporedatafrom 8
Feb. to 4 July2002,from 09h00to 18h00daily, theperiodwhenmostsporeswerereleased.

Early blight diseaseseverity and amount of defoliation for both cultivars in an
unsprayedplot of theNov. 2001–Jan.2002trial wasestimatedvisually every 7–10days,
usingstandardleafareadiagrams(18),startingwith the�rst appearanceof symptomsuntil
plantsbegan to senesce.Area Underthe DiseaseProgressCurve (AUDPC) valueswere
calculatedfrom diseaseseverity valuesfor eachcultivar, usingRiemannSums(11,39).

RESULTS

In all seasons,similar trendsin sporeconcentrationswere observed in relation to
temperature,interruptedwetting periods(IWP) andharvesting. Throughoutmostof this
study, wind speedswereabove 2–3 m sec


�

, which hasbeenshown to be the minimum
speedrequiredto releaseanddisperselargenumbersof sporesof Alternariaspecies(37).

Mar ch – May 2000 Sincethis trial wasnot precededby anotherpotatoor tomatocrop,
the initial inoculum levels of A. solani were low at the onsetof the season,but during
the seasonthe levels slowly increased.A few distinct peaksin sporeconcentrationwere
observedduringthelaterpartof thecycle (Fig. 1).

A sporecountpeakwasrecordedon 17 March. The 6 daysprecedingthis datehad
pronouncedIWPs. TheseIWPs werecharacterizedby relative humidity of � 95% for at
least6 h atnightand � 80%duringtheday. Leafwetnessshowedsimilar trendsto relative
humidity, but wasnot usedin thecalculationof IWPs.Theaveragetemperaturesrecorded
were17
 C atnightand25
 C duringtheday. On17Marchbetween6h00and12h00,when
the greatestnumbersof sporeswererecorded,wind speedsrangedfrom 6.67 to 8.00 m
sec


�

.
Anothersporecountpeakwasrecordedon31March,whichcouldhavebeenin�uenced

by numerousfactors. Among others,a neighboringpotatofield was harvestedon that
day, thusdisturbingplantsandsoil. Themaximumwind speedwas5.50m sec


�

, which
was lower thanon 17 March. This datewasprecededby a 5-dayIWP. Maximum daily
temperatureswerelower andmorerainwasrecordedwhencomparedwith mid-March.

Smallerpeakswererecordedon20,21and28April andthesedayswerealsopreceded
by IWPsof 3–5days,with conditionssimilar to thoserecordedin mid-March.

November 2001 – January 2002 During this period, two fields were plantedwith
potatoes,onecommercialandonetrial field. Bothwereplantedimmediatelyafteranother
potatocropwasharvested,which resultedin sporecountsat thestartof this seasonbeing
higher thanat the startof the March 2000season.Plantsin the commercialfield were
approximately1 monthold on 25 Oct.,whenthepotatoesin thetrial field hadjust started
emerging. On 12 Nov. earlyblight lesionswereobserved in thecommercialfield. There
wasamarkedincreasein sporestowardstheendof theseason(Fig. 2).

Early blight diseaseprogresscurvesfollowed similar patternsfor both cultivars,with
Fiannashowing thehighestseverity towardstheendof theseason(Fig. 3).

February 2002– June2002 Harvestingof thecommercialfield from 5–15Feb., andthe
trial field on 15 March, onceagain resultedin disturbanceof plantsandsoil andthusin
an increasein sporecounts(Fig. 4). A drop in sporeconcentrationswasrecordedfor the
period1-14April. Two nightswith relative humidity � 95%for at least6 h resultedin an
increasein sporeconcentrationson14and15April 2002(Fig.4).
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Fig. 1. Interruptedwettingperiods(presence= 1 bar;absence= no bar)(A); daily weathervariables
(B); and Alternaria solani conidia concentration(C), for March – May 2000, at the Roodeplaat
AgriculturalResearchCouncil,Pretoria,SouthAfrica.
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Fig. 2. Daily weathervariables(A andB) andAlternaria solani conidiacounts(C) for November
2001– January2002,at theRoodeplaatAgriculturalResearchCouncil,Pretoria,SouthAfrica.
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The �rst frost in this trial wasrecordedon 6 May, afterwhich therewasa noticeable
dropin sporenumberssampleddaily.

Theregressionanalysisof weathervariablesandsporedatafrom 8 Feb. to 4 July2002
between09h00and18h00showed that temperatureaccountedfor 40.4%of thevariation
in (log) sporecount(P � 0.001),relativehumidityaccountedfor another12.1%(P � 0.001),
andtheinteractionbetweenleafwetnessandtime of dayfor another5% (P=0.008).Thus,
thecombinationof thesefactorsaccountedfor 60%of thevariationin sporecounts.

Diur nal dispersal of spores The highestsporecountswerefound between09h00and
18h00daily, with apeakaround15h00(Fig. 5), showing diurnalperiodicity.

Fig. 3. Early blight diseaseprogresscurveson potatocultivarsBP1 andFiannaduring December
2001– January2002,at theRoodeplaatAgricultural ResearchCouncil,Pretoria,SouthAfrica. The
plantingdatewas1 October2002.ErrorbarsareS.E.values;thosenot shown werenegligible.

DISCUSSION

Thetemperatureandmoisturerequirementsfor sporedispersalof A. solaniin potatoes
observed in this studyarein line with thosereportedpreviously (2-5,8,31). The present
dataalsoresemblethe requirementsof otherAlternaria species,suchasA. alternata(Fr:
Fr.) Keissl. (40), A. dauci (19,37),A. porri (Ellis) Cif. (9,10),A. brassicae(Berk.) Sacc.
and A. brassicicola(Schwein.) Wiltsh. (17). However, this study showed that, for A.
solani, IWPsaremoreimportantthanhigh leaf wetnessin sporeformationanddispersal,
contraryto thatfoundwith A.dauci(37). Sincethestepwiseregressionanalysisof weather
variablesandsporedatacouldaccountfor only 60%of thevariationin sporecounts,the
useof otherstatisticalanalysesmay be necessaryto augmentthe resultsandexplain the
remaining40%of thevariation.

Integrated effects of host and envir onment on number of airbor ne spores The
numberof A.solaniconidiain theatmospheredroppeddrasticallyfrom summerto autumn,
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Fig. 4. Interruptedwettingperiods(presence= 1 bar;absence= no bar)(A); daily weathervariables
(B); andAlternaria solani conidiaconcentration(C), for February– June2002,at the Roodeplaat
AgriculturalResearchCouncil,Pretoria,SouthAfrica.

with very few sporescollectedduringthewintermonths.Thedropin sporeconcentrations
after the �rst frost in May 2002canbe attributedto the fact that night temperaturesfell
to well below 8 
 C, which has beenshown to be the minimum temperaturefor spore
productionby A. solani(13). This reducedsporulationcapacityof A. solaniduringperiods
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Fig. 5. Mean daily circadiantrendsof Alternaria solani spores,air temperature( � C), relative
humidity (RH, %), leaf wetness(LW, %), and wind speed(WS, m.sec�

�

). Valuesare averages
of datafor February– March2002.Y-axiserror-barsareS.E.values.

of low temperatures,evenwhenrelativehumidity is high,is of epidemiologicalimportance
in reducingthe spreadof diseaseduring winter, especiallyin growing areaswith winter
temperaturesbelow 8 
 C atnight. Althoughlow temperaturesdid notstoptheproductionof
spores,therateof sporeproductionwasreduced.Reducedconidialdispersalduringperiods
with low temperatureshasalsobeennotedto be the casewith Alternaria brassicicolain
theUK (17). Temperaturecanthusbeusedin decisionsupportsystems(DSS),asit gives
anindicationof expectedsporeabundance.

In fieldsplantedafterwinteror afallow season,initial sporeconcentrationsarelow and
the build-up of inoculumis slow. This is dueto the age-conditionedresistanceof young
plants;thefact thatsporesareproducedmainly on deador dying leaves(33); andthelow
numberof sporesproducedduringwintermonths.Variousauthorshavenotedthis trendin
sporeconcentrationsof A. solani(8,14,21,29).In astudyof A.solaniontomatoesin Israel,
Rotem(31) showed that maximumsporedispersaloccurred2 weeksafter deathof the
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tomatoplantsandcontinuedfor a further2 weeks.However, in thisstudytherewasadrop
in sporeconcentrationsat thebeginningof April 2002,towardstheendof theseason.This
canbeexplainedby thefact that this wasa dry periodwith no rain, andrelative humidity
seldomexceeding88%. It could alsobe that, in spiteof an increasein tiny early blight
lesionslate in theseason,very few sporesareproducedper lesion(27). It wasalsonoted
that sporeconcentrationsdid not drop drasticallybetweenconsecutive potatoor tomato
croppingseasons,asshown by thefact that initial sporecountswerehigherin Nov. 2001
thanthey werein March2000.

Controlledenvironmentstudieson tomatoplantshave shown thatearlyblight severity
is directly proportionalto inoculumconcentration(7,42). This hasalsobeenshown to be
thecasewith otherAlternaria pathogens(42; I. Vloutoglou,Ph.D.thesis,1994). Results
from thepresentstudycon�rmed this correlation.Diseaseprogresscurvesshowedonly a
slight increasein diseaseseverity from 13 Dec. to 10 Jan.(71–99daysafterplanting)for
BP1; andfrom 3 to 20 Dec. (64–78daysafter planting)for Fianna.During thesetimes,
therewas also no signi�cant increasein sporecounts,althoughoccasionalpeakswere
observed. Diseaseseverity on Fiannaincreasedmarkedly towardsthe endof the season,
whereasonBP1therewasamoregradualincrease.For bothcultivars,this correlatedwith
theincreasein sporecountsrecordedafter5 Jan.Althoughthe�nal diseaseseverity on the
moderatelyresistantcultivar, Fianna,washigherthanthaton thesusceptiblecultivar, BP1,
theAUDPCvaluefor BP1wassigni�cantly higherthanthatfor Fianna.AUDPCis amore
accuratemeasurementof disease,asit measuresthedevelopmentof diseaseoverthewhole
epidemic(20).

Increasednumbersof sporesweresampledduring daysof harvestingor whenother
ground-operatedfarmequipmentwasused,indicatingthatsporesmayhavebeendislodged
from leaves. Theobservation in this studythat sporeconcentrationsalsoincreasedwhen
a fallow field – previously plantedto potatoes– wasplowed,supportstheconclusionthat
the life cycle of A. solani includesa soilbornestageduring which conidia and mycelia
overwinterin infectedpotatodebrisburiedin thesoil (6,23,24,26,30,32).

Interrupted wetting periods Alternaria solaniandvariousotherAlternaria speciesare
amongthefew pathogensthatareabletosporulate,despitealackof prolongedhumidity, by
usingseveralshortwetperiods(usuallyatnight)interruptedby dry intervalsduringtheday,
otherwiseknown asinterruptedwettingperiods(5,9,34).A. solaniis ableto produceseven
timesmoreconidiaunderIWP thanunderacontinuouswettingperiodof thesameduration
in darkness(5). This is becausematureandimmatureconidiophoresformedat night, are
able to withstandunfavorabledry conditionsthe following day andcontinueto develop
during thehumid conditionsof thesubsequentnight. This adaptationallows A. solani to
thrive equallywell in areaswith continuoushumidity andin areaswith alternatingwet–
dry conditions. This studyhascon�rmed the observation of Rotem(33) that sporulation
in the field requiresat least2 daysof IWPs,with minimumwettingperiodsof 6 h. This
is an importantconsiderationin thedevelopmentof DSS,especiallyin areaswherethese
typesof conditionsareevident.Theclimateof mostSouthAfrican potato-growing regions
manifeststheseconditions.

Diur nal periodicity The releaseof many dry-dispersedspores,including thoseof A.
solani, A. dauciandA. porri, shows diurnalperiodicity, with themajority of sporesbeing
collectedduring middaywhentemperature,wind speedand level of turbulencenearthe
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groundarehighest,andrelative humidity lowest(1,8,9,15,17,31,36).The dispersalof A.
solani conidiain this studyalsoclearly displayedthis diurnal periodicity. However, this
studyshowedthatsporeswerealsodispersedatnight,contraryto the�ndings of Strandberg
(37),whodid not collectany A. daucisporesat night.

Control strategiesfor early blight cannotdependon the useof resistance,asno true
resistanceto early blight exists in commercialcultivars (33). Therefore,growers must
rely on goodculturalcontrolpracticesanda protective fungicidalsprayprogramin order
to managethe diseaseadequately. In growing areaswherepotatocropsare plantedin
succession,earlyblight hasthepotentialto becomea seriousthreatto potatoproduction,
dueto a continuedincreasein inoculumlevels. Thedangerof cross-infectionby airborne
inoculumto new potatoplantingscanbereducedby removal of plantdebris,croprotation
with non-hosts,or increasingthetimethatfieldslie fallow betweensuccessivepotatocrops.

Somedisadvantagesof usingavolumetricsporesamplerto assessamountsof inoculum
presentin theair, asdonein thisstudy, arethatit is timeconsuming,andtheconcentration
of sporesin a unit volumeof air is determined,ratherthanthenumberof sporesactually
producedand releasedduring a certain time period. One is not able to determinethe
epidemicpotentialof spores,as this dependsnot only on the numberof sporessampled
but alsoon thefactorsthataffect their dispersal,viability, infectivity andability to survive
until thetime of infection(34). However, it maybeassumedthat,givena susceptiblehost
at theright time in anenvironmentfavorablefor diseasedevelopment,thepathogenis able
to inducedisease(34,38).These�ndings, andthoseof similarstudiesin othercountries(2-
5,13,27,28,31,37),show thusthatearlyblight on potatoeshastheepidemicpotentialto be
a highly destructive diseasein many growing regionsof southernAfrica: only a relatively
shortincubationperiodis required,especiallyin olderor moresusceptibleplants(27,35);
sporeformationanddispersalarepromotedby IWPs asopposedto a continuouswetting
period;growth (28),sporulationanddispersalarepossibleoverarangeof temperaturesand
wind speeds;andinoculumpressureincreasesduringthegrowing seasondueto premature
sheddingof leavesandincreasingnecrotictissueonwhichsporulationis possible.

The aim of this particular study was to relate spore production and dispersalto
environmentalfactors. It is, however, possibleto make diseasemanagementdecisions
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 development or improvement of early blight disease
forecastersandDSSfor SouthAfrica.
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