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PhysiologicRacesof Fusarium oxysporumf.sp. melonisin
the Southeasten Anatolia Regionof Turk ey and Varietal
Reactionsto Racesof the Pathogen

SeneKurt, B. Baran, N. Sar andH. Yetisir

Thirty-four isolatesof Fusariumoxysporunt.sp. melonis(F.0.m) obtainedfrom 205 elds
in melon-producingareasin the southeaster\natolia Region of Turkey were identi ed
on the basisof colorny morphology and pathogenicityby the root dip method. In this
region the meanprevalenceof wilt diseasewas 88.1%and the meanincidenceof disease
was 47.5%. PhysiologicracesO, 1, 2, and 1,2 of the pathogenwere determinecby their
reactionson differentialmelon cultivars "CharentaisT, “Isoblon’, “Isavac' and "Margot' in
thegreenhouseRacel,2,representating8.8%6(20/34)of all isolateswaswidely distributed.
Of theotherpathogenidsolatesgightwereidenti ed asrace0, veasracel,andoneasrace
2. Thisisthe rst reportof physiologicracesof F.o.m.in Turkey. Of 44 meloncultivarstested
in thegreenhouséor resistanceo F.0.m.races 36 werefoundto be moderatelyresistanto
race0, 17 weresusceptiblgo racel,2,34.1%werehighly resistanto racel, and52.2%had
moderateesistancéo race?2.

KEY WORDS:Melon; Fusariumoxysporunf.sp. melonis race;varietalreactions.

INTRODUCTION

ThesoutheasterAnatoliaRegionaccountgor 10.9%of thetotal melon(Cucumismelo
L.) productionof 1,900,00onsin Turkey. Diyarbak r, Mardin andAd yamanprovinces,
the mainmelon-producingireasof theregion, have the largestsoving areawith ca 7,800
ha, producing208 kg/da (2). Fusariumwilt of melon, causedby Fusariumoxysporum
Schlechtend.Er. f.sp. melonis(Leach& Currence)VN. C. Sryder& H. N. Hansern(F.o.m),
is oneof the mostprevalentanddestructve disease®f melonin Turkey (9,17)andother
areasof theworld (16). On diseasedglants,the veinsof someleavesturn yellow on one
side; later theseleares becomecompletelyyellow, wilt and die. A longitudinal brown
necroticstreakandgummyexudatesappeaion the basalportionof vines(12).

In the control of Fusariumwilt of melon, studiesindicatedthat no chemicalhad a
signi cant effect on pathogerpopulationlevel in the plant(8), and pretreatmentf melon
seedlingwith the herbicidedinitramineinducedresistancéo subsequerinoculationwith
F.o.m. (7). The mosteffective andpracticalmeansof controlling Fusariumwilt of melon
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is by the useof resistantcultivars. As thereare at leastfour racesof the pathogenit is
necessaryo know whichraceis presenin agivenareabeforea cultivaris chosen(12).

Physiologicracesof F.o.m. wereidenti ed basedon the nomenclaturgproposedoy
Risseretal. (15) usingthreedifferentialcultivars. Theracesaredesignate@so, 1, 2, and
1,2 for theresistancgyeneshey overcome(10); race0 attacksonly cultivarsthatlack ary
genesfor resistanceo F.o.m. (e.g. cv. "CharentaisT"); racel overcomeshe resistance
geneFomlin cv. ‘Doublon’; race2 overcomesheresistancgeneFom2in cv. 'CM17187";
andracel,2 overcomedothresistancgenes.Racel,2 is divided into racel1,2 wilt and
yellowing strains(16). Two genesfor resistanceFomland Fom2 are currentlyusedto
identify racesof the pathogen(11). Racestudiesrevealedthat prior to 1985, only race2
wasfoundin North America,andraces0 and1 in Europeandlsrael. Between1985and
1987,races0 and1 werereportedin Maryland(USA), race0 in the Rio GrandeValley in
Texas(USA) andMexico, andracel in Jalisco,Mexico (10). Races2 and1,2 werefound
in Israel(6), andraces0, 1 and1,2in Lebanon(1).

The main objective of this studywasto determinethe prevalenceanddistribution of
F.o.m.racesn thesoutheasfnatoliaRegion of Turkey.

MATERIALS AND METHODS

Diseasesurvey and isolation of Fusarium oxysporum f.sp. melonis Systematic
sunweys for Fusariumwilt were carriedout in the melon-graving areasof Diyarbak

Ad yamanand Mardin provincesof the southeasterinatolia Region of Turkey in July
to Septemberl999 (Fig. 1). A total of 205 elds (ca 3255ha), sovn mostly to local

cultivars, were inspected. The melon plantswith typical Fusariumwilt symptomswere
collectedfrom elds in the major melon-producingareasof the region andtaken to the
laboratory Incidenceof plantsshaving foliar symptomscharacteristiof Fusariumwilt

was determinedin a minimum of three representatie groupsof 30 consecutre plants
(chosenarbitrarily) basedon sizesof elds. In addition, prevalenceof the diseasewas
calculatedusingthepercentagef elds with plantsexhibiting diseasesymptoms.

Fig. 1. Major melon-producin@reasn the southeasterAnatoliaRegion of Turkey.

For isolation,root andstemtissuesf plantsaffectedwith wilt symptomsverewashed
underrunningtapwater Plantpiecestakenfrom the lower hypocotylsanduppertaproot
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TABLE 1. Classi cationof Fusariumoxysporunf.sp. melonisracesbasedn Risseretal. (15)

Fusariumoxysporum DifferentialCultivarsandResistanc&enes
f.sp. melonisraces
Charentaid Isoblon Isovac Margot
(FomJ) (Fom2

0 S R R R

1 S S R R

2 S R S R

1,2 S S S S

S=susceptibléyellowing anddeath);R=resistan{no symptomshealthyplants).

weresurface-sterilizedn 1% NaOCLsolutionfor 1to 2 min, rinsedtwicein steriledistilled

water anddried betweensterile Iter papers.Piecesof disinfestedissueswvereplatedon

potatodextroseagar(PDA) amendedvith 50 g ml  streptomycinsulfate. The plates
wereincubatedcat27 C for 7-10days(4). Coloniesexhibiting thetaxonomicfeaturef F.

oxysporumwereidenti ed accordingto Nelsonetal. (13), andsingle-sporeor hyphaltip

subculture®f theseisolatesveremadeon PDA.

Pathogenicity testsand race determination Field isolatesof F.o.m. wereusedfor the
pathogenicitytests. To con rm identity of the fungus,pathogenicitytestswereconducted
using the susceptiblecv. "K rkagac'. Melon seedlingswere inoculatedby the root-dip
methodusing a sporesuspensiorof 10 conidiaml  (18). Inoculatedseedlingswere
transplantedo plastic pots lled with sterilized potting soil and placedin a greenhouse
(18-20 C). Symptomswereevaluatedl0to 15 daysafterinoculation.

Four differential melon cultivars, "CharentaisT’, “Isoblon’, “Isovac' and "Margot'
(Table 1), were usedin virulencetestsfor raceidenti cation accordingto the systems
suggestedby Risseretal. (15). CharentaisT andMargot lack speci c resistancayenes,
whereadsoblonandIsovac carry the resistancgenesFomlandFom2 respectiely (14).
Melon seeddreatedwith 7.5%H O solutionfor 10 min were plantedin sterilizedsoil.
After approximatelyl0 to 14 days, plantsin the cotyledonto rst-true-leaf stagewere
removedfrom theseedlingpotsandtherootswerewashedn tapwater prunedto  2.5¢cm
anddippedfor 1 min in theinoculumsuspensiorfl0 conidiaml ) preparedrom 7- to
10-day-oldcultures.Therootsof control plantswereprunedto 2.5 cm anddippedonly
in tapwatet Theinoculatedandcontrol seedlingsveretransplantednto cell-typeplastic
growing trays lled with a sterilizedmixture of soil, sandandmanure(1:1:1),andplaced
in a greenhouseat 20-27 C by day and 18-22 C by night, with 12 h uorescentlight.
Racedeterminationvas madeby observingsymptomdevelopment(yellowing, necrotic,
wilted or deadseedlings)of the differential cultivars over a 4-weekperiod (20). Final
assessmentd thewilt reactiorweremade30daysafterinoculation.Plantsfreeof external
wilt symptomswereconsideredesistan{19).

Reactionsof melon cultivars to racesof wilt pathogen Forty-four cultivarsof melon
obtainedrom AntalyaCitrusResearchnstitute, MenemerAgricultural Researchnstitute,
andseedcompaniegSeminis, AgromarandAlt n SeedCo.) wereevaluatedor resistance
to thewilt pathogerby theroot-diptest. Procedure$or sonving andinoculumpreparation,
concentrationjnoculationtechnique,and evaluationwere the sameas describedabove.
The experimentwas conductedn a controlledenvironmentchambersetat 23 C by day
and18 C by night, with 14 h uorescentlight. As aresultof this trial, the cultivarswere
placedin four reactionclasseg3): highly resistan{0—-10%wilt), moderatelyresistan{11—
40%wilt), slightly resistan(41-70%wilt), andsusceptiblg¢71—100%wilt).
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RESULTS

Diseasesurvey and isolation of Fusarium oxysporumf.sp. melonis In the suneys,
in which 602 plantsobtainedfrom 205 elds ( 3255ha) were sampled,Fusariumwilt

of melonwasobsenedearly in the growing seasorassuddenwilting without yellowing.

Plantsinfectedearlyin the seasoroften producedpoor quality fruits. On diseaseglants,
symptomsresemblingroot rot or dampingoff were obsened. Necrosis,gum exudates,
stunting, vine death, and light to dark brown vasculardiscolorationwere recordedon
diseaselantslate in the season.The Fusariumwilt surveys are summarizedn Table
2, andresultsshov that Fusariumwilt of melonwaswidespreadn Diyarbak r, Ad yaman
and Mardin provinces,with diseasdncidencebeing53.3%,42.5%and 46.6% (average,
47.5%), respectrely; the prevalenceof wilt was 96.0%, 86.8% and 81.5% (average,
88.1%),respectiely.

TABLE 2. Resultsof suney on Fusariumwilt of melon carriedout in 1999in the southeastern
AnatoliaRegion of Turkey

Area Fieldlocation No. of elds Disease Disease
evaluated prevalence(%) incidence(%
foliar
symptoms)

Diyarbak r Central 13 100.0 65.7
Cinar 40 97.5 37.3
Ergani 15 86.6 36.5
Bismil 17 100.0 73.7
Avg. 21 96.0 53.3
Ad yaman Central 16 79.4 62.5
Besni 33 93.6 34.8
Golbas 9 88.6 15.4
Kahta 14 85.6 57.4
Avg. 18 86.8 425
Mardin Central 10 90.0 54.6
Nusaybin 17 65.0 38.7
Midyat 10 80.0 41.7
Savur 11 91.0 51.4
Avg. 12 81.5 46.6
Generakvg. 17 88.1 47.5

Fieldswith melonplantsshaving foliar symptoms%).
Assessethtein themelongrowing seasotin aminimumof threegroupsof 30 adjacenplantsthatwerechosen
arbitrarilyin each eld.

Typical culturesof F.o.m. were isolatedfrom representatie diseasedplants with
externalsymptoms Pathogenicitywasveri ed in meloncv. K rkagac,whichis susceptible
to thiswilt pathogenOf the34 pathogerisolatesof F.0.m, 15isolatesvereidenti ed from
Diyarbak r, tenfrom Mardin, andnine from Ad yaman(Table 3). The pathogenicitytests
revealedthat theseisolatescaused?0-85%wilt. F.0.m. wasre-isolatedfrom inoculated
melonplants.

Race determination The raceidentiti cation of 34 isolatesof F.o.m. obtainedfrom
melon-graving areasof the southeasterminatolia Region was done accordingto the
nomenclaturgroposedy Risseret al. (15) usingthe differentialmeloncultivars. Race
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TABLE 3. Regional distribution of isolatesbelongingto physiologicracesof Fusariumoxysporum
f.sp. melonisobtainedn suneyedmelon elds
Area Fieldlocation No. of No. of Raceof F.o.m.

samples pathogen
infected  isolates

with
F.o.m.
0 1 2 1.2
Diyarbak r Central 21 9 2 1 6
Cnar 10 3 1 - 2
Bismil 15 3 1 2
Mardin Central 11 4 1 3
K z Itepe 8 2 1 1
Nusaybin 6 3 1 - 2
Ad yaman Central 9 3 1 1 1
Besni 17 6 - 4 2
Golbas 11 1 - - - 1
Total 108 34 8 5 1 20

0 isolateswerepathogenionly to cv. CharentaidT, racel isolateswerepathogeniconly
to cvs. Charentaisl andlIsovac,andracel,2 isolateswere pathogenido all differential
cultivars.Onthebasisof thereactionof thesefour cultivars,thedistribution of F.o.m.races
wasdeterminedTable3).

Basedon these ndings, eightisolates(23.5%)weredesignatedsrace0, veisolates
(14.7%)asracel, oneisolate(2.9%)asrace2, and20 isolateg58.8%)asracel,2. Of the
isolatesrecoveredfrom Diyarbak r, 26.6%wereassignedo race0, 66.7%to racel,2,and
6.7%to race2; racel wasnotdetectedn this province. In Mardin, 33.3%o0f theisolates
obtainedwereidenti ed asrace0 and66.7%asracel,2; in this provinceracesl and?2
werenotfound. In Ad yaman,10% of theisolatesobtainedwereclassi ed asrace0, 50%
asracel, and40%asracel,2; race2 wasnot detectedn this province.

Reactionsof melon cultivars to racesof wilt pathogen Of the local and commercial
cultivarsof C. melotestedin the greenhouséor resistancd¢o F.o.m.races0, 1, 2, and1,2
of F.o.m, 81.8%proved moderatelyresistanto race0, but no susceptiblecultivar to this
racewasdetectedTable4). While 38.6%of the cultivarsweresusceptibldo racel,2,no
cultivar wasidenti ed as highly resistantto races0, 2, and1,2. However, while 34.1%
of the cultivarswereclassi ed ashighly resistanto racel, 52.2%of the cultivarsproved
moderatelyresistanto race2.

DISCUSSION

Fusariumwilt of melonmayaffectplantsatall stage®f thegrowing seasonSystematic
suneys in the melon-graving areasof the southeastermnatolia Region of Turkey
indicatedthat this wilt is a potentially seriousthreatto melon productionin the region.
In particular thediseasavasdeterminedo bevery prevalentunderdry conditions.During
the sunweys, suddenwilting, necrosis,gum exudates,stunting, vine death,and light to
dark brown vasculadiscolorationwereobseredon diseaseanelonplantsin the growing
season. It was found that F.o.m. is widespreadn Diyarbak r, Ad yamanand Mardin
provinces. The gures on diseasdncidenceand prevalencein theseprovinces(Table 2)
were similar to thosereportedfor the melon-graving areasof the MediterranearRegion
of Turkey in 1991 and 1992: diseaseincidenceand prevalenceof 66.6% and 72.2%in
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TABLE 4. Reactionof melon(Cucumismelqg cultivarsto arti cial inoculationwith differentraces
of Fusariumoxysporunf.sp. melonis(F.o.m.)undergreenhouseonditions

Melon cultivars Varietalreactiongo racesof F.o.m.
Race0 Racel Race2 Racel,2

8 F1Galiatype MR HR MR MR
34F1Ananagype MR MR SR MR
33F1Ananagype MR SR MR SR
Amilara MR MR S SR
Peteg (Hasocerk) MR S S S
Azizo MR SR S S
Diyarbak rYuvarlak MR S S S
Diyarbak rUzun MR S S SR
Ad yaman SR MR MR S
Diyarbak rDilimli MR MR SR S
Ad yamanCumra SR S S S
Alt nbas MR MR S MR
K rkagac MR S S MR
Cesmemelon7/8 SR HR SR SR
Cesmamelon1/3 SR MR SR SR
Cesmemelonl/1 MR MR SR MR
Cesmeamelon5/11 MR HR MR MR
Cinik z-98 MR MR S MR
Hasanbg SR MR MR SR
K rkagac589 SR MR MR MR
K rkagac637 MR HR MR MR
BabiecaRZ 929 MR SR MR MR
Makdimon MR HR SR S
Ak do F1hibrit MR MR MR S
1051Rito SR MR MR S
Bemgpass1 MR MR MR SR
Altn 2F SR MR MR S
Altn 4F MR MR MR MR
Altn 1F MR MR MR S
Altn 3F MR MR MR SR
Royal Sluis4100878 MR HR SR SR
Royal SluisRS 455 MR HR SR S
Royal SluisRS605 MR HR MR S
Royal SluisRS296 MR HR MR S
Royal SluisRS692 MR HR MR S
Royal SluisRS894 MR HR MR S
Royal SluisRS895 MR HR MR S
Royal SluisRS537 MR HR SR SR
Royal SluisRS 160 MR HR SR SR
Royal SluisRS095 MR HR SR MR
AgromarWinter melon MR MR MR MR
AgromarK rkagac MR MR MR SR
AgromarAlt nbas MR MR SR MR
AgromarHasanbg MR MR MR SR

HR, highly resistantMR, moderatelyresistantSR, slightly resistantS, susceptible.

Adana,and 66.6%and92.8%in Hatay respectiely (17). The diseaséds reportedto be
long establishedhn the centralAnatoliaRegion of Turkey (9).

Identi cation of F.o.m. on differentialmeloncultivarsrevealedfour physiologicraces
in the region, with race1,2 beingthe mostprevalent. In ecologicalterms,this point can
be expressedasthe parasitebeing capableof diversifyingits pathogenigotentialin the
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absencef the host,andthe hostplantplayinga dualrole in the procesf theappearence
of new races(5). All isolateswere highly virulent on susceptiblecv. Charentais.Eight
isolatesobtainedfrom three provincesof the region surweyed were virulent only to cwv.
Charentaisandthereforeidenti ed asrace0. Of theracel isolates, ve wererecovered
only from melon elds of Ad yaman.Theseisolateswereavirulenton cvs. Isavac(Fom2
andMargot, andvirulenton cvs. Charentaid andlsoblon(Fom1). Only oneisolatefrom
Diyarbak rwasassignedo race2; thisisolatewasvirulentoncvs. Charentai§ andlsovac,
and avirulent on cvs. Isoblonand Margot. Of the racel,2 isolates,ten were recovered
from Diyarbak r, six from Mardin, andfour from Ad yaman;all differentialcultivarswere
highly susceptibleo theseraces.racesl and2 werenotfoundin two of thethreecounties
suneyed. Racel,2,the mostprevalentracein theregion, wasreportedn previousstudies
carriedoutin otherregionsof Turkey (9,17).

Resistanc¢o F.o.m.is expressedery clearly at the seedlingstageandthe mechanism
of action of this resistancés believed to be controlledby genesFom1 and Fom2 using
the phenomenorof host—parasiténteractionrecognition. This study demonstratedhat
local cultivarssuchas Petey' (Hasocerk) and’Azizo', whicharecommonlygrown in the
region, lacked resistanceo Fusariumwilt, in particularto racel,2. In Diyarbak r, where
the diseasds the mostprevalent,local cultivarshave beengrown repeatedlyin the same

elds. Currently racel,2is responsibldor heary lossesn the elds wherethis racewas
rst recorded.In conclusion,becausd-usariumstrainsvary widely with respecto their
pathogenicitytheresistancef differentmeloncultivarsto Turkishstrainsof F.o.m.should
be evaluatedevery yearin an attemptto develop resistantcultivars carryinggenesFoml
andFom2
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