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Fusarium solanif.sp. cucurbitaeand F. oxysporumf.sp.
niveumInoculum Densitiesin Tunisian Soilsand Their
Effect on Watermelon Seedlings

N. BoughalleB' andM. ElI Mahjoul

Populationof Fusariumsolanif.sp. cucurbitae(Fsc)andFusariumoxysporunt.sp. niveum
(Fon)in naturallyinfestedsoil of watermelonelds werecountedby thesoil dilution method
with subsequenpathogenicitytests. Inoculumdensityvaried within the sameregion from

one eld to another rangingbetweer9 and1600CFU g * soil for Fscandfrom 0 to 200
CFU g ! soil for Fon. Fusariumcrown- androot-rot-diseasedeedlingsvere obsered in

mostsoils (93%); however, Fusariumwilt wasobsered in only 34% of soil samples.The
diseaséncidenceon cv. “Giza' (Y) increasedigni cantly with inoculumdensityin the soil

(X) (P<0.001). For Fsc, the relationshipbetweeninoculumdensityand diseasencidence
wascharacterizedy the equationY=0.0005X+0.165R?=0.67). For Fon, the equatiorwas
Y=0.003X-0.0014R?=0.88). Basedon theseequationsthe estimatednoculum densities
requiredto cause50% diseasencidence(Dlso) on cv. Gizaplantswas670and171 CFU

g ! soil for FscandFon, respectiely.

KEY WORDS:Diseasepotential;Fusariumoxysporunt.sp. niveum Fusariumsolanif.sp.
cucurbitae;watermelonelds.

INTRODUCTION

Crown androot rot disease®f cucurbitscausedby Fusariumsolani (Mart.) Sacc.
f.sp. cucurbitaeW.C. Sryder & H.N. Hans. (Fso severely damagewatermelon. This
pathogerwas rst reportedon squasiCucurbitapepoL.) in 1930in SouthAfrica (8) and
subsequentlpn differentcucurbitsin the United States(13,25),Spain(1,11), Italy (10),
New Zealand(14) andJapan(22). In Tunisia, Fsc hasbeenfound whereser watermelon
hasbeengrown andis a seriougproblemfor its production.TheF. solaniisolatescollected
from different Tunisiancroppingareaswereidenti ed asFscracesl and?2 on the basis
of pathogenicitytestson watermelonseedlingsand muskmelonfruits. Racel is widely
distributedin watermelonproductionareas;race2 hasa lower incidencebut is present
in northern,centraland southernTunisia (3). Fusariumwilt of watermeloncausedby
FusariumoxysporuntSchlechtend.:Fif.sp. niveum(E.FESm.) W.C. Sryder& H.N. Hans.
(Fon) isalsoaneconomicallyimportantdiseas®f thiscrop,well establishethroughouthe
watermelon-graing regionsof theworld. It hasbeenfoundin Italy (7), Israel(24), Florida
(9,20),0klahoma(6), Cyprus(16), GreeceandTurkey (21), Spain(12), Texas(5,19),and
DelavareandMaryland(28). It hasalsobeendetectedn Tunisia,wherethreeracesof Fon
(0, 1 and2) wereidenti ed in watermelon-graving areaswith a prevalenceof racesl and
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2 (4). Thesesoilbornepathogensausdawo of themostseverediseasesf watermelonand
in mary areasf Tunisiathey have becomeafactorthatlimits its production.

Thereis no information aboutF. solani and Fsc inoculum densitiesin the soil of
naturally infestedwatermelon elds. Somestudieshave determinedthe populationof
F. oxysporumin soils croppedto watermelon. Netzer(24) estimatedhat the population
of this funguswithin heavily infestedwatermelon elds rangedfrom 400 to 1400 CFU
g ! soil. Within this rangeof inoculum densities,more than 95% of the seedlingsof
watermeloncv. "SugarBaby' wilted in a greenhouséioassay24). In Florida, Hopkins
andEImstrom(15) reportedthat populationsof F. oxysporumaveragedaround1500CFU
g 1 soilin mostresearclplots croppedo watermelon Neverthelesslittle is known about
therangeanddistribution of inoculumdensitiesof Fon in infestedcommercial elds used
for watermelomroduction.Recently ZhouandEverts(29) detectednoculumdensitief
Fonrangingfrom 100to 1200CFUg ! soilin Maryland. Diseaséncidenceof susceptible
seedlingof watermeloncv. SugarBaby reachedver 20% whenseedlingsvere planted
in sampleof soil collectedfrom elds exhibiting sudderwilt symptomsln anotherstudy
Zhou and Everts (30) quanti ed root and stemwatermeloncolonizationby Fon andthe
relationshipto Fusariumwilt incidence,indicatingthatthis pathogens ableto penetrate
to all partsof susceptiblevatermeloncultivars,but the level of colonizationvaried with
cultivarresistance.

The objectives of this studywereto: (i) conducta suney of inoculum densitiesof
F. solaniandF. oxysporumn watermelonelds in Tunisia; (ii) estimatethe populations
of FscandFon in these elds basedon pathogenicitytestsof selectedcolonies;and (iii)
assesshe potentialfor developmentof Fusariumwilt andcrown androot rot diseasesn
theseelds basedn soil bioassaysisingseedlingf a susceptiblevatermelorcultivar.

MATERIALS AND METHODS

Field survey Forty-onecommercialwatermelonelds from the main watermelonpro-

duction areasof Tunisiawere surveyed from 2000to 2001 to study Fusariumwilt and

Fusariumcrown androot rot diseasesDiseasencidencein each eld wasestimatedand

the cultivars grown and crop history were recorded. This shaved that cv. “Charleston
Gray' wasthe mostcommonlycroppedin the north andsouth,whereas CrimsonSweet'

wasdominantin thecenterof Tunisia.A visualestimatiorof diseaséncidencewhichwas

independentf thelatestculturein the eld, wasabsentn afew elds but extremelysevere

in others(Tablel).

Soil sampling and processing To quantify the inoculumdensityof Fusariumspp.,20
soil sampleswere collectedfrom each eld. Soil samplesweretaken at hanest,around
symptomatiglants,following a“W” samplingpattern(27). Eachsoil sample( 5009 of
soil) wascollectedfrom a depthof 10—20cm andat a distanceof 25 cm from a plant. All

soil samplesverestoredat4 C until use.Soil samplegrom thesameeld werecombined
into one sample,mixed thoroughly and keptin the laboratoryto be air-dried for 15-20
days. The populationof Fusariumspp. in eachsoil samplewas determinedby plating
aliquotsof a soil dilution series A 15-gsub-sampl®f soil wasaddedo 100ml of distilled
sterilizedwater Theresultingsoil suspensiomasmixedfor 5 min usingamagneticstirrer.
Oneml of this suspensionvasplatedonto ten petri dishescontainingkomadas medium
(1 g KaHPOy; 0.5gKCI; 0.25gMgS0Os:7H,0; 2 ml FeEDTA,; 2 g L-asparaginel0 g
galactose20 g agar;0.5g MgSQ,. 7H,0; 0.1gCaCb.2H,0; 7.5mg FeSQ.7H,0; 2 mg
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MnSQy. 7H,0; 6 mg CuSQ,.5H,0; 75mg ZnCly; 9 mg (NH4)6M07024; 5 g biotine; 1
mg thiamine;20 g agar;perliter of distilled water)(17). Threereplicatesof soil dilutions
werepreparedor each eld sampledAll plateswereincubatecat25 C for 4-5days.

Identi cation of Fusarium spp. All colonieswhich shaved culturalcharacteristicshat
weresimilarto Fusariumspp.weretransferredo PDA (potatodextroseagar:40gl 1) and
SpezielleNahrstofarmeragar(SNA, composef 1 g potassiundi-hydrogenphosphate
KH,PQy; 1 g potassiumnitrate KNO3; 0.5 g magnesiumsulfate MgSO,. 7H,0; 0.5 g
potassiunchlorideKCI; 0.2 g glucoseanalar;0.2 g sucroseanalar;20 g agaroxideno. 3;
perliter of distilled water). Themacroscopideaturesveredeterminedn PDA adjustedo
pH 6.5-7 whereashemicroscopiadeterminatiowasdoneon SNA (26). Cultureson PDA
andSNA wereincubatedat 22-25 C, 12:12L.:D, for 4 days. Thediameterandcoloration
of the coloniesandthe aspectbof the myceliawere noted. The microscopicfeatureswere
examinedafter 3 additionaldaysof incubation.Colonieswereidenti ed asF. solanior F.
oxysporumaccordingto morphologicalcriteria indicatedby Booth (2) and Nelsonet al.
(23). Thetotal numberof coloniesidenti ed asF. solanior F. oxysporumwas counted
for eachsoil sample. The isolateswere storedon PDA in tubesmaintainedat5 C or in
glycerol50%at—20 C until use.

Pathogenicity to watermelon seedlings The ratio of pathogenicto non-pathogenic
colonies of F. solani and F. oxysporumfor each eld sampledwas determinedby
pathogenicitytests of random, representatie colonies using susceptiblewatermelon
seedlingqcv. “Giza'). Thenumberof coloniesselectedor pathogenicitytestsfrom each
eld wasdeterminedasfollows: (i) all coloniesweretestedf thetotal numberof colonies
on all the platesfor a eld was< 20; and(ii) 20 colonieswererandomlyselectedf the
total numberof colonieswas> 20. Thus,for F. solani for all elds, we choseanarbitrary
20 coloniesper eld, sincethetotal numberper eld was> 20 colonies. However, for F.
oxysporumfor approximatelyl7 elds, we usedall colonies(Table2).

The pathogenicityof all selectedsolatesvasassessedn watermelorseedlingof the
susceptiblecv. Giza. Sporesuspensionsvere preparedrom cultureswhich originated
from asingleselectedtolony, gronvn on potatodextrosebroth (PDB), usinga rotaryshaler
atroomtemperaturg¢25 C)for 14 daysandadjustedo 10° conidiaml *. Theseedsvere
surface-disinfectedin 5% sodiumhypochloritesolutionfor 5 min, rinsedwith sterilized
water and sown on vermiculiteto germinate. Whenthe rst true leaf wasevident ( 2
weeksafter planting), the seedlingswere uprootedandthe roots were washedundertap
water The seedlingswere root-dippedin the inoculum suspensiorfor 15—-20seconds,
swirledseveraltimesandtransplantednto 7.5-cm-dianmpots,with threeseedlinggperpot,
containingvermiculite; and ve pots per isolate, for a total of 15 seedlingsper isolate.
Controlswere preparedoy root-dippingthe seedlingsin sterile distilled water (18). All
plants were maintainedin the greenhouseand fertilized regularly once a week. The
averageair andsoil temperatureduringtheexperimentwere27 and24.7 C,respectrely.
Evaluationof diseasén the seedlingsand assessmerdf pathogenicitywere carriedout
14-21daysafterinoculation.

Diseasepotential of surveyed elds The potentialfor developmentof Fusariumwilt
or Fusariumcrown androot rot in eachof surveyed watermelon elds was evaluatedby
sawing seedof watermelorcv. Gizain 216cm? pots lled with 170cm?® of soil collected
from each eld (30). Each eld sampleconsistedof three pots, which sened asthree
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replicatesgachwith tenseedlings A loamy sandsoil thathadbeensteamedo befree of
Fusariumspp. sened asthe non-infestedcontrol soil. All plantswere maintainedn the
greenhousasdescribedabore. Theincidenceof infectedseedlingsvasassessedeekly
for a period of 6 weeksafter planting. Coloniesisolatedfrom infected seedlingsonto
Komadas mediumwereidenti ed on PDA andSNA asdescribedabove.

Data analysis The relationsbetweenpercentagef infectedplants(diseasancidence)
andinoculumdensityin soilswasdeterminedy regressioranalysis.Datawereanalyzed
usingthe software SPSYrogram(SPSSnc. HeadquartersChicago L, USA).

RESULTS

Fusarium isolation and identi cation  Differenttypesof Fusariumcoloniesdeveloped
onKomadamedium.Coloniesof F. solaniandF. oxysporundifferedfrom otherFusarium
speciedn color andmorphologyandwere con rmed by microscopéddenti cation. Their
growth on PDA wasrapid, with abundantaerial mycelium. The surfaceof the colonies
was covered with sporodochia,of creamor blue color. The growth on SNA showved
thatmicroconidiawereformedin falseheadson long branchedmonophialidegF. solani

or on short branchedmonophialides(F. oxysporum and in the presenceof alundant
chlamydospore$4,23). The numberof F. solani coloniesthat were recoseredfrom the
eld soilswashigherthanthe numberof F. oxysporuntolonies(Table2), thetotalnumber
of coloniesbeing,respectiely, 20,078and1434CFU g ! soil (Table2).

Pathogenicity tests on watermelon seedlings Identi cation of pathogenidsolatesof

Fsc andFon wasdoneaccordingto the symptomsobsened: crown androot rot for Fsc,

andwilt for Fon. Most of the selected~. solani colonieswere pathogenido watermelon
seedlingsaand causectrown androot rot andweresubsequentlydenti ed asFsc. Only a

few of theF. oxysporumsolatesthatwererecoveredfrom the soil samplesandfoundto be

pathogeni¢o watermelorseedlingsvereidenti ed asFon, responsibldor vasculawilt of

seedlings.The symptomscausediy Fsc appearedvhenplantsapproachednaturity, and
exhibited a severecorticalrot at the baseof the stemandthe upperportion of thetaproot,
causingyellowing andwilting of the leaves. Within a few daysof the rst symptomsof

crown rot, diseasedlantsusually died. Fon penetratesnto the plant throughthe root

systemandthe pathogemuickly invadeshelymphaticvesselgxylem), whichis the cause
of its collapse. As a consequencehe plant cannotabsorbwater leadingto the wilt of

somebranche®r eventheentireplant. Thelymphvesselgurn brown andsmelllik e rotten
almonds. It is importantto note that therewas no root galling on the collectedplants.
The numberof pathogenidsolatesof the two pathogenss shavn in Table2. Thesefungi

werere-isolatedcon rming Koch's postulate.The total numberof FscandFon colonies
detectedvere,respectiely, 17,607.6and1185.9CFUg ! soil (Table2).

Inoculum density of F. solani and F. oxysporumin soil A large rangein inoculum
densitywas obsened for F. solani(Table2). In mostof the elds (87%), the inoculum
densityvariedbetweerf11l 98and1141 117CFUg ! soil. Three elds shavedahigher
level of inoculumdensity varying from 1309 35to 1600 191CFUg ! soil. In afew
suneyed elds (5%), the inoculumdensityof F. solaniwasvery low (36 31to 89 29
CFUg ! soil). F. oxysporumwasisolatedin mostof the elds but with lower inoculum
densitythanthatof F. solani(TableZ2). In mostof the elds (73%),theinoculumdensity
wasbetweerzeroand36 12CFUg ! soil. In others(15%),the inoculumdensityof F.
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TABLE 1. Crophistory, watermelorcultivarsandestimationof diseasencidencein surneyed elds

in variousregionsandlocationsin Tunisia

Region Location Field Preceding Surwey date Cultivar grovn Diseasencidencé
crop
North OuedMliz F1 Cereal 5July 01 CharlestorGray  Low
F Cereal 5July 01 CharlestorGray  Low
Testour F3 Solanaceae 3July01 Crimsonsweet Extremelysevere
F4 Solanaceae 3July01 CharlestorGray  Extremelysevere
Gaafour Fs None 24 July 01 Crimsonsweet Extremelysevere
Fe None 24 July 01 CharlestorGray ~ Extremelysevere
Fr None 24 July 01 CharlestorGray ~ Absent
Laaroussa Fs Watermelon 24 July01 Crimsonsweet Severe
Fg Watermelon 24 July01 CharlestorGray  Extremelysevere
Middle Chebika Fio None 6 June0l Crimsonsweet Very low
Fi11 None 6 June0l Crimsonsweet Verylow
Fi2 None 6 June0l Crimsonsweet Verylow
Fi3 None 6 June0l Crimsonsweet Very low
Souassi Fis None 11 July01 Crimsonsweet Low
Fis None 11July01 Crimsonsweet Low
Chorben Fie None 11 July01 Crimsonsweet Verylow
F17 None 11July01 Crimsonsweet Verylow
Fis None 11 July01 Crimsonsweet Verylow
Fig9 None 11July01 Crimsonsweet Verylow
Jelma F20 Watermelon 21June0l Crimsonsweet Low
Fo1 Watermelon 21June0l Crimsonsweet Low
Fa2 Watermelon 21June0l Crimsonsweet Low
BenAoun Fo3 None 21June0l Crimsonsweet Absent
Fos Nonee 21June0l Crimsonsweet Absent
Sebbala Fos Watermelon 21June01l Crimsonsweet Low
Foe  Watermelon 21June0l CharlestorGray ~ Low
Regueb Fo7 None 23May 01 Crimsonsweet Low
Fog None 23May 01 Crimsonsweet Verylow
Jebeniena Fag Watermelon 5 June0l Crimsonsweet Low
Fao Watermelon 5 June01 Crimsonsweet Low
Fa1 Watermelon 5 June0l Crimsonsweet Severe
South Skhira Fa2 Cereal 23May 01 Crimsonsweet Severe
Fa3 Cereal 23May 01 CharlestorGray  Low
Fas Cereal 23May 01 CharlestorGray  Low
Metouia Fas Muskmelon 13 June0l C.Sand Severe
Ch.Gray
Fag Watermelon 13June0l CharlestorGray  Extremelysevere
Gafsa Fa7 None 21June0l CharlestorGray ~ Extremelysevere
Fag None 21June0l CharlestorGray  Extremelysevere
Medenine Fag None 14 June0l CharlestorGray ~ Absent
Fa0 None 14 June0l CharlestorGray ~ Absent
Fa1 None 14 June0l CharlestorGray  Verylow

“Diseasancidencewasestimatedsisually.

oxysporunvariedfrom53 30t0 97 57CFUg 1! soil,andin ve elds it wasmorethan
100CFU g ? soil. The highestinoculumdensityof F. oxysporunmwasfound at Gaafour
(Fs) (200 18CFUg ! soil) (Table2). Thepercentagef visually estimatedsymptomsin
the elds is relatedto theinoculumdensityof Fusariumspp.(Tablesl and?2).

Fsc and Fon soil populationswere estimatedaccordingto the resultsobtainedin the
pathogenicitytestswith selectedcolonies.Fscinoculumvariedbetweer® and1600CFU
g ! soil with the highestdensityat Laaroussg1600CFU g * soil). For Fon, it ranged

Phytopaasitica34:2,2006 153



TABLE 2. Inoculumdensities(expressedas CFU g ! soil) of FusariumsolaniandF. oxysporum
in soils from watermelon elds in Tunisia, and estimationof inoculum densitiesof F. solanif.sp.

cucurbitae(Fs¢ andF. oxysporunt.sp. niveum(Fon) andtheir diseaseotentialassessetly soil

bioassays

RegionLocation Field Numberof CFUg I soil Diseasancidence(%)
F. solanf [ Fscd Fon crovnand  wilted
oxysporum rootrot- seedlings
affected
seedlings
North OuedMliz F1 540 125 53 30 486 50.4 42 15
F 729 106 28 24 656 28 50 4
Testour F3 1141 117 114 81 1084 114 58 28
Fa 1309 35 189 67 1244 56 59 16
Gaafour Fs 1065 167 200 18 1012 200 54 48
Fs 1409 242 146 56 1268 132 62 32
F7 561 64 51 45 449 41 40 8
Laaroussa Fg 1600 191 104 20 1600 99 67 29
Fg 900 31 00 765 0 52 0
MiddleChebika Fio 177 285 4 35 159 0 5 0
Fi1 257 708 2 2 218 0 12 0
Fio 342 455 23 23 342 18 23 0
Fiz 182 102 33 127 0 5 0
Souassi Fi4 384 131 51 211 0 41 0
Fis 624 85 4 27 468 0 58 0
Chorbene Fig 172 142 9 45 43 2 14 0
Fiz 259 52 00 220 0 20 0
Fig 345 123 25 16 293 2.5 26 0
Fig 184 44 00 119 0 10 0
Jelma Foo 242 50.7 00 169 0 23 0
Fo1 211 37.7 62 47 200.5 62 20 13
Foo 462 71 7 3 416 1 33 0
BenAoun Fpz 111 98 11 33 0 0 0
Fos 36 31 00 9 0 0 0
Sebbala Fos 415 49 00 3735 0 28 0
Fos 209 69 9 45 177.7 2 18 0
Regueb Fo7 622 38.6 11 497.6 1 46 0
Fos 571 62 55 456.8 5 39 0
Jebeniena Fp9 512 160 58 27 486 46.4 33 10
Fzo 323 66 97 57 290.7 97 20 25
Fs1 790 187 55 750.5 5 57 0
South Skhira F3, 973 1205 18 13 973 18 80 0
Fa3 447 61 54 41 357.6 54 35 10
Fsqa 579 267 36 12 434.3 36 40 2
Metouia Fss 184 82 15 13 128.8 15 14 0
Fss 220 111 36 32 198 324 20 1
Gafsa Fz7 206 39 16 7 144.2 16 17 0
Fss 311 106 55 279.9 5 25 0
Medenine Fzg 133 124 00 73.2 0 12 0
Fso 83 29 17 5 33.2 16.2 0 0
Fs1 258 100 31 20 232.2 31 17 0
Total 20078 1434 17607.6 1185.9

ZMeaninoculumdensity(  standardleviation) estimatedisingdilution plating;thevaluefor eachreplicatewas
theaveragenumberof Fusariumcolonieson ten platescontainingKomadamedium.
Y Estimationof inoculumdensityusingpathogenicitytestof coloniesselectedrom each eld.
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from zeroto 200CFU g ! soil (the highestdensityat Gaafour).In the centralregion, the
inoculumdensitiesrangedrom 9 to 497.6CFUg ! soil for Fscandfrom zeroto 97 CFU
g ! soilfor Fon. In the elds sureyedin southerriTunisia,inoculumdensities/ariedfrom
33.2t0 973CFUg ! soil andfrom zeroto 54 CFU g ! soil for FscandFon, respectiely.
In the northern elds, theinoculumdensitiesrangedfrom 486and1600CFUg ! soil for
Fscandfrom zeroto 200CFUg ? soil for Fon.

T=00005X+0.16%9%
E

2

=0.668

Disease incidence (uy)

0 T T ]
0 400 800 1200 1600

Incculum density (CFU /g sail)

Fig. 1. Diseaseincidenceof crown and root rot causedby Fusariumsolani f.sp. cucurbitaein
watermelorseedlingplantedin differentsoil samplesollectedfrom elds in Tunisia.

Diseaseotential of watermelon elds Diseasotentialwasassessebly soil bioassays.
The incidenceof Fusariumwilt or Fusariumcrown androot rot in cv. Giza seedlings
plantedin soil samplesollectedfrom the elds wasdeterminedor eachsoil sampleg(Table
2). Fusariumcrown- androot-rot-diseasedeedlingswere obsered in mostof the soils
(93%). A low percentag®f infectedseedlingg5—20%)wasrecordedn 34% of the soll
samples27% of the sampleshadbetween21% and40% diseaseglants;andin 24% of
the soil samples41%to 60% of the seedlingsvereinfectedby Fsc. The highestlevels
of crown androot rots (62% and 80%, respectiely) were obsenedin soil samplesrom
Gaafourand Skhira(7% of elds). No diseasedvatermelorseedlingsverefound on soil
samplegrom BenAoun, whereFscinoculumdensityvariedfrom 9to 33CFUg * soil, or
from Medenine whereFscinoculumdensitywas16.2%(Table2). Unlike the crown and
rootrot, Fusariumwilt wasobsenedin only 34% of the soil samplesTwenty-two percent
of soilsshaveda low percentagef wilted plants(1-16%).Only a few soils (10%)hada
level of infectedseedlingdetweer25%and32%. A relatively highlevel of diseas€48%)
wasobsenedamongseedlinggrown in soil from one eld at Gaafour
Regressiomanalysisndicateda signi cant correlation(P< 0.001)betweerthe percent-
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Fig. 2. Diseasencidenceof wilting causedoy Fusariumoxysporumf.sp. niveumin watermelon
seedlingplantedin differentsoil samplesollectedfrom elds in Tunisia.

ageof infectedplantsand the soil inoculum densityfor both Fsc and Fon (Figs. 1 and

2). A positive linear model describedhis relationship,which was characterizedy the

equationY=0.000X+0.165with a coefcient of determinationR?) of 0.67 for Fs¢ and

Y=0.003xX-0.014with R? of 0.88for Fon, shaving that a higher percentagef disease
correspondedith a highersoil inoculumdensity Basedon theseequationsthe estimated
inoculumdensitiesrequiredto causes0% diseasencidence(Dlsg) on cv. Gizawere670

CFUg 1! soiland171CFUg ! soil for FscandFon, respectiely.

DISCUSSION

Inoculum densitiesof F. solani and F. oxysporumin watermelon elds locatedin
productionareasin Tunisia were determined. The study shaved that inoculum of F.
solani was more prevalentthanthat of F. oxysporumwhich waslessor absentin some
of the sureyed elds. Our resultsrevealedthat the inoculum densitiesof F. solaniand
F. oxysporumin Tunisianwatermelonelds variedrespectiely from 36 31to 1600 199
CFUg ! soil andfrom zeroto 200 18 CFUg ! soil. Resultsobtainedby Netzer(24)in
Israelshoveda rangeof F. oxysporunfrom 400to 1400CFU g ! soil in heavily infected
elds croppedwith watermeloncv. SugarBaby. Hopkinsand EImstrom(15) notedthat
concentration®f F. oxysporunpropagulesverenot very usefulin monitoring Fusarium
wilt pressurén soil, sincesaprophytidsolatesof F. oxysporunmareubiquitousin soil, and
this would requirepathogenicitytestsof mary F. oxysporumsolatesfrom eachplot. They
suggestec greenhouseioassayto measurahe diseaseressuref the soil infestedby F.
oxysporunpopulations.

Pathogenicitytestsshaved that mostof the F. solani andF. oxysporunisolateswere
pathogenido watermelonseedlingsandwereidenti ed asFsc andFon, respectiely. In
the presentstudy Fon soil inoculumdensitywaslow, varying from zeroto 200 18 CFU
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g ! soil. In Marylandand Delavarewatermelon elds, inoculumdensitiesof Fon were
higher, rangingfrom 100to 1200CFUg * soil (29). Thisresearcthis the rst to determine
inoculumdensityof F. solaniandFscin watermelonelds shaving symptomsf Fusarium
crown androot rot disease.Accordingto our data, Fusariumpopulationsin the soils of
mostwatermelonelds werecomposegredominantlyof Fsc

Assessmentsf the potentialdevelopmentof Fusariumwilt and Fusariumcrown and
root rot diseasesn these elds were basedon assaysusing seedlingsof a susceptible
watermeloncultivar, sovn in soil samplesfrom infested elds. Theseassaysshaved
thattheincidenceof crown androot rot diseasend Fusariumwilt diseaseof watermelon
was signi cantly correlatedwith inoculum density of Fsc and Fon (R?=0.67 and 0.88,
respectrely). Our ndings arein agreementvith the resultsobtainedby ZhouandEverts
(29), who showved that Fusariumwilt of watermelonwas signi cantly correlatedwith
inoculum densityof Fon andthe estimatednoculum densityrequiredto causeDlsp on
SugarBaby, which was 367 CFU g ! soil. However, we found that inoculum density
causing50% incidenceon cv. Gizareached171 CFUg ! soil. This differencecould
be due to cultivar, climatic conditionsand edaphicfactors. Furthermore the inoculum
densityin thesuneyedwatermelonelds may have beenover or underestimatetdecause
soilbornefungi arenot uniformly distributedin infested elds andperhapslsobecausef
themethodaused ik e air-drying the soil — which might causedegradatiornof the pathogen
population.

To the bestof our knowledge, this reportis the rst on the relationshipbetween
inoculumdensityof Fscanddiseasencidencein watermelorseedlings.Theinformation
presentedherecouldbeveryuseful,sinceknowledgeabouttherangeof inoculumdensities
of Fusariumspp. in commercial elds would help us to employ multiple tactics for
Fusariumwilt managemeng&ndto determinegnoculumconcentrationsf thesepathogens
neededo infest soils for researctpurposesn greenhouser eld trials. Moreover, it is
possibleto adoptthe employed equationto estimatethe diseasepressuran elds where
only one or both pathogensare present. This correlationbetweendiseasancidenceand
inoculumdensitycouldvaryif thereareonly oneor two pathogenén the soil sample.
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