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Fusarium solani f.sp. cucurbitaeand F. oxysporumf.sp.
niveumInoculum Densitiesin Tunisian Soilsand Their

Effect on WatermelonSeedlings

N. Boughalleb1;� andM. El Mahjoub1

Populationsof Fusariumsolanif.sp.cucurbitae(Fsc)andFusariumoxysporumf.sp.niveum
(Fon) in naturallyinfestedsoil of watermelon�elds werecountedby thesoil dilution method
with subsequentpathogenicitytests. Inoculumdensityvariedwithin the sameregion from
one�eld to another, rangingbetween9 and1600CFU g� 1 soil for Fsc andfrom 0 to 200
CFU g� 1 soil for Fon. Fusariumcrown- androot-rot-diseasedseedlingswereobserved in
mostsoils (93%); however, Fusariumwilt wasobserved in only 34% of soil samples.The
diseaseincidenceon cv. `Giza' (Y) increasedsigni�cantly with inoculumdensityin thesoil
(X) (P< 0.001). For Fsc, the relationshipbetweeninoculumdensityanddiseaseincidence
wascharacterizedby theequationY=0.0005X+0.165(R2=0.67).For Fon, theequationwas
Y=0.003X–0.0014(R2=0.88). Basedon theseequations,the estimatedinoculumdensities
requiredto cause50% diseaseincidence(DI50 ) on cv. Giza plantswas670 and171 CFU
g� 1 soil for FscandFon,respectively.
KEY WORDS:Diseasepotential;Fusariumoxysporumf.sp. niveum; Fusariumsolani f.sp.
cucurbitae;watermelon�elds.

INTRODUCTION

Crown and root rot diseasesof cucurbitscausedby Fusariumsolani (Mart.) Sacc.
f.sp. cucurbitaeW.C. Snyder & H.N. Hans. (Fsc) severely damagewatermelon. This
pathogenwas�rst reportedonsquash(CucurbitapepoL.) in 1930in SouthAfrica (8) and
subsequentlyon differentcucurbitsin theUnited States(13,25),Spain(1,11), Italy (10),
New Zealand(14) andJapan(22). In Tunisia,Fsc hasbeenfound wherever watermelon
hasbeengrown andis aseriousproblemfor its production.TheF. solaniisolatescollected
from differentTunisiancroppingareaswereidenti�ed asFsc races1 and2 on the basis
of pathogenicitytestson watermelonseedlingsandmuskmelonfruits. Race1 is widely
distributed in watermelonproductionareas;race2 hasa lower incidencebut is present
in northern,centraland southernTunisia (3). Fusariumwilt of watermeloncausedby
FusariumoxysporumSchlechtend.:Fr. f.sp. niveum(E.F.Sm.) W.C. Snyder& H.N. Hans.
(Fon) isalsoaneconomicallyimportantdiseaseof thiscrop,well establishedthroughoutthe
watermelon-growingregionsof theworld. It hasbeenfoundin Italy (7), Israel(24),Florida
(9,20),Oklahoma(6), Cyprus(16),GreeceandTurkey (21),Spain(12),Texas(5,19),and
DelawareandMaryland(28). It hasalsobeendetectedin Tunisia,wherethreeracesof Fon
(0, 1 and2) wereidenti�ed in watermelon-growing areas,with a prevalenceof races1 and
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2 (4). Thesesoilbornepathogenscausetwo of themostseverediseasesof watermelon,and
in many areasof Tunisiathey havebecomeafactorthatlimits its production.

There is no information about F. solani and Fsc inoculum densitiesin the soil of
naturally infestedwatermelon�elds. Somestudieshave determinedthe populationof
F. oxysporumin soils croppedto watermelon.Netzer(24) estimatedthat the population
of this funguswithin heavily infestedwatermelon�elds rangedfrom 400 to 1400 CFU
g� 1 soil. Within this rangeof inoculum densities,more than 95% of the seedlingsof
watermeloncv. `SugarBaby' wilted in a greenhousebioassay(24). In Florida, Hopkins
andElmstrom(15) reportedthatpopulationsof F. oxysporumaveragedaround1500CFU
g� 1 soil in mostresearchplotscroppedto watermelon.Nevertheless,little is known about
therangeanddistribution of inoculumdensitiesof Fon in infestedcommercial�elds used
for watermelonproduction.Recently, ZhouandEverts(29)detectedinoculumdensitiesof
Fonrangingfrom 100to 1200CFUg� 1 soil in Maryland.Diseaseincidenceof susceptible
seedlingsof watermeloncv. SugarBaby reachedover 20%whenseedlingswereplanted
in samplesof soil collectedfrom �elds exhibiting suddenwilt symptoms.In anotherstudy,
Zhou andEverts(30) quanti�ed root andstemwatermeloncolonizationby Fon and the
relationshipto Fusariumwilt incidence,indicatingthat this pathogenis ableto penetrate
to all partsof susceptiblewatermeloncultivars,but the level of colonizationvariedwith
cultivar resistance.

The objectivesof this study were to: (i) conducta survey of inoculum densitiesof
F. solani andF. oxysporumin watermelon�elds in Tunisia; (ii) estimatethe populations
of Fsc andFon in these�elds basedon pathogenicitytestsof selectedcolonies;and(iii)
assessthepotentialfor developmentof Fusariumwilt andcrown androot rot diseasesin
these�elds basedonsoil bioassaysusingseedlingsof asusceptiblewatermeloncultivar.

MATERIALS AND METHODS

Field survey Forty-onecommercialwatermelon�elds from the main watermelonpro-
duction areasof Tunisia were surveyed from 2000 to 2001 to study Fusariumwilt and
Fusariumcrown androot rot diseases.Diseaseincidencein each�eld wasestimated,and
the cultivars grown and crop history were recorded. This showed that cv. `Charleston
Gray' wasthemostcommonlycroppedin thenorthandsouth,whereas̀CrimsonSweet'
wasdominantin thecenterof Tunisia.A visualestimationof diseaseincidence,whichwas
independentof thelatestculturein the�eld, wasabsentin afew �elds but extremelysevere
in others(Table1).

Soil sampling and processing To quantify the inoculumdensityof Fusariumspp.,20
soil sampleswerecollectedfrom each�eld. Soil samplesweretaken at harvest,around
symptomaticplants,following a “W” samplingpattern(27). Eachsoil sample(� 500g of
soil) wascollectedfrom a depthof 10–20cm andat a distanceof 25 cm from a plant. All
soil sampleswerestoredat4� C until use.Soil samplesfrom thesame�eld werecombined
into onesample,mixed thoroughly, andkept in the laboratoryto be air-dried for 15–20
days. The populationof Fusariumspp. in eachsoil samplewasdeterminedby plating
aliquotsof asoil dilution series.A 15-gsub-sampleof soil wasaddedto 100ml of distilled
sterilizedwater. Theresultingsoil suspensionwasmixedfor 5 min usingamagneticstirrer.
Oneml of this suspensionwasplatedonto tenpetri dishescontainingKomada's medium
(1 g K2HPO4; 0.5g KCl; 0.25gMgSO4:7H2O; 2 ml FeEDTA; 2 g L-asparagine;10 g
galactose;20 g agar;0.5 g MgSO4:7H2O; 0.1gCaCl2:2H2O; 7.5 mg FeSO4:7H2O; 2 mg
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MnSO4:7H2O; 6 mg CuSO4:5H2O; 75 mg ZnCl2; 9 mg (NH4)6Mo7O24; 5 � g biotine;1
mg thiamine;20 g agar;per liter of distilled water)(17). Threereplicatesof soil dilutions
werepreparedfor each�eld sampled.All plateswereincubatedat 25� C for 4–5days.

Identi�cation of Fusarium spp. All colonieswhichshowedculturalcharacteristicsthat
weresimilarto Fusariumspp.weretransferredto PDA (potatodextroseagar:40g l � 1) and
SpeziellerNährstoffarmeragar(SNA, composedof 1 g potassiumdi-hydrogenphosphate
KH2PO4; 1 g potassiumnitrate KNO3; 0.5 g magnesiumsulfate MgSO4:7H2O; 0.5 g
potassiumchlorideKCl; 0.2g glucoseanalar;0.2g sucroseanalar;20 g agaroxideno. 3;
perliter of distilledwater).ThemacroscopicfeaturesweredeterminedonPDA adjustedto
pH 6.5–7,whereasthemicroscopicdeterminationwasdoneonSNA (26). CulturesonPDA
andSNA wereincubatedat 22–25� C, 12:12L:D, for 4 days.Thediameterandcoloration
of thecoloniesandtheaspectof themyceliawerenoted. Themicroscopicfeatureswere
examinedafter3 additionaldaysof incubation.Colonieswereidenti�ed asF. solanior F.
oxysporumaccordingto morphologicalcriteria indicatedby Booth (2) andNelsonet al.
(23). The total numberof coloniesidenti�ed asF. solani or F. oxysporumwascounted
for eachsoil sample.The isolateswerestoredon PDA in tubesmaintainedat 5� 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, representative colonies using susceptiblewatermelon
seedlings(cv. `Giza'). Thenumberof coloniesselectedfor pathogenicitytestsfrom each
�eld wasdeterminedasfollows: (i) all coloniesweretestedif thetotal numberof colonies
on all the platesfor a �eld was< 20; and(ii) 20 colonieswererandomlyselectedif the
total numberof colonieswas> 20. Thus,for F. solani, for all �elds, we choseanarbitrary
20 coloniesper �eld, sincethe total numberper �eld was> 20 colonies.However, for F.
oxysporum,for approximately17 �elds, weusedall colonies(Table2).

Thepathogenicityof all selectedisolateswasassessedon watermelonseedlingsof the
susceptiblecv. Giza. Sporesuspensionswere preparedfrom cultureswhich originated
from asingleselectedcolony, grown onpotatodextrosebroth(PDB),usinga rotaryshaker
at roomtemperature(25� C) for 14daysandadjustedto 106 conidiaml� 1. Theseedswere
surface-disinfectedin 5% sodiumhypochloritesolutionfor 5 min, rinsedwith sterilized
water, andsown on vermiculite to germinate. When the �rst true leaf wasevident (� 2
weeksafter planting), the seedlingswereuprootedandthe rootswerewashedundertap
water. The seedlingswere root-dippedin the inoculum suspensionfor 15–20seconds,
swirledseveraltimesandtransplantedinto 7.5-cm-diampots,with threeseedlingsperpot,
containingvermiculite; and � ve pots per isolate,for a total of 15 seedlingsper isolate.
Controlswerepreparedby root-dippingthe seedlingsin steriledistilled water (18). All
plants were maintainedin the greenhouseand fertilized regularly once a week. The
averageair andsoil temperaturesduringtheexperimentwere27� and24.7� C, respectively.
Evaluationof diseasein the seedlingsandassessmentof pathogenicitywerecarriedout
14–21daysafterinoculation.

Diseasepotential of surveyed �elds The potential for developmentof Fusariumwilt
or Fusariumcrown androot rot in eachof surveyed watermelon�elds wasevaluatedby
sowing seedsof watermeloncv. Gizain 216cm3 pots�lled with 170cm3 of soil collected
from each�eld (30). Each�eld sampleconsistedof threepots, which served as three
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replicates,eachwith tenseedlings.A loamysandsoil thathadbeensteamedto befreeof
Fusariumspp. servedasthenon-infestedcontrol soil. All plantsweremaintainedin the
greenhouseasdescribedabove. The incidenceof infectedseedlingswasassessedweekly
for a period of 6 weeksafter planting. Coloniesisolatedfrom infectedseedlingsonto
Komada'smediumwereidenti�ed onPDA andSNA asdescribedabove.

Data analysis The relationsbetweenpercentageof infectedplants(diseaseincidence)
andinoculumdensityin soilswasdeterminedby regressionanalysis.Datawereanalyzed
usingthesoftwareSPSSprogram(SPSSInc. Headquarters,Chicago,IL, USA).

RESULTS

Fusarium isolation and identi�cation Differenttypesof Fusariumcoloniesdeveloped
onKomadamedium.Coloniesof F. solaniandF. oxysporumdifferedfrom otherFusarium
speciesin color andmorphologyandwerecon�rmed by microscopeidenti�cation. Their
growth on PDA wasrapid, with abundantaerialmycelium. The surfaceof the colonies
was coveredwith sporodochia,of creamor blue color. The growth on SNA showed
thatmicroconidiawereformedin falseheadson long branchedmonophialides(F. solani)
or on short branchedmonophialides(F. oxysporum) and in the presenceof abundant
chlamydospores(4,23). The numberof F. solani coloniesthat were recoveredfrom the
�eld soilswashigherthanthenumberof F. oxysporumcolonies(Table2), thetotalnumber
of coloniesbeing,respectively, 20,078and1434CFUg� 1 soil (Table2).

Pathogenicity tests on watermelon seedlings Identi�cation of pathogenicisolatesof
Fsc andFon wasdoneaccordingto thesymptomsobserved: crown androot rot for Fsc,
andwilt for Fon. Most of the selectedF. solani colonieswerepathogenicto watermelon
seedlingsandcausedcrown androot rot andweresubsequentlyidenti�ed asFsc. Only a
few of theF. oxysporumisolatesthatwererecoveredfrom thesoil samplesandfoundto be
pathogenicto watermelonseedlingswereidenti�ed asFon, responsiblefor vascularwilt of
seedlings.The symptomscausedby Fscappearedwhenplantsapproachedmaturity, and
exhibiteda severecortical rot at thebaseof thestemandtheupperportionof thetaproot,
causingyellowing andwilting of the leaves. Within a few daysof the �rst symptomsof
crown rot, diseasedplantsusually died. Fon penetratesinto the plant throughthe root
systemandthepathogenquickly invadesthelymphaticvessels(xylem),which is thecause
of its collapse. As a consequence,the plant cannotabsorbwater, leadingto the wilt of
somebranchesor eventheentireplant.Thelymphvesselsturnbrown andsmelllikerotten
almonds. It is importantto note that therewas no root galling on the collectedplants.
Thenumberof pathogenicisolatesof thetwo pathogensis shown in Table2. Thesefungi
werere-isolated,con�rming Koch's postulate.Thetotal numberof FscandFon colonies
detectedwere,respectively, 17,607.6and1185.9CFUg� 1 soil (Table2).

Inoculum density of F. solani and F. oxysporumin soil A large rangein inoculum
densitywasobserved for F. solani (Table2). In mostof the �elds (87%), the inoculum
densityvariedbetween111� 98and1141� 117CFUg� 1 soil. Three�elds showedahigher
level of inoculumdensity, varying from 1309� 35 to 1600� 191CFU g� 1 soil. In a few
surveyed �elds (5%), the inoculumdensityof F. solani wasvery low (36� 31 to 89� 29
CFU g� 1 soil). F. oxysporumwasisolatedin mostof the �elds but with lower inoculum
densitythanthatof F. solani (Table2). In mostof the �elds (73%),the inoculumdensity
wasbetweenzeroand36� 12 CFU g� 1 soil. In others(15%), the inoculumdensityof F.
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TABLE 1. Crophistory, watermeloncultivarsandestimationof diseaseincidencein surveyed�elds
in variousregionsandlocationsin Tunisia

Region Location Field Preceding
crop

Survey date Cultivar grown Diseaseincidencez

North OuedMliz F1 Cereal 5 July 01 CharlestonGray Low
F2 Cereal 5 July 01 CharlestonGray Low

Testour F3 Solanaceae 3 July 01 Crimsonsweet Extremelysevere
F4 Solanaceae 3 July 01 CharlestonGray Extremelysevere

Gaafour F5 None 24July01 Crimsonsweet Extremelysevere
F6 None 24July01 CharlestonGray Extremelysevere
F7 None 24July01 CharlestonGray Absent

Laaroussa F8 Watermelon 24July01 Crimsonsweet Severe
F9 Watermelon 24July01 CharlestonGray Extremelysevere

Middle Chebika F10 None 6 June01 Crimsonsweet Very low
F11 None 6 June01 Crimsonsweet Very low
F12 None 6 June01 Crimsonsweet Very low
F13 None 6 June01 Crimsonsweet Very low

Souassi F14 None 11July01 Crimsonsweet Low
F15 None 11July01 Crimsonsweet Low

Chorben F16 None 11July01 Crimsonsweet Very low
F17 None 11July01 Crimsonsweet Very low
F18 None 11July01 Crimsonsweet Very low
F19 None 11July01 Crimsonsweet Very low

Jelma F20 Watermelon 21June01 Crimsonsweet Low
F21 Watermelon 21June01 Crimsonsweet Low
F22 Watermelon 21June01 Crimsonsweet Low

BenAoun F23 None 21June01 Crimsonsweet Absent
F24 Nonee 21June01 Crimsonsweet Absent

Sebbala F25 Watermelon 21June01 Crimsonsweet Low
F26 Watermelon 21June01 CharlestonGray Low

Regueb F27 None 23May 01 Crimsonsweet Low
F28 None 23May 01 Crimsonsweet Very low

Jebeniena F29 Watermelon 5 June01 Crimsonsweet Low
F30 Watermelon 5 June01 Crimsonsweet Low
F31 Watermelon 5 June01 Crimsonsweet Severe

South Skhira F32 Cereal 23May 01 Crimsonsweet Severe
F33 Cereal 23May 01 CharlestonGray Low
F34 Cereal 23May 01 CharlestonGray Low

Metouia F35 Muskmelon 13June01 C.Sand
Ch.Gray

Severe

F36 Watermelon 13June01 CharlestonGray Extremelysevere
Gafsa F37 None 21June01 CharlestonGray Extremelysevere

F38 None 21June01 CharlestonGray Extremelysevere
Medenine F39 None 14June01 CharlestonGray Absent

F40 None 14June01 CharlestonGray Absent
F41 None 14June01 CharlestonGray Very low

z Diseaseincidencewasestimatedvisually.

oxysporumvariedfrom 53� 30 to 97� 57CFU g� 1 soil, andin � ve �elds it wasmorethan
100CFU g� 1 soil. The highestinoculumdensityof F. oxysporumwasfound at Gaafour
(F5) (200� 18CFU g� 1 soil) (Table2). Thepercentageof visuallyestimatedsymptomsin
the�elds is relatedto theinoculumdensityof Fusariumspp.(Tables1 and2).

Fsc andFon soil populationswereestimatedaccordingto the resultsobtainedin the
pathogenicitytestswith selectedcolonies.Fscinoculumvariedbetween9 and1600CFU
g� 1 soil with the highestdensityat Laaroussa(1600CFU g� 1 soil). For Fon, it ranged
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TABLE 2. Inoculumdensities(expressedasCFU g� 1 soil) of Fusariumsolani andF. oxysporum
in soils from watermelon�elds in Tunisia,andestimationof inoculumdensitiesof F. solani f.sp.
cucurbitae(Fsc) andF. oxysporumf.sp. niveum(Fon) andtheir diseasepotentialassessedby soil
bioassays

RegionLocation Field Numberof CFU g� 1 soil Diseaseincidence(%)
F. solaniz F.

oxysporum
Fscy Fon crown and

root rot-
affected
seedlings

wilted
seedlings

North OuedMliz F1 540� 125 53� 30 486 50.4 42 15
F2 729� 106 28 � 24 656 28 50 4

Testour F3 1141� 117 114� 81 1084 114 58 28
F4 1309� 35 189� 67 1244 56 59 16

Gaafour F5 1065� 167 200� 18 1012 200 54 48
F6 1409� 242 146� 56 1268 132 62 32
F7 561� 64 51� 45 449 41 40 8

Laaroussa F8 1600� 191 104� 20 1600 99 67 29
F9 900� 31 0� 0 765 0 52 0

MiddleChebika F10 177� 28.5 4� 3.5 159 0 5 0
F11 257� 70.8 2� 2 218 0 12 0
F12 342� 45.5 23� 23 342 18 23 0
F13 182� 102 3� 3 127 0 5 0

Souassi F14 384� 131 5� 1 211 0 41 0
F15 624� 85 4� 2.7 468 0 58 0

Chorbene F16 172� 142 9� 4.5 43 2 14 0
F17 259� 52 0� 0 220 0 20 0
F18 345� 123 25� 16 293 2.5 26 0
F19 184� 44 0� 0 119 0 10 0

Jelma F20 242� 50.7 0� 0 169 0 23 0
F21 211� 37.7 62� 47 200.5 62 20 13
F22 462� 71 7 � 3 416 1 33 0

BenAoun F23 111� 98 1� 1 33 0 0 0
F24 36� 31 0� 0 9 0 0 0

Sebbala F25 415� 49 0� 0 373.5 0 28 0
F26 209� 69 9� 4.5 177.7 2 18 0

Regueb F27 622� 38.6 1� 1 497.6 1 46 0
F28 571� 62 5� 5 456.8 5 39 0

Jebeniena F29 512� 160 58� 27 486 46.4 33 10
F30 323� 66 97� 57 290.7 97 20 25
F31 790� 187 5� 5 750.5 5 57 0

South Skhira F32 973� 120.5 18� 13 973 18 80 0
F33 447� 61 54� 41 357.6 54 35 10
F34 579� 267 36� 12 434.3 36 40 2

Metouia F35 184� 82 15� 13 128.8 15 14 0
F36 220� 111 36� 32 198 32.4 20 1

Gafsa F37 206� 39 16� 7 144.2 16 17 0
F38 311� 106 5� 5 279.9 5 25 0

Medenine F39 133� 124 0� 0 73.2 0 12 0
F40 83� 29 17� 5 33.2 16.2 0 0
F41 258� 100 31� 20 232.2 31 17 0

Total 20078 1434 17607.6 1185.9
z Meaninoculumdensity(� standarddeviation) estimatedusingdilution plating;thevaluefor eachreplicatewas
theaveragenumberof Fusariumcolonieson tenplatescontainingKomadamedium.
y Estimationof inoculumdensityusingpathogenicitytestof coloniesselectedfrom each�eld.
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from zeroto 200CFU g� 1 soil (thehighestdensityat Gaafour).In thecentralregion, the
inoculumdensitiesrangedfrom 9 to 497.6CFUg� 1 soil for Fscandfrom zeroto 97CFU
g� 1 soil for Fon. In the�elds surveyedin southernTunisia,inoculumdensitiesvariedfrom
33.2to 973CFUg� 1 soil andfrom zeroto 54CFUg� 1 soil for FscandFon, respectively.
In thenorthern�elds, theinoculumdensitiesrangedfrom 486and1600CFU g� 1 soil for
Fscandfrom zeroto 200CFUg� 1 soil for Fon.

Fig. 1. Diseaseincidenceof crown and root rot causedby Fusariumsolani f.sp. cucurbitaein
watermelonseedlingsplantedin differentsoil samplescollectedfrom �elds in Tunisia.

Diseasepotential of watermelon�elds Diseasepotentialwasassessedbysoil bioassays.
The incidenceof Fusariumwilt or Fusariumcrown and root rot in cv. Giza seedlings
plantedin soil samplescollectedfrom the�elds wasdeterminedfor eachsoil sample(Table
2). Fusariumcrown- androot-rot-diseasedseedlingswereobserved in mostof the soils
(93%). A low percentageof infectedseedlings(5–20%)wasrecordedin 34% of thesoil
samples;27% of thesampleshadbetween21% and40% diseasedplants;andin 24% of
the soil samples,41% to 60% of the seedlingswereinfectedby Fsc. The highestlevels
of crown androot rots (62% and80%, respectively) wereobserved in soil samplesfrom
GaafourandSkhira(7% of �elds). No diseasedwatermelonseedlingswerefoundon soil
samplesfrom BenAoun,whereFscinoculumdensityvariedfrom 9 to 33CFUg� 1 soil, or
from Medenine,whereFscinoculumdensitywas16.2%(Table2). Unlike thecrown and
root rot, Fusariumwilt wasobservedin only 34%of thesoil samples.Twenty-two percent
of soilsshoweda low percentageof wilted plants(1–16%).Only a few soils(10%)hada
level of infectedseedlingsbetween25%and32%.A relatively high level of disease(48%)
wasobservedamongseedlingsgrown in soil from one�eld atGaafour.

Regressionanalysisindicateda signi�cant correlation(P< 0.001)betweenthepercent-
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Fig. 2. Diseaseincidenceof wilting causedby Fusariumoxysporumf.sp. niveumin watermelon
seedlingsplantedin differentsoil samplescollectedfrom �elds in Tunisia.

ageof infectedplantsand the soil inoculumdensityfor both Fsc andFon (Figs. 1 and
2). A positive linear modeldescribedthis relationship,which wascharacterizedby the
equationY=0.000X+0.165,with a coef�cient of determination(R2) of 0.67 for Fsc, and
Y=0.003xX–0.014with R2 of 0.88 for Fon, showing that a higherpercentageof disease
correspondedwith ahighersoil inoculumdensity. Basedon theseequations,theestimated
inoculumdensitiesrequiredto cause50%diseaseincidence(DI50) on cv. Gizawere670
CFUg� 1 soil and171CFU g� 1 soil for FscandFon,respectively.

DISCUSSION

Inoculum densitiesof F. solani and F. oxysporumin watermelon�elds locatedin
productionareasin Tunisia were determined. The study showed that inoculum of F.
solani wasmoreprevalent than that of F. oxysporum,which was lessor absentin some
of the surveyed �elds. Our resultsrevealedthat the inoculumdensitiesof F. solani and
F. oxysporumin Tunisianwatermelon�elds variedrespectively from 36� 31 to 1600� 199
CFU g� 1 soil andfrom zeroto 200� 18CFU g� 1 soil. Resultsobtainedby Netzer(24) in
Israelshoweda rangeof F. oxysporumfrom 400to 1400CFU g� 1 soil in heavily infected
�elds croppedwith watermeloncv. SugarBaby. HopkinsandElmstrom(15) notedthat
concentrationsof F. oxysporumpropaguleswerenot very useful in monitoringFusarium
wilt pressurein soil, sincesaprophyticisolatesof F. oxysporumareubiquitousin soil, and
this would requirepathogenicitytestsof many F. oxysporumisolatesfrom eachplot. They
suggesteda greenhousebioassayto measurethediseasepressureof thesoil infestedby F.
oxysporumpopulations.

Pathogenicitytestsshowed that mostof the F. solani andF. oxysporumisolateswere
pathogenicto watermelonseedlingsandwereidenti�ed asFsc andFon, respectively. In
thepresentstudy, Fon soil inoculumdensitywaslow, varying from zeroto 200� 18 CFU
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g� 1 soil. In MarylandandDelawarewatermelon�elds, inoculumdensitiesof Fon were
higher, rangingfrom 100to 1200CFUg� 1 soil (29). This researchis the�rst to determine
inoculumdensityof F. solaniandFscin watermelon�elds showing symptomsof Fusarium
crown androot rot disease.Accordingto our data,Fusariumpopulationsin the soils of
mostwatermelon�elds werecomposedpredominantlyof Fsc.

Assessmentsof the potentialdevelopmentof Fusariumwilt andFusariumcrown and
root rot diseasesin these�elds were basedon assaysusing seedlingsof a susceptible
watermeloncultivar, sown in soil samplesfrom infested�elds. Theseassaysshowed
that the incidenceof crown androot rot diseaseandFusariumwilt diseaseof watermelon
was signi�cantly correlatedwith inoculum densityof Fsc and Fon (R2=0.67 and 0.88,
respectively). Our �ndings arein agreementwith theresultsobtainedby ZhouandEverts
(29), who showed that Fusariumwilt of watermelonwas signi�cantly correlatedwith
inoculumdensityof Fon and the estimatedinoculumdensityrequiredto causeDI50 on
SugarBaby, which was 367 CFU g� 1 soil. However, we found that inoculum density
causing50% incidenceon cv. Giza reached171 CFUg� 1 soil. This differencecould
be due to cultivar, climatic conditionsand edaphicfactors. Furthermore,the inoculum
densityin thesurveyedwatermelon�elds mayhave beenover- or underestimatedbecause
soilbornefungi arenotuniformly distributedin infested�elds andperhapsalsobecauseof
themethodsused,likeair-drying thesoil – whichmightcausedegradationof thepathogen
population.

To the best of our knowledge, this report is the �rst on the relationshipbetween
inoculumdensityof Fscanddiseaseincidencein watermelonseedlings.The information
presentedherecouldbeveryuseful,sinceknowledgeabouttherangeof inoculumdensities
of Fusarium spp. in commercial�elds would help us to employ multiple tactics for
Fusariumwilt management;andto determineinoculumconcentrationsof thesepathogens
neededto infest soils for researchpurposesin greenhouseor �eld trials. Moreover, it is
possibleto adoptthe employed equationto estimatethe diseasepressurein �elds where
only oneor both pathogensarepresent.This correlationbetweendiseaseincidenceand
inoculumdensitycouldvary if thereareonly oneor two pathogensin thesoil sample.
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