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Biocontrol Genotypesof Fusarium oxysporumfrom
Tomato Fieldsin Florida

J.Bao, D. Fravel, G.Lazarwits, D. Chellemi, P. vanBerkum
andN. O'Neill

The diversity of Fusarium oxysporumisolated from two Florida (USA) tomato elds
(organicandcorventionalfarms)wasstudiedto exploretherelationshipsamongpathogenic,
saproplgtic andbiocontrolFusariumspp. More than63,000fungal colonieswererecovered,
including21,826Fusariumspp.,with 31100f thesetentatively identi ed asF. oxysporumOf
theFusariumrecoreredfrom samplesin theorganicfarm5.3—-13.5%andin thecorventional
farm 36.4—49.8%wereF. oxysporum Eleven differentspecief Fusariumwererecoered
from the organic farm and eight from the corventionalfarm. Sixty-six (21.9%)of 302 F.
oxysporumisolateswere pathogenicto tomato, including 31 and 35 isolatesidenti ed as
F.o. lycopesici with threeraces,andF.o. radicis-lycopesici, respectrely. In greenhouse
bioassayshatincludedthe known biocontrolagentsF. oxysporunstrainsCS-20andFo47,
nonpathogenicstrains (305, 81 and 16 isolatesof F. oxysporum F. proliferatum and
Fusariumsp., respectrely) revealeda rangeof biocontrolability in a normal distribution.
Randomampli ed polymorphicDNA (RAPD) analysisindicatedthat 15 out of 20 high
biocontrolability F. oxysporumsolateswvereclustereclosely but they did nothave aunique
RAPD patternto differentiatethemfrom saproplytic or pathogenidsolates.

KEY WORDS:Fusariumoxysporumbiocontrol.

INTRODUCTION

Globally, Fusariumwilt, causedy Fusariumoxysporunt.sp. lycopesici (Sacc.)W.C.
Sryder & H.N. Hans.,is one of the mostdevastatingdisease®f tomato (Lycopesicon
esculentumMill.) (31). The diseaseis managedthrough soil fumigation and host
resistancedo racesl and2. Recently tomatocultivarsresistantto race 3 have become
available. Biocontrol of tomatoFusariumwilt usingnonpathogeni&. oxysporumnstrains
is a promising alternatve approach(2,20,22). Samplingsoilborne pathogenddirectly
from soil is dif cult (18), but the task is even more dif cult for F. oxysporum,since
pathogenicsaproplgtic and biocontrol strainsare morphologicallyidentical (14,15,17).
Developmentof effective biocontrol agentsof Fusariumwilt dependson understanding
the comple relationshipsamongpathogenicsaproplytic andbiocontrolFusaria.Studies
linking biological functionsto molecularanalysisof differentfungal isolatesare needed
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for developmentof rapid and reliable methodsto identify biocontrol agents,and to
determinethe genetic basis for biocontrol ability. Genetic diversity among several
pathogenicF. oxysporumisolateshas been establishedusing vegetatve compatibility
(VCG),DNA, randomampli ed polymorphicDNA (RAPD) analysisandisozymeanalysis
(1,4,6,9,10,11,13,23,26).

This studywas undertalken to investicate the diversity of F. oxysporumisolatesfrom
onecorventionalandoneorganic Florida(USA) tomatoproductioneld by pathogenicity
biocontrol ability and RAPD analysis,with the long-termgoal of exploring the genetic
relatednesamongpathogenicsaproplytic andbiocontrolFusariumspp.

MATERIALS AND METHODS

Tomato plant and soil samplecollection Tomatoplantandsoil samplesverecollected
from a corventional production eld (four plants, L. esculentuncv. “Florida 47") in

St. Lucie County Florida (USA) and from an organic production eld (six plants, L.

esculentuncyv. “Solarset')in Indian River County Florida in Decemberl999. Many

sampleswere taken from a small numberof plantsto increasethe chancesof including
genotypesndspecieghatwerelesswell representeth numberthanthe dominanttypes.
We consideredhat a more super cial sampling,using fewer isolatesfrom more plants,
would increasehe chancef missinglesswell representedenotypesand species.The
organic farm hashada 7-yearhistory of tomatoproduction. The soil wasamendedvith

30kgha regcledyardwaste,plus10kg ha broiler litter prior to eachcrop andhad
beensolarizedior 6—8weeksprior to plantingfor 3 years.Thecorventionalfarmhashada
30-yearhistoryof tomatocultivation,duringwhich chemicalfertilizersandpesticidesvere
used.Part of this eld wasstrip-fumigatedwith 3281 ha TeloneC35. Oneweeklater,

solarizationwasinitiated in 81-cm-wide,25-cm-tallbeds.SolarizatiorwasterminatedlO

weekslater by paintingthe plasticwith white latex paint. Samplesvereplacedin coolers
with ice packsandbroughtbackto Beltsville, MD, onthe samedayascollectionandwere
storedfor upto 3 daysat4 C beforefungal isolation.Four cateyoriesof samplegrom root
surfaceandof roots,andsevencategoriesof soil samplesweresamplecandanalyzedrom

eachplant. For this paper soil samplesveregroupedinto threecategyories(Table1): soil

outsidetheroot zone(nonrhizospherexoil in theroot zonebut not attachedo roots,and
soil closeto or attachedo roots(rhizospheresoil).

Micr obeisolation As mary fungi andbacteriaas possiblewereisolatedfrom soil and
plant tissuesusing seven different media, but only the Fusariaare discussechere. One
gramof soil plus 9 ml of steriledistilled waterwerevortexed for 1 min andthendiluted
suspension$l0-10 -fold dilutions) were platedonto Komadas agar medium(KM; 19).
Fusariafrom root surfaceswereisolatedby placing2 g of rootfragmentsn 2 ml of sterile
water vortexing for 1 min, andplatingthe suspensiomsdescribedabove. For isolationof
Fusariumfrom roots,rootswere surface-sterilizedn 5% sodiumhypochlorite(1 min for
ne rootsand2 min for mainroots),rinsedwith steriledistilled water andplatedontoKM.

Plateswere incubatedunderambientconditionsfor 7 daysand Fusariumcolonieswere
enumerated.Datawere analyzedby analysisof variance(SAS, Cary, NC, USA). Since
no direct comparisorbetweenthe two farmswas possible,datafor the two farmswere
analyzedseparately
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Fusariumidenti cation and cultureconditions Thetotalnumberof Fusariumcolonies
was determinedfrom morphologicalcharacteristicafter subculturingeachcolory that
appearedon KM platesonto potato dextrose agar (PDA; Difco, Detroit, MI, USA).
Preliminaryidenti cation of Fusariumspeciesvasbasedon microscopicmorphological
charactersas describedby Nelsonet al. (24). Speciesidenti cation for representatie
cultureswaslater con rmed or re ned by K. O'Donnell (USDA-ARS, Peoria,lL, USA).
Representate F. oxysporumsolatesfrom eachsamplefor laterassaysvereobtainedsoil
or root) by randomlyselectingl00 fungal colonieson PDA. For pathogenicitybioassays,
sporesvereproducedn culturesusingpotatodextrosebroth(PDB; Difco). For greenhouse
biocontrol assayssporeswere producedby culturing a pieceof Fusariumpresered on
Iter paperin 20ml 1% Nutrisoy broth(20)at25 C for 5 daysonarotaryshaler. Cultures
were either Itered throughtwo layersof sterile Miracloth (Calbiochem,La Jolla, CA,
USA) to hanestsporesfor pathogenicitytestsor homogenizedising a blender Spore
density( 90%microconidia, 5% macroconidia5% chlamydosporesyasmeasuredising
ahemagtometerandalight microscope.

Pathogenicity tests Representate F. oxysporumisolatesweretestedfor pathogenicity
on tomatoseedlingof L. esculentuntv. "Bonry Best' (Totally TomatoesAugusta,GA,

USA), which is very susceptiblgo all racesof F.o. f.sp. lycopesici, usinga root-dip

methoddescribecby Bao et al. (6). For eachisolatetested, ve inoculatedplantswere
transplantednto eachof threereplicateplasticpots(5 cmdiam 10cmtall) lled with

pre-moistenedoillesspottingmix (Redi-Earth Scotts-Sierrdnc., Marysville, OH, USA).

Plantswere placedin the greenhousend diseasedevelopmentwas evaluatedevery 3—

4 daysfor 40 daysusing a diseaseseverity index (DSI) with O for no symptomsand 4

for a deadplant (7). The presencer absenceof vascularbundle discolorationin plants
was recordedat hanest. Stemsof eachplant were surface sterilizedfor 2 min in 5%

sodiumhypochloriteand 2-5-mmstemsegmentswere placedon KM. Isolatesproducing
a DSl above 2 andfrom which the pathogercould be recorered,were consideredomato
Fusariumwilt pathogens.F. oxysporunt.sp. radicis-lycopesici wasidenti ed basedon

thetypeof diseasesymptomsnduced.Isolatesnotinducingary visible diseasesymptoms
andfrom which the pathogerwasnotrecorered wereconsiderechonpathogenito tomato
plantsandweretentatvely designatedisnonpathogeni€. oxysporumPathogenidsolates
of F.o. lycopesici werefurther subjectedo raceidenti cation usingthe root-dip method
(6) andsevendifferenttomatocultivars(21). All thetestswerecarriedout at leasttwice

for eachisolate.

Biocontrol ability for nonpathogenicF. oxysporumon tomato plants Nonpathogenic
F. oxysporumisolateswere testedon tomato plantsfor biocontrol ability usinga modi-
cation of the methoddescribedby Larkin and Fravel (20). Brie y, approximatelyl00
isolateswerescreenedn eachof threeexperimentsfor atotal of 302isolates.Theknown
biocontrol agentsCS-20 and Fo47 were includedin eachexperiment. Non-pathogens
screenedor biocontrol ability were applied at seedingand one day prior to transplant
into pathogen-infestedoil. Sporesof non-pathogenandthe pathogerwere producedn
Nutrisoy broth asdescribedabore. Five tomatoseedlinggcv. Bonry Best)wereplanted
in eachcell (3 3 6 cm) of a 96-cell plastictray. Thesewere drenchedwith 5 ml
of water (control) or with 5 ml (5 10 sporesml ) of nonpathogenid-. oxysporum
The day before transplantation 3-week-oldseedlingswere drenchedagain with newly
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producedsporeof thesamenonpathogenitsolate.Plugsweretransplantedhto pathogen-
infestedsoil in 4-inch plastic pots. Pathogen-infestedoil was preparedby mixing non-
sterile eld soil (Galestavn gravelly loamy sand)with F.o. lycopesici (strain 32SK-3,
racel)at2 10 sporesy soil. After 6 weeksin the greenhousehiocontrolef cacy
wasassessedsingdiseasencidence freshweightof abosegroundplantportions,andthe
diseaseseverity index describedabove. Diseaseincidencefor the rst experimentwas
determinedby re-isolationof the pathogenas describedabove from surface-disinfected
stemsof all plantstested.Diseasdncidencen subsequergxperimentsvasdeterminedy
vasculardiscoloration.Eachseedlingplug with  ve plantswasconsidered replicateand
eachtreatmentwasreplicatedfour times. Eachexperimentwasrepeatenceunderthe
sameconditions.

RAPD analysis Sixty-sevenF. oxysporunisolates(four of F.o. lycopessici, four of F.o.
radicis-lycopesici, and59nonpathogensyereselectedor genetiadiversityanalysisusing
the RAPD method(29). Among the nonpathogens?0, 19 and 20 isolatesrepresented
low, mediumandhigh diseasecontrol ability, respectrely, basedon the greenhouseests
describedabove. In initial RAPD determinations]5 primers(ORPA-01; OPB-01,-02,-08,
-14,-15,-20; OPE-01,-02;20; OPF-05;13; OPH-01,-09; OPG-12;0peronTechnologies,
Inc., Alameda,CA, USA) weretestedandthensevenprimers(OPB-02,-08,-20; OPE-01,
-02; OPF-13,0PH-09)wereusedin all subsequernanalyseof the selectedsolates.The
ampli cation volumewassetat 25 | usingTag DNA polymerasendthe provided buffer
with 15 mM MgCI (Qiageninc., Valencia,CA, USA) on theiCycler at 94 C for 4 min
followed by 40 cycles of 40 secondsat 94 C, 50 secondsat 32 C, and1 min at 72 C,
with a nal cycle at 72 C for 10 min. RAPD testswere repeatedwice and con rmed
to be reproducible. IntenseRAPD bandson 1.2% agarosegel were scoredfor a binary
matrix (1 = presenceandO = absencejvith the aid of a QuantityOne software (Bio-Rad
LaboratoriesHerculesCA, USA). Thematrixwasusedto analyzethe similarity on PAUP
4 betasoftwarewith the samesettingsdescribedabove but with 500bootstrapreplicates.

RESULTS

Micr obe isolation More than 63,000fungal colonieswere countedin total, of which
21,826were Fusariumcolonies; 3110 were putatively identi ed asF. oxysporum The
remainingisolateswere tentatvely identi ed asF. acuminatum F. chlamydosporumF.
dimerum F. equiseti F. graminearum F. lateritium, F. fujikuroi, F. proliferatum F.
redolens F. semitectumF. subglutinans More than 70% of thesespecieswere from
the organic farm and more than 70% of the individual specieddenti ed were from root
surfaces(Table 1). The ve speciesF. lateritium, F. oxysporum F. proliferatum F.
semitectunandF. subglutinansverefrom both rhizosphereandnon-rhizosphersoil; all
the otherspecieswere from root surfacesonly. The numberof Fusariumcoloniesfrom
soil neartomatorootsor in the rhizospherevassigni cantly greaterthan(P 0.001)and
wasapproximately ve-fold higherthanin non-rhizosphersoil. Fromthe organic farm,
signi cantly more(P 0.001)Fusariumcolonieswererecoveredfrom ne rootsattached
to the plantthanfrom othersamplingsites. On the organic farm, the numberof colonies
thatwererecoveredfrom solarizedandfrom non-solarizedreaglid notdiffer signi cantly.
Onthecorventionalfarm, signi cantly moreFusariumcolonieswererecoveredfrom ne
roots attachedo the plant and main roots than from other samplingsites. Signi cantly
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Fig. 1. Diseasecontrol ability distribution among the nonpathogenicFusarium oxysporum
representeas diseasdncidence,diseaseseverity index, and plant freshweight. Arrows indicate
therelative positionof the known biocontrolagentCS-20.Diseaséncidence diseaseseverity index,
andplantfreshweightweredeterminedafter 6 weeksin greenhouseost-transplantatiorResultsof
onerepresentadie experimentareshown.

more (P 0.001) Fusariumwas recoveredfrom the areatreatedwith Telonealonethan
from thattreatedwith Teloneandthensolarized.

While no direct comparisonbetweenthe two farming systemsis possibledue to
geographidistancedifferencesn cultivarsandthe smallnumberof plantssampledsome
generalobsenationscanbe made. Therewere 40-fold more Fusariumcoloniesfrom the
organic farmthanfrom the corventionalfarm. The proportionof F. oxysporuntompared
to the total Fusariumon the corventionalfarm was 36.4%, and from root surfaceswas
49.8%,whereason the organic farm thesevalueswere 13.5%in the soil and5.3%on the
rootsurfaceg(Tablel).
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TABLE 1. Total FusariumandF. oxysporum(F.0.) numberdrom differentsamplingzonesin two tomato elds of Florida( 10 CFU perg soil or per
root/plant)

Samplingzone Organicfarm Corventionalfarm
Solarized Intercroppedeans | Average Telone+ solarized Teloneonly Average
Total F.0. (%) Total F.o. (%) Total F.o. (%) Total F.o. (%) Total F.o. (%) Total F.o. (%)
Soil —
Non-rhizosphere 86 47(54.7) 39 3(10.2) 70 27(38.6) 1 0.4(35.00 8 4(48.4) 4 2(45.2)
soil
Soil nearroots 418 66(15.8) 631 13(4.1) 489 58(11.9) 79 3(3.8) 261 56(21.5) 170 25(14.5)
Rhizosphereoil 499 105(21.0) 358 13(6.9) 452 51(11.3) | 513 156(30.4) 275 121(44.1) 394 172(43.6)
Rootsurface(/g root) —
Finerootnot 273 22(8.1) 97 2(4.1) 214 12(5.6) 25 0.2(0.7) 80 61(76.6) 53 28(52.0)
attachedo plant
Finerootattachedo 404 21(5.2) 425 7(3.2) 411 20(4.9) 84 3(3.6) 274 137(49.8) 179 45(24.9)
plant
Long lateralroot 226 8(3.5) 132 1(1.5) 195 5(2.6) 27 14(49.8) 28 16(56.8) 27 15(54.2)
Main root 108 19(17.6) 24 1(2.7) 80 11(13.8) 60 17(27.6) 228 147(64.4) 144 88(61.0)
Average 288 41(14.2) 244 6(2.5) 273 26(9.5) 113 19(16.8) 165 83(50.3) 139 56(40.3)

Not solarizedplantedinto beanstubbleandintercroppedvith beans.



Fig. 2. Similarity analysisof Fusariumoxysporumnisolateswith high biocontrolability usingbinary
matrix datageneratedrom randomampli ed polymorphicDNA (RAPD). The tree was obtained
usingheuristicsearchmethod.Thevaluesabove thebranchesrebootstrapralues(500replications).

TABLE 2. Pathogenicityresultsfor selectedrusariumoxysporum(F.0.) isolatesfrom two Florida
tomato elds

Sampling Total F.o. isolates Pathogeniasolates NP
eld iso-
late
Total From From Fol (%) FoRI Fol from  Fol from

root(%)  soil (%) (%) root soil

(%) (%)
Organic 193 29(15.0) 164(85.0)| 3(1.6) 0(0.0) 0(0.0) 3(100) 190
Corventional 209 57(27.3) 152(72.7)| 28(13.4) 35(16.8) 5(17.9) 23(82.1) 146
Total 402 86(21.4) 316(78.6)| 31(7.7) 35(8.7) 5(16.1) 26(83.9) 336

Corventional:isolatescollectedfrom corventionalfarm.

Percentagéo thetotal F.o. isolatenumberin thetable.

Percentagéo theF.o. lycopesici isolatenumbey respectiely.
Identi cation of pathogenic isolates A total of 302 F. oxysporumand 101 other
Fusariumisolateswere pathogenicon tomato. Of these,202 isolates(105 isolateswere
F. oxysporumwerefrom theorganicfarmand201 (197 isolateswereF. oxysporumwere
from the corventionalfarm. Among the 302 F. oxysporumisolates,66 isolates(21.9%)
were pathogenicto tomato plants, 31 of which were F.o. lycopesici and 35 were F.o.
radicis-lycopesici (Table 2). Among the pathogenidsolates,63 isolates(95.5%)were
from the corventionalfarm and threewere from the organic farm. This correspondgo
eld obsenationsduring samplecollection,whenwilt wasseenon the corventionalfarm
but not on the organic farm. Of the F.o. lycopesici, 15 isolateswereidenti ed asRace
1, six asRace2 and ve asRace3. Racewas not assignedo the remaining ve F.o.
lycopessici isolatesdueto con icting resultsin repeatedxperiments.
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TABLE 3. List of Fusariumoxysporumisolatestestedin randomampli ed polymorphic DNA

(RAPD) analysis
Isolate Ability to Origin RAPD
control group
disease
Farm Samplingzone
102SK-3 high Organic/sol Soil neartheroots |
106SK-4 high Organic/sol Main rootsurface |
62SK-2 low Organic/intercrop Soil neartheroots Il
73SK-1 high Conv/Telone Soil from ne rootnotattachedo plant Il
87SK-2 low Organic/sol Rhizospheresoil Il
73SK-4 medium Conv/Telone Soil from ne rootnotattachedo plant Il
SA70 high Soil, Ontario, 1]
Canadd5)
83SK-7 high Organic/sol Soil from ne rootnotattachedo plant 1
Fo7 high Saoil, Ontario, 1
Canadd5)

22SK-9 medium Organic/sol Soil neartheroots ]
106RK-2 low Organic/sol Main root I}
35RK-14 medium Corv/Telone+sol Lateralroot 1]
104SK-2 high Organic/sol Soil from ne rootattachedo plant 1]
CSs-20 high Soil, Florida(21) 1]
101SK-8 high Organic/sol Non-rhizosphersoil XV
101SK-9 high Organic/sol Non-rhizosphersoil XV
106RK-4 low Organic/sol Main root v
102SK-7 low Organic/sol Soil neartheroots \Y
27SK-4 medium Organic/sol Rhizospheresoil \
106RK-7 high Organic/sol Main root \Y
94RK-4 high Corv/Telone+sol Finerootattachedo plant v
107SK-7 high Organic/sol Rhizospheresoil \
72SK-4 high Cornv/Telone Soil neartheroots \
101SK-4 high Organic/sol Non-rhizosphersoil \
22SK-10 medium Organic/sol Soil neartheroots \
107SK-6 medium Organic/sol Rhizospheresoil \%
74SK-8 low Conv/Telone Soil from ne rootattachedo plant \
72SK-3 low Corv/Telone Soil neartheroots \
71SK-6 low Conv/Telone Non-rhizosphersoil \
106SK-7 low Organic/sol Main root surface VI
75SK-5 medium Conv/Telone Lateralroot surface \
75SK-6 high Cornv/Telone Lateralrootsurface Vil
73RP-24 low Cornv/Telone Finerootnotattachedo plant VIl
74SK-7 low Conv/Telone Soil from ne rootattachedo plant Vil
76SK-7 medium Corv/Telone Main rootsurface Vil
73RP-22 low Conv/Telone Finerootnotattachedo plant Vil
53RWV-51 f.sp.radicis- Corv/Telone Fineroot notattachedo plant VIl

-lycopesici
106SK-5 medium Organic/sol Main rootsurface VIl
96SK-4 medium Conv/Telone+sol Main rootsurface IX
102SK-1 medium Organic/sol Soil neartheroots IX
34SK-7 f.sp. Corv/Telone+sol Soil from ne rootattachedo plant X

lycopesici
57SK-8 f.sp.radicis Corv/Telone Rhizospheresoil X

-lycopesici
104SK-3 medium Organic/sol Soil from ne rootattachedo plant X
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Table3. Cont'd.

Isolate Ability to Origin RAPD
control group
disease

Farm Samplingzone

Fo47 low Soil, France(2) X

97SK-4 medium Corv/Telone+sol Rhizospheresoil Xl

95SK-8 high Corv/Telone+sol Lateralroot surface Xl

95RK-5 low Corv/Telone+sol Lateralroot Xl

95SK-2 medium Conv/Telone+sol Lateralrootsurface Xl

94RK-8 high Corv/Telone+sol Finerootattachedo plant Xl

74SK-11 low Corv/Telone Soil from ne rootattachedo plant Xl

66SK-5 low Organic/intercrop Soil from mainrootsurface Xl

102SK-9 medium Organic/sol Soil neartheroots Xl

22SK-8 high Organic/sol Soil neartheroots Xl

73RK-4 low Cornv/Telone Finerootnotattachedo plant Xl

95SK-7 medium Conv/Telone+sol Soil from lateralroot surface Xl

54RK-15 f.sp.radicis- Conv/Telone Finerootattachedo plant Xl

lycopesici

FoRL153 f.sp.radicis- Tomato(6) XMl

lycopesici

66RT-3 medium Organic/intercrop Main root XMl

1517 f.sp. Tomato(6) X1l

lycopessici

104SK-1 low Organic/sol Soil from ne rootattachedo plant XV

95SK-6 medium Conv/Telone+sol XIV

32SK-3 f.sp. Conv/Telone+sol Soil neartheroots XV

lycopesici

37SK-2 f.sp. Conv/Telone+sol Rhizospheresoil XV

lycopesici

74SK-12 medium Conv/Telone Soil from ne rootattachedo plant XV

47SK-2 low Organic/intercrop Rhizosphereoil XVI

72SK2 low Conv/Telone Soil neartheroots XVI

72SK-1 high Cornv/Telone Soil neartheroots XVI

Diseaseontrolability of isolatesvasbasedn diseasesuppressiom percentages greenhousehigh= 65%;
medium= 40-50%;andlow =  30%.
Organic=opganicfarm; Corv=corventionalfarm; sol=solarization.

Biocontrol ability of the nonpathogenicF. oxysporum A total of 302 isolates(205
F. oxysporumisolates,81 F. proliferatum isolates,and 16 Fusariumsp. isolates),not
pathogenit¢o tomatoin the previoustestsweretestedor biocontrolability. Thebiocontrol
ability segregation amongthe testedisolates,determinedaccordingto diseaséncidence,
severity, andplantfreshweight,produceda normaldistributionin isolatenumberqFig. 1).
Isolateswith differing biocontrol abilities basedon performancen eachof the criteria
relative to the known biocontrol agentF. oxysporumstrain CS-20, were selectedfor
additionalstudies.

RAPD analysis The diversity among67 F. oxysporumisolateswas determinedand 42

bandswere scoredfor eachisolate. Isolatesthat had similar bandingpatternsusingthe
sameprimerswereclusteredn the sameRAPD group(Table3). Of 20 isolateswith high

biocontrolability, 15(75%),includingtheknown biocontrolagentstrainsCS-20andSA70,
werein clusterl (Fig. 2). Mostlow or mediumbiocontrolability isolateq15 of 20isolates
and13 of 19 isolates respectiely) wereclusteredn otherclustersor in the clusterswith

the pathogens.
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DISCUSSION

While the study designprecludesde niti ve conclusiongegarding comparisorof the
two farming systems,some obsenations can be made. Fusariarecovered from the
organic farm were more numerousand more diversethan thosefrom the corventional
farm. Neverthelessthe numberof F. oxysporumrecovered from the two farmswas
similar, suggestinghatthis populationeithermay representhe carryingcapacityof these
soils, or that the organic farming methodaffectsthe ability of F. oxysporumto increase
proportionallyto the restof the fungal community However, the numberof F. oxysporum
recoveredfrom ne rootsurfaceontheorganicfarmwastwo to four timesgreatetthanthat
recoveredfrom thelateralor mainrootsuriaceswhereaghesamplesrom thecorventional
farmhadsimilar numberson the ne, lateralandmainroots. Fromthe corventionalfarm,
32%of F. oxysporumnisolatesestedwerepathogenicywhereasonly 2.9%of F. oxysporum
isolatesfrom the organicfarmwerepathogenigTable2). This discrepang maybedueto
differentecologicaladaptationst the two sitesor to cultivar differences.Nonpathogenic
F. oxysporumwere more geneticallydiversethan pathogenicisolatesas reportedusing
VCG, ITS sequencesand ampli ed fragmentlength polymorphisms(AFLP) (6). The
greatergeneticdiversity in nonpathogeni&. oxysporunpopulationsshouldfacilitate the
adaptationio ecologicalchanges.

Somenonpathogeni€. oxysporumsolatesareeffective antagonistagainstpathogenic
F. oxysporumin several crops(2,7,8,20,27). In our greenhousestudy amongthe non-
pathogenicF. oxysporumisolates,there was no clear segregation betweenbiocontrol
agentsand saproplytes, but rathera continuumof biocontrolability producinga normal
distributionin numbergFig. 1). Theseesultandicatethatdifferentiatingoiocontrolagents
from other nonpathogenid- oxysporumcould be dif cult basedon molecularmarlers,
althoughthis doesnot excludethe possibility of elucidatingthe origins of the biocontrol
agentshy usingmolecularmarkers. RAPD analysisusingthe pathogenichiocontrol,and
saprophytic isolatesndicatedthatmostof the strainswith high diseasesontrolability were
in clusterl andwere separatedrom pathogensand saproplgtes (Table 3). Thesedata
suggestedhat F. oxysporunisolateswith high biocontrolability may have somegenetic
distinctionsfrom pathogensndsaproplgtes, but thesetestswerenot informative enough
for ade nitive conclusion.Theresultsalsoindicatedthatcautionshouldbeexercisedvhen
usingRAPD asadiagnostidool in F. oxysporunpopulationsasproposed1,18,30).

Fusariumoxysporumis a large, diversetaxonomicunit or speciescomple (18,25).
The geneticrelationshipsamongpathogenicnonpathogenicandbiocontrol F. oxysporum
populationseedto be moreclearlyunderstoodn ordernotonly to elucidatetheorigins of
pathogenicity(3,12,28) but alsoto understananorefully biocontrolability.
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