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Extracts of Killed Penicillium chrysogenum Induce
ResistanceAgainst Fusarium Wilt of Melon

HezhongDong"?andYigal Cohen*

Dry fungal biomassof Penicillium chrysaenum (dry mycelium), a wasteproductof the
pharmaceuticaindustry was extractedwith waterandappliedto the roots of melonplants
beforeor afterinoculationwith Fusariumoxysporunt.sp. melonis(Fom). Seedlingg4-6
daysafteremepgence)treatedwith eitheracidic dry myceliumextract(DME) or neutralized
dry myceliumextract(NDME) wereprotectedagainsthallenganfectionwith Fom A single
drenchwith 2-5%DME applied12—-72h beforeinoculationprovided significantcontrol of
thedisease&omparedvith waterdrenchedchallengedseedlingsNo protectionwasseenin
plantstreated0—6 h beforeinoculationor 0—48h afterinoculation.NeitherDME nor NDME
(0.5-5%)hadary effectonfungalgrowth in vitro, which implied thatdiseasecontrolin vivo
wasmediatediy inducedresistanceTheresistancénducedoy DME protectednelonplants
not only againstrace1,2, but also againstthe three other racesof the pathogenjndicating
a race-non-specificesistanceagainstFom Both DME and NDME significantlyincreased
peroxidaseactivity andfree L-proline contentin seedlingsl2 h and48 h after soil drench,
respectrely. Resistancéo Fusariumwilt wassignificantlyassociatedvith elevatedlevels of
peroxidaseactivity but not with free L-proline content. Thus, peroxidasemight be involved
in thedefensenechanismsactivatedby DME or NDME.

KEY WORDS:Penicilliumchrysagenum Fusariumwilt; Fusariumoxysporunf.sp. melonis
inducedresistanceperoxidasel-proline.

INTRODUCTION

Fusariumwilt causedby Fusariumoxysporumf.sp. melonis(Fom) is a devastating
diseaseof melon. Currentmeasuredor control are basedmostly on soil disinfection,
resistantcultivars or fungicides(3). The necessityof reducingpesticidelevels in the
ervironmenthas enhancedhe needfor developmentof alternatve methodsof disease
control. Amongthese thetechnologyfor diseaseontrolbasedon activationof the plant’s
own defensesystemby certainchemicalcompoundsasattractedattentionin recentyears
(7,20). In contrastto geneticresistanceacquiredor inducedresistancanay be actvated
in plantsthat are susceptibleto a pathogers attack and is normally achieved after an
induction period necessaryfor the activation of the plant’s defensemechanismg20).
Inducedresistancés often characterizedy a broadspectrumof protectionandrelatively
long durationof expression.Inducedresistancés basedon multiple defensemechanisms,
which makesit lesslik ely to be overcomeby the pathogeng20).
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Induced resistancecan be achieved by using biotic inducing agentsor through
applicationof chemicals(2,4-6,11,14). Variouschemicals,suchas saligylic acid (SA),
2,6-dichlorisonicotiacid(INA) andbenzo[1,2,3]thiadiazol@-cabaothionicacid-S-methyl
ester(BTH), areableto induceresistancen a numberof plantsagainsta wide rangeof
pathogensvithout possessingry directantimicrobialactivity in vitro or in vivo (9,11,14).
Recentlya new classof compoundsbelongingto 3-aminolutyric acids(BABA), hasbeen
reportedoy Cohenandco-workersto beeffective in inducinglocal andsystemiaesistance
againsfungaldiseaseg¢includingFom) andnematode$4,5,7,21) Zimmerlietal. (31)and
Siegristetal. (26) reportedthat 3-aminolutyric acid protectsagainstbacteriaandtomato
mosaicvirus, respectiely. Inducedresistances associateavith increasedranscriptionof
agroupof mRNAs encodingPR-1,chitinasesf3-1,3-glucanaseandperoxidas€16). SA,
producechaturallyin plants,is involvedin signalingfor inducedresistancg20). Synthetic
inducerssuchasINA, BTH andBABA havebeenreportedo induceresistancelownstream
of SA (4,9,29). Someplant extracts(8,15) were also reportedto protectplantsagainst
certainpathogens.Dry mycelium (DM) usedin this studyis madefrom the dry killed
fungal biomassof Penicillium chrysaenumafter extractionof penicillin. It wasreported
thatlive P. chrysagenumis a potentialbiological control agentagainstBotrytis fabaein
fababeang17). Whenaddedo thesoil, DM enhanceglantgrowth by supplyingnutrients
andimproving soil fertility (13). RecentlyGaoetal. (10) reportedthatDM appliedto the
soil protectectorn plantsagainst-usariummoniliforme

Reuwenietal. (22) notedthatfoliar applicationof phosphatesould control powdery
mildew of wine grapesandresultin a remarkablencreasen solubleperoxidaseactivity.
Peroxidasecatalyzeshe final polymerizationstepof lignin synthesisand may therefore
be directly associatedwith the increasedability of protectedtissueto lignify (12).
Peroxidasectiity couldalsobeabiochemicamarkerfor geneticresistancé€22-24).Like
peroxidasel -proline accumulatiorhasalsobeencorrelatedn mary plantswith resistance
to ervironmentalstresg30). However, very little is known aboutthe effect of dry fungal
biomasson peroxidaseactivity and L-proline accumulation,or on their relationshipto
inducedresistance.In this paperwe describehow extractsof DM caninduceresistance
againstF.o. f.sp. melonisin melon,with particularreferenceo the relationshipbetween
resistancendperoxidasectiity or L-proline content.

MATERIALS AND METHODS

Preparation of extracts Penicillin-freeDM (powder) of P. chrysagenumwas obtained
from Biochemieltd., Kundl, Austria. This fungalbiomasswvasdried by the manufcturer
for 4 hat110°C. Dry myceliumextract(DME) waspreparedy the following procedure:
100g of DM wassuspendeih 1000ml distilled water(= 10% DME, w/v), shalenfor 2
h at 100 rpm, andthenstoredfor 22 h at room temperature It wasthenbriefly agitated
andfiltered throughWhatmanNo. 1 filter paper The filtrate was autoclared for 30 min
at 11°C andthe pH was measuredfter cooling (10% DME, pH=2.6-2.8). Neutralized
DME (NDME, pH=6.8)wasobtainedby adding0.1 M KOH. 10%DME and10%NDME
werestoredasstocksolutionsat 4°C.

Plants and DME (and NDME) treatment Twenty seedsof melon(CucumismeloL.)
cv. ‘En-Dor’, which is susceptibléo Fom weresawn in 0.54 potscontaininga mixture
of perlite and peat(1:1, v/v) and allowed to grow in the greenhous€18—28C). After
emegencegusually8 daysaftersoving), tenseedling®of uniformsizewereleft in eachpot.
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Eachpotwasdrenchedvith DME or NDME (20 ml perpot) of variousconcentrations(0.5—
10%) usinga pipette. Pottedplantsdrenchedvith 20 ml distilled watersenedascontrols
unlessindicatedotherwise. Plantswere wateredevery 2 dayswith an equalvolume of
waterperpot, starting3 daysaftertreatment.

Fungal inoculum Thefour known racesof Fom race0, racel, race2 andracel,2,were
grown in 9-cmpetri disheson PDA at 25°C in the dark. Conidiawereremovedfrom 10—
15-day-oldculturesinto distilled water andtheir concentratiorwas adjustedto 10°—10°
conidiaperml with a cytometerbeforeinoculation.

Inoculation and diseaseassessment Plantswereinoculatedwith oneof the four races
of Fom 2-3 daysafter applicationof DME or NDME, unlessindicatedotherwise. To
evaluatetheeffectof time of DME-treatmenbndiseas&ontrol,plantswerealsoinoculated
with race 1,2 of Fom 48 h before DME-treatmentor 0—72 h after DME-treatment. For
inoculation seedlingsverecarefullyremovedfrom thesoil, thoroughlywashedvith water,
roottips werecut off, theroot systemdippedfor 1 minin the conidialsuspensiorandthen
transplantednto fresh potting mixture. Inoculatedplantswere allowed to grow in the
greenhousenderthe conditionsdescribedabore. Inoculatedseedlingausually exhibited
wilt symptoms3—4 daysafterinoculation. The numberof wilted seedlingswvas counted
at 6-8 daysafter inoculation, and the percentagef diseasedand protectedplantswas
calculated. Eachexperimentwas carriedout with five replicatesof ten plantseach,and
wasrepeatedt leasttwice.

Fungitoxicity tests CzapekDox agarsupplementeavith 0.5-5%(v/v) DME or NDME
was autoclared for 30 min at 110°C, pouredinto 9-cm petri dishes,andinoculatedwith
threemycelial plugs (2x4 mm) of race1,2 of Fom per petri dish (threeplates/ extract/
concentration) Theinoculatedplateswerekeptat 25°C in the darkandcolory diameters
weremeasureat 2 and4 daysafterinoculation.

Peroxidase activity and L-proline content Non-inoculatedor Fontrinfected plants,
eithertreatedor untreatedvith DME or NDME, wereusedfor assessingeroxidasactiity
andfreeL-proline content.Plantswereremovedfrom soil afterDME (or NDME) treatment
or inoculation,thoroughlywashedwith water, blotteddry andweighed. Onewhole plant
(~ 0.5 g) was groundin 10 ml of cold 15 mM sodium phosphatebuffer (pH 6), and
the suspensionwvas centrifuged(10,000g for 10 min at 4°C). Peroxidaseactiity of the
supernatantvasmeasure@ndexpressedsthe changan absorbanceerminutepergram
freshweight(22). Four replicateplantspertreatmenivereusedin eachexperiment.

Plantsampledor L-proline assessmemere obtainedasdescribedabove. L-proline
wasextractedandits concentrationwasdeterminecdahccordingo themethodof Batesetal.
(2). Briefly, sampleg~ 0.5g each)werehomogenizedvith 3% sulfosalig/lic acidandthe
homogenatsvascentrifuged(10,000g for 5 min) The supernatanivastreatedwith acetic
acidandninhydrinsolution,boiledfor 1 h, andtheabsorbancat 520 nmwasdetermined.
Amountsof prolinewereexpresseasng/gfreshweight.

Data analysis Means and standarddeviations (SD) of diseasedplants percentage,
peroxidasectivity andL-proline contentwerecalculatedusingExcel (Microsoft, Bothell,
WA, USA). Analysis of variancewas performedby Duncans Multiple RangeTestto
establishsignificantdifference(P=0.05). To testif peroxidaseactivity andL-proline had
somebearingon plantprotection,Spearmars rank correlationcoeficient (r) test(P=0.01)
wasalsoperformedpasedn datain Figures4, 5 and6.
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RESULTS

Invitrostudies Variousconcentration§0—5%)of DME or NDME wereaddedo Czapek
Dox agarmediato studythepossiblefungitoxicactivity of DME againstacel,2 of thewilt
pathogen.Colory diameter(range)did not differ significantlybetweerDME- or NDME-
free(control)andDME- or NDME-amendeglates(datanot shavn), indicatingthat DME
or NDME atup to 5% hadno fungicidalactiity against-om

Wilted plants (%)

Ck 0.5 1 2 5 10

DME concentration (%)

Fig. 1. Protectionobtainedin melon plantsagainstFusariumoxysporumf.sp. melonis(race1,2)
by dry myceliumextract(DME). Plantsweretreatedwith variousconcentrationsf acidicDME by
soil drench2 daysbeforeinoculation. Plantsdrenchedwith waterwereusedascontrol. Datawere
recorded daysafterinoculation. Columnswith the sameletter do not differ significantly (P=0.05)
accordingo Duncans multiple rangetest.

Diseasecontrol by DME Datain Figure 1 shov that melon plants exposed2 days
beforeinoculationto variousconcentrationsf DME (0.5-5%)weresignificantlyprotected
againstwilt 8 daysafter inoculation. A significantly higher level of protection(52%)
was obtainedwith 2% DME than with 0.5-1% DME (40%). At 5-10% no further
enhancementf protectionwas obsened, and phytotoxic symptomswere seenin treated
but non-inoculatedlants(datanot shavn). Protectedplantsstartedto wilt 15 daysafter
inoculation. Control and DME-treatedplants (2%) were wilted at 10 and 21 daysafter
inoculation,respectiely

Protection induced by DME is race-non-specific Figure?2 presentslatashowving that
DME protectednelonplantsagainstFomof race0, 1, 2 or 1,2. Amongthefour racesface
1,2 wasthe mostaggressie, with 85% of the untreatedblantsevincing wilt 7 daysafter
inoculation.Plantstreatedwith 2% DME were85%protectechgainsthisrace.Percentage
protectionagainstaces), 1 and2 was74%,55%and71%,respectiely.
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Fig. 2. Protectionobtainedn melonplantsby 2% dry myceliumextract(DME) againstour racesof
Fusariumoxysporunf.sp. melonis(r0, r1, r2, andrl,2). 2% DME wasappliedby soil drench3 days
beforeinoculation.Datawererecorded? daysafterinoculation.Columnswith thesameetterdo not
differ significantly(P=0.05)accordingto Duncans multiple rangetest. Ck = controlinoculated.
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Fig. 3. Protectiorobtainedn melonplantsby variousconcentrationsf dry myceliumextract(DME)
andneutralizedDME (NDME) againstFusariumoxysporunt.sp. melonis(race1,2). Plantswere
treatedby soil drenchof 0.5—-2%DME or 0.5—-2%NDME 2 daysbeforeinoculation,or with wateras
the control. Datawererecorded3 daysafterinoculation. 1, control; 2, 0.5%DME; 3, 2% DME; 4,
5% DME; 5, 0.5%NDME; 6, 2% NDME; 7, 5% NDME. Columnswith the samedetterdo not differ
significantly(P=0.05)accordingto Duncans multiple rangetest.

Effect of NDME on induced protection Datapresentedn Figure 3 shav that 8 days
after inoculationboth DME and NDME significantly reducedthe percentageof wilted
plantsrelative to the control. No significantdifferencewas found in the percentagef
wilted plantsbetweerthetwo extractsof equalconcentrationsDME at0.5%,2% and5%
provided 50%, 63% and 67% protection,and NDME at thoseconcentrationgave 48%,
62% and66% protection respectiely.

Effect of time of DME application on induced protection Datain Figure 4 were
recordedat 6 daysafter inoculation. A soil drenchwith 2% DME appliedeither 0-48
h afterinoculationor 0—6 h beforeinoculationdid not suppresg-usariumwilt, whereasa
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significantdecreasén the percentag®f wilted plantsoccurredwhenthe soil drenchwas
donel2-72h beforeinoculation. It seemghata root exposureperiodof atleast12 h was
requiredfor DME to control Fomeffectively.
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Fig.4. Time-dependergfficacy of dry myceliumextract(DME) applicationon protectionobtainedn
melonagainstrusariumoxysporunf.sp. melonis Soil drenchwith water(Ck) or 2% DME wasdone
eitherbefore(-) or afterinoculation. O indicatesthat 2% DME was appliedsoonafterinoculation.
Datawererecorded daysafterinoculation.Columnswith the sameetterdo not differ significantly
(P=0.05)accordingo Duncans multiple rangetest.
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Fig. 5. Changesn peroxidasectvity in healthymelonplants(notinoculated)aftersoil drenchwith
2% dry mycelium extract (DME) or 2% neutralizedDME (NDME). Ck = soil drenchwith water
Plantsweretreated3 daysafteremegence.Barsrepresent=SD.

Effect of DME on peroxidaseactivity and L-pr oline content Datain Figure5 showv

that peroxidaseactivity in watertreated, DME-treatedand NDME-treated plants was
equally low at 0—6 h after treatment. Significant enhancementgup to fourfold) in

peroxidaseactiity in both DME-treatedand NDME-treatedplants, relative to control
plants,occurredat 12—72h aftertreatmentDatain Figure6 shov thatL-prolinein DME-

or NDME-treatedplantsdid not accumulatesignificantly until 48—72h after treatment.
Spearmars rank correlationcoeficient teston the datain Figures4, 5 and6 shaved a
significant(P = 0.01) negative correlationbetweenperoxidaseactiity and percentagef

wilted plants(r = -0.98).
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Otherdatapresentedn Figure 7 shov that DME significantly increasedperoxidase
actvity in both non-inoculatedand Fom-inoculated plants. Three days after DME
applicationafourfold increasen peroxidasectvity wasmeasured DME-treatedplants
comparedvith watertreatedplants.Four and6 daysaftersoil drench significantlyhigher
peroxidaseactivity was seenin DME-treatedinoculatedplantsas comparedwith DME-
treatedhealthyplants(not inoculated) whereasonly at 6 days(3 daysafterinoculation)
did watertreatedinoculatedplantsexhibit a significantly higher peroxidaseactiity than
healthyplants.L-proline contentwasnot measuredn Fom-inoculatedplants.
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Fig. 6. L-proline contentin melonplantsafterapplicationof 2% dry myceliumextract(DME) or 2%
neutralizedME (NDME). Ck = soil drenchwith water Plantsweretreated3 daysafteremegence.
Barsrepresent:SD.
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Fig. 7. Peroxidaseactvity in Fusariumoxysporumf.sp. melonisinoculated(race 1,2) and non-
inoculatedmelon plantsafter eitherwater (Ck) or 2% dry myceliumextract (DME) treatment.For
eachtime interval, columnswith the sameletter do not differ significantly (P=0.05) accordingto
Duncans multiple rangetest.

DISCUSSION

Wereporthereinthatmelonplantsgrowing in potsdrenchedvith awaterextractof DM
madefrom P. chrys@menumwere protectedagainsiwilt causedy Fom Datafrom several
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experimentsrevealedthat DME may provide up to 85% protectionagainstFusariumwilt
relative to watertreatedcontrol. In generalasthe concentratiorof DME rose,the control
effectincreasedHowever, atconcentrationsf 5% or higher, no furtherincreasen disease
control was obsened. Water extractof DM is quite acidic (pH 2.6-2.8). We found that
neutralizedDME (NDME, pH 6.8) was as effective as acidic DME againstthe disease.
DME hadno nggative effect on growth of the pathogenn vitro. Thus, it is inferredthat
thediseasecontrol effectedby DME or NDME wasprobablybasedon inducedresistance
mechanismsTheresistancéenducedby DME waseffective not only againstracel,2, but
alsoagainsthethreeotherracesof the pathogenindicatinga race-non-specificesistance
againstrom

Inducedresistancas characterizedy a broadspectrumof protectionand relatively
long durationof expression(20), but its expressionis usuallydependenbn activators plant
speciesand pathogeng18,20). Expressiorof inducedresistancds also associatedvith
concentratiorand applicationmode of activatorsand infection pressure.High infection
pressureoften causesnsuficient protectionagainstthe pathogen(19). In this study we
foundthat DME provided significantprotectionagainstFomfor 15 daysafterinoculation,
relative to watertreatedcontrol. However, the surviving plants wilted 21 days after
inoculation,implying that inducedresistanceby a single drenchof DME could supply
only a limited durationof protectionunderhigh infection pressurg(10” sporesper ml).
Additional treatmentwith DME might be neededto boostprotection. DME hadto be
applied12 h or morebeforechallengenoculationwith Fom indicatingthataninterval of
time wasnecessaryor DME uptale by the root and/oractivation of defensemechanisms
by the plant. Unlike otherinducerssuchasBABA (4,5), DME sprayon melonleavesdid
not protectagainst~om (datanot showvn), indicatingthat DME waseithernot takenup by
leavesor nottranslocatedo theroot system.

During thelastdecadea numberof studiesconcerninghe mechanismsesponsibldor
inducedresistancevereconductedwvith variousplantspeciesln generaljnduceddefense
responseinclude processesf oxygenburst(26), lignification of hostcell walls (25), the
formation of cell wall appositionat sitesof attemptedpenetrationby fungal pathogens,
the accumulatiorof PR-proteinsand other biochemicaland physiologicalchangesn the
hostplants(18). Therole of oxidative enzymessuchasperoxidaseandof their metabolic
productsin the defensamechanismf infectedplants,hasalsobeenstudied. It hasbeen
reported(22-24,28)that infection with pathogensor applicationof inorganic chemicals
enhancegperoxidasectiity, andthisis oftenassociatedvith resistanceAmongdifferent
genotypef muskmelonthosewith high peroxidaseactivity often had higherlevels of
resistancg23,24). The datapresentedn this paperdemonstratehat DME increased
peroxidaseactivity. Peroxidasectvity wasraisedonly afteralag periodfollowing DME
treatmentand/orinoculationwith Fom It was found that inducedresistanceby DME
was closely associatedvith enhancedevels of peroxidaseactiity. We assumethat the
enhancegberoxidasectivity may contributeto inductionof resistanceA time interval of
12 h betweerDME applicationandthe onsetof resistancés requiredfor this phenomenon
to take place.

Environmentalstresscanincreaseaccumulatiorof free prolinein mary plants.Proline
accumulationhas beencorrelatedin mary organismswith adaptationto osmotic stress
(30). In additionto its role in osmoprotectionproline accumulatiorin plantsunderstress
may functionin the storageof enegy, aminonitrogenandreducingpower (27). We have
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found that BABA significantlyincreased.-proline contentin tomatoleaves2 daysafter

foliar application(unpublisheddata). However, the direct relationshipbetweenproline

accumulatiorandinducedresistancas still unclear We foundthat48 h afterapplication,
DME significantlyincreased_-proline contentin melon plants. This increaseoccurred
~ 24 h later thanthat of peroxidaseactiity andno significantcorrelationwith induced
resistanceto Fom was found. It seems,therefore,that L-proline accumulationis an

incidentalphysiologicalresponséo DME applicationratherthana factorin the induced
resistanceNeverthelessfurtherinvestigationinto its relationshipwith inducedresistance
is neededeforefinal conclusionsaredrawn.

In conclusion,DM of P. chrysaggenumis not only an organic fertilizer providing
nutrientsto crop plants and improving humusin the soil, but also a good inducer of
resistanceagainstroot diseasesuchas Fom Its applicationmay have multiple effects
for bothcropnutrition andcrop protection.Futureresearctshouldexaminethe efficacy of
DME andDM powderagainstdiseasesinderfield conditions.
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