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Extracts of Killed Penicillium chrysogenum Induce
ResistanceAgainst Fusarium Wilt of Melon

HezhongDong
�����
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��� �

Dry fungal biomassof Penicillium chrysogenum(dry mycelium), a wasteproductof the
pharmaceuticalindustry, wasextractedwith waterandappliedto the rootsof melonplants
beforeor after inoculationwith Fusariumoxysporumf.sp. melonis(Fom). Seedlings(4-6
daysafteremergence)treatedwith eitheracidicdry myceliumextract (DME) or neutralized
dry myceliumextract(NDME) wereprotectedagainstchallengeinfectionwith Fom. A single
drenchwith 2–5%DME applied12–72h beforeinoculationprovidedsignificantcontrolof
thediseasecomparedwith water-drenched,challengedseedlings.No protectionwasseenin
plantstreated0–6h beforeinoculationor 0–48h afterinoculation.NeitherDME norNDME
(0.5–5%)hadany effecton fungalgrowth in vitro, which implied thatdiseasecontrol in vivo
wasmediatedby inducedresistance.Theresistanceinducedby DME protectedmelonplants
not only againstrace1,2, but alsoagainstthe threeotherracesof the pathogen,indicating
a race-non-specificresistanceagainstFom. Both DME andNDME significantly increased
peroxidaseactivity andfree L-proline contentin seedlings12 h and48 h after soil drench,
respectively. Resistanceto Fusariumwilt wassignificantlyassociatedwith elevatedlevelsof
peroxidaseactivity but not with freeL-proline content.Thus,peroxidasemight be involved
in thedefensemechanismsactivatedby DME or NDME.
KEY WORDS:Penicilliumchrysogenum; Fusariumwilt; Fusariumoxysporumf.sp.melonis;
inducedresistance;peroxidase;L-proline.

INTRODUCTION

Fusariumwilt causedby Fusariumoxysporumf.sp. melonis(Fom) is a devastating
diseaseof melon. Currentmeasuresfor control are basedmostly on soil disinfection,
resistantcultivars or fungicides(3). The necessityof reducingpesticidelevels in the
environmenthasenhancedthe needfor developmentof alternative methodsof disease
control.Amongthese,thetechnologyfor diseasecontrolbasedon activationof theplant’s
own defensesystemby certainchemicalcompoundshasattractedattentionin recentyears
(7,20). In contrastto geneticresistance,acquiredor inducedresistancemay be activated
in plants that are susceptibleto a pathogen’s attackand is normally achieved after an
induction period necessaryfor the activation of the plant’s defensemechanisms(20).
Inducedresistanceis oftencharacterizedby a broadspectrumof protectionandrelatively
long durationof expression.Inducedresistanceis basedon multiple defensemechanisms,
which makesit lesslikely to beovercomeby thepathogens(20).
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Induced resistancecan be achieved by using biotic inducing agentsor through
applicationof chemicals(2,4-6,11,14). Variouschemicals,suchas salicylic acid (SA),
2,6-dichlorisonicoticacid(INA) andbenzo[1,2,3]thiadiazole-7-carbothionicacid-S-methyl
ester(BTH), areableto induceresistancein a numberof plantsagainsta wide rangeof
pathogenswithoutpossessingany directantimicrobialactivity in vitro or in vivo (9,11,14).
Recently, anew classof compounds,belongingto 3-aminobutyric acids(BABA), hasbeen
reportedby Cohenandco-workersto beeffective in inducinglocalandsystemicresistance
againstfungaldiseases(includingFom) andnematodes(4,5,7,21).Zimmerli etal. (31)and
Siegrist et al. (26) reportedthat3-aminobutyric acidprotectsagainstbacteriaandtomato
mosaicvirus, respectively. Inducedresistanceis associatedwith increasedtranscriptionof
a groupof mRNAs encodingPR-1,chitinases,

	
-1,3-glucanasesandperoxidase(16). SA,

producednaturallyin plants,is involvedin signalingfor inducedresistance(20). Synthetic
inducerssuchasINA, BTH andBABA havebeenreportedto induceresistancedownstream
of SA (4,9,29). Someplant extracts(8,15) were also reportedto protectplantsagainst
certainpathogens.Dry mycelium(DM) usedin this study is madefrom the dry killed
fungalbiomassof Penicillium chrysogenumafterextractionof penicillin. It wasreported
that live P. chrysogenumis a potentialbiological control agentagainstBotrytis fabaein
fababeans(17). Whenaddedto thesoil, DM enhancesplantgrowth by supplyingnutrients
andimproving soil fertility (13). RecentlyGaoet al. (10) reportedthatDM appliedto the
soil protectedcornplantsagainstFusariummoniliforme.

Reuveni et al. (22) notedthat foliar applicationof phosphatescouldcontrol powdery
mildew of wine grapesandresult in a remarkableincreasein solubleperoxidaseactivity.
Peroxidasecatalyzesthe final polymerizationstepof lignin synthesis,andmay therefore
be directly associatedwith the increasedability of protectedtissue to lignify (12).
Peroxidaseactivity couldalsobeabiochemicalmarkerfor geneticresistance(22-24).Like
peroxidase,L-prolineaccumulationhasalsobeencorrelatedin many plantswith resistance
to environmentalstress(30). However, very little is known abouttheeffect 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 particularreferenceto the relationshipbetween
resistanceandperoxidaseactivity or L-prolinecontent.

MATERIALS AND METHODS

Preparation of extracts Penicillin-freeDM (powder) of P. chrysogenumwasobtained
from BiochemieLtd., Kundl,Austria. This fungalbiomasswasdriedby themanufacturer
for 4 h at 110
 C. Dry myceliumextract(DME) waspreparedby thefollowing procedure:
100g of DM wassuspendedin 1000ml distilled water(= 10%DME, w/v), shakenfor 2
h at 100 rpm, andthenstoredfor 22 h at room temperature.It wasthenbriefly agitated
andfiltered throughWhatmanNo. 1 filter paper. The filtrate wasautoclaved for 30 min
at 110
 C andthe pH wasmeasuredafter cooling (10% DME, pH=2.6–2.8).Neutralized
DME (NDME, pH=6.8)wasobtainedby adding0.1M KOH. 10%DME and10%NDME
werestoredasstocksolutionsat 4
 C.

Plants and DME (and NDME) tr eatment Twenty seedsof melon(CucumismeloL.)
cv. ‘En-Dor’, which is susceptibleto Fom, weresown in 0.5-l potscontaininga mixture
of perlite and peat (1:1, v/v) and allowed to grow in the greenhouse(18–28
 C). After
emergence(usually8 daysaftersowing), tenseedlingsof uniformsizewereleft in eachpot.
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Eachpotwasdrenchedwith DME or NDME (20ml perpot)of variousconcentrations(0.5–
10%)usinga pipette.Pottedplantsdrenchedwith 20 ml distilled waterservedascontrols
unlessindicatedotherwise. Plantswere wateredevery 2 dayswith an equalvolume of
waterperpot,starting3 daysaftertreatment.

Fungal inoculum Thefour known racesof Fom, race0, race1, race2 andrace1,2,were
grown in 9-cmpetri disheson PDA at 25
 C in thedark. Conidiawereremovedfrom 10–
15-day-oldculturesinto distilled waterandtheir concentrationwasadjustedto 10� –10�
conidiaperml with acytometerbeforeinoculation.

Inoculation and diseaseassessment Plantswereinoculatedwith oneof the four races
of Fom 2–3 daysafter applicationof DME or NDME, unlessindicatedotherwise. To
evaluatetheeffectof timeof DME-treatmentondiseasecontrol,plantswerealsoinoculated
with race1,2 of Fom 48 h beforeDME-treatmentor 0–72 h after DME-treatment. For
inoculation,seedlingswerecarefullyremovedfrom thesoil, thoroughlywashedwith water,
root tipswerecutoff, therootsystemdippedfor 1 min in theconidialsuspension,andthen
transplantedinto fresh potting mixture. Inoculatedplantswere allowed to grow in the
greenhouseunderthe conditionsdescribedabove. Inoculatedseedlingsusuallyexhibited
wilt symptoms3–4 daysafter inoculation. The numberof wilted seedlingswascounted
at 6–8 daysafter inoculation,and the percentageof diseasedand protectedplantswas
calculated.Eachexperimentwascarriedout with five replicatesof ten plantseach,and
wasrepeatedat leasttwice.

Fungitoxicity tests CzapekDox agarsupplementedwith 0.5–5%(v/v) DME or NDME
wasautoclaved for 30 min at 110
 C, pouredinto 9-cm petri dishes,andinoculatedwith
threemycelial plugs(2 
 4 mm) of race1,2 of Fom per petri dish (threeplates/ extract /
concentration).Theinoculatedplateswerekeptat 25
 C in thedarkandcolony diameters
weremeasuredat 2 and4 daysafterinoculation.

Peroxidase activity and L-pr oline content Non-inoculatedor Fom-infected plants,
eithertreatedor untreatedwith DME or NDME, wereusedfor assessingperoxidaseactivity
andfreeL-prolinecontent.Plantswereremovedfrom soil afterDME (orNDME) treatment
or inoculation,thoroughlywashedwith water, blotteddry andweighed.Onewholeplant
( � 0.5 g) was ground in 10 ml of cold 15 mM sodiumphosphatebuffer (pH 6), and
the suspensionwascentrifuged(10,000g for 10 min at 4
 C). Peroxidaseactivity of the
supernatantwasmeasuredandexpressedasthechangein absorbanceperminutepergram
freshweight(22). Four replicateplantspertreatmentwereusedin eachexperiment.

Plantsamplesfor L-proline assessmentwereobtainedasdescribedabove. L-proline
wasextractedandits concentrationwasdeterminedaccordingto themethodof Batesetal.
(1). Briefly, samples( � 0.5g each)werehomogenizedwith 3%sulfosalicylic acidandthe
homogenatewascentrifuged(10,000g for 5 min) Thesupernatantwastreatedwith acetic
acidandninhydrinsolution,boiledfor 1 h, andtheabsorbanceat 520nm wasdetermined.
Amountsof prolinewereexpressedasng/gfreshweight.

Data analysis Means and standarddeviations (SD) of diseasedplants percentage,
peroxidaseactivity andL-prolinecontentwerecalculatedusingExcel(Microsoft,Bothell,
WA, USA). Analysis of variancewas performedby Duncan’s Multiple RangeTest to
establishsignificantdifference(P=0.05). To testif peroxidaseactivity andL-proline had
somebearingon plantprotection,Spearman’s rankcorrelationcoefficient (r) test(P=0.01)
wasalsoperformed,basedondatain Figures4, 5 and6.
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RESULTS

In vitro studies Variousconcentrations(0–5%)of DME or NDME wereaddedto Czapek
Dox agarmediato studythepossiblefungitoxicactivity of DME againstrace1,2of thewilt
pathogen.Colony diameter(range)did not differ significantlybetweenDME- or NDME-
free(control)andDME- or NDME-amendedplates(datanotshown), indicatingthatDME
or NDME at up to 5%hadno fungicidalactivity againstFom.

Fig. 1. Protectionobtainedin melonplantsagainstFusariumoxysporumf.sp. melonis(race1,2)
by dry myceliumextract(DME). Plantsweretreatedwith variousconcentrationsof acidicDME by
soil drench2 daysbeforeinoculation.Plantsdrenchedwith waterwereusedascontrol. Datawere
recorded8 daysafter inoculation.Columnswith thesameletterdo not differ significantly(P=0.05)
accordingto Duncan’s multiple rangetest.

Diseasecontrol by DME Data in Figure 1 show that melon plants exposed2 days
beforeinoculationto variousconcentrationsof 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
enhancementof protectionwasobserved,andphytotoxicsymptomswereseenin treated
but non-inoculatedplants(datanot shown). Protectedplantsstartedto wilt 15 daysafter
inoculation. Control andDME-treatedplants(2%) werewilted at 10 and21 daysafter
inoculation,respectively

Protection induced by DME is race-non-specific Figure2 presentsdatashowing that
DME protectedmelonplantsagainstFomof race0, 1, 2 or 1,2.Amongthefour races,race
1,2 wasthe mostaggressive, with 85% of the untreatedplantsevincing wilt 7 daysafter
inoculation.Plantstreatedwith 2%DME were85%protectedagainstthisrace.Percentage
protectionagainstraces0, 1 and2 was74%,55%and71%,respectively.
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Fig. 2. Protectionobtainedin melonplantsby 2%dry myceliumextract(DME) againstfour racesof
Fusariumoxysporumf.sp. melonis(r0, r1, r2, andr1,2). 2%DME wasappliedby soil drench3 days
beforeinoculation.Datawererecorded7 daysafterinoculation.Columnswith thesameletterdonot
differ significantly(P=0.05)accordingto Duncan’s multiple rangetest.Ck = controlinoculated.

Fig.3. Protectionobtainedin melonplantsby variousconcentrationsof dry myceliumextract(DME)
andneutralizedDME (NDME) againstFusariumoxysporumf.sp. melonis(race1,2). Plantswere
treatedby soil drenchof 0.5–2%DME or 0.5–2%NDME 2 daysbeforeinoculation,or with wateras
thecontrol. Datawererecorded8 daysafter inoculation.1, control; 2, 0.5%DME; 3, 2% DME; 4,
5%DME; 5, 0.5%NDME; 6, 2%NDME; 7, 5%NDME. Columnswith thesameletterdo notdiffer
significantly(P=0.05)accordingto Duncan’s multiple rangetest.

Effect of NDME on induced protection Datapresentedin Figure3 show that 8 days
after inoculationboth DME and NDME significantly reducedthe percentageof wilted
plantsrelative to the control. No significantdifferencewas found in the percentageof
wilted plantsbetweenthetwo extractsof equalconcentrations.DME at 0.5%,2% and5%
provided 50%, 63% and67% protection,andNDME at thoseconcentrationsgave 48%,
62%and66%protection,respectively.

Effect of time of DME application on induced protection Data in Figure 4 were
recordedat 6 daysafter inoculation. A soil drenchwith 2% DME appliedeither 0–48
h after inoculationor 0–6h beforeinoculationdid not suppressFusariumwilt, whereasa
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significantdecreasein thepercentageof wilted plantsoccurredwhenthesoil drenchwas
done12–72h beforeinoculation.It seemsthata root exposureperiodof at least12 h was
requiredfor DME to controlFomeffectively.

Fig.4. Time-dependentefficacy of drymyceliumextract(DME) applicationonprotectionobtainedin
melonagainstFusariumoxysporumf.sp.melonis. Soil drenchwith water(Ck) or 2%DME wasdone
eitherbefore(-) or after inoculation. 0 indicatesthat2% DME wasappliedsoonafter inoculation.
Datawererecorded6 daysafterinoculation.Columnswith thesameletterdonotdiffer significantly
(P=0.05)accordingto Duncan’s multiple rangetest.

Fig. 5. Changesin peroxidaseactivity in healthymelonplants(not inoculated)aftersoil drenchwith
2% dry myceliumextract (DME) or 2% neutralizedDME (NDME). Ck = soil drenchwith water.
Plantsweretreated3 daysafteremergence.Barsrepresent� SD.

Effect of DME on peroxidaseactivity and L-pr oline content Datain Figure5 show
that peroxidaseactivity in water-treated,DME-treatedand NDME-treatedplants was
equally low at 0–6 h after treatment. Significant enhancements(up to fourfold) in
peroxidaseactivity in both DME-treatedand NDME-treatedplants, relative to control
plants,occurredat 12–72h aftertreatment.Datain Figure6 show thatL-proline in DME-
or NDME-treatedplantsdid not accumulatesignificantly until 48–72h after treatment.
Spearman’s rank correlationcoefficient teston the datain Figures4, 5 and6 showed a
significant(P = 0.01)negative correlationbetweenperoxidaseactivity andpercentageof
wilted plants(r = -0.98).
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Other datapresentedin Figure 7 show that DME significantly increasedperoxidase
activity in both non-inoculatedand Fom-inoculated plants. Three days after DME
application,a fourfold increasein peroxidaseactivity wasmeasuredin DME-treatedplants
comparedwith water-treatedplants.Four and6 daysaftersoil drench,significantlyhigher
peroxidaseactivity wasseenin DME-treatedinoculatedplantsascomparedwith DME-
treatedhealthyplants(not inoculated),whereasonly at 6 days(3 daysafter inoculation)
did water-treatedinoculatedplantsexhibit a significantlyhigherperoxidaseactivity than
healthyplants.L-prolinecontentwasnot measuredin Fom-inoculatedplants.

Fig. 6. L-prolinecontentin melonplantsafterapplicationof 2%dry myceliumextract(DME) or 2%
neutralizedDME (NDME). Ck = soil drenchwith water. Plantsweretreated3 daysafteremergence.
Barsrepresent� SD.

Fig. 7. Peroxidaseactivity in Fusariumoxysporumf.sp. melonis-inoculated(race1,2) and non-
inoculatedmelonplantsafter eitherwater(Ck) or 2% dry myceliumextract (DME) treatment.For
eachtime interval, columnswith the sameletter do not differ significantly (P=0.05)accordingto
Duncan’s multiple rangetest.

DISCUSSION

Wereporthereinthatmelonplantsgrowing in potsdrenchedwith awaterextractof DM
madefrom P. chrysogenumwereprotectedagainstwilt causedby Fom. Datafrom several
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experimentsrevealedthatDME mayprovide up to 85%protectionagainstFusariumwilt
relative to water-treatedcontrol. In general,astheconcentrationof DME rose,thecontrol
effect increased.However, atconcentrationsof 5%or higher, no furtherincreasein disease
control wasobserved. Waterextract of DM is quite acidic (pH 2.6–2.8). We found that
neutralizedDME (NDME, pH 6.8) wasaseffective as acidic DME againstthe disease.
DME hadno negative effect on growth of the pathogenin vitro. Thus,it is inferredthat
thediseasecontroleffectedby DME or NDME wasprobablybasedon inducedresistance
mechanisms.Theresistanceinducedby DME waseffective not only againstrace1,2,but
alsoagainstthethreeotherracesof thepathogen,indicatinga race-non-specificresistance
againstFom.

Inducedresistanceis characterizedby a broadspectrumof protectionand relatively
longdurationof expression(20),but its expressionis usuallydependentonactivators,plant
speciesandpathogens(18,20). Expressionof inducedresistanceis alsoassociatedwith
concentrationandapplicationmodeof activatorsand infection pressure.High infection
pressureoften causesinsufficient protectionagainstthe pathogen(19). In this study, we
foundthatDME providedsignificantprotectionagainstFom for 15 daysafter inoculation,
relative to water-treatedcontrol. However, the surviving plants wilted 21 days after
inoculation, implying that inducedresistanceby a single drenchof DME could supply
only a limited durationof protectionunderhigh infection pressure(10� sporesper ml).
Additional treatmentwith DME might be neededto boostprotection. DME had to be
applied12 h or morebeforechallengeinoculationwith Fom, indicatingthataninterval of
time wasnecessaryfor DME uptake by theroot and/oractivationof defensemechanisms
by theplant. Unlike otherinducerssuchasBABA (4,5),DME sprayon melonleavesdid
not protectagainstFom (datanot shown), indicatingthatDME waseithernot takenup by
leavesor not translocatedto therootsystem.

During thelastdecadea numberof studiesconcerningthemechanismsresponsiblefor
inducedresistancewereconductedwith variousplantspecies.In general,induceddefense
responsesincludeprocessesof oxygenburst (26), lignification of hostcell walls (25), the
formation of cell wall appositionat sitesof attemptedpenetrationby fungal pathogens,
the accumulationof PR-proteinsandotherbiochemicalandphysiologicalchangesin the
hostplants(18). Therole of oxidativeenzymes,suchasperoxidase,andof theirmetabolic
productsin thedefensemechanismsof infectedplants,hasalsobeenstudied.It hasbeen
reported(22-24,28)that infection with pathogensor applicationof inorganicchemicals
enhancesperoxidaseactivity, andthis is oftenassociatedwith resistance.Amongdifferent
genotypesof muskmelon,thosewith high peroxidaseactivity often hadhigher levels of
resistance(23,24). The data presentedin this paperdemonstratethat DME increased
peroxidaseactivity. Peroxidaseactivity wasraisedonly aftera lag periodfollowing DME
treatmentand/or inoculationwith Fom. It was found that inducedresistanceby DME
wascloselyassociatedwith enhancedlevels of peroxidaseactivity. We assumethat the
enhancedperoxidaseactivity maycontributeto inductionof resistance.A time interval of
12h betweenDME applicationandtheonsetof resistanceis requiredfor thisphenomenon
to take place.

Environmentalstresscanincreaseaccumulationof freeprolinein many plants.Proline
accumulationhasbeencorrelatedin many organismswith adaptationto osmoticstress
(30). In additionto its role in osmoprotection,prolineaccumulationin plantsunderstress
mayfunction in thestorageof energy, aminonitrogenandreducingpower (27). We have
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found that BABA significantly increasesL-proline contentin tomatoleaves2 daysafter
foliar application(unpublisheddata). However, the direct relationshipbetweenproline
accumulationandinducedresistanceis still unclear. We foundthat48 h afterapplication,
DME significantly increasedL-proline contentin melon plants. This increaseoccurred
� 24 h later than that of peroxidaseactivity andno significantcorrelationwith induced
resistanceto Fom was found. It seems,therefore,that L-proline accumulationis an
incidentalphysiologicalresponseto DME applicationratherthana factorin the induced
resistance.Nevertheless,further investigationinto its relationshipwith inducedresistance
is neededbeforefinal conclusionsaredrawn.

In conclusion,DM of P. chrysogenum is not only an organic fertilizer providing
nutrientsto crop plants and improving humusin the soil, but also a good inducer of
resistanceagainstroot diseasessuchas Fom. Its applicationmay have multiple effects
for bothcropnutritionandcropprotection.Futureresearchshouldexaminetheefficacy of
DME andDM powderagainstdiseasesunderfield conditions.

ACKNOWLEDGMENTS

This researchwas supportedin part by a Fred and BarbaraKort Sino-IsraelPostdoctoralFellowship to
Dr. HezhongDong. The authorswish to thankDr. AlexanderBaiderandDr. MarjanaGalperinfor technical
assistancethroughoutthis research.

REFERENCES

1. Bates,L.S.,Waldren,R.P. andTeare,I.D. (1973)Rapiddeterminationof freeprolinefor waterstressstudies.
PlantSoil 39:205-207.

2. Christ,U. andMosinger, E. (1989)Pathogenesis-relatedproteinsof tomato: 1. Inductionby Phytophthora
infestansandotherbiotic andabiotic inducersandcorrelationswith resistance.Physiol.Mol. Plant Pathol.
35:53-65.

3. Cohen,R., Yarden,O., Katan, J., Riov, J. and Lisker, N. (1987) Paclobutrazol and other plant growth-
retardingchemicalsincreaseresistanceof melonseedlingsto fusariumwilt. PlantPathol.36:558-564.

4. Cohen,Y. (1994)3-Aminobutyric acid inducessystemicresistanceagainstPeronospora tabacina. Physiol.
Mol. PlantPathol.44:273-288.

5. Cohen,Y. (1994)Local andsystemiccontrolof Phytophthora infestansin tomatoplantsby DL-3-amino-n-
butanoicacids.Phytopathology 84:55-59.

6. Cohen,Y. andGisi, U. (1994)Systemictranslocationof
���

C-DL-3-aminobutyric acid in tomatoplantsin
relationto inducedresistanceagainstPhytophthora infestans. Physiol.Mol. Plant Pathol.45:441-456.

7. Cohen,Y., Reuveni, M. andBaider, A. (1999)Local andsystemicactivity of BABA (DL-3-aminobutyric
acid)againstPlasmopara viticola in grapevines.Eur. J. PlantPathol.105:351-361.

8. Daayf, F., Ongena,M., Boulanger, R., El Hadrami, I. and Belanger, R.R. (2000) Induction of phenolic
compoundsin two cultivarsof cucumberby treatmentof healthyandpowderymildew-infectedplantswith
extractsof Reynoutriasachalinensis. J. Chem.Ecol.26:1579-1593.

9. Friedrich,L., Lawton,K., Ruess,W., Masner, P., Specker, N., GutRella,M. etal. (1996)A benzothiadiazole
derivative inducessystemicacquiredresistancein tobacco.Plant J. 10:61-70.

10. Gao,J.P., Ben-Daniel,B.H. andCohen,Y. (2001)Organicfertilizersof microbialorigin enhancegrowth and
reduceinfectionof sweetcornby Fusariummoniliforme. Phytoparasitica29:268(abstr.).

11. Graham, T.L. and Graham, M.Y. (1999) Role of hypersensitive cell death in conditioning elicitation
competency anddefensepotentiation.Physiol.Mol. Plant Pathol.55:13-20.

12. Gross,G.G. (1979)Recentadvancesin the chemistryandbiochemistryof lignin. RecentAdv. Phytochem.
12:177-220.

13. Haselwandter, K. (1997)Soil micro-organisms,mycorrhiza,andrestorationecology. pp.65-80.in: Urbanska,
K.M., Webb,N.R.,andEdwards,P.J.[Eds.]RestorationEcologyandSustainableDevelopment.Cambridge
UniversityPress,Cambridge,UK.

14. Heller, W.E. andGessler, C. (1986)Inducedresistancein tomatoplantsagainstPhytophthora infestans. J.
Phytopathol.116:323-328.

Phytoparasitica29:5,2001 9



15. Herger, G.,Klingauf,F., Mangold,D., Pommer, E.H.andSherer, M. (1988)Efficacy of extractsof Reynoutria
sachalinensisagainstfungaldisease,especiallypowderymildews. Nachrbl. Dtsch. Pflanzenschutzd.40:56-
60.

16. Hunt, M.D., Neuenschwander, U.H., Delaney, T.P., Weymann,K.B., Friedrich,L.B., Lawton, K.A. et al.
(1996)Recentadvancesin systemicacquiredresistanceresearch- A review. Gene179:89-95.

17. Jackson,A.J., Walters, D.R. and Marshall, G. (1994) Evaluation of Penicillium chrysogenum and its
antifungalextractsaspotentialbiological control agentsagainstBotrytis fabaeon fababeans.Mycol. Res.
98:1117-1126.

18. Jeun,Y.C., Siegrist, J. andBuchenauer, H. (2000)Biochemicalandcytological studieson mechanismsof
systemicallyinducedresistanceto Phytophthora infestansin tomatoplants.J. Phytopathol.148:129-140.

19. Kalix, S., Anfoka, G., Li, Y., Stadnik,M. andBuchenauer, H. (1995)Inducedresistancein someselected
crops– prospectsand limitations. pp. 451-460.in: Lyr, H., Russel,P.E., andSisler, H.D. [Eds.] Modern
FungicidesandAntifungalCompounds.AthenaeumPress,Gateshead,UK.

20. Kessmann,H., Staub,T., Hofmann,C., Maetzke, T., Herzog,J.,Ward,E. etal. (1994)Inductionof systemic
acquiredresistancein plantsby chemicals.Annu.Rev. Phytopathol.32:439-459.

21. Oka,Y., Cohen,Y. andSpiegel, Y. (1999)Local andsystemicinducedresistanceto theroot-knotnematode
in tomatoby DL- � -amino-n-butyric acid.Phytopathology 89:1138-1143.

22. Reuveni, M. and Reuveni, R. (1995) Efficacy of foliar applicationof phosphatesin controlling powdery
mildew funguson field-grown winegrapes: effects on clusteryield and peroxidaseactivity in berries.J.
Phytopathol.143:21-25.

23. Reuveni, R., Shimoni,M. andKarchi, Z. (1990)A rapidassayfor monitoringperoxidaseactivity in melon
asa marker for resistanceto Pseudoperonospora cubensis.J. Phytopathol.129:333-338.
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