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Induced Resistance in Cotton Seedlings Against Fusarium
Wilt by Dried Biomass of Penicillium chrysogenum and Its

Water Extract
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Dry mycelium(DM) of killed Penicillium chrysogenumand its waterextract (DME) were
usedto induceresistancein cotton plantsagainstFusariumoxysporum f.sp. vasinfectum
(Fov). Resultsshowed that the efficacy of either DM or DME in controlling the disease
dependson both theconcentrationandthemodeof application.DM amendedto thesoil at
0.25–2% (w/w) provided 32–75%protectionagainstFov. Soil drenchwith 2–5%DME (w/v)
andpre-sowing seedsoakage with 5–10%DME provided 51–77% and28–35% protection
againstthewilt disease,respectively, whereasno protectionwasobtainedwith foliar sprays
of 1–10%DME. DM and its water extract had no direct antifungalactivity on growth of
Fov in vitro, suggestingthat diseasecontrol with DM or DME resultedfrom the induction
of natural defensemechanismsin the cotton plants. Soil drenchwith 5% DME was as
effective as2% DM powder in inducingresistanceagainstFov, implying thattheresistance-
inducingsubstancesweremostly water-soluble. Four cottoncultivarswith variousgenetic
resistancelevelsagainstFov weretestedat theseedlingstage:two resistant‘Pima’ cultivars
andtwo susceptible‘Acala’ cultivars.Thelevel of protectionachievedin thetwo susceptible
cultivarswith DME wasequalto,or higherthan,thatof thetwo resistantcultivarstreatedwith
water. Innateandinducedperoxidaseactivity in cotyledonsor hypocotylsandrootscoincided
with the level of geneticresistanceand DME-inducedresistance,respectively. Basedon
our results,an integratedcontrol strategy of Fov with both geneticresistanceand induced
resistanceis suggested.
KEY WORDS:Geneticresistance;peroxidaseactivity; Penicillium chrysogenum; Fusarium
oxysporum f.sp.vasinfectum.

INTRODUCTION

Fusariumwilt, causedby Fusariumoxysporumf.sp. vasinfectum(Fov), is a major
root diseaseof cottonworldwide (2,13,15). Control of root diseasesis generally based
on the application of fungicides (30), resistantcultivars (1,31) and some agronomic
techniques(32,38). Theimportanceof reduced pesticidelevelsin agricultural productsand
the environment, togetherwith increasingdifficulties in breeding new resistantcultivars,
dictatetheneedfor alternative methodsof diseasecontrol (1,11,27). Oneof thepotential
methods of reducing theseverity of fungal diseasesis theinduction of resistanceachieved
with theaidof certainchemicals(8,25). In contrastto geneticresistance,induced resistance
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canbeobtainedin plantswithout alterationsof theirgenomeandis characterizedbyabroad
spectrumof protectionagainst various pathogens.Inducedresistanceis basedon multiple
mechanisms,andthereforethepathogensmaynot readilydevelop resistance(25).

Inducedresistancecanbe achieved by usingbiotic inducing agentsor applicationof
abioticinducers(3,12,20). In cotton,it wasreportedthat2,6-dichloroisonicoticacid(INA),
3-aminobutyric acidandbenzo[1,2,3]thiadiazole-7-carbothioic acid(BTH) wereeachable
to induceresistanceagainstVerticillium wilt andAlternarialeafspot(9,10,26). Pre-soaking
of seedin BTH (1) andapplicationof thebiologicalcontrol agent Trichodermavirens(21)
induced systemicresistanceagainst Fov and Rhizoctonia solani, respectively, in cotton
during the early stageof growth. Elicitors from Verticillium dahliae induced defense
responsesin cotton leaf disks againstthe samepathogen (14). At present, thereis no
evidence of inducedresistanceagainstFusariumwilt in cottonplantsby killed microbial
biomass.Dry mycelium (DM) usedin this studyis madeof thedried fungal biomassof
Penicillium chrysogenum afterextraction of penicillin. P. chrysogenum wasreported to be
anantagonistagainstBotrytis fabae(23). Limited informationis availableon theefficacy
of thekilled P. chrysogenum in diseasecontrol. Whenamendedto thesoil, DM enhanced
plantgrowth bynutrientsupplementationandimprovingsoil fertility (19). Recently, Gaoet
al. (17) reportedthatDM appliedto thesoil protectedcornagainst Fusariummoniliforme.
Weconductedaseriesof experimentswith four cottoncultivars,to learnif DM or its water
extractcaninduceresistancein cottonagainstFusariumwilt. Themodesof applicationof
DM or DME asrelatedto control of Fusariumwilt, andthe involvement of peroxidasein
resistance,werealsoinvestigated.

MATERIALS AND METHODS

Preparation of extracts Dry myceliumof P. chrysogenumwasprovidedby Biochemie
Ltd. (Kundl, Austria).This fungalbiomasswasdriedfor 4 h at110

	
C by themanufacturer

andcontainsnopenicillin. Dry myceliumextract (DME) waspreparedusingthefollowing
procedure:100g of DM wassuspendedin 1000 ml of distilledwater. Thesuspensionwas
shakenfor 2 h at 100rpm; storedfor 22 h at roomtemperature; andthenbriefly agitated
andfiltered through WhatmanNo. 1 filter paper. The filtrate wasautoclaved for 30 min
at 110

	
C andthepH measured aftercooling(10%DME, pH 2.6–2.8). DME (10%)was

storedasstocksolutionat 4
	
C andusedwithin onemonth.

Plants and DM or DME treatment Two uplandcottoncultivars (Gossypiumhirsutum
L. cvs. ‘H552’ and‘Vered’) andtwo sea-islandcottoncultivars(GossypiumbarbadenseL.
cvs. ‘P906’ and‘PF15’), suppliedby HazeraGeneticsLtd. (Brurim, Israel),wereusedin
this study. Seedsweresown in 1000-ml potscontaining a mixtureof perliteandpeat(1:1,
v/v) andleft to grow in thegreenhouseat 18/28

	
C (night/day)under a 12-hphotoperiod.

At 2 daysafteremergence(usually8–10daysaftersowing),fivehealthyseedlingswereleft
in eachpot. 0.5–5%DME (40ml perpot)wasdrenchedinto eachpotwith apipette.Plants
drenchedwith anequalvolumeof distilled waterwereusedascontrols, unlessindicated
otherwise.

In the foliar spraytreatment,water(control) or 1–10% DME (5 ml/pot) wassprayed
with a fine glassatomizeronto the upper leaf surfacesof the 2-day-old cottonseedlings.
Plantswereincubatedat20

	
C (140 
 E m �
� s��� illumination) for 2 h andthentransferred

to a greenhouse.
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For DM treatment,themixture of perliteandpeatwasamendedwith a DM (0.25–2%,
w/w), pottedandthenwatered.Seedsweresown in eachpot oneweekafterwards. For
seedsoakage,cottonseedsweresoakedin 1–10% DME for 24h, thensown in thepotting
soil mixturewithout DM. Seedlingswereleft to grow in agreenhouseunder theconditions
describedabove. After emergence,plantswerewateredevery 2 or 3 dayswith an equal
volumeof watergivento eachpot.

Fungal inoculum Fusariumoxysporum f.sp.vasinfectumwasgrown in 9-cmpetridishes
on PDA at 25

	
C in the dark. Cultures10–15 daysold werecrushed in sterilewaterand

the conidial concentration wasadjustedto 10 � ml ��� beforeinoculation, unlessindicated
otherwise.

Inoculation Cottonseedlings(5–6 daysafteremergence)wereremovedcarefully from
the soil and washedthoroughly with tap water. The root tips (2 cm) were cut off
and then the root systemwas dippedin the inoculum for 5 min. Inoculatedseedlings
pretreated with DME were then transplanted into potscontaining freshpotting mixture,
while thosepretreatedwith DM were transplanted to their original soil mixture in pots.
After inoculation, plantswere placedin large plastic boxes for 2 daysto avoid loss of
turgor andthenplacedin a greenhouseundercontrolled temperature(20/28

	
C, night/day)

andlight regime (12-h photoperiod).

Disease assessment Ourpreliminary datashowedthatyoung cottonseedlings( � 7 days
after emergence)inoculatedwith as many as 10 � conidia/ml of Fov usually exhibited
wilt symptoms 4–5 daysafter inoculation, and most of the wilting plantsdied during
the following 3–4 days. Somesurviving plantsexhibited symptoms of leaf wilt and/or
vasculardiscoloration in hypocotyls,3 weeksafter inoculation. To simplify calculation,
deadplantsandplantswith eitherleaf wilt or stemvasculardiscoloration wereconsidered
diseased.Thepercentageof diseasedplants(deadandwilted) andof ‘protected’plantswas
calculated8 and24 daysafter inoculation, respectively. Eachexperimentwascarriedout
with five replicatesof tenplantseach,andwasrepeatedat leasttwice.

Fungitoxicity tests CzapekDox(CZA) agarcontainingeither0.5–5%(v/v) DME or0.5–
2%(w/v) DM (powder)wasautoclaved, pouredinto 9-cmpetridishesandinoculatedwith
threemycelium plugs(3 mm) of the Fov pathogenper dish (three dishesper treatment).
Theinoculatedplateswerekeptat 25

	
C in thedarkandcolony diameter wasmeasured5

dayslater.

Peroxidase activity The upperpart (cotyledons) and lower part (roots togetherwith
hypocotyls)of eitherhealthyor Fov-inoculatedcottonseedlings, treatedor untreatedwith
DME, wereusedto assessperoxidaseactivity. Wholeplantswereremovedfrom soil 1–3
daysafterDME treatmentor 2 daysafter inoculation,washedthoroughly with water, and
blotteddry. The upper partor lower part ( � 0.5 g) wasground with a mortar andpestle
in 10 ml of cold 15 mM sodiumphosphatebuffer (pH 6.0). Thesuspensionwaspoured
into a 50 ml tube,heldstill for 30 min in an ice bath,andthencentrifuged(10,000g for
10 min at 4

	
C). Two hundred 
 l of thesupernatantwasaddedto a mixture of 5 ml of 15

mM sodiumphosphatebuffer (pH 6.0), 100 
 l of 0.05M guaiacol,and100 
 l of 2% (v/v)
H � O� in a50ml tube.After 3 minof reaction,theincreasein opticaldensity at470nmwas
recordedwith a Milton Roy Spectronic Genesys5 spectrophotometer. Peroxidaseactivity
wasexpressedasthechangein absorbanceat470nmmin ��� g f.wt ��� . Fourreplicateplants
pertreatment wereusedin eachexperiment.
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RESULTS

Effect of DM and DME on fungal growth in vitro Various concentrationsof DM (0.5–
2%, w/v) or DME (1–5%, v/v) wereaddedto CZA agarto studythepossiblefungitoxic
activity of DM and DME againstFov. Fungal colony diameterrecorded 5 daysafter
inoculation did not differ significantly betweenDME-free (control) and either DME-
amendedor DM-amendedplates(datanot shown), indicating that � 5% DME or 2% DM
hadnodirectactivity against thepathogen.

TABLE 1. Protectionobtainedin cotton plants (cv. H552) againstFusarium oxysporum f.sp.
vasinfectumby variousconcentrationsof dry myceliumextract (DME) of Penicillium chrysogenum
assoil drench,seedsoakageor foliar spray. Data represent percentage of diseasedplants8 days
after inoculation, from threeseparateexperiments. DME was drenchedinto soil or sprayedonto
the leaves3 daysbeforeinoculation.For seedsoakage treatment,seedsweresoaked in DME 1 day
beforesowing. Within rows, valuesfollowedby thesameletterdo not differ significantly(P=0.05)
accordingto Duncan’s multiple rangetest.

Treatment Concentration of DME (%)
0 (Ck) 0.5 1 2 5 10

Soil drench 80.5� 5.4a 64.1� 5.8b 52.3� 5.6b 39.1� 2.4c 17.2� 5.2d –
Seedsoakage 80.1� 6.0a – 77.7� 7.3a 74.6� 6.9a 58.8� 8.4b 51.8� 6.5b
Foliar spray 84.1� 6.0a – 83.3� 7.8a 73.8� 10.5a 81.6� 7.8a 82.6� 5.7a

– not examined.

Fig.1. Protectionobtainedin cottonplants(cv. H552)againstFusariumoxysporum f.sp.vasinfectum
(Fov) by dry mycelium(DM) of Penicillium chrysogenum.0.25–2% DM (w/w) wasamendedto the
soil beforesowing. Plantswere inoculatedwith Fov 4 daysafter emergence. Datawererecorded
8 daysafter inoculation. Valuesin columnsmarked with the sameletter do not differ significantly
(P=0.05)accordingto Duncan’s multiple rangetest.

Effect of DM on protection of cotton plants against Fov Cotton plants(cv. H552)
grown in soil containing0.25–2%DM showedsignificant protection againstthedisease8
daysafterinoculation (Fig. 1). Thelevel of protectionrangedfrom 32%to 75%with 0.25–
2%DM. 2%DM providedthehighestlevel of protection(75%)relativeto plantsgrown in
DM-freesoil.
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Fig. 2. Theeffect of modeof applicationof dry mycelium(DM) of Penicillium chrysogenumor DM
extract (DME) on thepercentage of cottonplants(cv. H552)affectedby Fusariumoxysporum f.sp.
vasinfectum(Fov) 8 daysafter inoculation. DM wasappliedassoil amendment(2%, w/w) before
sowing. DME wasappliedeitherasseedsoakage(5%,v/v) 1 daybeforesowing, or soil drench(5%,
v/v) or foliar spray(10%,v/v) 2 daysafteremergence.Plantswereinoculatedwith Fov 2 daysafter
DME treatmentor 4 daysafter emergence.Valuesin columnsmarked with the sameletter do not
differ significantly(P=0.05)accordingto Duncan’s multiple rangetest.

Fig.3. Protectionobtainedby 5%dry myceliumextract(DME) of Penicilliumchrysogenumin cotton
plantsof four cultivarsexpressingvariousgeneticresistance.5% DME wasappliedassoil drench2
daysafteremergence.Datarecorded8 daysafterinoculationshowedthattwo ‘Pima’ cultivars(PF15
andP906)weremoreresistantto Fusariumoxysporumf.sp. vasinfectumthantwo ‘Acala’ cultivars
(H552andVered).Barsindicate � SD of themeans.

Effect of mode of DME application on protection against Fov Table 1 provides
dataon percentage of diseasedplantsin threeseparateexperimentsin which DME was
appliedas soil drench, seedsoakageor foliar spray. Soil drenchtreatmentswith 0.5–
5% DME protected the cottonseedlingssignificantlyagainst Fov comparedwith water-
treated,challenged plants (Ck). Application of 5% DME provided the highest level
of protection (77%). In seedsoakage experiments, as little as 5–10% DME provided

Phytoparasitica30:1,2002 5



Fig. 4. Peroxidaseactivity in cotyledons of healthycottonplantstreatedwith eitherwateror 5%
dry myceliumextract (DME) of Penicillium chrysogenumassoil drench. Peroxidaseactivity was
examinedin plantsof four cultivars(H552,Vered,PF15andP906)with variousgenetic resistance
againstFusariumoxysporum f.sp. vasinfectum.Barsindicate � SDof themeans.

Fig. 5. Peroxidaseactivity in hypocotylsandrootsof healthycottonplantstreatedwith eitherwater
or 5% dry myceliumextract (DME) of Penicillium chrysogenumassoil drench.Peroxidaseactivity
wasexaminedin four cultivars(H552,Vered,PF15andP906)with variousgeneticresistanceagainst
Fusariumoxysporum f.sp. vasinfectum.Barsindicate � SDof themeans.

significantprotection (27–35%) againstFov. A foliar spraywith up to 10% DME did
not resultin significantprotection against thedisease.

In orderfurtherto comparetheefficacy of differentapplicationmethods,DM andDME
wereappliedat a singleoptimaldose.Datarecorded8 daysafter inoculationshowedthat
soil amendmentwith 2% (w/w) DM andsoil drenchwith 5% (v/v) DME provided 76%
and70%protection,respectively, whereasseedsoakage with 5% DME provideda much
lower, though significant,level of protectionof 26%. Foliar spraywith 10%DME did not
provide significantcontrol of thedisease(Fig. 2). Recordstaken24 daysafterinoculation
showeda similar pattern, namely, percentage of protection by amendedDM anddrenched
DME was74%and58%,respectively, andsignificantlyhigherthanthatof seedsoakage
(23%). However, ahigherpercentageof protection wasobtainedwith DM thanwith DME.
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Fig. 6. Peroxidaseactivity in cotyledons of healthy cotton plants (cv. H552) treatedwith dry
mycelium(DM) amendment or DM extract(DME) of Penicilliumchrysogenumby variousmethods.
DM wasappliedassoil amendment(2%, w/w) beforesowing. DME wasappliedasseedsoakage
(5%, v/v) 1 day beforesowing; or assoil drench(5%, v/v) or foliar spray(10%, v/v) 2 daysafter
emergence.Barsindicate � SD of themeans.

Fig.7. Peroxidaseactivity in hypocotylsandrootsof healthycottonplants(cv. H552)treatedwith dry
mycelium(DM) amendment or DM extract(DME) of Penicilliumchrysogenumby variousmethods.
DM wasappliedassoil amendment(2%, w/w) beforesowing. DME wasappliedasseedsoakage
(5%, v/v) 1 day beforesowing; or assoil drench(5%, v/v) or foliar spray(10%, v/v) 2 daysafter
emergence.Barsindicate � SD of themeans.

Genetic resistance and induced protection Figure3 providesdatafrom anexperiment
in which the efficacy of DME in inducing resistanceagainst Fov wastestedin two Pima
cultivars andtwo Acalacultivars.Theformer (PF15andP906) weremore resistantto Fov
thanthe latter (H552 andVered). Nevertheless,all cultivars,whentreatedby soil drench
with 5% DME, showed significant protection against Fov (82%, 82%, 100% and 62%,
respectively), regardlessof theirgenetic resistanceto thepathogen.
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Fig. 8. Peroxidaseactivity in healthyor inoculated(inoc.) cottonplants(cv. H552) treatedwith
eitherwater(Ck) or 5% dry myceliumextract (DME) of Penicillium chrysogenum. R+H indicates
roots and hypocotyls. Valuesin columns marked with the sameletter do not differ significantly
(P=0.05)accordingto Duncan’s multiple rangetest.

Peroxidase activity in healthy plants Data in Figures 4 and 5 show that peroxidase
activity in boththeupper part (Fig. 4) andthe lower part (Fig. 5) of thetwo Pimacotton
cultivars wasmuchhigherthanthatof the two Acalacottoncultivars; thedifferencewas
morepronouncedin the lower thanin the upperpart. Peroxidaseactivity thuscoincided
well with thelevel of geneticresistance.Soil drenchwith 5%DME resultedin asignificant
increasein peroxidaseactivity in the upper part of H552, VeredandPF15,aswell asin
the lower part of all four cultivars. More than100% increasein peroxidaseactivity was
measuredin thelowerpartsof thetwo Acalacultivars3 daysafterDME treatmentrelative
to thewater-treated control plants.

Figures6 and7 show thatapplication of DM or DME assoil drench or seedsoakage
significantlyincreasedperoxidaseactivity in boththeupperandlowerpartsof cottonplants
(cv. H552) 3daysaftertreatment or5daysafteremergence,whereasnosignificant increase
wasfound in theplantstreatedwith foliar sprayof DME.

Peroxidase activity in Fov-inoculated plants Figure8 shows that inoculation with Fov
causeda significantincreasein peroxidaseactivity in water-treatedplants(H552), more
increasein the upperpart thanin the lower part. DME inducedsignificantelevations in
peroxidaseactivity, but nofurtherincrements occurreduponinoculation with Fov.

DISCUSSION

Inducedresistancehasbeenconsidereda potentialstrategy for diseasecontrol (1,24).
Its practical application in plant protection requires both detailed knowledge of the
induction mechanismsanddevelopment of moreeffective andsaferinducingagents(22).
During the last decadea number of inducers were reportedas effective inducers of
resistancein various plants againstattack by different pathogens(4-8,24). In cotton,
chemicalssuch as INA, 3-aminobutyric acid and BTH were able to induce resistance
against Verticillium wilt andAlternaria leaf spot with either soil drench or foliar spray
(9,10,26). Recently, a preliminary field study (1) showed that pre-sowing seedsoakage
with BTH resultedin induced resistancein cottonplantsagainst Fusariumwilt.
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Resultsin thepresentpaperindicatedthatDM mixedintosoil andDME eitherdrenched
to rootsor appliedto seedssignificantlyreducedthepercentageof cottonplants infected
by Fov. Sinceno inhibitory effect on themycelialgrowth of thepathogenwasobserved in
vitro, controlof thewilt diseasewith DM or DME is suggestedto resultfrom theinduction
of thenatural defensemechanismsin cottonplants.Datafromseveralexperimentsrevealed
that a soil mixture containing 2% DM, soil drenchwith 5% DME, or a pre-sowing seed
soakagewith 10% DME, provided, respectively, up to 75%, 70% and 30% protection
against Fusariumwilt 8 daysafter inoculation, relative to water-treatedcontrol plants,
whereasfoliar spraywith 1–10% DME did not provide any control of the wilt disease.
It is suggestedthat cottonplantscandifferentiallyexpressinducedresistancedepending
on theconcentrationof DM or DME, applicationmethod, andthetissuetreated.Thefact
thatsoil drenchwith 5% DME wasaseffective as2% DM in inducingresistanceagainst
Fov at 8 dayspost-inoculation, implied that the resistance-inducing substanceis mostly
water-soluble.

Studiesof the mechanisms of inducedresistancehave beenperformed in various
plant speciesduring the last decade. In general, defenseresponsesin eitherbiotically or
abioticallyactivatedplantsincludeprocessesof oxygenburst,lignificationof hostcellwalls
(33), formationof cell wall appositionatsitesof attemptedpenetration of fungal pathogens
(34), accumulationof pathogenesis-relatedproteins (PRs)(36), andotherbiochemical and
physiologicalchanges in the hostplants(24). PRscomprise four familiesof chitinases
(PR-3,-4, -8 and–11),oneof � -1,3-glucanases(PR-2),oneof proteinaseinhibitors Betv
1-related(PR-6), and one specificperoxidase(PR-9), as well as the PR-1 family with
unknown biologicalproperties,thethaumatin-likePR-5family, andthebirchallergen Betv
l-relatedPR-10family (36). Among the PR proteins,chitinasesandglucanasespossess
potential antifungal activities,while thePR-9peroxidaseis of thelignin-forming typeand
couldbeinvolvedin thestrengtheningof cell walls(36,37). It hasbeenreported(27-29,35)
that infection with pathogensor applicationof inorganic chemicalsenhancedperoxidase
activity, which was very often associatedwith resistance. Among different genotypes
of muskmelon, thosewith high peroxidaseactivity often had higher levels of genetic
resistance(29,30). Peroxidasecatalyzesthefinal polymerizationstepof lignin synthesis,
andmaythereforebedirectlyassociatedwith theincreasedability of systemicallyprotected
tissueto lignify (18). Peroxidaseactivity couldalsobea biochemical marker for genetic
resistance(27-29). However, very little is known about theeffect of inducersof microbial
origin on theactivity of thisenzymeandits relationshipto inducedresistance.

Vascularwilts of cottonarecausedbybothV. dahliaeandFov. Thefoliar symptomsand
progressof thesediseasesaresimilar(16). Thesepathogenspenetratecottonplantsthrough
the rootsand spreadsystemicallythrough the xylem, leadingto the appearanceof wilt
diseasesymptoms(15,36). In this paperwe showedthatperoxidaseactivity in hypocotyls
or roots andcotyledonsof two Pima cultivars was significantlyhigher than that of two
Acala cultivars. As Pima cultivarspossessgreatergeneticresistanceto Fov thanAcala
cultivars, it is suggestedthat peroxidaseactivity is involved in the geneticresistanceof
untreatedcottonplants.Furtherexperimentsshowedthatsoil amendmentwith DM andsoil
drench with DME alsoledto significantly increasedperoxidaseactivity in bothcotyledons
andlowerpartsof cottonplants,whereasnoenhancementof peroxidaseactivity occurredin
plantstreatedwith DME spray. Theincreasein peroxidaseactivity in cotyledonsresulting
from treatment of theroot with eitherDME or DM is indicative of a systemiceffect. The
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level of peroxidaseactivity coincideswith the level of inducedresistancein seedlingsof
thefour cottongenotypes,indicatingthatresistanceinduced by DM powderor DME was
closelyassociatedwith enhancedlevelsof peroxidaseactivity.

Previous reports by others (9,10,25) have shown that susceptiblecotton cultivars
could be significantlyprotectedagainst Fusariumdiseasesby chemicalinducers. In our
experiments,it wasfoundthattwosusceptibleandtworesistantcultivars,whentreatedwith
DME, exhibitedsignificantresistanceagainstFusariumwilt relative to theircorresponding
watercontrols, regardlessof their geneticresistance.Moreover, PF-15,themostresistant
cultivar, showedup to 100% protection aftertreatment with DME. It seemsthatcontrol of
Fusariumwilt by both geneticresistanceandinducedresistancewasmore effective than
by only oneof thesetwo factors.Theuseof resistantcultivarsandinducedresistancemay
makeasignificantcontribution to effectivediseasecontrol.

Basedonpreviousstudies(19) andourpresentresearch,it is concludedthatDM is not
onlyanorganicfertilizerprovidingnutrientstocropplantsandimprovinghumusin soil,but
alsoaninducerof resistance.DME- andDM-inducedresistancedependsonconcentration
andapplication modeof DM or DME.
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