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

HezhongDong"?andYigal Cohen~*

Dry mycelium (DM) of killed Penicillium chrysagenumandits water extract (DME) were
usedto induceresistancen cotton plantsagainstFusariumoxysporun f.sp. vasinfectum
(Fov). Resultsshoved that the efficacy of either DM or DME in controlling the disease
depemds on boththe concertration andthe modeof application.DM amendedo the soil at
0.25—-2%6 (w/w) provided 32—75%protectionagainstov. Soil drenchwith 2-5%DME (w/v)
andpre-saving seedsoaka@ with 5-10%DME provided 51-7®6 and 28—3%% protection
againstthewilt diseaserespectiely, whereaso protectionwasobtainedwith foliar sprays
of 1-10%DME. DM and its water extract had no direct antifungalactiity on growth of
Fov in vitro, suggestingthat diseasecontrol with DM or DME resultedfrom the induction
of natural defensemechanismsn the cotton plants. Soil drenchwith 5% DME was as
effective as2% DM powder in inducingresistancegainstrov, implying thatthe resistance-
inducing substaneswere mostly watersoluble. Four cotton cultivars with variousgenetic
resistancdevels againstFov weretestedat the seedlingstage:two resistantPima’ cultivars
andtwo susceptibléAcala’ cultivars. Thelevel of protectionachievedin thetwo susceptible
cultivarswith DME wasequalto, or higherthan,thatof thetwo resistantultivarstreatedwith
water Innateandinducedperoxidaeactiity in cotyledmsor hypowtylsandrootscoincided
with the level of geneticresistanceand DME-inducedresistancerespectiely. Basedon
our results,an integratedcontrol stratgy of Fov with both geneticresistanceandinduced
resistances suggested

KEY WORDS:Geneticresistanceperoxidaeactivity; Penicillium chrysagenum Fusarium
oxyspoum f.sp. vasinfectum

INTRODUCTION

Fusariumwilt, causedby Fusariumoxysporumf.sp. vasinfectum(Fov), is a major
root diseaseof cottonworldwide (2,1315). Control of root diseasess geneally based
on the application of fungcides (30), resistantcultivars (1,31) and some agraxomic
techniqies(32,3). Theimpartanceof reducel pesticiddevelsin agricutural productsand
the ervironmert, togetherwith increasingdifficulties in breediry new resistantcultivars,
dictatethe needfor alternatve methodsof diseasecontrd (1,11,27). Oneof the potential
method of redwcing the seveiity of fungal diseasess theindudion of resistancechieved
with theaid of certainchemicalg8,25. In contrastto genetiaesistancenducel resistance
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canbeobtairedin plantswithout alteration®of theirgenaneandis charactaezedby abroad
spectrunof pratectionagairst various path@ens.Inducedresistancés basedon multiple
mechaisms,andtherebrethe pathognsmaynotreadilydevelop resistancé25).

Inducedresistancecan be achieved by usingbiotic indudng agentsor applicationof
abioticinducers(3,1220). In cotton,it wasrepotedthat2,6-dchlorasonicoticacid(INA),
3-amirobutyric acidandbeno[1,2 3]thiadazole-7€earbotlioic acid (BTH) wereeachable
toinduceresistancaganstVerticillium wilt andAlternarialeafspot(9,1026). Pre-soakig
of seedn BTH (1) andapplicationof the biological contrd agen Trichodermavirens(21)
indueed systemicresistanceaganst Fov and Rhizoctmia solani respectiely, in cotton
during the early stageof growth. Elicitors from Verticillium dahliae induced defense
resposesin cotton leaf disks againstthe samepathaen (14). At preseh thereis no
eviderce of inducedresistanceagainstFusariumwilt in cottonplantsby killed microbial
biomass.Dry myceliun (DM) usedin this studyis madeof the dried fungd biomassof
Penicillium chrysaenum afterextractian of penicillin. P. chrysaggenun wasreportel to be
anantagnistagainstBotrytisfabae(23). Limited informationis availableon the efficacy
of thekilled P. chrys@erumin diseaseontrd. Whenameneédto the soil, DM entanced
plantgrowth by nutrientsupplemetationandimproving soil fertility (19). RecentlyGaoet
al. (17)repatedthatDM appliedto thesoil pratectedcornagairst Fusariummoniliforme
We condicteda seriesof expeiimentswith four cottoncultivars,to learnif DM or its water
extractcaninduceresistancén cottonagainst-usariumwilt. The modesof applicationof
DM or DME asrelatedto contrd of Fusariumwilt, andthe involvemen of peraidasein
resistanceywerealsoinvestigded.

MATERIALS AND METHODS

Preparation of extracts Dry myceliumof P. chrys@erumwas provided by Biochemie
Ltd. (Kund, Austria). This fungal biomasswasdriedfor 4 h at 110°C by themanufcturer
andcontainsno penicillin. Dry myceliumextrad (DME) wasprepaiedusingthefollowing
procedure:100g of DM wassuspendeth 100 ml of distilled water The suspensiomas
shalenfor 2 h at 100 rpm; storedfor 22 h at roomtemperatte; andthenbriefly agitated
andfiltered through WhatmanNo. 1 filter paper The filtrate was autoclaed for 30 min
at 110°C andthe pH measued after cooling (10% DME, pH 2.6-2.8). DME (10%) was
storedasstocksolutionat 4°C andusedwithin onemorth.

Plants and DM or DME treatment Two uplandcottoncultivars (Gossypiunhirsutum
L. cvs.‘H552’ and‘Vered’) andtwo sea-islanatottoncultivars(Gossypiunbarbadensd..
cvs. ‘P906 and'PF15’), suppliedby HazeraGeneticd td. (Brurim, Israel),wereusedin
this study Seedsveresavn in 1000ml potscontainirg a mixtureof perliteandpeat(1:1,
v/v) andleft to grow in the greemouseat 18/28°C (night/day) under a 12-h photeriod
At 2 daysafteremegence(usually8—10days aftersaving), five healthyseedlingsvereleft
in eachpot. 0.5-5% DME (40 ml perpot) wasdrerchedinto eachpotwith apipette.Plants
drendedwith anequalvolumeof distilled waterwereusedas cortrols, unlessindicated
otherwise.

In the foliar spraytreatmentwater (contiol) or 1-10% DME (5 ml/pot) was sprayel
with a fine glassatomizeronto the upper leaf surfacesof the 2-dayold cottonseedlings.
Plantswereincubatedat 20°C (140 xE m—2 s~ ! illumination) for 2 h andthentransferre
to agreemouse.
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For DM treatmentthe mixture of perliteandpeatwasamen@dwith aDM (0.25-2%,
w/w), pottedandthenwatered. Seedswere savn in eachpot oneweekafterwards. For
seedsoakag, cottonseedswveresoaledin 1-10% DME for 24 h, thensawn in the potting
soil mixturewithout DM. Seedlingsvereleft to grow in agreemouseunde the condtions
describedabove. After emegence,plantswerewateredevery 2 or 3 dayswith anequal
volumeof watergivento eachpot.

Fungal inoculum  Fusariumoxyspeoumf.sp.vasinfectumvasgronn in 9-cmpetridishes
on PDA at 25°C in the dark. Cultures10-1 daysold werecrushe in sterilewaterand
the conidid concetration wasadjustedto 107 ml—! beforeinoculdion, unlessindicate
otherwise.

Inoculation Cottonseedlingg5-6 daysafteremepgence)wereremaoved carefully from

the soil and washedthoraughly with tap water The root tips (2 cm) were cut off

and then the root systemwas dippedin the inocdum for 5 min. Inoculatedseedlings
pretreded with DME werethentransplantd into pots contairing fresh potting mixture,

while thosepreteatedwith DM were transplated to their original soil mixture in pots.
After inoculdion, plantswere placedin large plastic boxes for 2 daysto avoid loss of

turgor andthenplacedin a greemouseundercontiolled tempeature(20/28°C, night/day)
andlight regime (12-h photgeriod)

Disease assessment  Our preliminaly datashavedthatyourg cottonseedlingg< 7 days
after emegence)inoculatedwith as mary as 107 conidia/mi of Fov usually exhibited

wilt symptons 4-5 days after inoculatian, and most of the wilting plantsdied during

the following 3—4 days. Somesurviving plantsexhibited symptans of leaf wilt and/o

vasculardiscoloratia in hypocotyls, 3 weeksafter inoculatian. To simplify calculation

deadplantsandplantswith eitherleafwilt or stemvasculardiscoloratio wereconsiderd

diseasedThepercemageof diseaseglants(deadandwilted) andof ‘protected’plantswas

calculated@ and24 daysafterinocuation, respectiely. Eachexpeimentwascarriedout

with five replicatef tenplantseachandwasrepegedatleasttwice.

Fungitoxicity tests CzapekDox (CZA) agarcontairing either0.5-5% (v/v) DME or 0.5~
2% (w/v) DM (powder) wasautoclaed poutedinto 9-cmpetridishesandinoculatedwith
threemycdium plugs (3 mm) of the Fov pathagen per dish (three dishesper treatment)
Theinocuatedplateswerekeptat 25°C in the darkandcolory diamete wasmeasued 5
dayslater

Peroxidase activity The upper part (cotylecns) and lower part (roats togetherwith
hypocotyls)of eitherhealthyor Fov-inoculatedcottonseedling, treatedor untreatedvith
DME, wereusedto assesperoxdaseactiity. Whole plantswereremoved from soil 1-3
daysafter DME treatmenbr 2 daysafterinocuation, washedhoraughly with water and
blotteddry. The upper partor lower part(~ 0.5 g) wasgrownd with a mortar and pestle
in 10 ml of cold 15 mM sodiumphaosphatebuffer (pH 6.0). The suspensionvas pourel
into a 50 ml tube,held still for 30 min in anice bath,andthencentrifuged(10000g for
10 min at4°C). Two hurdredyul of the superatantwasaddedto a mixture of 5 ml of 15
mM sodiumphosplatebuffer (pH 6.0), 100l of 0.05M guaiacoland100ul of 2% (v/v)
H>0Os in a50ml tube.After 3 min of reactiontheincreasen opticaldersity at470nmwas
recorcedwith a Milton Roy Spectroit Genesy$ spectrphotaneter Peroxidiseactivity
wasexpressedsthechang in absorlanceat470nmmin—! gf.wt—1. Fourreplicateplants
pertreatmenwereusedin eachexpeliment.
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RESULTS

Effect of DM and DME on fungal growth in vitro  Various concatrationsof DM (0.5~
2%, w/v) or DME (1-3%, v/v) wereaddedto CZA agarto studythe possiblefungitoxic
activity of DM and DME againstFov. Funga colory diameterrecoded 5 days after
inocdation did not differ significantly betweenDME-free (cortrol) and either DME-
amenad or DM-amerdedplates(datanot shavn), indicating that < 5% DME or 2% DM
hadnodirectactivity agairstthe path@en.

TABLE 1. Protectionobtainedin cotton plants (cv. H552) againstFusarium oxysmrum f.sp.
vasinfectunby variousconcettrationsof dry myceliumextract (DME) of Penicillium chrysagenum
as soil drench,seedsoakageor foliar spray Datarepresehpercentag of diseasedlants8 days
after inoculation, from three separateexperiments. DME was drenchedinto soil or sprayedonto
theleaves3 daysheforeinoculation. For seedsoakag treatmentseedsveresoaled in DME 1 day
beforesaving. Within rows, valuesfollowed by the sameletter do not differ significantly (P=0.05)
accordingto Duncans multiple rangetest.

Treatment Conentraton of DME (%)
0(CKk) 0.5 1 2 5 10
Soil drerch 80.5+5.4a 64.145.8b 52.3:5.6b 39.1+2.4c 17.2t5.2d -
Seedsoakage 80.1+6.0a - 77.747.3a 74.6£6.9a 58.8£8.4b 51.8+6.5b
Foliar spray 84.1+6.0a - 83.3t7.8a 73.8:10.5a 81.6+7.8a 82.6+5.7a
—notexamined.
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Fig. 1. Protectiorobtainedn cottonplants(cv. H552)againstusariumoxysporunf.sp. vasinfectum
(Fov) by dry mycelium(DM) of Penicillium chrysaenum. 0.25-2% DM (w/w) wasamenedto the
soil beforesowing. Plantswereinoculatedwith Fov 4 daysafter emegence. Datawererecorded
8 daysafterinoculation Valuesin columnsmarked with the sameletter do not differ significantly
(P=0.05)accordingto Duncans multiple rangetest.

Effect of DM on protection of cotton plants against Fov Cotton plants(cv. H552)
grown in soil cortaining 0.25-2% DM shaved significan protection againsthe disease3
daysafterinoculation (Fig. 1). Thelevel of pratectionrangedfrom 32%to 75%with 0.25-
2% DM. 2% DM providedthehighestevel of protection(75%)relative to plantsgrown in
DM-free soil.
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Fig. 2. The effect of modeof applicationof dry mycelium(DM) of Penicillium chrysagenumor DM

extract(DME) on the percentag of cottonplants(cv. H552) affectedby Fusariumoxysmrumf.sp.
vasinfectum(Fov) 8 daysafterinoculation. DM wasappliedas soil amenanent (2%, w/w) before
soving. DME wasappliedeitherasseedsoaka@ (5%, v/v) 1 daybeforesowing, or soil drench(5%,
vIv) or foliar spray(10%, v/v) 2 daysafteremegence.Plantswereinoculatedwith Fov 2 daysafter
DME treatmentor 4 daysafter emegence. Valuesin columnsmarked with the sameletter do not
differ significantly(P=0.05)accordingto Duncans multiple rangetest.
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Fig. 3. Protectiorobtainedby 5% dry myceliumextract(DME) of Penicillium chrysaenumin cotton
plantsof four cultivarsexpressingvariousgeneticresistance5% DME wasappliedassoil drench2
daysafteremepgence.Datarecorded daysafterinoculationshavedthattwo ‘Pima’ cultivars(PF15
andP906)weremoreresistanto Fusariumoxysporunt.sp. vasinfectunthantwo ‘Acala’ cultivars
(H552andVered).Barsindicate+ SD of themeans.

Effect of mode of DME application on protection against Fov Table 1 provides
dataon percentge of diseasedlantsin threeseparatexperimentsin which DME was
appliedas soil drerch, seedsoakageor foliar spray Soil drenchtreatmentswith 0.5-
5% DME protected the cotton seedlingssignificantly aganst Fov comparedwith water
treated, challenged plants (Ck). Application of 5% DME provided the highestlevel
of protection (77%). In seedsoakag expeiments, as little as 5-10% DME provided

Phytopaasitica30:1,2002 5



180 -

. ‘_DWatcr —
;;fém E15% DME =
= ‘%{]120 ‘ B %
@ —
if0 B =
Lo | [E =
& 9 3 = %

0 - =N =

H552 Vered PFL5 P906

Fig. 4. Peroxidaseactiity in cotyledas of healthycotton plantstreatedwith eitherwateror 5%

dry mycelium extract (DME) of Penicillium chrysagenumas soil drench. Peroxidaseactiity was

examinedin plantsof four cultivars (H552, Vered,PF15and P906)with variousgendic resistance
againstFusariumoxyspaumf.sp. vasinfectumBarsindicatet+ SD of themeans.
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Fig. 5. Peroxidasactiity in hypocotylsandrootsof healthycottonplantstreatedwith eitherwater
or 5% dry myceliumextract (DME) of Penicillium chrysayenumassoil drench. Peroxidasectvity
wasexaminedin four cultivars(H552, Vered,PF15andP906)with variousgeneticresistancegainst
Fusariumoxyspaoum f.sp. vasinfectumBarsindicatet+ SD of themeans.

significantpratection (27-35%) againstFov. A foliar spraywith up to 10% DME did
notresultin significantprotection aganstthedisease.

In orderfurtherto conparetheefficagy of differentapplicatiormethals,DM andDME
wereappliedat a singleoptimal dose.Datarecoded8 daysafterinoculation shavedthat
soil amemdmentwith 2% (w/w) DM andsoil drenchwith 5% (v/v) DME provided 76%
and70% pratection, respectiely, whereasseedsoakag with 5% DME provided a mud
lower, thoudh significant,level of pratectionof 26%. Foliar spraywith 10% DME did not
provide significantcontiol of thediseasd€Fig. 2). Recordsaken 24 daysafterinoculatian
shaveda similar pattern namely percentag of protetion by amernledDM anddrerched
DME was 74% and 58%, respectiely, andsignificantlyhigherthanthat of seedsoakag
(23%) However, ahigherpercemageof protection wasobtainedwvith DM thanwith DME.
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Fig. 6. Peroxidaseactvity in cotyledors of healthy cotton plants (cv. H552) treatedwith dry
mycelium(DM) amendmehor DM extract(DME) of Penicillium chrysgenumby variousmethods.
DM wasappliedas soil amendmen{2%, w/w) beforesowing. DME wasappliedasseedsoakag
(5%, viv) 1 day beforesawing; or assoil drench(5%, v/v) or foliar spray(10%, v/v) 2 daysafter
emepgence.Barsindicate+ SD of themeans.
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Fig. 7. Peroxidaseactvity in hypowmtylsandrootsof healthycottonplants(cv. H552)treatedwith dry
mycelium(DM) amendmehor DM extract(DME) of Penicillium chrysgenumby variousmethods.
DM wasappliedas soil amendmen{2%, w/w) beforesowing. DME wasappliedasseedsoakag
(5%, viv) 1 day beforesawing; or assoil drench(5%, v/v) or foliar spray(10%, v/v) 2 daysafter
emepgence.Barsindicate+ SD of themeans.

Genetic resistance and induced protection Figure3 providesdatafrom an experiment
in which the efficacy of DME in inducing resistanceaganst Fov wastestedin two Pima
cultivars andtwo Acalacultivars. The former (PF15andP90§ weremore resistanto Fov
thanthe latter (H552 andVered). Nevertheless all cultivars,whentreatedby soil drend
with 5% DME, shawed significan protection agairst Fov (82%, 82%, 100% and 62%,
respectidy), regardlessof their geretic resistanceo the path@en.
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Fig. 8. Peroxidaseactivity in healthyor inocuated (inoc.) cottonplants(cv. H552) treatedwith
eitherwater (Ck) or 5% dry myceliumextract (DME) of Penicillium chrysggenum R+H indicates
roots and hypocotys. Valuesin columrs marked with the sameletter do not differ significantly

(P=0.05)accordingto Duncans multiple rangetest.

Peroxidase activity in healthy plants Datain Figures4 and5 shav that peroxdase
actiity in boththe upper part(Fig. 4) andthelower part(Fig. 5) of thetwo Pimacotton
cultivars was muchhigherthanthat of the two Acala cottoncultivars; the differencewas
morepromouncedin the lower thanin the upperpart. Peroxidasectiity thuscoincidel
well with thelevel of genetiaresistanceSoil drenchwith 5% DME resultedn asignificant
increasen peroxichseactuity in the uppe partof H552, Veredand PF15,aswell asin
the lower part of all four cultivars. More than100% increasdn peroxdaseactiity was
measuredh thelower partsof thetwo Acalacultivars3 daysafter DME treatmentelative
to thewatertreatel contiol plants.

Figures6 and7 showv thatapplicdaion of DM or DME assoil drerch or seedsoakag
significantlyincreasegheroxdaseactivity in boththeupperandlower partsof cottonplants
(cv. H552) 3 daysaftertreatmenhor 5 daysafteremepgencewhereasiosignifican increase
wasfound in the plantstreatedwith foliar sprayof DME.

Peroxidase activity in Fov-inoculated plants Figure8 shavs thatinocuation with Fov
causeda significantincreasein peroddaseactity in watertreatedplants(H552), more
increasdn the upperpartthanin the lower part. DME induced significantelevatiors in
peroxdaseactivity, but no furtherincremers occureduponinoculatian with Fov.

DISCUSSION

Inducedresistancénasbeenconsideredh potentialstratgy for diseasecontiol (1,24).
Its practical application in plant pratection requiles both detailed knowvledge of the
indudion meclanismsanddevelopmen of moreeffedive andsaferinducingagentg22).
During the last decadea nunmber of inducers were reportedas effective induces of
resistancdn various plants againstattack by different pattogens(4-8,24). In cotton
chemicalssuchas INA, 3-amindoutyric acid and BTH were able to induce resistance
agairst Verticillium wilt and Alternarialeaf spotwith either soil drerch or foliar spray
(9,10,26) Recently a preliminay field study (1) shoved that pre-saving seedsoakag
with BTH resultedn inducel resistancén cottonplantsaganst Fusariumwilt.
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Resultdn thepresenpapeiindicaedthatDM mixedinto soilandDME eitherdrerched
to rootsor appliedto seedssignificantlyreducedhe percetageof cottonplarts infected
by Fov. Sincenoinhibitory effect onthe mycelialgrowth of the pattogenwasobseredin
vitro, controlof thewilt diseasavith DM or DME is suggestetb resultfrom theinductian
of thenatual defersemeclanismsn cottonplants.Datafrom severalexperimentsevealel
that a soil mixture containng 2% DM, soil drenchwith 5% DME, or a pressowing seed
soakagewith 10% DME, provided respectiely, up to 75%, 70% and 30% protection
agairst Fusariumwilt 8 days after inoculdion, relative to watertreatedcontrd plants,
whereadoliar spraywith 1-10% DME did not provide ary contiol of the wilt disease.
It is suggestedthat cotton plantscandifferentially expressinducedresistancalepeiding
ontheconcerrationof DM or DME, applicationmethod andthetissuetreated.Thefact
thatsoil drenchwith 5% DME wasaseffective as2% DM in inducingresistanceagainst
Fov at 8 dayspost-iroculation implied that the resistance-ingcing substances mostly
watersolube.

Studiesof the mecharsms of inducedresistancenave beenperformedin various
plant speciesduiing the lastdeca&. In geneal, deferserespoesin eitherbiotically or
abioticallyactivatedplantsinclude processesf oxygenburst,lignification of hostcell walls
(33), formationof cell wall appaition at sitesof attemptegenetratio of fungal pathogns
(34), accumtation of path@enesis-relateproteirs (PRs)(36), andotherbiochenical and
physiological changsin the hostplants(24). PRscompise four families of chitinases
(PR-3,-4, -8 and-11),oneof 3-1,3-glucanase$PR-2),oneof proteiraseinhibitors Betv
1-related(PR-6), and one specific perxidase (PR-9), as well as the PR-1 family with
unkrown biological properties thethaumatin-like PR-5family, andthebirch allergen Betv
[-relatedPR-10family (36). Amongthe PR prateins, chitinasesand glucanasepossess
potertial antifurgal actities, while the PR-9peroxdaseis of the lignin-forming typeand
couldbeinvolvedin thestrengthaing of cell walls (36,37). It hasbeerreported27-2,35
thatinfection with pathaensor applicationof inorgarnc chemicalsenhacedperoxdase
activity, which was very often associatedvith resistance. Among different genotyes
of musknelon, thosewith high peroddaseactivity often had higher levels of genetic
resistancg29,30). Peroxichsecatalyzeghe final polymerizationstepof lignin synthesis,
andmaytherebrebedirectlyassociatewvith theincreaedability of systemicallyprotectel
tissueto lignify (18). Peroxidhseactiity could alsobe a biochamical marker for genetic
resistancé€27-29). However, vely little is known abou the effect of inducersof microbial
origin ontheactiity of this enzymeandits relationshipto inducedresistance.

Vasculawilts of cottonarecausedy bothV. dahliaeandFov. Thefoliar symptonsand
progessof thesediseasearesimilar (16). Thesepath@enspenetrateottonplantsthrough
the roots and spreadsystemicallythrowgh the xylem, leadingto the appearanceof wilt
diseasesymptans (15,36). In this papemwe shavedthat peroxdaseactiity in hypocotyls
or roats and cotyledbns of two Pima cultivars was significantly higher than that of two
Acala cultivars. As Pima cultivars possesgreatergeneticresistancedo Fov than Acala
cultivars, it is suggestedhat peroxidaseactivity is involved in the geneticresistanceof
untreaedcottonplants.Furtherexpeiimentsshavedthatsoil amemimentwith DM andsoil
drent with DME alsoledto significarily increasegeroidaseactiity in bothcotyledams
andlower partsof cottonplants whereasioenhaigemenbf perocidaseactiity occuredin
plantstreatedwvith DME spray Theincreasén peroddaseactivity in cotyledmsresulting
from treatmen of the root with eitherDME or DM is indicative of a systemiceffect. The
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level of peroxdaseactivity coincideswith the level of inducedresistancen seedlingsof
thefour cottongendypes,indicatingthatresistancénducel by DM powderor DME was
closelyassociateavith enhanedlevelsof peroidaseactivity.

Previous repats by others (9,1025) have shavn that susceptiblecotton cultivars
could be significantly pratectedagairst Fusariumdisease$y chemicalinduces. In our
expeliments,it wasfoundthattwo susceptibl@ndtwo resistantultivars, whentreatedwith
DME, exhibited significantresistancegairst Fusariumwilt relative to their correspnding
watercortrols, regardlessof their geneticresistanceMoreover, PF-15,the mostresistant
cultivar, shavedupto 100% protedion aftertreatmenwith DME. It seemghatcontrd of
Fusariumwilt by both geneticresistanceandinducedresistancavas more effective than
by only oneof thesetwo factors.Theuseof resistantultivarsandinducedresistancenay
malke a significantcontrilution to effective diseasecontiol.

Basedon previous studieq(19) andour presentesearchit is conclugdthatDM is not
only anorganicfertilizer providing nutientsto cropplantsandimproving humusin soil, but
alsoaninducerof resistanceDME- andDM-inducedresistancelepemis on concetration
andapplicaion modeof DM or DME.
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