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Dry Mycelium of Penicillium chrysogenum Induces
ResistanceAgainst Verticilli um Wilt and Enhances
Growth of Cotton Plants

HezhongDong' -2 andYigal Cohen*

Dry mycelium(DM) of Penicillium chrysogenum andits waterextract(DME) wereexamined
for their effects on induced resistanceagainstVerticillium wilt and plant grownth of cotton

in the greenhaise. Soil applicationof 0.1-5%DM or 0.5-%% DME provided significant
protectionagainsthewilt, relativeto thecontrol. As neitherDM nor DME inhibitedmycelial

growth of Verticillium dahliae in vitro, it is suggestedthat the disease-catnolling effects
of DM or DME are attributedto inducedresistance.DME (5%), aswell as DME treated
with chloroformor cold acetone were as effective as2% DM in reducirg diseaseseverity

of Verticillium wilt, implying that the resistance-indting substage(s)in DM are mostly

watersoluble,with neitherproteinsnor lipids likely to be responsiblfor the induction of

resistanceNo significantdifferencein root colonizaion with V. dahliae wasfound between
control-inocdated and 2% DM- or 5% DME-inoculatedplants. However, colonizationof

hypocdyls andepicotylswasdrasticallysuppressety either2% DM or 5% DME relative

to the control. Treatmentswith 2% DM or 5% DME significantlyincreasedonically-bourd

peroxidase (POX) actiity in roots,hypocdyls andthe secondeaf of cottonplants,with the
hypocdyls expressingthe highestincrease Soil applicationof DM or DME increaseglant
height,freshanddry weight of inoculatedandnon-inaculatedcottonplants,relative to their
correspoding controls.lt is concludel thatDM maybeusedin cottoncropsto promoteplant
growth andto induceresistancegainstV. dahliae. POX mightbeassociatedvith thedefense
againstVerticillium wilt.

KEY WORDS: \erticillium dahliae; peroxidaseactivity; Gossypium hirsutum; Gossypium

barbadense.

INTRODUCTION

Verticillium wilt of cottonis an econanically importart diseasethat occus in most
cotton production areasof the world (12,3%). \erticillium dahliae Kleb., the causal
organism of this disease,is a soilbone fungus which penetrées the cotton root and
systemicallyinfects the plant throwgh the xylem (9,15). Infeced cotton plantsusually
exhibit symptons of mamginal chlorsis or necosisin leaves, discolordion of the stem
vascularbundes, decreasén phaosynthesisandincreasdn respiration thusresultingin
a significantredtction of the plant biomas andheary lossof yield (14). The diseasds
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geneally manageddy using wilt-resistantcultivars, crop rotation and cultural practices
(2,27,36) However, nore of the geneticsour@sof resistancactuallyprovidesprotectio

from infection of the vascularsystem,and noneof the currentuplandcottoncultivarsis

immureto V. dahliae, althoudh somearemore tolerantthanothers(6). Sincethe pathaen

V. dahliae is ableto survive in the residie of mary hostplantsandremairs viable in soil

for years,it is alsodifficult to contrd it by cultural practicesalone(28). Therdore, it is

necessaryo develop additioral methals.

Enhancemenof the natual deferse systemsof plantsin orde to provide resistance
agairst fungal, viral, bacterialandnematalal path@ensis anewly develogpedapprachfor
plantprotection(5,2225). Local andsystemicresistance&anbeinducedby biologicd or
chemicalmeansn anumbe of plantspecieg23,23) includng cotton. It hasbeenreportel
that 2,6-dichlomisonicotinc acid (INA) and benzotliadiazole(BTH) are ableto induce
resistanceaganst Alternarialeaf spotof cotton (4,7). Presoakingf seedin BTH and
application of the biological contiol agentTrichoderma virens inducedsystemiaesistance
agairst, respectiely, Fusarium oxysporum f.sp. vasinfectum and Rhizoctonia solani in
cottonduringthe early stageof growth (1,6,17).

The pheromena of induced resistancdan cotton againstVerticillium wilt was first
demamstratedoy prior inocuation with a mild or anavirulent strainof the samepathaen
(3,29). Later, resistanceagairst V. dahliae wasinduced with the aid of spidermites(21),
elicitors from V. dahliae (11), andchemicalcompaindssuchas DL-3-aminolutyric acid
(3-ABA), methy jasmonatgdMeA), INA andBTH (6,24), aswell aslive T. virens (15).
Here, we reportinduced resistanceagairst Verticillium wilt in cottonby dry mycelium
(DM), adry fungal biomass of P. chrysogenum obtainedfrom industryafter extraction of
penicillin. Penicillium chrysogenum wasrepoted to be a potentbiological contrd agent
agairst Botrytis fabae (18). Whenamened to the soil, DM entancedplant gronth by
addirg nutrierts andimproving soil fertility (16), andpratectedcornplantsby decreasig
the density of Fusarium moniliforme in soil (13). Recently we found that an aqueais
extractof DM inducedresistanceagairst Fusarium oxysporumf.sp. melonisin melon(10).

The objectives of this researchwere to examine the effeds of DM and its water
extract on inductian of resistanceaganst Verticillium wilt and plant growth of cotton
The actwities of cytoplasmicandionically-bourd peroxdasesinvolved in the induction
of resistanceverealsostudied

MATERIALS AND METHODS

Preparation of dry mycelium extracts Dry mycelium (powder) of P. chrysogenum
was obtainedfrom BiochemielLtd., Kund, Austria. This fungal biomass,dried by the
mandacturerfor 4 h at110°C, containsno penicillin. It is marketedasanorganicfertilizer
(N: K20: P,Oy= 7:1:2. Waterextractof dry mycelium (DME) was prepaed usingthe
following procedure:100g of DM (powder)wassuspenddin 1000ml distilledwater The
suspensionvasshalenfor 2 h at 100 rpm andthenstoredfor 22 h at room tempeature.
Afterwards it wasbriefly agitatedandfiltered throudh WhatmanNo. 1 paper Thefiltrate
was autoclaed for 30 min at 110°C andthe pH measuredfter coding (10% DME, pH
=2.6-2.8). DME (10%)wasstoredasstocksolutionat4°C. Chemicalanalysisof 5% DME
reveded 570ppmtotal N, 186ppmP,05 and650ppmK 0.

Lipid-free DME and proteinfree DME were prepared with the aid of chloroform
andcold acetom, respectidy. Onehurdredml DME (10%) was mixed andthoroughy
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agitatedwith 100ml chlordorm for 5 min. Whentwo phasegormedafter24 h, theupper

waterphasewascollected,ts chlordorm residuesveredried off at40°C, anda lipid-free
DME wasthusobtainel asthe residue.Theresiduewasthendissohedin waterwith the
aid of adropld of Tween20. Onehunded ml DME (10%)wasmixedwith 100ml cold

(-20°C) acetone.After 24 h onice, the mixture was centrifugedat 10,00 g for 30 min

at 4°C. The proteinsedimentwas discarded Proteinfree DME was obtaired from the
superatantafterevapaationof theresidueacetore at40°C.

Plant culture and DM or DME treatment Two cotton cultivars, H552 (Gossypium
hirsutumL.) andPF15(Gossypium barbadense L.), obtainedrom HazeraGenetics)srael,
wereusedn thisstudy Seedsveresownin 1000-ml potscontainng anautodavedmixture
of perlite andpeat(1:1, v/v). After emepgence,four healtly seedling wereleft in each
pot andallowedto grow in the greemouse(20-32°C). Whenplantsreachedhe two-leaf
stagg(13-15 daysafteremegence) 0.5-%% DME or 0.5%fertilizer (20:20:20,N:P:K) was
drentedinto eachpot (50 ml perpot). Plantsdrerchedwith anequalvolumeof distilled
waterwereusedascontrds, unlessndicaedothemwise.

For the DM (powder) treatment,DM (0.1-5%, w/w) or fertilizer (0.%%6, w/w) was
amened to the potting mixture of perlite and peat,autoclaed, pottedandthenwatered.
Seedsveresawn in eachpot oneweekafterwards. Seedlingsvereallowedto grow in the
greemouseuncer the conditins describedabore. After emegence,plantswerewatered
every 2 or 3 dayswith anequa volumeof waterperpot.

Fungal inoculum and inoculation A highly aggessve strain of V. dahliae (DL2)
(obtairedfrom Dr. TalmaKatan, The VolcaniCenter Agricultural ResearclOrganization
Bet Dagan, Israel)wasgrown in 9-cmdiampetri disheson 50% PDA at 25°C in thedark
Twenty-day-old cultureswerecrushedn sterilewaterandthe conidial concetrationwas
adjustedto ~ 10° per ml befae inocuation, unlessindicatedotherwise. DME-treatel
plantswereinocuated 3 daysafter treatmentand DM-treatedplantsat 15-18 daysafter
emepgence. For inoculdion, plantswere carefully removed from soil and thorougHy
washedwith water Theroottips (3 cm) werecut off, theroot systemwasdipped in the
inocdum for 5 min, andinocuated plantsweretranspantedinto their original pots. Pots
wereplacedin a watersaturatecitmosplereinsidetranspaent plasticboxes for 2 daysto
avoid lossof turgor. Plantswerethenallowedto grow in the greenlouseundercontrdled
temperéures(20/28°C, night/day anda 12-h phaoperial.

Assessmenbf diseaseseverity and plant growth Diseaseseverity of Verticillium wilt
was evaluated3—4 weeksafter inoculation usinga diseasedlart index (DPI), leaf wilt
index (LWI) andvasculardiscoloratia index (VDI), accodingto Li et al. (24). DPI =
numter of diseasedglants/total numker of inocdated plants; LWI = numter of wilting
leavespertreatment/ttal nunberof leavesin atreatmeiy andVDI = nummberof discolorel
organs(mainroot, hypocotylsandthefirst stemnocde) pertreatment/totahumter of organs
in atreatmeh Percetageprotectionwasthencalculatedas(1-a/b), whereais % disease
in treatedplantsandb is % diseasdn contrd plants. Plantheigh, freshweightanddry
weight per plant were recoded and statisticallyanalyzd 5 weeksafter emegence. All
expelimentswere carried out with five replicatesof four plantsin eachtreatmety and
repeatedhreetimes.

Colonization of V. dahliae in the vascular system After evaluationof diseaseseverity,
one3-cmsectionwastakenfrom themainroa, hypocoty andepicdyl of eachinoculatel
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plant (contrd, treatedwith 5% DME or 2% DM). Eachsampledsectionwas weighed

surface sterilized by dipping in 5% NaClO; for 30 s, washedwith sterile water and
homayenizedn 10 ml sterilewater Homagenatevasdilutedthreetimeswith sterilewater
anddispersed0.1 ml per plate) on PDA containirg 300 ug ml —! streptomyin sulfate.
Plateswereincubatedat 25°C in the dark for 3 days. Colory forming units (cfu) of V.

dahliae werecourtedandthe colorizationof plantswasexpressediscfu g —! freshweight
of planttissue(24). Theexpaimentwascarriedoutwith four replicateplantspertreatment
andrepegedthreetimes.

Peroxidaseactivity Healthycotton(cv. H552) plants,3 daysafter 5% DME treatment
or 15 daysafter emegencein 2% DM, were usedfor the analysisof peraxidase(POX)
actiity. Plantswereremoved from soil, thorowghly washedwith waterandblotteddry.
Root, hypocotylsandthe secondeaf (0.3-0.6 g) weregroundwith a mortarandpestlein
10 ml cold 15 mM sodiumphosplate buffer (pH 6.0). The suspensio waspouwedinto a
50 ml tube,keptstill for 30 min in anice bath,andthencentrifugyed (10,000 g for 20 min
at4°C). The supermtantwasusedfor theanalysisof cytoplasmic,solublePOX actiity.

Extractionof ionically-bound POX wasperfoimedby rehonmogenizirg the pellet(from
eachof theabove extractions)in 15mM of sodiumphasphateuffer containirg 1 M NacCl.
Samplesvereincubatedat4°C for 2 h andcentrifugedasdescribedibore. Thesuperngant
wasusedfor analyzingtheionically-bourd POX activity. POX activity of bothsolubleand
ionically-bourd samplesvasthendeterninedaccordimg to the following proceduresTwo
hundedul of thesampleextractwasaddel to a mixture of 5 ml 15mM sodiumphosplate
buffer (pH 6.0), 100! 0.05M guaiacolnd100ul 2%H >0, in a15ml tube.Theincrease
in opticaldensityat470nmwasrecoraedfor 3 min usingaMilton Roy SpectronicGGenesys
5 spectropotomeer. POX actiity wasexpressedasthe chang in absorlanceperminute
pergramfreshweigh. Fourreplicde plantspertreatmehwereusedin eachexpaiment.
The experimentwasrepeatedwice.

Fungitoxicity tests CzapekDox (CZA) agarcontainng either0.5-1% (v/v) DME or 0.5~

1% (w/v) DM (powder)wasautoclared pouedinto 9-cmdiampetridishesandinoculatel

with onemycelium plug (3 mm)of theV. dahliae pathogn(eightplatespertreatmet). The
inocuatedplateswerekeptat 25°C in thedarkandcolory diametemwasmeasured days
later Theexpelimentwascarriedouttwice.

RESULTS

Efficacy of DM in contralling Verticilium wilt Plantstreatedwith 2% or 5% DM, but
notthosetreatedwith 0.1%DM or mineralfertilizer, weresignificantlyprotected-relative
to contrd plants— agairst the wilt diseasePercentageratectionranged betweerd0 and
65 (Table1). Theefficacy of DM in diseasecontol wasdepenénton the concefration
applied at0.1% it wasineffecive andat5% it providedno betterthan2% contrd. It thus
appeas thatthe highestprotectio agairst Verticillium wilt wasobtairedwith applicatio

of 2% DM (Tablel).

Efficacy of DME in contralling Verticillium wilt A soil drerch with 0.5-% DME
significantlypratectedplantsof cv. PF15agairst the wilt diseasewherea no significant
proted¢ion wasobtairedwith theapplicationof aminerd fertilizer, relatve to watertreatel

plants(cortrol). Percentagerotection by 0.5-%%6 DM rangedfrom 24to 74 (Table2). Of

the concefrationstested 5% DME providedthegreatespratection.
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TABLE 1. Efficagy of dry mycelium (DM) of Penicillium chrysogenum in controlling Verticillium
wilt in cottoncv. H552. Mineral fertilizer (0.5%, w/w) andDM (0.5-5%,w/w) wereappliedto the
soil prior to sawing; plantswereinoculatedwith Verticillium dahliae 14 daysafteremegence data
(meanst SD)wererecorded21 daysafterinoculation

Treatment DPI* (%) % Protection  LWIZ (%) % Protection  VDI* (%) % Protection

(plants) (leaves) (vascular
tissues)

Control 93.8+12.5a - 45.4+5.3a - 75.0£5.1a -

Fertilizer 93.8+125a O 46.7t6.5a 0 75.0£9.0a 0

0.1%DM 95.0£10.0a O 43.3+:8.2a 4.6 74.4+8.3a 0.8

2% DM 43.8+12.5b 53.3 16.7+5.8¢c 65.2 36.0+7.9b 52.0

5% DM 56.3+12.5b 40.0 20.0£3.6¢C 56.0 37.5+13.5b 50.0

*DPI, diseasegblantindex; LWI, leafwilt index; VDI, vasculardiscolorationindex.
YWithin columns,valuesfollowed by the sameletter do not differ significantly (P=0.05) accordingto Duncans multiple range
test.

TABLE 2. Efficacy of water extract of dry mycelium (DME) of Penicillium chrysogenum in
controlling Verticillium wilt in cottoncv. PF15. Mineral fertilizer (0.5%)and DME (0.5-5%)were
appliedasa soil drenchll daysafteremegence;plantswereinoculatedwith Verticillium dahliae 3
daysafter DME treatmentdata(meanst SD)wererecorded?1 daysafterinoculation

Treatment DPI* (%) % Protection  LWI* (%) % Protection  VDI* (%) % Protection
(plants) (leaves) (vascular
tissues)

Control 56.75.7a - 33.6£9.9a - 58.6+5.5a -

Fertilizer 53.8+2.5a 51 36.7+5.5a 0 65.0+£3.0a 0

0.5%DME 43.3+5.8b 23.7 21.8+7.5b 35.2 42.243.9b 28.0
2%DME 43.3+:5.8b 23.7 15.8+0.8b 53.0 36.3+2.8¢ 38.1

5% DME 28.3+10.4c 51.1 8.6+4.1c 74.4 25.2+1.9d 57.0

*DPI, diseaseglantindex; LWI, leafwilt index; VDI, vasculardiscolorationindex.
YWithin columns,aluesfollowed by the sameletter do not differ significantly (P=0.05)accordingto Duncans multiple range
test.

Effect of lipid-fr eeor protein-freeDME in controlling Verticillium wilt Datain Table
3 shav that 5% DME was as effective as 2% DM in contrdling the wilt diseasén cv.
H552 Elimination of eitherlipids or protens from DME did not redice the contiolling
efficacy of DME.

Colonization of vascular systemin cotton plants by V. dahliae The colorization of
V. dahliae in variows planttissuesat 4 weeksafterinoculdion is shovn in Table4. The

TABLE 3. Comparisorof Verticillium wilt disease-camolling efficagy in cottonplantsbetweendry
mycelium (DM) of Penicillium chrysogenum andits variousextracts. DM was amendednto soil
beforesaving; DME (waterextractof DM) wasdrenchel into soil 13 daysafteremegence;plants
wereinoculatedwith Verticillium dahliae 16 daysafteremegene; data(meanst SD)wererecorded
28 daysafterinoculation

Treatment DPF* (%) % LWIZ (%) % VDI* (%) %
Protection Protection Protection
(plants) (leaves) (vascular

tissues)

Control 95.0+£11.2a - 77.5t5.6a - 85.0+£13.7a -

2% DM 65.04+13.5b 32 33.8+10.8b 55 47.9+18.1b 44

5% DME 65.0+13.7b 32 50.04+8.1c 34 41.9+7.5b 51

5% Lipid-free DME 50.0+£17.7b 47 30.5+8.0b 60 48.3+18.1b 43

5% Protein-free 65.0+£28.5b 32 32.0+£25.2b 58 54.6+£21.7b 36

DME

“DPI, diseasegblantindex; LWI, leafwilt index; VDI, vasculadiscolorationindex.
YWithin columns,valuesfollowed by the sameletter do not differ significantly (P=0.05)accordingto Duncans multiple range
test.
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TABLE 4. Effectof dry mycelium(DM) or waterextractof DM (DME) of Penicillium chrysogenum
on colonizationof \erticillium dahliae (in cfu) in tissuesof cotton plants. DM and DME were
appliedasdescribedn Tablesl and?2, respectiely. Data(meanst SD)wererecorded?1 daysafter
inoculation

Treatment Colory forming units(cfu g~ ! freshweighttissue)x 1000
Root Hypocotyls Epicotyls

Control 367+£124d 2144+23a 85+18a

2%DM 239+85a 9+1b 5+3b

5% DME 269+59a 104+9b 6+2b

*DM was appliedto the soil prior to sawing and plantswere inoculatedwith V. dahliae 14 daysafter emegence. DME was
appliedasa soil drenchl1 daysafteremegenceandplantswereinoculated3 daysaftertreatment.

YWithin columns,valuesfollowed by the sameletter do not differ significantly (P=0.05)accordingto Duncans multiple range
test.

TABLE 5. Effectof dry mycelium(DM) or waterextractof DM (DME) of Penicillium chrysogenum
onthegrowth of healthycottonplants.Data(meanst SD)wererecorded35 daysafteremegence

Treatment Cultivar H552 Cultivar PF15

Plantheight Fresh Dry Plantheight Fresh Dry

(cm) wt/plant(g) wt/plant(g) (cm) wt/plant(g) wt/plant(g)
Control 18.440.3& 3.83+0.35a 1.15+0.13a 20.5t1.7a 4.68+0.52a 1.45+0.21a
2% DM 22.8+1.5b 6.234+0.36b  1.95+0.16b  28.7+2.7b 8.12+0.83b 2.32+0.26b
5% DME 20.941.6c 5.024+0.44c 1.50+0.12c  26.2+1.8b 6.84+0.62c 1.88+0.12¢c

*DM wasappliedto the soil beforesaving andDME wasappliedasa soil drench12 daysafteremepgence.
YWithin columns,aluesfollowed by the sameletter do not differ significantly (P=0.05)accordingto Duncans multiple range
test.

numter of cfu wasdrasticallyredicedin boththehypocotylsandepicdyls of plantstreated
with either2% DM or 5% DME, but no significantrediction in cfu occuredin theroot
tissue relative to thecortrol plants.

TABLE 6. Effectof dry mycelium(DM) or waterextractof DM (DME) of Penicillium chrysogenum
on the growth of cotton plantsinoculatedwith \erticillium dahliae. Data (means+ SD) were
recorded35 daysafteremepgence

Treatment Cultivar H552 Cultivar PF15

Plantheight Fresh Dry Plantheight Fresh Dry

(cm) wt/plant(g) wt/plant(g) (cm) wt/plant(g) wt/plant(g)
Control 13.7+1.2a 2.84+-0.03a  0.85+0.08a  14.8+1.9a 3.44+0.16a  1.06+0.04a
2% DM 15.6+0.4b 5.60+0.46b 1.68+0.12b 16.7+1.8b 6.47+0.39b 1.93+0.12b
5% DME 15.1£0.8b 5.02+0.29c 1.51+0.04c 16.0+1.1b 4.72+0.15¢ 1.49+0.09¢

*DM wasappliedto thesoil prior to sovingandDME wasappliedasasoil drenchl2 daysafteremegenceplantswereinoculated
16 daysafteremegence(4 daysafter DME treatment).

YWithin columns,valuesfollowed by the sameletter do not differ significantly (P=0.05) accordingto Duncans multiple range
test.

TABLE 7. Percentagéncreasen plantgrowth of healthyplantsandinoculatedplantstreatedwith
either 2% dry mycelium (DM) or 5% water extract of DM (DME) of Penicillium chrysogenum
relative to healthy control plantsand inoculatedcontrol plants, respectrely. Datawere obtained
from statisticalanalyse®f Tables5 and6

Treatment H552 PF15
Plantheight  Fresh Dry Plantheight  Fresh Dry
wt/plant wt/plant wt/plant wt/plant
2%DM 23.9 62.7 70.0 40.0 735 60.0
5% DME 13.6 31.1 30.4 27.8 46.2 29.7
2% DM-inoculated 13.9 97.2 97.6 12.8 82.8 82.1
5% DME-inoculated 10.2 76.8 77.7 8.1 37.2 40.6
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Fig. 1. Solubleperoxidae (POX) activity in cottonplants(cv. H552) treatedwith 2% (w/w) dry
mycelium(DM) or 5% (w/v) waterextractof DM (DME). DM wasappliedto the soil prior to sawing
andDME wasappliedasasoil drench13 daysafteremegene. POX actvity wasmeasured 6 days
afteremegenc. Valuesindicatedby the samdetterdo not differ significantly(P=0.05)accordingto
Duncans multiple rangetest.

Fig. 2. lonically-bound peroxidasg¢POX) actiity in cottonplants(cv. H552) treatedwith 2% (w/w)
dry mycelium(DM) or 5% (w/v) waterextractof DM (DME). DM wasappliedto the soil prior to
soving andDME wasappliedasa soil drench13 daysafteremegence.POX actiity wasmeasured
16 daysafteremegence Valuesindicatedby the sameletter do not differ significantly (P=0.05)
accordingto Duncans multiple rangetest.

Effect of DM or DME on POX activity in healthy cotton plants Neither2% DM nor
5% DME induced a significantchang in soluble POX actiity in the roots. However,
activity in eitherthe hypocotyls or the secondieaves was significantlyincreasedin 5%
DME-treatedplants, but not in 2% DM-treatedplarts, as compaed with watertreatel
contrd plants(Fig. 1). Treatmeis with either2% DM or 5% DME significantlyincreased
ionically-bourd POX actwity in rods, hypocotys andthe secondeaf, relative to water
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treatedplarts (Fig. 2). Theincreasean ionically-bound POX actiity in hypocotylswas
larger thanin otherorgans(Fig. 2).

In vitro effectsof DM or DME on mycelial growth of V. dahliae Two concantrations
of DM or DME wereamenledto CZA agarto studythepossiblefungitoxic activity of DM
or DME againstV. dahliae. Funga colory diameterrecorded at 5 daysafterinoculation
did not differ significantly betweencontwol and either DM-amenad or DME-amenled
plates. However, significantincrementsin colory diameers of DM- or DME-amenled
platesrelative to contrd platesoccured at 10-2D daysafterinoculation, indicating that
DM andDME hada bendicial effecton growth of this pathogn (datanot shawvn).

Effect of DM or DME on plant growth Plantheigh, freshanddry weightsper plant
of healthycottonplants35 daysafteremegencearegivenin Table5. Both 2% DM and
5% DME significantlyincreasedplant growth of the two cotton cultivars, relative to the
untreded contrd plants. However, cottonplantstreatedwith 2% DM gainedsignificantly
morefreshweight(H552,63%; PF15,74%)or dry weight (H552, 70%; PF15,60%)than
thosetreatedwith 5% DME (H552, 31%,46%; PF15,30%,30%)(Table7).

Data in Table 6 showv that plant heigh, fresh weight and dry weight per plant of
inocuated plants treatedwith either 2% DM or 5% DME were significantly greder
thanof the inocdated contrd. Moreover, inoculatel plantstreatedwith 2% DM gainel
significantlymorefreshweight(H552,97%; PF15,83%)or dry weight(H552, 98%;PF15,
82%)thanthosetreatedwith 5% DME (77%,37%;78%,42%)(Table7).

DISCUSSION

A number of chemical compainds and microorganisms were repated to induce
resistancagairst cottondiseaseicludng Verticillium wilt (6,1524). However, therehas
beenno reporton deadfungd biomasswhich caninduce resistanceagainstVerticillium
wilt in cotton Resultsin the presentstudy indicatedthat DM amendednto the soil or
DME drencled to the roats befae inocuation significantly redwced diseaseseverity of
Verticillium wilt in cotton. Sinceno inhibitory effect of DM or DME on mycelial growth
of this path@enwasobsened in vitro, andbecausapplicationof a chenical fertilizer did
not redwce diseaseseverity, it is suggestedthatthe contiol of thewilt diseasevith DM or
DME resultedrom inducedresistanceWaterextract of DM (DME) wasaseffectiveasDM
(powder) in cortrolling the diseaseimplying thatthe resistance-ingcing substancesere
mostly watersolubde. The fact that elimination of either chlordorm-solublelipophytic
materialsor proteirousmaterials(precipitatingin cold acetor) from DME did notrediwce
the efficacy of DME in diseasecontrd, suggstedthatthe resistance-iducingsubstances
areprobably neitherlipids nor proteirs (or peptices)contairedin DME.

Studiesconcening the mectanismsof induced resistancehave beenperformedfor
almosthalf a centuy (23). Suchmechaismsdepemnl on the activata, the plant species
(2022) and the pathogns (19,3). In gereral, deferse respmsesinduced by either
biotic or abiotic agentsinclude processe®f oxygen burst, lignification, accumtation of
pathaenesis-relategroteins, structuralbariers and phytoalexin accunulation (31,3).
Among the PR-prdeins, chitinaseand glucarasespossesgoteriial antifurgal actiities,
while POX could be involved in the strengheningof plart cell walls by lignification
(3435).

Previous studieswith cotton shaved that infection with an aggessve strain of V.
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dahliae inducel reinforcemenbf structurabariersandprodictionof phytoalexins, which
playedkey rolesin resistanceagainstVerticillium wilt (3,9). An elicitor of V. dahliae
increasedlevels of POX actvities, synthesisand depositionof lignin and lignin-like
pherolic polymers,thus resultingin resistanceagainstthe pathagen (8,11,32). Cotton
cultivars with higher and earlierinducel levels of POX actiity anddepgition of lignin
possessednhaigedresistanceagainsthis diseas€32). We repot hereinthatapplicatin
of DM or DME significantlyincreasedheactivity of bothsolubleandionically-bound POX
in hypacotyls. Significantincrenentsin ionically-boundPOX activity werefoundalsoin
therootsof plarts treatedwith 2% DM or 5% DME. Surpisingly, ionically-bourd POX
activity in hypocotys of DM- and DME-treatedplantswas 1.74old and 1.3fold highet
respectiely, thanthat of the contiol watertreatedplants,andmuchhigherthanin other
tissuesof DM- or DME-treatedplants. Sincethe hypacotyls sene asan essentiapathfor
V. dahliae to spreadsystemicallyto uppertissuesthe drasticincreasan POX actiity in
hypocotylsby DM or DME may delayfungal spreaddueto lignification andthusinduce
wilt resistance.

No significantdifferencein colorizationof V. dahliaein therootwasfound amorg DM,
DME or watertreatmets. In contrat, treatmentwith DM or DME drasticallydecresed
colorization of this pathogn in the hypacotyl and the epicotyl. Similar resultswere
repoted with inducedresistancen cotton and tomatoby MeJA or BABA (24). Since
DM andDME causedsignificantlyhigher POX activity in hypocotylsthanin othertissues,
redudion in colonizatia in hypocotys might resultfrom cell wall reinforcemeh and/a
productionof phytolexins. Phytoal&inswererepatedto beresponsibldor thesuppession
of V. dahliae growth in the vascularsystemsandwere partof the mechaism of inducel
naturd defenserespomses(24). Hemigossypbwas one of the important phytoalexins in
cottonactive agairst V. dahliae (12).

Many diseasecontrd measurecluding useof fungcidesor biological agerts coud
enhawe plantgrowth (15,37), whereasomeothers lik e the useof resistancénducerINA
or BTH, wererepated to have phytotoxic propertieson crops (33). Suchrespmsesof
growth enhaacementwere usually attributedto an indirect effect associatedvith control
of plant diseases.However, in somecases,it resultedfrom the production of growth-
reguating substance(37). In the presentwork, we found that applicationof eitherDM
or DME significarily pronotedgrowth of healthycottonplantsrelative to healthycontol
plants. Significantincreasesn plant heigh, fresh and dry weightswere also found in
inocdated plants preteatedwith DM or DME, compaed with watertreged inoculatel
plants(contol). The enhancd growth of healthyplantscan be attributed mainly to the
nutritional effect of DM and DME. Indeed,it wasrepated that DM usedas an organic
fertilizer enhaiced growth of sweetcorn (13). The growth increaseof inocuated plants
maybeattributedto bothnutrientssupplyanddisease&ontrd. Neverthelessthepossibility
thatgrowth-reguating substancesccurin DM or DME cannotbeexcluded.

The DM of P. chrysogenum usedherewasfoundnot only to induceresistanceagainst
Verticillium wilt, but alsoto enhawre plant grovth. DME was as effective as DM in
indudion of resistance.Both DM and DME bearthe poteriial to be usedin agricultue
for plantprotection andplantproduction.
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