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Induction of Systemic Resistance to Colletotrichum
falcatum in Sugarcane by a Synthetic Signal M olecule,
Acibenzolar-S-Methyl (CGA-245704)

A. RamesISunday~'R. Velazhahad R. Viswanathar,
P. PadmanabanandP. Vidhyasekarah

The effect of a novel syntheticsignalmolecule,acibenzolaiS-methyl(CGA-245704;benzo
[1,2,3] thiadiazole-7-carbothioiacid S-methylester),in inducing resistancen sugarcane
againstred rot diseasecausedby the fungus Colletotrichum falcatum Went was studied.
Application of CGA-245704as a soil drenchor along with marcotting rooting mixture
induced resistancein sugarcaneo challengeinoculation with C. falcatum When the
pathogernwasinoculatedby the plug method,it causedliscolorationin the untreateccontrol
stalk tissues;however, in the stalk tissuespretreatedwith acibenzolaiS-methyl, pathogen
colonization was considerablyreduced. When the pathogenwas inoculated by nodal
swabbing,its penetrationvas arrestedn the sensitizedstalk tissues. An inducedsystemic
resistanceeffect wasfound to persistup to 30 daysin the pretreatectut canes. Increased
phenoliccontentandaccumulatiorof pathogenesis-relatg@R) proteins,viz., chitinase 8-
1,3-glucanasandthaumatin-lile protein (PR-5),wereobsered in sugarcang@lantstreated
with acibenzolasS-methyl.

KEY WORDS:Chitinase;3-1,3-glucanasanducedsystemicesistanceredrot; Sactiarum
officinarum thaumatin-lile protein.

INTRODUCTION

Redrot causedy ColletotrichumfalcatumWentis a devastatingdiseaseof sugarcane
(SactharumofficinarumL.) in India. Sugarcangroductionis severely affectedby the
diseasein various partsof the world, including Australia, Thailand, Fiji, andthe USA
(58). Breedingfor red rot resistancehas beencomplicatedby rapid evolution of the
pathogenwhich resultsin theemegenceof virulent strainswhich overpovertheresistant
variety (8,69). However, it is well known that plantshave evolved an array of defense
mechanismgo combatinvasionsby plant pathogens.Besidespre-&isting physicaland
chemicalbarriers,a variety of defenseamechanismsre actvateduponpathogerinfection
(15,30).Thisinducedresistancés atfirst localizedaroundthe point of pathogerinfection.
Subsequentlythe resistancespreadssystemicallyand developsin distal, untreatedparts
of the plant and thus confersan elevatedlevel of protection(57). Inducedresistanceo
pathogensanbe classifiedinto systemicacquiredresistanc€ SAR) andinducedsystemic
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resistanc€lSR) (23). SAR developseitherlocally or systemicallyin responséo apathogen
that causesa necroticlesion. It is generallyeffective againsta broadrangeof pathogens
andis associatevith theproductionof pathogenesis-relat€BR)-proteinsindis mediated
via a saligylic acid-dependenprocess(3,30). ISR in plantsis inducedby rhizosphere
microorganismdik e plantgrowth-promotingrhizobacterigPGPR)63) andis mediatecby
ajasmonatd ethylene-sensite pathway and doesnot involve expressionof PR-proteins
(46).

Besidespathogeninfection, several chemicalsare known to induce resistancein
plantsagainstpathogens.Theseinclude polyacrylic acid (21), acetylsaligylic acid (70),
2,6-dichloroisonicotinicacid (INA) (40,62), methyl saligylate (56), jasmonic acid and
jasmonicmethyl ester(9), benzothiadiazolelerivatives(20,49),DL- 3-aminotutyric acid
(BABA) (10,25)and oxalic acid (61). One of the benzothiadiazoleompoundgBTH),
acibenzolatS-methyl(CGA-245704benzo[1,2,3]thiadiazole-7-carboxyliacid S-methyl
ester),[Bion"], is known to induceresistancen wheat(22), maize (42), tobacco(20),
Arabidopsiq(35), cucumbel(1,26),Brassica(27) andrice (55). Theinductionof systemic
resistanceoy exogenousapplicationof abiotic elicitors may be an importantcomponent
in integratedplantdiseasenanagemengtratgies. In the currentstudy we testedwhether
applicationof CGA-245704couldinduceresistancén sugarcan@againstredrot disease.

MATERIALS AND METHODS

Plant material Sugarcanev. ‘CoC 671’ (highly susceptibleto red rot diseasewas
raisedin cementpots (45 cm diam) containing5 kg of potting mixture containingsand:
red earth: farmyardmanure,1:1:1, under standardgreenhouseonditions (~25+2°C;

1600 Lux), using two budded sets as the planting material. Cultivar ‘BO 91’ was
maintainedsimilarly asa standardesistantariety in someof the studiesfor comparison.
Ideal growing conditionswere ensuredby providing nutritional supplementsand proper
irrigationin orderto obtainhealthycanematerialto be usedfor the study(60).

Pathogen isolation and maintenance Monoconidialcultureof the red rot pathogenrC.
falcatumwasisolatedfrom redrot-infectedstalks(cv. CoC671)andmultiplied on oatmeal
agarmedium(59). Thevirulenceof theisolatewasconfirmedby subjectingthe canetops
to pathogenicitytestwith inoculationby nodalswabbingundercontrolledconditions(68).

Application of CGA-245704 and salicylic acid The chemical acibenzolaiS-methyl
(CGA-24570450% WP, Novartis, Basel,Switzerland)was obtainedfrom Novartis India
Ltd. Variousconcentration®f acibenzolaiS-methyl,viz, 1, 10, 100and1000ug ml—t,
were preparedand usedto drenchthe potted plants (500 ml/pot). To standardizethe
optimum incubationperiod/waiting period, the chemicalwas appliedthroughsoil at 10,
20 and30daysprior to challengdnoculationwith C. falcatum.

Theefficacy of CGA-245704wascomparedvith thatof saligylic acidin anothersetof
experimentsn which the inducerwasamendedalongwith the marcotrooting mixture in
the standingcanesn thefield. Eight-month-oldcanesvere marcottedwith 1 kg mixture
(sand:red earth:farmyardmanure 1:1:1) containingCGA-245704at ratesof 100 ug and
1000ug mi—! and1 or 10 ug mi—! saligylic acid. After sufficientrootingatthe marcotted
nodes(30 days),inoculationwasdoneusingthe plug methodasdescribedelaw, at 10, 20
and 30 daysafterthe pretreatmentDiseaselevelopmentwasrecordedl0 daysaftereach
inoculationscheduleandexpressedn termsof lesionlength(59).
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Pathogen inoculation and disease evaluation A setof 6-month-oldcaneswasinocu-

latedby the plug andnodalswabbingmethods.In the plug method,a boreholewasmade
on the third internodeof the standingcaneusinga cork borerand 1 ml of C. falcatum

conidial suspensiorfca 50,000spores/mlwasplacedin the hole usinga Pasteurpipette,

afterwhichtheboreholewassealedvith apieceof sealingwax(41). In thenodalswabbing

method,the leaf sheathof the 6th, 7th or 8th leaf is removed and a layer of absorbent
cottonis placedaroundthe node.Two ml of conidialsuspensionf C. falcatum(ca 50,000
spores/ml)is appliedto drenchthe cotton,which is tied in place. A setof uninoculated
canesanduntreatedcontrolswasmaintainedor comparisorpurposesDiseaseavaluation

wasdoneat 10-dayintervals afterinoculationby splitting openthe canestalks. Thelesion

lengthwasmeasure@ndexpressedn centimeterg59).

Induction of defense mechanisms

Estimation of phenolic content Phenoliccontentof sugarcandissuewasestimatecdy
theproceduralescribedy ZieslinandBen-Zalen(72). Oneg of tissuewashomogenized
in 10 ml of 80% methanoland agitatedfor 15 min at 70°C. One ml of the methanolic
extractwasaddedto 5 ml of distilled waterand 250 ul of Folin-Ciocalteaureagent(1N)
andthe solutionwaskeptat 25°C for 3 min. Oneml of a saturatedsolution of Na,COs
and 1 ml of distilled water were addedand the reactionmixture was incubatedfor 1 h
at 25°C. The absorptionof the developedblue color was measuredn a Hitachi 200-20
spectrophotometesit 725 nm. The contentof the total soluble phenolswas calculated
accordingto a standardcurve obtainedfrom a Folin-Ciocalteaureactionwith a phenol
solution(CgHgO) andexpressedisphenolequivalentspergramtissue.

Chitinase assay One gram of CGA-245704-pretreatednd 1 g of control sugarcane
internodaltissueswerecollectedat 0, 12, 24, 48 and 72 h after pathogerinoculationand
the sampleswvere immediatelyextractedwith 10 ml of 0.1 M sodiumcitrate buffer (pH
5.0). Thehomogenatevascentrifugedfor 10 min at 10,000g at 4°C andthe supernatant
wasusedasenzymesource.Colloidal chitin waspreparedrom crabshell chitin (Sigma)
accordingto Berger and Reynolds (2). The commerciallyophilized snail gut enzyme
(Helicase pbtainedrom SepracarFrance)wvasdesaltecasdescribedy Boller andMauch
(4). For the colorimetricassayof chitinase, 10 ul of 1 M sodiumacetatebuffer (pH 4.0),
0.4 ml of enzymeextractand0.1 ml of colloidal chitin (1 mg) werepipettedinto a 1.5ml
Eppendorftube. After 2 h at 37°C, the reactionwas stoppedby centrifugationat 1,000
g for 3 min. An aliquot of the supernatan{0.3 ml) waspipettedinto a glassreagentube
containing30 | 1M potassiunphosphatéuffer (pH 7.1) andincubatedwvith 20 ul desalted
snail gut enzymefor 1 h. The resultingmonomericN-acetylglucosaminéGIcNAc) was
determinedaccordingo Reissigetal. (48) usinginternalstandardef GIcNAc in theassay
mixturesfor calculations. Enzymeactivity was expressedas nmol GIcNAc equialents
min—! mg~! freshweight.

B-1,3-glucanase assay [-1,3-glucanaseactiity was assayedcolorimetrically by the
laminarindinitrosalig/lic acidmethod(45). Sugarcanenternodalissue(1 g) wasextracted
with 5 ml of 0.05M sodiumacetatebuffer (pH 5.0) by grinding at 4°C with a pestle
and mortar The extract was then centrifugedat 10,000rpm for 15 min at 4°C andthe
supernatanvasusedin theenzymeassay Thereactionmixture consistedf 62.5ul of 4%
laminarinand62.5ul of enzymeextract. Thereactionwascarriedout at 40°C for 10 min
andthenstoppedby adding375 ul of dinitrosaligylic reagentandheatingfor 5 min on a
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boiling waterbath. Theresultingcoloredsolutionwasdilutedwith 4.5ml of distilled water
vortexed,andits absorbancat 500nm wasdetermined Enzymeactivity wasexpresse@s
nmolmin—! mg~! freshweight.

Analysis of PR proteins Proteinssolubleat low pH wereisolatedby extracting1 g of
frozenstalk tissuesin a citrate/phosphatbuffer (0.05M citric acid, adjustedwith 0.1 M
Nay,HPO, to pH 3.0; 2 ml g ~! tissueweight), centrifugation(30,000g for 30 min) and
subsequendialysis of the supernatanagainstultra purewater (24). Approximately100
g of proteinper samplewasthenaddedto 40 ul of a samplebuffer containing0.0625
M Tris, 2% SDS, 10% glycerol, 5% 2-mercaptoethanand 0.01%bromophenoblue at
pH 6.8 by vigorousvortexing and then boiled for 5 min. SDS-RAGE was carried out
accordingo theproceduref Laemmli(33) with 12%separatingel under30 mA constant
currentfor eachgel. After electrophoresisproteinswere transferredio polyvinylidene
difluoride (PVDF) membraneausingthe BioRad Semidry“Transblot”apparatugBioRad,
Richmond,CA, USA). After electroblotting,the membranevasblocked for 3 h at room
temperatureinderconstanshakingin Tris-bufferedsaline(TBST) (10 mM Tris-HCI, 150
mM NacCl, pH 8.0) containing0.05% Tween20 (TBST) and 2.5% w/v gelatin. The blot
wasthenincubatedfor 3 h at roomtemperaturavith gentleshakingin TBST containing
antibodies(1:1000) raised againstbeanthaumatin-lile protein (TLP) (a gift of Dr. S.
Muthukrishnan,KansasState University, USA). Unboundantibody was removed with
four washesachof 30 ml TBST andthe blot wasincubatedfor 3 h at roomtemperature
in TBST containingantirabbitimmunoglohulin conjugatedwith horseradistperoxidase
(1:1000dilution). Unboundsecondarnantibodywasremoved with four washesof 30 ml
TBST, followedby two 5-min washeswith TBS. The proteinbandswerevisualizedusing
4-chloro-1napthol (BioRad). Molecularweightsof the protein bandswere determined
usingthe BioRadKaleidoscopeprestainedainbav marker.

RESULTS

Induction of resistance by treatment with inducers A significantreductionin redrot
lesion developmentin sugarcanavas obsened due to pretreatmentvith CGA-245704.
When CGA-245704was applied as a soil drenchto the potted plants, red rot lesion
developmenin stalkinternodesvasreducedn thesusceptiblev. CoC671afterchallenge
inoculationwith C. falcatumby the plug method(Fig. 1a). Of the variousconcentrations
of CGA-245704tested,100 g ml—! wasfound to restrictgrowth of the pathogenCoC
671 and the effectivenesspersistedfor up to 30 days after treatment. The efficacy of
CGA-245704in reducingred rot lesionwas not discerniblein the resistantvariety (data
not given), althoughtherewas somereductionin diseasencidence(Table1). A similar
resultwas obtainedwhenthe pathogenwasinoculatedby the nodalmethod. Therewas
significantsuppressionf pathogergrowth in the CGA-245704-treatedanesascompared
with the untreatectontrol (Fig. 1b).

Resultsof theexperimentin which saligylic acidandCGA-245704wereappliedto the
rooting mixture to enhanceactive uptale of the chemical,revealedthat CGA-245704at
100and1000ug mi—! wasableto reducesignificantlythe growth of the pathogerwithin
theinternodalcanetissue(Table2). Althoughsaligy/lic acid at moderatdevels contained
pathogermovement,it exhibited phytotoxicity whenappliedat 100 g mi—! andhigher
concentrations.In this study the red rot pathogenwasinoculatedby the plug methodat
differenttime intervalsafter CGA-245704/ saligylic acidtreatmentsn orderto assesshe
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TABLE 1. Efficacy of soil drench(500 ml/pot) with CGA-245704aspretreatmenin control of red
rot diseasén susceptibldCoC671)andresistan{BO 91) sugarcaneultivarsinoculatedby the plug
methodon differentdaysafterthe pretreatmentvith Colletotrichumfalcatum

CGA-245704conc. (ug/ml) Redrot lesionlength(cm)
Cv. CoC671 Cv.BO91
Daysaftertreatmenwith CGA-245704
10 20 30 | 10 20 30

1 3.8b 43b 4.6b 2.2ab 2.3ab 2.5ab
10 3.4c 3.8¢c 4.1c 2.0bc 2.0b 2.6a
100 3.0d 3.2d 3.8cd 1.8c 1.5¢c 2.2b
1000 3.2cd 3.1d 3.5d 1.7¢c 1.6¢c 2.2b
Control 44a 55a 6.0a 25a 24a 2.7a

*DiseasalevelopmentwasrecordedL0 daysafter pathogernoculation.
YWithin columns meandollowed by a commonletter do not differ significantly(P=0.05)by Duncan$ multiple
rangetest. Dataaremeansof five replications.

TABLE 2. Efficagy of CGA-245704and saligylic acid (SA) in the rooting mixture, in inducing
systemicresistancen susceptiblesugarcanev. CoC 671to Colletotrichumfalcatuminoculatedoy
the plug method

Treatmen{ug/ml) Redrot lesionlength(cm)’
Daysaftertreatmenwith CGA-245704
10 20 30
CGA-245704100 0.8d¥ 3.5¢ 3.6d
CGA-245704,1000 0.8d 3.0d 3.4d
SA1l 3.0b 4.7b 8.0b
SA 10 2.0c 3.3c 6.7¢c
Control 5.3a 8.0a 9.0a

*Diseasalevelopmentwasrecordedl0 daysafter pathogennoculation.
YWithin columns,meansfollowed by the sameletter do not differ significantly (P=0.05)by Duncan$ multiple
rangetest. Dataaremeanof five replications.

sustainedactivity of the chemicals. CGA-245704was foundto be persistentand highly
effective whenaddedo therootingmixture 10—15daysprior to challengdnoculationwith
the pathogen.

TABLE 3. Changesn phenoliccontentin stalk tissuesof CGA-245704-pretreate¢soil drench)
pottedsusceptiblesugarcanev. CoC 671 afterchallengeinoculationwith Colletotrichumfalcatum
by the plug method

Treatments Phenoliccontent(ug g ~* freshwit.)
Time (h) afterchallenganoculation
0 24 48 72
Control(none) 581 662 694 710
Untreatedjnoculated 645 674 767 826
CGA-245704treatednotinoculated 596 670 712 723
CGA-245704treated;noculated 640 785 854 935

Leastsignificantdifferenceto compareary two meansat P=0.05is 40. Dataaremeanf five replications.
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Fig. 1. Suppressionf redrot symptomdevelopmentin susceptiblesugarcanev. ‘CoC 671’ treated
with 100 pg/ml of CGA-245704in a soil drench. Thirty daysafter treatmentthe treated(A) and

control(B) caneswvereinoculatedwith ColletotrichumfalcatumThe photographsveretaken10days
afterinoculation.In treatedcanedesionprogressiorwasconfinedto theinoculatednternode;jn the

untreatectontrolit extendedup to threeinternodegrom the point of inoculation.

Fig. la. Inoculationby the plug method. Left photo, external symptoms;middle photo, internal

symptoms

Fig. 1b. (Right) Inoculationby the nodalmethod.In treatedcanesherewasno lesionprogression
from the inoculatednodeand the canesexhibited a hypersensitie responsearoundthe inoculated
nodewith thebudintact. In the untreatectontrolnodalconstriction a characteristicymptomof red

rotdiseasegouldbeseenandthelesionextendedupto threeinternodegrom thepointof inoculation.

Induction of defense mechanisms Inductionof PR-proteinsand accumulatiorof phe-
nolicsin CGA-245704-treatedr C. falcatuminoculatedsugarcanetalkswas examined.
Inoculationwith C. falcatuminducedaccumulationof phenolicsin cv. CoC 671. A
significantincreasein phenolic contentwas obsened 24 h after inoculation and the
phenolic content increasedconsistentlythroughoutthe experimental period of 72 h.
When the canestalk was treatedwith CGA-245704alone, no significantdifferencein
phenolic contentwas obsened comparedwith untreatedcontrol. However, when the
CGA-245704-pretreatedanestalkswere challenge-inoculatewith C. falcatum a sharp
increasein phenolic contentwas obsenred 24 h after inoculation and it continuedto
increaseghroughouthe experimentaperiod. Westerrblot analysisindicatedthata 25 kDa
proteincross-reactingvith beanTLP antiserumwasinduceddueto pathogerinoculation
and CGA-245704-pretreatedugarcandissues(Fig. 2). However, pretreatmenwith
CGA-245704without pathogeninoculationdid not induce TLP in sugarcangdatanot
shawvn). Chitinaseactvity increasedsignificantlyin the sugarcanénternodaltissuedue
to pretreatmentvith CGA-245704followed by pathogerninoculation. The increasewas
sustainedhroughoutthe experimentalperiodof 72 h after pathogerinoculation(Fig. 3).
B3-1,3-glucanaseactiity alsoincreasedsignificantlydueto inoculationwith C. falcatum
in CGA-245704-treatedanestalks 24 h after inoculationand it increasedconsistently
throughoutthe experimentalperiod. A threefoldincreasean thelevelsof 5-1,3-glucanase
wasrecorded?2 h after pathogerinoculationin the tissuespretreatedvith CGA-245704,
in comparisorwith theuntreateccontrol (Fig. 4).
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Fig. 2. Inductionof 25 kDathaumatin-lile protein(TLP) in sugarcan@retreatedvith CGA-245704
and inoculatedwith Colletotrichum falcatum. Aliquots (100 pg) of proteinswere analyzedby

Westernblotting after SDS-RAGE, using a beanTLP antiserum. Sizesof the marlker protein are
indicatedon theright. Arrow indicatesinductionof the 25 kDa TLP. Left lane,Not inoculatedwith

pathogenRightlane,Inoculatedwith pathogen.

Fig. 3. Changesn chitinaseactivity in control (upperline) and CGA-245704-treate¢bottomline)
sugarcanéissuein responséo inoculationwith Colletotrichumfalcatum.Dataaremeandrom three
independensamplesVertical barsindicatestandardieviation of threereplications.
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Fig. 4. Changesn §-1,3-glucanasectiity in control(upperline) andCGA-245704-treate(bottom
line) sugarcandissuein responséo inoculationwith Colletotrichumfalcatum.Dataaremeansfrom
threeindependensamplesVerticalbarsindicatestandarddeviation of threereplications.

DISCUSSION

In recentyearsthe conceptof inducedresistancehas attractedmuch attentionas a
possiblestratgyy in integrated plant diseasemanagement. Many defensemechanisms
are triggeredin plantsin responsdo infection by pathogeng17), including phenolics,
phytoaleins, callose,PR-proteinsand hydroxyproline-richglycoproteins(HRGPs)(66).
The genesencodingPR-proteinsareexpressedot only in theinfectedleaves,but alsoin
the non-infectedleaves of the sameplant (62). This phenomenonSAR, plays a major
role in diseaseaesistancef plants(16,18). Naturally inducedSAR is not predictablein
timing andlevel of expressiorandthereforewould not be usefulfor agriculturalpractice.
Thusit is quite obvious that from a practical point of view only a chemicalmeansof
plant activation would have definite advantagesn plantdiseasecontrol. Novel synthetic
signal moleculesthat are able to induce ISR offer great potential for diseasecontrol
in economicallyimportantcrops. Many such chemicalcompoundsare also known to
induce SAR in plants (10,25,43,56,61) It is suggestedhat a signal originatesin the
necrotizingpathogen-infectedr inducertreatedleaves and moves throughoutthe plant
in the phloemto activate resistancg34,51). It hasbeendemonstratedhat detachment
of achemicalllytreatedleaf prior to the developmentof a hypersensitie responsélocks
theinductionof SAR (13,14,19).CGA-245704is achemical(benzq[1,2,3] thiadiazole-7-
carbothioicacidS-methylesterwhichis anesterderivative of theplantactivatorBion. The
benzothiadiazoleompoundacibenzolaiS-methyl(tradenameBion), is known to induce
SAR in mary plants(20,22,26,35,43,55 It hasbeendevelopedandusedfor the control
of powderymildew in cerealdn Europe(50). Foliar applicationsof acibenzolatS-methyl
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werereportedo sensitizesusceptibleucumbeplantsto reactmorerapidly andefficiently
againsta soilbornepathogen Pythiumultimum (1). Recentlyit was demonstratedhat
rice seedlingdreatedwith Bion acquiredresistanceo subsequerattackby therice blast
fungus,Magnaporthegrisea(55). AcibenzolarS-methylandits metabolitesareknown to
have no direct antimicrobialactiity (32,47,50). However, Ishii et al. (26) reportedthat
melonisolatesof Didymellabryoniaeweresensitve to acibenzolaiS-methylin vitro. Kaji

etal. (28) foundthatacibenzolatS-methyldegradedand/ormetabolizedapidly in plants.

The results of the presentstudy indicated clearly that soil drenchingwith CGA-
245704was effective in inducing systemicresistancan sugarcanestalksand restricting
the growth of C. falcatuminside the internodalcanetissues. When CGA-245704was
suppliedin the rooting mixture, it was found that the host defensemechanismsavere
activated. Whenthe pathogenwas inoculatedby the plug method,the untreatedstalks
dried completelywithin 30 days,whereasn the CGA-245704-treatedaneghe pathogen
could not colonizemorethanthreeinternodesrom the site of inoculation. Theseresults
have provedthat CGA-245704inducedsystemicresistancegainstheredrot pathogenn
sugarcaneSimilarinductionof SAR hasbeenreportedn cucumberagainstColletotricum
orbiculare, Pseudomonatachrymansand tobacconecrosisvirus (30,44) andin cereals
againstSeptoriaspp. andPucciniaspp. (50). Schlosse(53) suggestedhat CGA-245704
couldinduceSAR evenin plantswith noresistancgenefor a particularpathogen.

The accumulationof PR-proteinssuch as chitinase, 8-1,3-glucanasend TLP, and
of phenolicswas also inducedin sugarcanestalks after treatmentwith CGA-245704.
Accumulationof PR-proteinshasbeencorrelatedwith SAR in plants(31,52). Many PR-
proteinsexhibit antifungalactiity in vitro (39,54,65,67).For instance 3-1,3-glucanases
(PR-2)andchitinasegPR-3) areableto hydrolyze-1,3-glucanandchitin, respectiely,
the major componentf fungal cell walls (29,36). Proteinsof the PR-5 family, also
known asthaumatin-lile proteins,causesporelysis and/orreducedhyphal viability via
plasmamembranepermeabilization(64). Several studieshave demonstratedhat over
expressiorof chitinases-1,3-glucanasesndTLPsin transgeni@lantsis associateavith
enhancedesistancao variousfungal pathogeng5,7,11,12,37,71).Recently Narusaka
etal. (43) reportedthat (a) resistanceagainstCladosporiumcucumerinuncausingscab
diseaseand (b) accumulationof PR-proteinwere rapidly inducedin cucumberplants
after treatmentwith acibenzolasS-methyl. They obsened induction of chitinasein the
first andsecondeavesof cucumbemwhenthe third leavesweretreatedwith acibenzolar
S-methyl. In the presentstudy a concomitantincreasein the levels of 3-1,3-glucanase
and chitinasesin responseo pretreatmentvith CGA-245704was obsened. Siegrist et
al. (57) reportedaccumulationof chitinase,3-1,3-glucanasend peroxidasesn Bion-
inducedgreenbeanplants,with a subsequenincreasen resistanceagainstsomefungal
and bacterial pathogens. Increasein phenolic contentin plants has been correlated
with resistanceo pathogensn both dicots and monocots(66). It is well known that
resistanplantscontainmorephenolsor producepolyphenolsmorerapidly thansusceptible
ones(6,38). The increasedhenoliccontentand accumulatiorof PR-proteingdollowing
applicationof CGA-245704might be involved in the resistanceof sugarcanegainstC.
falcatum.

In conclusion,we have demonstratedhat soil drenchingwith acibenzolasS-methyl
caninducethe accumulatiorof phenolicsand PR-proteinsandincreasethe resistancef
sugarcaneagainstC. falcatum. To the bestof our knowledge,this is the first reporton
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inducedresistancen sugarcandoy a syntheticchemicalinducer Furtherstudiesin this
areashouldallow for the betterdevelopmentof inducedresistancestratgyiesandprovide
aninsightinto the mechanismsf resistancehatrestrictpathogerdevelopment.
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