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Effects of Azoxystrobin on Mycotoxin Production in a
Carbendazim-Resistant Strain of
Fusarium sporotrichioides

J.P Felix D’'Mello, Ann M.C. MacdonaldandRosalieRinng

Carbendazim-resistaiRS) and control (CS) strainsof Fusarium sporotrichioides Sherb,
previously developedin our laboratory were exposedto gradedconcentration®f azoxy-
strobinin broth mediaundershale-cultureconditionsfor 2, 3, 4 and8 days. Azoxystrobin
concentrationsvere 0, 1, 10 and 100 mg |~! broth and cultureswere incubatedat a
constan5’ C. Mycelial growth wassignificantlyaffectedby strain(P<0.01),azoxystrobin
concentration(P<0.001) and incubationtime (P<0.001). Combinedresultsfor the four
incubationtimes shaved that CS yielded higher mycelial massthan RS (P<0.01) only in
the absenceof azoxystrobin. At fungicide additionsof 1, 10 and 100 mg I~ mycelial
growth wasreducedP<0.001)with minimal straindifferencegP>0.05)atall threedoseof
azoxystrobin.Significant(P<0.05or better)strain—fungicidenteractionswererecordedn
trichotheceng@roductionfollowing exposureto azoxystrobin At 4 and8 daysof incubation,
the10 mg|~—! additionof azoxystrobirstimulatedT-2 toxin synthesigP<0.05)only in RS
cultures.In contrast,T-2 toxin enhancemerin CS culturesoccurredonly on day 8 but at a
lower level of azoxystrobirn(1 mgl—1). Thus,thestimulationof T-2 toxin synthesislepended
uponstrainandazoxystrobirlevel. Productionof diocetoxyscirpenolDAS) wasaffectedby
amorecomple setof interactions.Overall meansshaved that, in comparisorwith initial
values(onday?2 or 3), DAS outputmaximizedsignificantly(P<0.05)on day4 in RScultures
andon day8 in CS.Marked straineffectswereobsered on exposureto the 10mg|~" level
of azoxystrobin At thislevel, DAS productionrwasenhanceih RSonly after4 (P<0.01)and
8 (P<0.05)daysof incubation,while in contrastCSreducedDAS production.As with T-2
toxin, DAS productionin CSwasstimulated(P<0.05or better)only atlow exposurelevels
of azoxystrobin.In the caseof neosolanioNEO), however, the main effect of strainwas
significant(P<0.05),with CS producingconsistentlymoreof the mycotoxinthanRSon day
4 of theexperiment.At this point, the NEO:T-2 toxin ratio wasalsohigherin CS(0.63)than
in RS (0.12), a featurereportedby us previously. In conclusion,the presentinvestigation
hasshavn for the first time that the developmentof resistanceo onefungicide can affect
trichothecengoroductionin F. sporotrichioides on exposureto a secondfungicide. These
resultshave beenincorporatednto a new classificationrschemdor fungicideefficacy which
is alsopresentedh this paper
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INTRODUCTION

Recentaboratoryandfield datahave highlightedthe variableefficacy of fungicidesin
controllingmycotoxinresiduesn cerealgrainsharvestedrom cropsinfectedwith fusarium
headblight (FHB) (4). We hypothesizedhat the acquisitionof fungicide resistancedy
Fusarium phytopathogensnight impair fungicide control of mycotoxin contamination.
Limited evidencefor suchan effect hasemeged from our laboratorystudieswith pure
culturesof Fusarium culmorum. Initial work by D’Mello et al. (3,5)shovedthatresistance
to difenoconazolanducedincreasedpersistenceof 3-acetyl deoxynialenol (3-ADON)
productioncomparedo a controlstrainof the pathogenThesestraindifferencesvereap-
parentat eachof threesamplingtimesduringa 22-dayincubationperiod. Moreover, there
was someevidenceof differentpatternsof 3-ADON synthesisbetweenthe two strains.
A subsequenstudy (2) examinedthe effects of carbendazinresistanceon mycotoxin
productionin Fusarium sporotrichioides Sherb That investigationwas designedto test
the universalityof concepteemeging from the earlierwork (3,5). Thus,carbendazinwas
usedinsteadof difenoconazol@spartof this stratey. In addition,F. sporotrichioides was
selectedasthe testfungussince,in comparisorwith F. culmorum, it producesa diverse
rangeof trichothecenanycotoxins,including T-2 toxin, diacetoxyscirpeno{DAS) and
neosolaniol(NEO). It was concludedthat carbendazinresistancealso inducedgenuine
differencesin mycotoxin productionin F. sporotrichioides. Combinedresultsfor three
incubation periods shaved dose-relateceffects in carbendazinminhibition of T-2 toxin
productionby the controlstrain(CS).In contrastdependingiponfungicidedose cultures
of the resistantstrain (RS) eitherincreasedr-2 toxin synthesisor shaved lower levels of
inhibition than CS isolates. In particulay at the 2 ug mi—! additionof carbendazim(T-2
toxin productionwasmarkedly enhancedn RSisolates.Furthermoretheratio of NEOto
T-2 toxin productionwasaffectedby an interactioninvolving incubationtime, strainand
carbendazindose. It was suggestedhat the focus of the strain differencemight reside
in the conversionof NEO to T-2 toxin which, in turn, is probablysensitie to fungicide
concentrationHowever, thisimplicationwasbasedn limited datafor thetwo mycotoxins
(2).

It is not known how exposureto other commonly used fungicides might affect
mycotoxin productionin carbendazim-resistargtrainsof Fusarium. This knowledge
would be of practicalimportance sincemixturesof fungicidesare now regularly applied
to cerealcropsto improve overall efficagy. In the currentpaperwe reportthe resultsof
suchaninvestigation. The strobilurin analog,azoxystrobinis now recommendedor late
eardiseasei springandwinter wheatandwould appeato be a suitablefungicideto test
our hypothesisThetwo F. sporotrichioides strains(CS andRS) usedpreviously (2) were
individually exposedto gradedconcentration®f azoxystrobin.T-2 toxin, DAS andNEO
productionweredeterminedn a factorialexperimentdesignedo explore main effectsof,
andinteractionsnvolving strain,incubationtime andazoxystrobirconcentrationn liquid
media.An objective of this designwasto obtaina completesetof datafor DAS andNEO
productionto assesshevalidity of previousimplicationsthatwerebasedon limited values
(2). Finally, theresultsobtainedwereconsideredn the context of otherpublisheddatato
assesshe overall efficacy of fungicidesfor mycotoxincontrol. In consequences novel
systemof fungicideclassificationwasdevisedandis presentedn this paper
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MATERIALS AND METHODS

Glucose yeast extract medium A glucose—yeasxtract—pepton€¢GYP) brothwasused
in this study Thebroth containedl% glucose0.1%yeastextractand0.1% peptone.The
pH wassetat 6.5. Prior to usethe mediumwasautoclaredat 121°C for 15 min.

Azoxystrobin  Azoxystrobinwasaddedas Amistar (ZenecaAgrochemicalsUK), con-
taining 2509 a.i. I=. Priorto use,andasin the previous study (2), Amistar wasdiluted
with ethanolto provide the desiredfinal concentrations.The diluted fungicide wasthen
addedo sterilizedGYP mediaandmixedthoroughly

Fungal isolates The CS and RS strains of F. sporotrichioides were describedand
characterize@lsavhere(2). Thetwo strainsshoved markedly diverging growth patterns
following exposureto gradedlevels of carbendazin(2). Stockculturespreparedor the
previous experimentwere maintainedin their respectre GYP mediaprior to usein the
currentexperimentasdescribedelow.

Experimental design The GYP culturesof CS andRS wereusedto inoculateseparate
petri dishesof PDA which were then incubatedat 25°C until growth was established.
The PDA cultureswere usedto preparea sporesuspensioradjustedto 5 x 10° spores
mI~! GYP mediumfor eachstrain (CS andRS). Eachsuspensiomwas usedto inoculate
separateaxperimentalflasks containingGYP. After incubationfor 1 day at 25°C on a

shaler, Amistarwasaddedto provide azoxystrobinconcentrationsf 0, 1, 10 and100mg

a.i. 17! of GYPin factorialcombination.The0 mgl—! treatmentontainedanappropriate
volume of ethanolconsistentwith the level usedfor the fungicide treatments.Sufficient

flaskswere incubatedat 25°C on a shaler to provide two replicatesat eachincubation

time for eachstrainandazoxystrobirlevel. Sixty-four flaskswereinoculatedor theentire

experimentallowing samplingat 2, 3, 4 and8 daysof incubation.At eachof thesetimes,

samplesveretakenfor mycelialmassandmycotoxindeterminations.

Growth measurements After 2, 3, 4 and8 daysof incubation,entire culturesfrom two
replicatesin eachtreatmentwere filtered throughfilter paper(WhatmanNo. 4) andthe
myceliawerefreeze-driedcandweighed.As in the precedingstudy(2), theseweightswere
usedto represenfungal growth. The filtrates arising from this stagewere analyzedfor
threetrichothecenenycotoxins.

Deter minations of T-2 toxin, diacetoxyscir penol and neosolaniol  T-2 toxin, DAS and
NEOwerequantifiedin filtratesarisingfrom bothreplicatedor all experimentatreatments
andincubationtimes. Eachfiltrate waswashedwith chloroform,filteredthroughsilicone-
treatedphaseseparatiompaperreducedn volumeusingathin-film rotaryevaporatordried
underN» andstoredat -20°C prior to analysisby thin layer chromatographyTLC). For
thedeterminatiorof T-2 toxin, DAS andNEO, thedried extractswerere-suspendeith 100
ul chloroformand5ul wasspottedonto TLC plates(2). The plateswerethendeveloped
to a predeterminednark (10 cm) in a mixture of chloroform and methanol(volumetric
proportions:93 and 7, respectiely). The plateswereair-dried, turnedthroughan angle
of 90°C anddevelopedin a mixture of toluene,ethyl acetateandformic acid (volumetric
proportions:50, 40 and 10, respectiely). With both dimensionsplateswere developed
in separatequilibratedchambersDerivatizationwasaccomplishedy dippingthe plates
in 8% sulphuricacid. Plateswerethenheatedat 110°C for 20 min prior to examination
underUV light. Thepresencef thethreemycotoxinswasassessedisually by comparing
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Ry valuesandcolor developmentwith respectie standardsQuantificatiorwasperformed
with a CAMAG CD60 densitometerThe outputfrom the densitometealsoprovidedthe
meandor positive identificationof thethreemycotoxinsby spectrabnalysis Exactdetails
of all protocolsandanalyticalhardwareusedappeain anearlierpaper(2).

Statistical analysis Datawere subjectedto analysisof variancefor a factorial design
using Minitab.  Significant main effects and interactionswere identified by F tests.
Significantdifferencedbetweemmeansvereestablishedisingt testsaccordingto standard
protocols(9).

RESULTS

Mycelial yield The mycelial massresultsare summarizedn Table 1. The original,
replicateddataweresubjectedo analysisof variancewvhich shovedthatthemaineffectsof
azoxystrobirconcentratiorandof incubationtime werehighly significant(P<0.001).The
main effect of strainwasalsosignificant(P<0.01). In addition, the interactionbetween
azoxystrobinconcentratiorand duration of exposurewas highly significant(P<0.001).
Examinatiorof theoverallmeansn Tablel indicateghatthestraindifferencevasapparent
only on day 3 of incubation(P<0.01), althoughthe effects of time were significantfor
both strains(P<0.05or better). Similarly, within the body of the table,straindifferences
were significanton day 3 (P<0.01)for cultureswithout fungicide treatmentand on day
8 (P<0.05)for culturesexposedto azoxystrobinat 100 mg |~ of medium. In contrast,
both strainswere sensitve to azoxystrobinconcentrationwith significantdepressions
mycelial yield occurringevenat the 1 mg |~ additionon day 3 (P<0.01 or better),day
4 (P<0.01) andday 8 (P<0.05 or better). The reductionsprecipitatedby this level of
azoxystrobinwere greaterfor the CS strain (P<0.001)thanfor the RS strain (P<0.050r
P<0.01)ondays3 and8 of incubation.However, higherlevelsof azoxystrobinn general
inducedsmallerreductionsn mycelialyield thatin mary casedailedto reachsignificance
(P>0.05). In addition, an anomalousvalue was recordedfor the CS sampleexposedto
azoxystrobinat 100mg|~! for 8 days.

TABLE 1. Effectsof incubationtime andazoxystrobinconcentration®n mycelial massin control
(CS)andcarbendazim-resistafRS) strainsof Fusarium sporotrichioides

Azoxystrobin Incubationtime (days)
level (mgl—1)

2 3 4 8

CS RS CS RS CS RS CS RS

Mycelial mass(mg)

0 212 135 888 433 464 472 492 381
1 69 30 274 143 209 215 162 160
10 48 26 221 115 237 204 146 137
100 52 98 50 44 91 34 383 175
Overallmean 95 72 358 184 250 231 296 213
LSD (P<0.05) 177

T-2 toxin production Meanvaluesfor T-2 toxin productionare presentedn Table 2.
Analysisof varianceof theoriginalreplicateddataindicatedsignificantmaineffectsof time
(P<0.001)andazoxystrobinconcentration(P<0.01) on T-2 toxin production. The main
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TABLE 2. Effectsof incubationtime andazoxystrobinconcentration®n T-2 toxin productionby
control(CS)andcarbendazim-resistafRS) strainsof Fusarium sporotrichioides

Azoxystrobin Incubationtime (days)
level (mgl—1)

2 3 4 8

CS RS CS RS CS RS CS RS

T-2 toxin production(mgl—1)

0 282 30 49 200 49 331 41 45
1 0 0 174 72 374 109 528 70
10 0 0 0 0 387 686 428 473
100 0 0 0 0 0 84 25 100
Overallmean 70.5 7.5 55.8 68 202.5 302.5 2555 172.0
LSD (P<0.05) 339

TABLE 3. Effectsof incubationtime andazoxystrobirconcentration®n diacetoxyscirpenglDAS)
productionby control (CS)andcarbendazim-resista(RS) strainsof Fusarium sporotrichioides

Azoxystrobin Incubationtime (days)
level (mgl—1)

2 3 4 8

CS RS CS RS CS RS CS RS

DAS production(mgl—1)

0 0 0 6 0 12 14 12 0
1 0 0 0 0 36 5 81 14
10 0 0 0 0 6 96 9 40
100 0 0 0 0 0 0 0 0
Overallmean 0 0 15 0 135 28.8 255 135

LSD (P<0.05) 33

effectsof strainwere not significant(P>0.05). However, the interactionsbetweenstrain
andfungicideconcentratiomndbetweerincubationtime andfungicideconcentrationwere
significant(P<0.05). The main effect of time is shavn in a comparisonof the overall
meandn Table2. T-2 toxin productionmaximizedon day 8 in CS (P<0.05)andon day
4 in RS (P<0.01), althoughthe interactionbetweenstrain and time was not significant
(P>0.05). Significanteffectsof time may alsobe seenin the mainbody of Table2. Thus,
in comparisorwith initial valueson day 2, T-2 toxin productionmaximizedon day 4 for
CS (P<0.05)andon day 8 for RS (P<0.01)following exposureto azoxystrobinat 1 mg
I=! GYP broth. The strain—fungicideinteractionis worthy of notein that 8 daysafter

TABLE 4. Effects of incubationtime and azoxystrobinconcentrationson neosolaniol(NEO)
productionby control (CS)andcarbendazim-resista(RS) strainsof Fusarium sporotrichioides

Azoxystrobin Incubationtime (days)
level (mgl—1)

2 3 4 8

CS RS CS RS CS RS CS RS

NEO production(mgl~ 1)

0 0 0 85 34 211 67 40 0
1 0 0 16 0 192 44 187 32
10 0 0 0 0 104 30 71 90
100 0 0 0 0 0 0 0 0
Overallmean 0 0 25.3 8.5 126.8 35.3 74.5 30.5
LSD (P<0.05) 144
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incubationazoxystrobirstimulatedT-2 toxin production(P<0.05)in bothstrainsbut only
1 mg |~ wassuficient for this increasein CS, whereasl0 mg|—! wasrequiredfor RS.
Enhancementf T-2 toxin productionalsooccurrecon day4, but significancevasobsened
only with RSexposedo azoxystrobirat 10 mgl—!. However, at100mg |~ thefungicide
significantly(P<0.05)reducedT-2 toxin outputequallyin bothstrains.

Diacetoxyscir penol production Analysis of varianceof replicateddataindicatedthat
incubation time induced a highly significant effect (P<0.001) on DAS production.
Examinationof the overall meansin Table 3 shows that this effect was discerniblefor
bothstrains. Thus,in comparisorwith valuesfor day 2 or 3, DAS productionmaximized
(P<0.01)on day 4 for RS andon day 8 for CS, althoughthe main effect of strainand
the interactionbetweentime and strainwere not significant(P>0.05). In the analysisof
variance,azoxystrobinconcentratioremeged as a significantfactor in respectto main
effects(P<0.01)andto interactionswith strain (P<0.01)anddurationof exposureto the
fungicide (P<0.05). In addition,the azoxystrobin—strain—timmteractionwas significant
(P<0.05).Thus,azoxystrobiraddedat 10mg|—?! stimulatedDAS productionin RSafter4
days(P<0.01)and8 days(P<0.05)of incubation.In contrastenhancedAS production
by CS culturesoccurredonly on day 8 (P<0.01) but at a lower level of azoxystrobin
addition(1 mg 1~-1). The interactionsare further exemplified by two othercomparisons
of datain Table3. On day 4, RS producedmore DAS than CS following exposureto
azoxystrobinat 10 mg 1=t (P<0.01), but on day 8 the differencewasreversed(P<0.01)
but at a lower level of fungicide(1 mgl—1). At the100mgl—! addition,DAS production
wasreducedo undetectabléevels (P<0.050r better)in bothstrains.

Neosolaniol production Analysis of varianceindicatedsignificant (P<0.05) main ef-
fects of incubationtime and of strainon NEO production. All other effects were non-
significant(P>0.05). Inspectionof the overallmeansin Table4 shows that the effect of
timewassignificantonly for CS,whichmaximizedNEO productiononday4 of incubation.
That overall meanreflectedsignificantly (P<0.05) higher yields in CS comparedwith
initial valuesandwith RS following incubationwith azoxystrobinat0 and1 mgl—!. On
day 8, CSexposedto 1 mg|—! alsoproducednoreNEO thanRS (P<0.05). In addition,
this level of azoxystrobirstimulatedNEO synthesisn CS (P<0.05)but not RS (P>0.05)
on day 8 of incubation,comparedvith respectre culturesincubatedwvithout fungicide.

DISCUSSION

This is the first studywith a Fusarium phytopathogelindicating that developmentof
resistancdo onefungicide might affect trichothecengroductionon subsequengxposure
to a secondfungicide. In an earlier study (2) we shaved that a carbendazim-resistant
strainof F. sporotrichioides enhancedts synthesif T-2 toxin following furtherexposure
to the samefungicide. This strain of F. sporotrichioides (RS) was usedin the current
investigation. Marked differenceswere recordedin trichotheceneproductionbetween
RS and a control strain (CS) after both were exposedto gradedlevels of azoxystrobin
(Tables2-4). It is worthy of notethatfor T-2 toxin and DAS the main effects of strain
were not significant(P>0.05). However, significant(P<0.05 or better)strain—fungicide
interactionsvereobsenedin synthesiof thesewo mycotoxins.In the caseof DAS (Table
3), incubationtime emegedasanadditionalcomponentn this interaction(P<0.05).
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TABLE 5. Fungicideefficagy: atentatie classificatiorfor trichothecene&ontrof

Class Descriptor Examplesof fungicides | Trichotheceng Conditions
affected
| Effective None - -
1A Partially effective [growth-dependent | Tehuconazole DON Field trial
inhibition; mycotoxinresidues Thiophanate-methyl DONandNIV| Field trial
possible] Prochloraz 3-ADON In vitro
1B Partially effective [directinhibition of Thiabendazole DON Field trial
mycotoxinsynthesis; Dicloran DAS Invitro
disease/infection/fungaglronth
possible]
A Ineffective Propiconazole DON Field trial
Morpholines 3-ADON In vitro
1B Stimulatoryand/orinducingresistance | Iprodione DON Fieldtrial
Tridemorph T-2 toxin Invitro
Difenoconazole 3-ADON Invitro
Carbendazim T-2 toxin Invitro
Azoxystrobin T-2 toxin, In vitro®
DAS and
NEO

*For datasourcesseetext of this paperandreviews by D'Mello et al. (4) andD’'Mello and Macdonald(1).
YDON, deoxynvalenol; NIV, nivalenol; 3-ADON, 3-acetyldeoxynvalenol; DAS, diacetoxyscirpenolNEO,
neosolamol.

ZSeeTablesl-4of this paper

Thestrain—fungicidanteractionis clearly exemplifiedby the T-2 toxin resultsin Table
2. In qualitatve terms, it can be seenthat after 4 days of incubation, azoxystrobin
at 100 mg I~! inhibited T-2 toxin formation in CS while allowing some synthesisin
RS cultures. In addition, three statistically significantcomparisonsinderlinethe strain—
fungicideinteraction.At 4 and8 daysof incubationthe 10 mgl—! additionof azoxystrobin
stimulated T-2 toxin synthesis(P<0.05) only in RS cultures. In contrast, T-2 toxin
enhancemenh CS culturesoccurredonly on day 8 but at a lower level of azoxystrobin
(1 mgl—1). Thusthestimulationof T-2 toxin synthesislependediponstrainandfungicide
level. The straindifferencein T-2 toxin productionoccursonly following exposureto low
or moderatdevelsof azoxystrobin.

Productiorof DAS wasaffectedby amorecomplex setof interactionsasillustratedby
theresultsin Table3. Overallmeanshavedthat,in comparisorwith initial values(onday
2 or 3), DAS outputmaximizedsignificantly(P<0.05)on day4 in RSculturesandon day
8 in CS, althoughthe strain-timeinteractionprovedto be not significant(P>0.05). More
striking straineffectswere obserned on exposureto the 10 mg 1= level of azoxystrobin.
At this level, DAS productionwasenhanceanly in RS, after4 (P<0.01)and8 (P<0.05)
daysof incubation,whereasCs, in contrastreducedDAS production.As with T-2 toxin,
DAS productionin CS was stimulated(P<0.05 or better) only at low exposurelevels
of azoxystrobin. In the caseof NEO (Table 4), however, the main effect of strainwas
significant(P<0.05), with CS producingconsistentlymore of the mycotoxinthanRS on
day 4 of the experiment. At this point, the NEO:T-2 toxin ratio was also higherin CS
(0.63)thanin RS (0.12), a featurewhich we reportedpreviously (2). The new evidence
corroboratesurther the conceptthat carbendazinresistancenay promotecorversionof
NEO to T-2 toxin andthat this trait is discernibleeven when RS is exposedto another
fungicide.
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Anotheruniquefeatureof this studywasthe simultaneougnhancemenaf T-2 toxin,
DAS andNEO synthesison exposureof F. sporotrichioides to low or moderatdevels of
azoxystrobin. It is possiblethat this effect is associatedvith azoxystrobinin particular
sinceotherfungicideshave beenlinked specificallywith T-2 toxin stimulation(4). The
implicationsfor mycotoxincontrolin cerealproductionremainto be elucidated.

Validationof the presentesultsunderfield conditionswould notbepracticallyfeasible,
sincethe differentfactorsexaminedand conditionsusedwould be difficult to controlin
cerealproduction.However, if theseresultsarereplicatedunderfield conditionsthenthe
significancefor fungicide efficacy andcerealgrain safetywould beimportant. Thustype,
level andtiming of fungicideapplicationsvould becritical. At low to moderatdevelsafter
infection hasbeenestablishedtrichothecenecontaminationmay be increasedor, more
likely, more difficult to control. Higher applicationlevels and differentcombinationsof
fungicide mixturesmay be required,with attendantconsequencesf increasedcostsof
cerealproductionandof ervironmentaldamage.

It is fortuitous that in the presentstudy fungal biomassproductionwas depressed
to similar extents in both strains following exposureto equialent concentrationsof
azoxystrobin(Table1). Consequentlythe differencesn mycotoxinproductionat low to
moderatefungicide exposure(Tables2—4) may be attributedto intrinsic strain effects at
the biosyntheticlevel ratherthanto discrepanciein growth. Earlier studies(2,3,5)were
somavhatinconclusvein thisrespect.

An aspectworthy of future investigationwould be to confirm whetherthe effectson
mycotoxin productionwould be replicatedin different carbendazim-resistarstrains of
Fusarium phytopathogensThe currentandprevious(2) studieshave examinedmycotoxin
synthesisin just one strain of F. sporotrichioides. A programto screenother toxigenic
fungal pathogensvould be of practicalinterestgiven the widespreadandrelatively rapid
developmenbf fungicideresistanceamongtheseorganismg4).

Thepresenstudyis thefinal in a seriesof experimentg2,3,5)designedo examinethe
controlof trichothecen@roductionin Fusarium speciesesistanto commonfungicides.lt
thereforeappeare@ppropriateo review themajoroutcomesandto considetthemwithin a
schemeof fungicideefficacy. A summaryis presentedh Table5 representing distillation
of thisandotherevidence(1,4,6-8,10,11)Individualfungicideswereplacedin threemajor
groupsbasedon the effectivenessof fungicidesto control completelyFHB infection and
mycotoxinproductionin grainor in culture. Fungicideshat satisfiedthesecriteriawould
appeain classl, while thoseof intermediatesfficacy would beplacedwithin classll. Class
[l includedfungicideswith performancecharacteristicsvhich wereinconsistentwith the
above criteria and which would also poseadditionalrisks. Subdvisionswere necessary
for classll giventhatpartial efficacy might arisethroughgrowth-dependentetardationof
Fusarium phytopathogener by directinhibition of trichothecendiosynthesisWith class
IIA fungicides|f fungalgrowth orinfectionis nottotally inhibitedthenresidualmycotoxin
productionmight be retainedwith the potentialto contaminatecerealgrains. With class
IIB fungicides, trichotheceneproductionin Fusarium specieswould be prevented but
FHB or infection might not be suppresseéully andcerealyield would be compromised.
Classlll subdvisionswere proposedon the basisthat inefficacy would be compounded
by the propensityof certainfungicidesto stimulatefungal growth and/ortrichothecene
production. With both classll andlll fungicidesthereappearedo be an additionalrisk
that Fusarium phytopathogensould develop resistanceo thesecompoundsand overall
efficacy might befurther prejudiced.
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It will be noted that no fungicide could be identified which could be considered
to be completelyeffective in the termsidentified above. It will also be apparentthat
tebuconazole specifically recommendedor FHB, hasbeenexcludedfrom classl and
indeeddesignatedhsa classllA fungicide. The evidencepresentedy Suty et al. (11)
indicatedthatfollowing tebhuconazolepplication residualevelsof deoxynvalenol(DON)
in grainwould still exceedadvisoryguidelinesssuecdby theFoodandDrug Administration
in the United States(1). More recentwork (7) has confirmedthat tebuconazoleis
only partially effective for DON control in wheatkernels. If the dataof Gareisand
Ceynowa (6) aretakeninto accountthentebuconazolevould be accordeda lessfavorable
rating since, in combinationwith triadimenol, it may enhancenivalenol contamination
of grain. Thosedatahave, however, beenexcludedfrom the presentassessmergince
corroboratiorhasnot appeareéindmoreoverit is not possibleto disentanglehe effectsof
theindividual component®f the fungicidemixture. Propiconazolavasdesignated class
IIA fungicide dueto residualtrichothecenecontaminationof grain evenin studieswith
beneficialoutcomes(1). Two additionalfield trials shaved no control of trichothecene
contaminatiorof cerealgrainsfollowing applicationof propiconazol€8,10). A numberof
fungicidesare proposedor classllIB sincethey all shav stimulatoryeffectsor have the
capacityto induceresistancavhich, in turn, mayaffectthe patternandlevelsof mycotoxin
production. The evidencefor this classincludesdatafrom the currentstudy (Tables1-4)
andfrom previouspapers.

In conclusionthepresentnvestigatiorhasshawvn for thefirsttimethatthedevelopment
of resistanceo one fungicide can affect trichothecenegproductionin F. sporotrichioides
following subsequenéxposureto a secondfungicide. A new classificationschemefor
fungicide efficacy is also presented.lt is ervisagedthat this classificationwill form the
basisfor improving fungicideefficacy in thefutureandfor developingalternatve strateyies
for mycotoxincontrol. However, it is clearthatconsiderablevork hasyetto beundertalen
to developaneffective fungicidefor trichotheceneontrol.

ACKNOWLEDGMENTS
Theauthorsacknavledgesupportfrom the ScottishExecutve Rural Affairs Departmen{SERAD).
REFERENCES

1. D'Mello, J.RF. andMacdonald A.M.C. (1998) Fungaltoxins asdiseaseelicitors. pp. 255-291.in: Rose,J.
[Ed.] Aspectsof EnvironmentalToxicology Overseas?ublishersAssociation Amsterdamthe Netherlands.

2. D'Mello, J.PF.,, Macdonald A.M.C. andBriere,L. (2001)Mycotoxin productionin a carbendazim-resistant
strainof Fusarium sporatrichioides. Mycotoxin Res. 16:101-111.

3. D'Mello, J.PF,, Macdonald,A.M.C. andDijksma, W.PT. (1998) 3-Acetyl deoxynvalenol productionin a
strainof Fusarium culmoruminsensitve to thefungicidedifenoconazoleMycotoxin Res. 14:9-18.

4. D'Mello, J.RF,, Macdonald,A.M.C., Postel,D., Dijksma, W.PT., Dujardin, A. andPlacinta,C.M. (1998)
Pesticideuseand mycotoxinproductionin Fusarium and Aspergillus phytopathogen<Eur. J. Plant Pathol.
104:741-751.

5. D'Mello, J.PF., MacdonaldA.M.C., Postel D. andHunter E.A. (1998)3-Acetyldeoxynvalenolproduction
in astrainof Fusarium culmoruminsensitve to the fungicidedifenoconazoleMycotoxin Res. 13:73-80.

6. Gareis, M. and Ceynowa, J. (1994) Influence of the fungicide Matador (tebuconazole/triagneno) on
mycotoxinproductionby Fusarium culmorum. Z. Lebensm-Unters. Forsch. 198:244-248.

7. Jones,R.K. (2000) Assessmentsf fusarium headblight of wheatand barley in responseto fungicide
treatmentPlant Dis. 84: 1021-1030.

8. Martin, R.A. and JohnstonH.W. (1982) Effects and control of fusariumdisease®f cerealplantsin the
Atlantic Provinces.Can. J. Plant Pathol. 4: 210-216.

Phytoparasitica 29:5,2001 9



10.

11.

10

Mead,R. andCurnaw, R.N. (1983)StatisticalMethodsin AgricultureandExperimentaBiology. Chapman
andHall, London,UK.

Milus, E.A. andParsonsC.E.(1994)Evaluationof foliar fungicidesfor controlling Fusarium headblight of

wheat.Plant Dis. 78: 697-699.

Suty A., MaulerMachnik, A. and Courbon,R. (1996) New findingson the epidemiologyof fusariumear
blight on wheatandits controlwith tetuconazoleProc. Brighton Crop Protection Conf. pp.511-516.

J.PF. D’'Mello et al.



