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Efficacy of Oxolinic Acid and Other Bactericidesin
Suppressionof Erwinia amylovora in Pear Orchards in
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Theefficacy of oxolinic acid (at 200and300 � g a.i./l) andof severalantibioticcompounds
(streptomycinsulfateat 100 � g a.i./l, glycocideB at 700 � g a.i./l, kasugamycinat 80 � g
a.i./l andgentamicinsulfateat 30 and60 � g a.i./l) againstErwinia amylovora, the causal
agentof fire blight in pears,wasevaluatedin 43orchardexperimentsin 1997–2000in Israel.
In additionto the above orchardexperiments,the efficacy of the bactericideswastestedin
five experimentswith artificial inoculation. Natural fire blight symptomswere observed
in 16 of the 43 experiments;in 13 of them, diseaseintensity and its distribution among
the experimentalplots provided a basisfor dataanalysis,leading to reliable conclusions
concerningtheefficacy of the testedbactericides.Oxolinic acidat 300 � g a.i./l washighly
effectiveagainstE. amylovora andreduceddiseaseseverity significantlyin all experiments,as
comparedwith theuntreatedplots;however, aconcentrationof 200 � g a.i./l wasnoteffective
in somecases. Among the testedantibiotics,only gentamicinsulfate was as effective as
oxolinic acid.Resultsof theartificial inoculationexperimentscorroboratedthoseobtainedin
thenaturallyinfectedorchards.Thepre-infectionactivity of oxolinic acidwasdeterminedon
blossomclustersthatweresprayedwith thebactericidebeforeinoculation.Controlefficacy
on blossomclusterssprayed1–4 daysbeforeinoculationrangedfrom 68% to 80%,a level
which did not differ significantlyfrom thatobservedon blossomclusterssprayedon theday
of inoculation(80%control). Thepostinfectionactivity of oxolinic acidwasdeterminedon
blossomclustersthatweresprayedwith thecompoundafter inoculation.Oxolinic acidwas
aseffective whenapplied1 or 2 daysafter inoculationaswhenit wasappliedon thedayof
inoculation;however, applicationof thebactericide3daysafterinoculationnolongerresulted
in significantdiseasesuppression.Oxolinic acidhasbeenusedcommerciallyin Israelsince
1998with appreciablesuccess.
KEY WORDS:Erwinia amylovora; fire blight; diseasemanagement;bactericides.

INTRODUCTION

Fire blight, causedby the bacteriumErwinia amylovora (Burrill) Winslow et al., is
themostdestructivepathogenof pearsandotherpomefruit treesworldwide(8,14,22,23).
Thediseasewasfirst detectedin Israelin 1985andwithin 2 yearsit hadspreadto all pear
productionareasof the country (15,24). In the 10 yearsthat followed, infectionswere
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sporadic.Althoughepidemicsin someorchardswereoccasionallysevere,leadingto death
anduprootingof trees,the intensityof the diseasecountrywidewasmild. The situation
wasdifferent in the Samariaproductionareain 1995andin northernIsrael in 1996. In
thoseyearssevereepidemicsdevelopedin theseregions,leadingto substantialdamageand
to uprootingof numerousorchards.In Samaria� 85%of thepearorchardsarea( � 100ha)
wasuprootedfollowing the1995epidemic.

Managementof fire blight is difficult andit is necessaryto combineseveral different
measuresto eliminatethe source,reducethe bacterialinoculum,limit its spread,prevent
plant infection and reduceplant susceptibility(19,23). Chemicalswhich can be used
againstbacterialpathogensof plantsbelongto threecategories:heavy metals,antibiotics,
andchemicalstriggeringa defensereactionin plants. Heavy metals(mostoften copper
compounds)are quite good bactericides,but their usemay have phytotoxic effects on
leavesandfruits; therefore,they areemployedprimarily beforebloom. Antibiotics often
provide the bestcontrol of fire blight. The first experimentson fire blight control with
streptomycinwereperformedin theUSA in theearly1950sandby theendof thatdecade,
streptomycinwaswidely usedin appleandpearorchards.During the 1960sorchardsin
Californiasometimesreceivedtenor morestreptomycinspraysperseason.Otherantibiotic
compoundssuchasoxytetracycline,kasugamycinandgentamicinsulfatearealsoeffective
againstE. amylovora (1,13,20).

The use of antibiosishas, however, two major drawbacks. Antibiotics, especially
streptomycin,areusedin humanandanimalmedicine,and thereforetheir usefor plant
protectionis understrictregulationandin somecountriesis notallowedatall (for example,
in France,Spain,Italy andSwitzerland).Secondly, repeatedandfrequentuseof antibiotics
often leadsto the selectionof antibiotic-resistantstrainsof E. amylovora. Suchstrains
weredetectedin theearly1970sin someareasof theUSA, andlaterthey werealsofound
in otherregionsof theUSA, andin New Zealand,Greeceandothercountries(11,12).

In Israel,since1986streptomycinhasbeentheonly bactericideregisteredfor fire blight
managementduringbloom. It hasbeenwidely usedby peargrowers,with up to 12 sprays
beingappliedperseason.Streptomycin-resistantE. amylovora strainswerefirst detected
in 1991in anisolatedpearorchardin thenorthernNegev. Following failureto controlfire
blightwith streptomycinin 1995and1996,thedistributionof streptomycin-resistantstrains
of E. amylovora in Israelwassurveyed,and107 pear, apple,loquatandquinceorchards
weremonitoredduring 1994–1997.Streptomycin-resistantstrainsof the bacteriumwere
recoveredfrom flowersandfrom infectedbranchescollectedfrom mostgrowing regionsin
thecountry(10).

The developmentof populationsof E. amylovora resistantto streptomycincreateda
seriousthreatto the pearindustry in Israel, sinceit was the only registeredbactericide;
therefore,therewasanurgentneedto find andregisteraneffective alternative compound.
Thenumberof potentialcandidateswaslimited, but one,for which therewassomedocu-
mentedevidenceof efficacy, wasoxolinic acid. Oxolinic acid (Starner, previously coded
asS-0208;5-ethyl-5,8-dihydro-8-oxo[1,3]dioxolo[4,5-g]quinoline-7-carboxylic acid),is a
bactericidedevelopedby SumitomoChemicalsCorporationin Japan. It is a synthetic
quinoline-family compoundwith high antibacterialactivity againstsomegram-negative
bacteria(7). Oxolinic acidinhibitsDNA-gyrase,resultingin inhibition of DNA replication,
and the bacteriatreatedwith the compoundlose the ability to multiply. The efficacy of
oxolinic acid (at 300 � g a.i./l) in suppressionof E. amylovora wasevaluatedin England
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(9), Belgium(4), Cyprus(5), Poland(18),Egypt(6), Greece(21) andIsrael(Zilberstaine,
unpublished).Control achieved by the compoundrangedfrom 70% to 98%, and in all
casesefficacy wasat leastasgoodasthatof thestandardantibioticsusedfor comparison
(which mostoftenwasstreptomycin).Basedon this evidence,an emergency registration
certificate was issuedin 1997 by authority of the Israel Ministry of Agriculture and
Rural Development,covering the useof oxolinic acid againstE. amylovora. However,
for permanentregistrationand to supportthe adequateand rational useof the product,
there was a need for more comprehensive information concerningits activity. In a
nationwideresearchprograminitiatedin 1997,theefficacy of oxolinic acidandof various
other bactericidesin the suppressionof fire blight in pearwas tested,and the pre- and
postinfectionactivity of oxolinic acidweredetermined.A preliminaryreporton someof
thedatawaspublishedpreviously (16).

MATERIALS AND METHODS

Efficacy of oxolinic acid and other bactericides against E. amylovora Forty-three
orchardexperimentswereconductedduring the years1997–2000:11 eachin 1997and
in 1998, 12 in 1999, and 9 in 2000. All experimentswere conductedin commercial
orchardsspreadover most pearproductionareasin the country. The experimentswere
locatedin northernIsrael (the Galilee region, the Golan Heightsand the Hula Valley),
in the centerof the country(SharonandLakhishregions)andin the south(the northern
Negev) (Fig. 1). Treesin the experimentswerenot artificially inoculated,andtherefore
naturalinfectionswereexpected.Theefficacy of thefollowing bactericideswasevaluated:
oxolinic acid (20% WP, Starner, SumitomoChemicals,Japan),appliedat 300 and 200

� g a.i./l; streptomycinsulfate(20% WP, Agrept,Nihon Nohyaku,Japan),appliedat 100
� g a.i./l; glycocideB (70% EC, A. Shizer, Israel),appliedat 700 � g a.i./l; kasugamycin
(2% WP, Hokko, Japan),appliedat 80 a.i./l; andgentamicinsulfate(10%WP, Agry-Gent,
QuimicaAgronomicade Mexico, Mexico), appliedat 30 and60 � g a.i./l. Detailsof the
treatmentsincludedeachyeararepresentedin Table1. Thebactericideswereappliedwith
ahandgunsprayerin 1000l water/ha.Thefirst sprayin eachexperimentwasappliedsoon
after the initiation of flowering;subsequentsprayswereappliedat 4–6-dayintervalsuntil
theterminationof flowering.Thenumberof spraysin eachexperimentvariedaccordingto
thedurationof floweringandrangedfrom threeto seven. Theexperimentalplot sizewas
four to six peartreesin a row, andtherewerefour or five replicatesper treatment.The
experimentaldesign(completelyrandomizedor completeblockdesign)wasdeterminedin
eachexperimentaccordingto thelocal conditions.

Diseaseintensity was recordedonly in the experimentswhereepidemicsdeveloped
at intensitiessufficient to enablereliabledataanalysisand interpretationin termsof the
efficacy of the compounds. Diseasewas assessedvisually on the two or three trees
that were locatedin the centerof eachexperimentalplot. Two individuals inspectedthe
treesfrom both sides,andcountedthe numberof infectedblossomclusters(i.e., disease
severity). Infectedblossomclusterswerenot removed. Assessmentsweremadeseveral
timesafter the first observationof diseasesymptoms,until therewasno further increase
in diseaseseverity. In this report the countsfrom the last assessmentsare presented.
Datawereanalyzedby appropriateANOVA testsat P <0.05. Trainedemployeesmade
the observationsin the orchardsand,in somecases,infectedblossomclusters,shootsor
branchesweretakento thelaboratoryfor identificationof thecausalagent(s)bypolymerase
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Fig. 1. Pear-productionregions in Israelwhereexperimentswereconductedin this study, during
theyears1997–2000.Ga= Galilee;HV = Hula Valley; GH = GolanHeights;Sh = Samaria;La =
Lakhish;NN = northernNegev.

chainreaction(PCR).In all cases,thecausalagentwasconfirmedto beE. amylovora.
In addition to the above set of experiments,the efficacy of the variousbactericides

wastestedin 1997and2000with artificial inoculationin five experiments,conductedin
orchardslocatedin the Samariaregion. The bactericideswere applied in the morning
(0600–0800hours): in 1997,peartreesweresprayedby meansof a handgunsprayer;in
2000,individual blossomclustersweresprayedwith anair-pressurehandsprayer(model
4023,HozelockLtd., Bucks,UK). In bothyearsindividual blossomclustersweremarked
with colored, numberedplastic bands. The marked blossomclusterswere inoculated
to runoff with bacterialsuspension,with a hand-heldair-pressuresprayer. Inoculation
was done on the sameday, in the late afternoon(1700–1830hours) with a mixture
of 1:3 streptomycin-sensitive and streptomycin-resistantstrainsof E. amylovora (10�
bacteria/ml). In 1997 there were four replicatesper treatment,eachconsistingof ten
blossomclusters;in 2000thereweretwo replicatesper treatment,eachconsistingof 40
blossomclusters.Theincidenceof infection(percentageof diseasedblossomclustersout
of thetotalnumberinoculated)wasrecorded10–14daysafterinoculation.

Pre- and postinfection activity of oxolinic acid The durationof the pre- andpostin-
fectionactivity of oxolinic acid wasdeterminedin four artificial inoculationexperiments
conductedin an experimentalorchard. Oneexperimentwasdonein the springof 1998,
two in the autumnof 1998/99and one in the spring of 1999. (Peartreesoccasionally
bloomin earlyautumnin Israel.) Thedesignsof all experimentsweresimilar: Blossom-
clustersweresprayedwith oxolinic acid (at a concentrationof 300 � g a.i./l) during five
(autumnexperiments)or eight (springexperiments)consecutive days. Differentclusters
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TABLE 1. Summaryof the treatmentsand the number of experimentsconductedyearly for
determiningtheefficacy of variousbactericidesagainstErwinia amylovora, thecausalagentof fire
blight in pears,in Israel

Bactericidesandrates
( � g a.i./l)

Artificial
inocula-
tion
experiments

Naturalinfectionexperiments

1997 1998 1999 2000
Totalnum-
berof
experiments

Untreatedcontrol 5 11 (2)� 11(5) 12 (5) 9 (1) 43 (13)
Oxolinic acid(300) 5 11 (2) 11 (5) 12 (5) 9 (1) 43 (13)
Oxolinic acid(200) 2 2 (2) 9 (3) - - 11 (5)
Streptomycin(100) 1 10 (2) - - - 10 (2)
GlycocideB (700) 1 5 (2) - - - 5 (2)
Kasugamycin(80) 1 5 (2) - - - 5 (2)
Gentamicinsul-
fate(30)

1 - - 1 (1) 6 (1) 7 (2)

Gentamicinsul-
fate(60)

1 - - 1 (1) 2 (1) 3 (2)

� Figures in parenthesesindicate the numberof experimentsin which diseaseintensity and its
distributionamongtheexperimentalplotsenabledthedatato beanalyzedandreliableconclusionsto
bedrawn, concerningtheefficacy of thetestedbactericides.

weresprayedevery day; thus, individual blossomclustersweresprayedonly once. The
spraywasappliedto runoff in the morning(0600–0800hours)by meansof a hand-held
air-pressuresprayer, pointed directly at eachmarked blossomcluster. At the time of
spraying,therewereat leasttwo openblossomsin eachcluster;the resthadnot opened
yet. Sprayedblossomclustersweremarkedwith colored,numberedbands.On the third
day (autumnexperiments)or the fifth day (spring experiments)after the initiation of
eachexperiment,all the marked blossomclusters(including thosethat hadnot yet been
sprayedwith the bactericide)were inoculatedwith the streptomycin-sensitive strain of
E. amylovora (10� bacteria/ml)as describedabove. Inoculationday will be referredto
hereafteras‘day 0’. Thus,blossomclustersthat weresprayedwith oxolinic acid before
inoculationweretreatedon days-1, -2, -3 and-4. Thosethatweresprayedwith oxolinic
acid 1, 2 or 3 daysafter inoculationwere treatedon days+1, +2 and +3, respectively.
Everyday, therewerealsoblossomclustersthatweremarkedwith coloredbandsbut were
not sprayedwith oxolinic acid. Theseclusterswere inoculatedon day 0, andserved as
controls.Eachtreatmentconsistedof four replicates,eachincludingtendifferentblossom
clusters.Thus,400and640blossomclusterswereinoculatedin theautumnandthespring
experiments,respectively. Fire blight symptomswereapparent5–8daysafter inoculation,
anddiseaseincidence(thepercentageof inoculatedblossomclusterswhich wasinfected)
wasdeterminedfor eachreplicate.Diseaseincidencein the non-treatedblossomclusters
was92–100%in all experiments.For dataanalysis,controlefficacy (CE,%) wascalculated
for eachtreatment(applicationdate),from the diseaseincidencerecordsin the untreated
control (D 	 ) andthebactericide-treated(D 
 ) plots: CE = 100- (D 
 / D 	 * 100). Sincethe
effectsof thetreatmentsin thefour experimentsweresimilar, thedatawerepooledandthe
meancontrolefficacy values( � SE)for eachtreatmentarepresentedin this report.
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RESULTS

Efficacy of oxolinic acid and other bactericides against E. amylovora Fire blight
symptomsfrom naturalinfectionswereobservedin 16experiments,in 13of which (two in
1997,five in 1998,five in 1999andonein 2000)thediseaseintensityandits distribution
amongtheexperimentalplotsweresuchasto enablethedatato beanalyzedandreliable
conclusionsto bedrawnconcerningtheefficacy of thetestedbactericides.In thethreeother
experimentsdiseaseintensity was very low and E. amylovora infectionswere unevenly
distributedamongexperimentalplots. Sucha situationprecludesthe drawing of reliable
conclusionsconcerningthe effects of the treatments. Oxolinic acid at a concentration
of 300 � g a.i./l was highly effective againstE. amylovora and reduceddiseaseseverity
significantly in all experiments,as comparedwith the untreatedplots (Table 2). The
efficacy of thecompoundwasrelatedto theseverity of thediseasein untreatedplots(which
providedan indicationof the diseasepressurein the experiment).Whendiseaseseverity
in the untreatedplots was low (up to 25 infectedblossomclustersper tree), therewere
0–5 infectedblossomclustersin plots treatedwith oxolinic acid. Whendiseaseseverity
in untreatedplots was moderate(25–50infectedblossomclustersper tree), therewere
4–17 infectedblossomclustersin the treatedplots. When diseaseseverity in untreated
plotswashigh (morethan150infectedblossomclusterspertree),15–25infectedblossom
clusterswereobservedin the treatedplots (Table2). Resultsof theartificially inoculated
experimentscorroboratedthesefindings. However, sinceinoculumquantityin artificially
inoculatedtestsis higher than in natural infections,the control efficacy of 300-� g a.i./l
sprayswasmorevariableandrangedfrom 52%to 90%(Table3).

TABLE 3. Effect of variousbactericideson Erwinia amylovora in artificially inoculatedpeartrees.
Figuresindicatetheincidenceof fire blight (as%) on individually inoculatedblossomclusters�

Bactericidesandrates
( � g a.i./l)

Exp. 1
Cv.
Spadona�

Exp. 2
Cv.
Costia

Exp. 3
Cv.
Costia

Exp. 4
Cv. Jantil

Exp. 5
Cv.
Spadona

Untreatedcontrol 100a 80 a 93a 82a 100a
Oxolinic acid(300) 30c 38 b 45b 25b 9 b
Oxolinic acid(200) 30c - 30b - -
Streptomycin(100) 55b - - - -
GlycocideB (700) 100a - - - -
Kasugamycin(80) 90a - - - -
Gentamicinsulfate(30) - - - - 54ab
Gentamicinsulfate(60) - - - - 36ab

� Thebactericideswereapplied � 10h beforeinoculation.Exps.1–4wereconductedin 1997;exp. 5
wasconductedin 2000. Forty blossomclusterswereinoculatedin eachtreatmentin exps. 1–4and
80blossomclusterswereinoculatedin eachtreatmentin exp. 5.

� Within columns, data followed by a common letter do not differ significantly (P � 0.05) as
determinedby Fisher’s protectedLSD test.

Use of a reducedrate of oxolinic acid (200 � g a.i./l) resultedin adequatedisease
suppressionin most,but not all, experiments.In two of the five orchardexperimentsin
which this ratewastested,diseaseseverity in treatedplotsdid not differ significantlyfrom
that recordedin untreatedcontrol plots (Table2). In the otherexperiments,aswell asin
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Fig.2. Pre-andpostinfectionactivity of oxolinic acidin suppressionof fire blight, causedby Erwinia
amylovora, in pears.Blossomclustersweresprayedwith thebactericidebeforeandafterthedayof
inoculation(day0). Resultsaremeans( � SE)of four experiments.Valuesof controlefficacy express
the degreeof reductionin diseaseincidence,in the bactericide-treatedvs the non-treatedblossom
clusters. Diseaseincidencein the non-treatedblossomclustersrangedfrom 92% to 100% in all
experiments.

thetwo artificial inoculationtests,diseaseseverity in plotstreatedwith thereducedrateof
oxolinic acidwassignificantlylower thanthatin theuntreatedplots(Tables2 and3).

The efficacy of the variousantibiotic compoundsthat weretestedin the trials varied.
As comparedwith theuntreatedcontrol,streptomycinreduceddiseaseseverity only in the
artificial inoculationtests,in whichastreptomycin-sensitivestrainof E. amylovora waspart
of theinoculummixtureusedfor inoculation.However, streptomycinwasnot effective in
the orchardexperiments,wherenaturalinfectionsoccurred.Kasugamycinandglycocide
B werenot effective in at leasttwo of the threeexperimentsin which they were tested.
On theotherhand,gentamicinsulfatewasaseffective asoxolinic acid in thetwo orchard
experimentsbut lesseffective in theartificial inoculationtest(Tables2 and3).

No phytotoxicitywasrecordedon flowersor any otherpartsof the treessprayedwith
any of thecompounds,at any of thetestedrates.

Pre- and postinfection activity of oxolinic acid The pre-infectionactivity of oxolinic
acidwasdeterminedonblossomclustersthathadbeensprayedwith thebactericidebefore
the day of inoculation. Control efficacy on blossomclusterssprayed1–4 daysbefore
inoculationrangedfrom 68%to 80%(Fig. 2). This level of controlefficacy did not differ
significantlyfrom thatobservedonblossomclusterssprayedonthedayof inoculation(day
0, 80% control). The postinfectionactivity of oxolinic acid wasdeterminedon blossom
clustersthat were sprayedwith the compoundafter inoculation. Oxolinic acid was as
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effective whenapplied1 or 2 daysafter inoculationas when it was appliedon the day
of inoculation,but applicationof thebactericide3 daysafterinoculationno longerresulted
in significantdiseasesuppression(Fig. 2).

DISCUSSION

Epidemicsof E. amylovora occursporadically. It is not uncommonthat the disease
doesnot develop even in orchardsthat were severely infectedin the precedingseason.
Moreover, diseasein infectedorchardsis often unevenly distributedanddiseasefoci are
frequentlyformed. All this posesseriousdifficulties in fire blight experimentation,since
the likelihoodof occurrenceof naturalinfectionswith uniform distribution of thedisease
atanexperimentalsiteis nothigh. Therearetwo possiblewaysto overcomethisdifficulty.
The first is to conducta large numberof experiments,underdiverseclimatic conditions,
in thehopethatreliableestimationof treatmenteffectswould bepossiblein at leastsome
of them.Theproblemis thata vastamountof effort would beneeded.Theotherpossible
solutionis to useartificial inoculationtests.Theprobabilityof successis high,but artificial
inoculationsdo not alwaysimitate naturalinfectionsadequately. In the presentstudywe
usedbothmethodsto increasetheprobabilityof success.During theyears1997–2000,43
orchardexperimentswereconductedin all pear-growing regionsof the country. Natural
infectionsdevelopedin 16 of the experiments,and in 13 of them(31% success)it was
possibleto analyzethedataanddetectsignificantdifferencesamongtheappliedtreatments.
In addition,five artificial inoculationexperimentsweredoneand,in general,theresultsof
thesetestscorroboratedthosederivedfrom thenaturalinfectionexperiments.

In all the experimentsconductedin this study, applicationof oxolinic acid at 300
� g a.i./l significantly reduceddiseaseseverity as comparedwith the untreatedcontrol.
Significantcontrol wasachievedregardlessof the diseasepressurein the experiment. In
threeexperimentsdiseasepressurewashigh, i.e., thenumberof infectedblossomclusters
in untreatedtreesexceeded150pertree.In theseexperiments,controlefficacy in oxolinic
acid-treatedtreesrangedfrom 84% to 92% (Table 2). Control efficacy in the artificial
inoculationexperimentswasmorevariablebut alsohigh (Table3). This level of control is
seldomobservedin orchardexperimentstreatedwith streptomycin.Ourresultsconcerning
theefficacy of oxolinicacidarein goodagreementwith thosereportedbynumerousauthors
from severalcountries.Nevertheless,noneof thosestudiesinvolvedsucha wide rangeof
severitiesandsomany experiments(4,5,6,9,18,21).A reducedrateof oxolinic acid (200

� g a.i./l) waseffective in someexperiments.However, in two experiments(nos. 1 and3,
1998)diseaseseverity in plots treatedwith oxolinic acidat thereducedratedid not differ
significantlyfrom thatrecordedin untreatedplots(Table2). Diseasepressurein oneof the
experimentswashigh. Thus, it is possiblethat the lower rateof oxolinic acid would be
insufficientunderextremeepidemicsituations.

Postinfectionactivity of bactericidesis rare. In moststudiespublishedso far it was
found that bactericideswere effective againstE. amylovora only if appliedprior to, or
up to 24 h after, inoculation(3). Oxolinic acid is a protectantcompoundandwe were
surprisedto find that spraying 2 days after inoculation still prevented infections and
providedadequatesuppressionof the disease(Fig. 2). Theseresultsmay be interpreted
by meansof the model suggestedby Beattie and Lindow (2) for colonizationof the
phyllosphereby pathogenicand non-pathogenicbacteria. They describeda multi-step
procedure,startingfrom multiplicationof thebacteriaon theplantsurface,to modification
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of the local environmentby the bacteria,creationof micro-colonies,entryof thebacteria
into theinternalspacesof thehostthroughnaturalopenings(suchasstomata,hydathodes
or flower nectaries)or wounds(created,for example,by hail), andmultiplication of the
bacteriawithin the openingsor wounds. Bacteriawhich have not yet penetratedinto the
intercellularspacesarestill sensitive to external influences,and it is possiblethat in our
experimentsbacterialmultiplicationin theblossomopeningslasted48 h after inoculation.
Thus,moleculesof oxolinic acidwerestill ableto reachthebacteriacellsbeforethelatter
hadpenetratedinto the host tissueandto prevent their multiplication. However, 3 days
after inoculation,the bacteriahadalreadypenetratedthe intercellularspaces,wherethe
bactericidecould not affect them. Regardlessof whetheror not this is the reasonwhy
postinfectionapplicationof oxolinic acid waseffective, the fact is that the phenomenon
exists: 2-daypostinfectionefficacy wasobservedin thefour experiments,conductedover
threedifferentseasons.Thepracticalimplicationof thisfinding is thatoxolinic acidcanbe
used,andcanbeeffective,upto 48h aftertheoccurrenceof infection.This is animportant
featureof thecompound,becausean infection is often identifiedonly after it hasalready
occurred.Thismaybedoneby analysisof weatherdata.

Theefficacy of variousantibiotics(i.e., streptomycinsulfate,glycocideB, kasugamycin
andgentamicin)was testedin this study; only gentamicinsulfate waseffective in most
experiments(Tables2 and 3). Registration of an additional compoundfor fire blight
controlwould beextremelyimportantto peargrowers,enablingthemto alternatebetween
bactericidesandreducetherisk of developmentof resistantE. amylovora populations.

Resultsof the presentstudy suggestthat oxolinic acid is highly effective againstE.
amylovora, andexperiencegainedin theuseof this compoundin commercialorchardsin
Israelconfirmsour findings.In a comprehensivesurvey conductedduringtheyears1996–
1999,dataonfireblight intensityandrelatedsubjectswerecollected,andobservationswere
madeyearlyin one-thirdto one-halfof thepearproductionareain Israel(17). Analysisof
diseaseonsetrecordsandweatherdataenabledthedatesof infectionsto beidentifiedand
it wasfound thatonly oneto threeinfection episodesoccurredin any individual orchard
eachyear. The survey enabledthe efficacy of managementactionstaken by the growers
to be evaluated.Most pearorchardsweresprayedwith bactericidesduring bloom in the
years1996–1999,the numberof applicationsin individual orchardsrangingfrom oneto
five. In 1996mostorchardsweresprayedwith streptomycinbut in the subsequentyears
only oxolinic acid wasused(becauseof resistanceto streptomycin).Control efficacy in
commercialorchards,asreflectedin the survey, wasnot relatedto the numberof sprays
appliedduringbloombut to thetiming of spraying.Whenspraysweretimedproperly(that
is, up to 4 daysbefore,or 2 daysafter, the time of infection [Fig. 2]), control efficacy
washigh. If sprayswerenot appliedat all, or if sprayingwasimproperlytimed(which is
equivalentto not sprayingat all), symptomswerenot preventedandtheresultantintensity
of thediseasewashigh (17).

Oneof themajorproblemsin chemicalcontrolis theability of thepathogensto develop
populationsresistantto thepesticides.Theproblemis morepronouncedwhenpathogenic
bacteriaareconcerned,asthe populationsarelarger andthe frequenciesof mutationare
higherthanin pathogenicfungi. Streptomycin-resistantpopulationsof E. amylovora have
developedin many countriesin the world, and there is a risk of resistancedeveloping
againstoxolinic acidaswell. To reducethis risk, ananti-resistancestrategy wasdeveloped
andimplemented.It incorporatesthe following components.(i) Avoidanceof usingsub-
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optimal dosesof the at-risk compound. Although the efficacy of oxolinic acid at a rate
of 200 � g a.i./l did not differ significantly (in most experiments)from that of 300 � g
a.i./l, therecommendedrateis 300 � g a.i./l. (ii) Alternationof theat-riskcompoundwith
compoundshaving differentmodesof action. Efforts weredevotedto identify additional
bactericidesthatareeffective againstE. amylovora; amongthem,gentamicinsulfatewas
foundeffective andmaybeused,after registration,in alternationwith oxolinic acid. (iii)
Avoidanceof using the at-risk compoundwhen large populationsof the bacteriaexist.
Growersarestrictly advisednot to applyoxolinic acidwheninfectedblossomclustersare
observed in the orchard;applicationis recommendedonly after all infectedtissueshave
beenremoved andburned. Moreover, althoughoxolinic acid was found effective when
appliedup to 48 h postinfection,suchuseof thecompoundshouldbeavoided,if possible.
E. amylovora populationsincreaserapidlywhenconditionsareconduciveto thepathogen,
andby 48 h after infectionlargepopulationsof thebacteriamaydevelop. (iv) Reducethe
numberof applicationsof thecompoundat risk. Sincethenumberof infectionepisodesin
individual orchardsis only oneto threeper year(17), a few, properlytimed applications
of bactericideswill protectthe blossomsadequately. However, for sucha practiceto be
effective,a reliableforecastsystemis necessary. Recently, a decisionsupportsystem,Fire
Blight Control Advisory (FBCA), wasdeveloped(16) andtestedin orchardexperiments
during the years1998–2000,andalsoin limited commercialusein 2000. Useof FBCA
enabledthe time of infectionsto be identified properly andfire blight to be suppressed
adequately, with an averageof 2.5 spraysper season.Implementationof thesemeasures
cannot guaranteethat strainsof E. amylovora resistantto oxolinic acid will not develop,
but it maylower theprobabilityof their occurrence.
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