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Abstract

Thebroadspectrumprotectiveeffectof thenon-proteinaminoacidβ-aminobutyric acid(BABA) againstnumerous
plantdiseaseshasbeenwell-documentedin theliterature.Here,wepresentanoverview of BABA-inducedprotection
in variouspathosystems.Contradictoryreportsconcerningthemechanismof actionunderlyingthistypeof protection
incited us to take advantageof Arabidopsis/pathogeninteractionsasmodelsystemsto investigatethe actionof
BABA at the geneticand molecularlevel. We presentevidencethat the protective effect of BABA is due to a
potentiationof naturaldefensemechanismsagainstbiotic andabiotic stresses.In order to dissectthe pathways
involvedin potentiationby BABA we describetheuseof a mutationalapproachbasedon BABA-inducedfemale
sterility in Arabidopsis.

Abbreviations:AABA – α-aminobutyric acid;BABA – β-aminobutyric acid;GABA – γ -aminobutyric acid;SA –
salicylic acid;DDG – 2-deoxy-D-glucose;BTH – benzo-(1,2,3)-thiadiazole-7-carbothioicacidS-methylester;
INA – 2,6-dichloroisonicotinicacid;ppm– partspermillion; PR– pathogenesisrelated;ROS – reactiveoxygen
species;HR – hypersensitive response;TLC – thin layerchromatography;PGPR– plantgrowth promoting
rhizobacteria.

Intr oduction

Varioussyntheticandbiologicalcompoundshavebeen
describedwhicharecapableof controllingalargevari-
etyof plantdiseaseswithoutdisplayingadirectantibi-
otic effect themselves. Thesesubstancesare called
inducersbasedon their ability to induce resistance
in the treatedplants. Both biologically as well as
chemicallyinducedresistanceagainstpathogenattack
have beendescribedfor many plant speciesagainsta
wide variety of pathogensranging from oomycetes,
fungi, bacteriato viruses(Sticheret al., 1997).Both
typesof inductionsharesimilaritiesat thephenotypic
level, suchas a hypersensitive response(HR), trail-
ing necroses,wall strengtheningin form of papillae
andlignification, andat the molecularlevel, wherea
similar setof geneshasbeenobserved to be induced.

ThesegenesaretermedSAR(systemicacquiredresis-
tance)genesandtheir expressiondependsonsalicylic
acid (SA). In contrast,systemicresistanceinduced
by plant growth promoting rhizobacteria(PGPR)is
characterizedby its dependency on the two plant
hormonesjasmonicacid (JA) and ethylene(Pieterse
andVan Loon, 1999),althoughthe phenotypeof the
observedprotectionis thesameasfor SAR.

Chemical inducers of resistanceseem to enter
at different points in defensepathways. The most
thoroughly investigatedchemicalinducersare those
interfering with the SA pathway, suchas INA (2,6-
dichloroisonicotinic acid) or BTH (benzo-(1,2,3)-
thiadiazole-7-carbothioic acid S-methyl ester),
commercialized under the tradename of BION
(Friedrichetal.,1996;Görlachetal.,1996).Protection
by ORYZEMATE (Watanabeet al., 1977; Sekizawa
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andMase,1980),a commercialinducerusedin rice
againstblastandbacterialleaf blight functionsvia an
unknown mechanism.

In addition, numerousother inorganic (Gottstein
and Kuć, 1989; Walters and Murray, 1992; Chérif
et al., 1993; Reuveni et al., 1994; Schneiderand
Ullrich, 1994) and organic substances(Hadwiger
and Beckman, 1980; Ricci and Pernollet, 1989;
Cohenet al., 1991; Benhamouand Theriault, 1992;
Namai et al., 1993; Benhamouet al., 1994; Coquoz
et al., 1995;Yu, 1995),aswell asextractsfrom plants
(Daafet al., 1995)andmicroorganisms(Strobelet al.,
1996),havebeendescribedto inducediseaseresistance
in plants.

BABA aschemicalinducer of resistance

Thepresentreview concentrateson inducedresistance
basedon the actionof a simplechemicalcompound,
β-aminobutyric acid (BABA) (Figure1). BABA is a
non-proteinaminoacidwhich occursrarelyin nature.
The only report in connectionto plantsdescribesits
presencein root exudatesof tomatoplantsgrown in
solarizedsoil (GamlielandKatan,1992).Whatmakes
this substanceinterestingthoughis its closerelation
to a highly bioactive substance,the neurotransmit-
ter γ -aminobutyric acid (GABA) (Figure1). GABA,
besidesglycine, is the major inhibitory neurotrans-
mitter in thecentralnervoussystemof animals.Both
GABA and glycine lead to hyperpolarizationof the
neuralmembranethroughthestimulationof Cl− influx
dueto thebindsto specificreceptorsin themembrane.
The GABAA receptorbinds GABA and the glycine
receptor(GlyR), a ligand-gatedion channel,binds
glycine (Betz, 1992).Interestingly, in the latter case,
BABA actsasapartialagonistof glycine.At low con-
centrations,it competitively inhibitsglycineresponses.
At higher concentrations,it leadsto the build-up of
a significantmembranecurrent(SchmiedenandBetz,

Figure1. Chemicalstructureof α-, β-, andγ -aminobutyric acid.

1995). In contrastto BABA, the naturaloccurrence
of GABA is well-documentedin plants(Shelpet al.,
1999).

Although BABA is only rarely found naturally in
plants,it hasproved to beapotentinducerof acquired
resistance(Table1). Almost 40 yearsago,Papavizas
andDavey (1963)andPapavizas(1964)reportedthe
role of BABA in the protectionof peaplantsagainst
theoomycetepathogenAphanomyceseuteiches. They
demonstratedthat from 10 amino compoundsand
related substancestestedin the greenhouseagainst
root rot of peas,only DL-β-aminobutyric acid and
DL-methyl-β-aspartic acid effectively reduced the
root rot severity. The substancesshowed the highest
activity whenappliedasa soil drenchthreedaysprior
to inoculationwith Aphanomycesat a concentration
of 100ppm in the soil. It was claimed,that the two
aminoacidsdid not act directly on the pathogen,but
preventedexpressionof diseasesymptoms.

BABA has a broad sprectrumof activity against
many disease-causingorganismssuchasvirus,bacte-
ria, oomycetes,fungi and nematodes(Table 1). This
wide rangeof activity supportsthe notion of BABA
asan inducerof resistanceandnot simply a biocidal
substance.

Thepossibilityof adirecttoxicity of BABA hasbeen
testedrepeatedlyin vitro on many plantpathogensby
differentresearchgroupsandcanberuledoutsinceno
toxic effectshave ever beenobserved (Cohen,1994;
Cohenet al., 1994; 1999; Li et al., 1996; Sunwoo
et al., 1996;Hong et al., 1999;Tosi et al., 1999).An
in vivo toxicity basedon the actionof metabolitesof
BABA is also not probablesinceexperimentsusing
14C-labeledBABA clearlydemonstratedthat thesub-
stancedoes not undergo any changeswhile in the
plant, as shown for tomato (Cohenand Gisi, 1994)
and Arabidopsisin our group (Figure 2). The frac-
tionationof protoplastsof 14C-labeledBABA-treated
Arabidopsisshowed that the label was found almost
exclusively insidetheprotoplastandthatit wasneither
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Plant Protection against Reference

Pea(Pisumsativum) Aphanomyceseuteiches Papavizas(1964)
Cucumber(Cucumissativus) Sphaerothecafuliginea VogtandBuchenauer(1997)

Pseudoperonospora cubensis Cohen(2000)
Botrytiscinerea Cohen(2000)

Cotton(Gossypiumhirsutum) Verticillium dahliae Li etal. (1996)
Kalix etal. (1996)

Tobacco(Nicotianatabacum) Peronospora tabacina Cohenetal. (1994)
Tobaccomosaicvirus Siegrist etal. (2000)

Pepper(Capsicumannuum) Phytophthora capsici Sunwooetal. (1996)
Colletotrichumcoccodes Hongetal. (1999)

Tomato(Lycopersiconesculentum) Phytophthora infestans Cohenetal. (1994)
Meloidogynejavanica Okaetal. (1999)
Fusariumoxysporumfsp. lycopersici Cohen(2000)
Botrytiscinerea Cohen(2000)

Grape(Vitis vinifera) Plasmopara viticola Cohenetal. (1999)
Melon (Cucumismelo) Pseudoperonospora cubensis Cohen(2000)
Sunflower (Helianthusannuum) Plasmopara helianthi Tosietal. (1999)

P. halstedii Cohen(2000)
Broccoli (Brassicaoleraceavar italica) Peronospora parasitica Cohen(2000)

Alternariabrassicicola Cohen(2000)
Kohlrabi(B. oleraceavar gongylodes) Peronospora parasitica Cohen(2000)

Alternariabrassicicola Cohen(2000)
Corn(Zeamays) Fusariummoniliforme Cohen(2000)
Pearlmillet (Pennisetumtyphoides) Sclerospora graminicola Vasanthi(2000)
Cauliflower (B. oleraceavar botrytis) Peronospora parasitica Cohen(2000)

Alternariabrassicicola Cohen(2000)
Potato(Solanumtuberosum) Phytophthora infestans Cohen(2000)
Arabidopsisthaliana Peronospora parasitica Zimmerli et al. (2000)

Pseudomonassyringaepv tomato Zimmerli et al. (2000)
Botrytiscinerea Zimmerli (unpublishedresult)

associated with the organellar/membrane nor with the
cell wall fraction. In plants treated with radio-labeled
GABA, no radioactivity was detected in any fraction
(Figure 2). Experiments performed with radio-labeled
BABA also helped to show that it is taken up and trans-
ported through the plants. Cohen and Gisi (1994) tested
different application methods to determine whether
and how BABA is transported in tomato plants. When
applied as droplets on the leaves, BABA penetrated and
was transported mainly acropetally, with a preferred
accumulation in the youngest leaves which are known
to act as sinks. Very little accumulation in the leaves
placed directly above or below the treated ones on the
stem was observed. This pattern of distribution reflect-
ing the amount of BABA reaching the respective leaves
correlated with the observed expression of resistance
againstPhytophthora infestans. The transport was not
totally unidirectional since some label (2%) could be
recovered in the roots. Interestingly, BABA can also be
fed to plants as a soil drench and is taken up by the roots

and translocated through the tomato plantlets (Cohen
and Gisi, 1994) and Arabidopsis (Mauch-Mani, unpub-
lished data) (Figure 3). In our hands, using Arabidop-
sis as the test plant, BABA was much better tolerated
when applied to roots, without deleterious effects in the
concentration range used to induce resistance. Spraying
BABA at higher concentrations on the leaves induced
necrosis in tobacco (Cohen and Gisi, 1994; Siegrist
et al., 2000). Cohen and Gisi (1994) comment on the
fact that only 36% of the applied substance was taken
up by the plants, in contrast to a 99% uptake through cut
ends of petioles. They thus proposed that roots are par-
tially impermeable to BABA. This partial uptake could
also be the consequence of a limitation due to the trans-
port capacity of a transporter or to competition between
amino acids for the same transporter. Such transporter
systems have been described in Arabidopsis (Rentsch
et al., 1995) and it remains to be tested whether BABA
is taken up by such transporters. Such a transport would
help to explain the observation that BABA action is
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Figure 2. Autoradiogram of thin layer chromatogram of
14C-labeledBABA and14C-labeledGABA treatedArabidopsis.
Lane 1: 14C-labeledBABA; lane 2: groundwhole protoplasts
of a 14C-labeledBABA treatedplant; lane 3: cell wall frac-
tion of a 14C-labeledBABA treatedplant; lane 4: membrane
and organelle fraction of a 14C-labeledBABA treatedplant;
lane5: 14C-labeledGABA; lane6: groundwholeprotoplastsof
a 14C-labeledGABA treatedplant.Protoplastwereisolatedand
ground directly in microtubes,the debris spun down and the
supernatant(cell contents)appliedto TLC plates.Thepelletwas
washedfour times with MCW (MeOH: ChCl3 : water 12 : 5 : 3
(v/v)) to yield the membranefraction. The cell wall fraction
was obtainedby spinningdown theremainsin theprotoplasting
enzymesolutionaftertheprotoplastshadbeenreleasedandwash-
ing themfour timesin MCW. TLC plateswererun in a solution
of n-butanol: HAC: water60: 20: 20 (v/v).

stereospecific(Cohen,1994).He showed that in the
controlof bluemoldof tobacco,only theR enantiomer
hadprotectiveactivity: treatmentwith theSenantiomer
did notdiffer from treatmentwith water.

Differentmethodsof applicationanda wide range
of concentrationshave beenusedto treatplantswith
BABA and thereseemsto be a correlationbetween
the method of application and an observed phyto-
toxic effect. BABA hasbeensprayedon the leaves,
injectedinto stemsof plants,suppliedvia petioledip
or appliedasa soil drenchto the root system.Cohen
(1994) reportsthat whenappliedasa foliar sprayto
tobaccoplants,BABA and to a lesserextent AABA
(α-aminobutyricacid),but notGABA, werephytotoxic
ataconcentrationof 100µg mL−1 (ca.1mM).Thistox-
icity wasexpressedin theformof smallnecroticlesions
on the treatedleaves starting two days after spray-
ing. A rapid inductionof necroticlesionsin tobacco
afterfoliar treatmentwith 10mM BABA, aconcentra-
tion 10 timeshigherthanin the previously described
experiment,wasalsoobservedbySiegristetal. (2000).
This pronouncedphytotoxicity was acompaniedby
theformationof reactive oxygenspecies(ROS),lipid
peroxidation,induction of callosearoundthe lesion

Figure 3. Autoradiogram of Arabidopsis accession Wassilews-
kija after two days feeding with14C-labeled BABA via the roots.
The preferential accumulation of radioactivity in younger plant
parts is visualized by the darker color. Plants were grownin vitro
for six weeks and then transferred to sterile containers contain-
ing 35 ml liquid 1/2MS medium and 10µl 14C-BABA (= 1µ
Ci = 2.2× 106 DPM). The plantlets were put in a plastic support
rack to avoid direct contact of the leaves with the radioactive solu-
tion. After two days of incubation, the plants were exposed to an
X-ray film.

and an increase in SA content of the leaves (Siegrist
et al., 2000). No toxic effects were observed in plants
treated with GABA, even at concentrations as high
as 2000µg mL−1 (Cohen, 1994; Siegrist et al., 2000).
This might be due to the fact, that GABA is very rapidly
metabolized in plants (Figure 2; Cohen and Gisi, 1994).
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Mode of action of BABA

In view of theseobservationsit is clear that it might
notalwaysbeeasytoseparatethemechanismof action
of BABA responsiblefor inducingresistancefrom this
describedtoxic effect.Sincethereactionof theplants
expressingresistanceoften resemblesthe physiologi-
cal reactionobserved dueto toxicity, the latter might
evenmasktheformer!This factmightalsoplaya role
in thedecisionmakingprocesson the involvementof
pathogenesis-relatedproteins(PR) in BABA-induced
resistance.It is still a matterof debatewhetherresis-
tanceinducedby BABA is,at leastpartly, basedonthe
directinductionof PRsthatwould bring theplantin a
defense-readystatebeforeevenhaving beenin contact
with the pathogen,ashasbeendescribedfor INA or
BTH (Wardetal., 1991;Görlachetal., 1996).

In tomatosprayedwith BABA ataconcentrationof
19.4mM the tomatocultivar Florida Basket showed
no symptoms,whereascv Baby displayedabout10
necroticmicrolesions(0.5mm in diameter)per leaflet
on lower leavesandsometimeschloroticmicrolesions
ontheupperleaves(Cohenetal.,1994).WhenBABA
was sprayedat a concentrationof 9.7mM, both cul-
tivarsshowedno visible lesionsalthoughit cannotbe
ruled out that necrosesmight have beendetectedat
themicroscopicallevel. Both cultivarswereprotected
againstinfectionby P. infestans. Althoughtheauthors
observed an accumulationof the PR proteinsP14a
andβ-1,3-glucanasein the plants,it is unfortunately
not possibleto draw conclusionson thepossibilityof
a link betweentheappearanceof lesionsandtheaccu-
mulationof thePRsbecauseit remainedunclearwhich
tomatocultivar wasusedto performthis experiment.
Hae-Keunet al. (1999)studiedthe inductionof PR1
in tobaccofollowing BABA treatment(the substance
was brushedor sprayedonto the leaves) and came
to the conclusionthat the induction of PR1 mRNA
was concentration-dependent,showing the highest
accumulationat 40µmolL−1. Almost no signal was
visible at 350µmolL−1. They comparedthe tempo-
ral expressionpatternof PR1 mRNA after BABA-
andSA-treatmentanddeducedthat BABA might act
through a SA-independentpathway. Using tobacco,
Cohen(1994)demonstratedthattherewasadifference
in the inductionof PRsdependingon the methodof
BABA applicationto the plants.Whenthe substance
was sprayedon leaves (1mM), immunoblotsrevealed
accumulationof chitinaseas well as PR1. Injection
of 1mL of a solutioncontaining10mg of BABA into
the stemsled to an accumulationof chitinasebut not

of glucanaseor PR1. As reportedabove, spraying,
but not steminjection,undertheseconditionsleadto
micronecrosis,suggestinga correlationbetweenthe
appearanceof necrotic tissueand the accumulation
of somePRs.Our own experienceusingArabidopsis
showed that BABA appliedasa foliar sprayeven at
low concentrationsinducedtheaccumulationof PR1,
2 and 5 mRNA, although the sameconcentrations
applied as soil drench did not. Interestingly, both
applicationmethodsled to an inductionof resistance
in the plants(unpublishedresults)suggestingthat in
this caseexpressionof resistanceis independentof
PRs.We alsoobserved that PR1mRNA inductionin
Arabidopsiswas highly dependenton environmental
factors.BABA-treatedplantsacumulatedPR1mRNA
faster and to a higher extent than untreatedcon-
trols after heat-treatment(Figure 4a) or salt stress

a
0 60 120 180 minutes

water

water

BABA

BABA

b

EtBr

EtBr

hours0 1.0 2.5 4.0 5.5 7.0 8.5

Figure 4. PR1expressionafter abiotic stress.Effect of BABA
treatmenton theexpressionof PR1duringa mild heatshock(a)
anda strongsalt stress(b). (a) Plantsweresoil drenchedwith
wateror BABA (32ppm)onedaybeforetheirshift from 23◦C to
29◦C. Time pointsafterheat-treatmentareindicatedon the top
of thepanel.(b) Plantsweresoil drenchedwith wateror BABA
(32ppm)2 daysbeforetheir treatmentwith 250mM NaCl in the
soil. Time pointsaftersalt-treatmentareindicatedon the top of
the panel.Total RNA waspreparedandanalyzedby RNA blot
analysiswith 32P-radiolabeledprobe.Ethidiumbromidestaining
of theRNA gel (EtBr) was usedto show equalloading.
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(Figure4b). Sincesuddensmall changesin tempera-
tureor otherstressescouldpassunnoticed,they could
accountfor the observed induction of PR genesin
someBABA-treatedplants,especiallyin not tightly
controllableexperimentsperformedundergreenhouse
conditionsor in thefield.

Whetherinductionof resistanceby BABA is depen-
denton SA is alsoa topic which remainsto be clari-
fied.UsingNahGtobaccoplants,engineeredto rapidly
degradeSA to catechol(Gaffney et al., 1993),Siegrist
et al. (2000) showed that it was no longer possible
to induceresistanceagainstTMV by BABA in these
plants.Interestingly, theoppositeis thecasein NahG
tobaccochallengedwith downy mildew, since there
wasno differencein protectionby BABA betweenthe
NahGandwild type plants(Cohenet al., 2000).Our
own investigationsrevealedthat, in accordancewith
theabove-mentionedobservation,therequirementfor
SA in protectionby BABA dependednot on theplant
speciesalonebut also on the challengingpathogen.
NahGArabidopsisplantswerevery well beprotected
againstPeronosporaparasiticabyBABA,whereasthis
protectiontotally failed when the plants were chal-
lengedwith avirulentisolateof Pseudomonassyringae
(Zimmerli et al., 2000).The independenceof SA for
theprotectionagainstPeronospora is probablydueto
therapidpapillaformationobservedin BABA-treated
plants(Zimmerli et al., 2000).

Dissectionof the BABA pathway using
Arabidopsis mutants

Thestrikingability of thissimpleaminoacidto induce
resistancein many plant–pathogeninteractionsincited
us to take advantageof the modelplant Arabidopsis
andits numerousavailablemutantsto try to elucidate
the defensepathway(s) involved in BABA-induced
resistance.In Arabidopsis,BABA hasa distincteffect
asa conditionerof plantdefensemechanismsleading
to a fasterresponseto pathogenattackand resulting
in a phenocopy of an incompatibleinteraction,i.e.,
HR, trailing necrosisandpapillaformation(Zimmerli
etal., 2000).To identify genesinvolvedin this typeof
resistance,ascreeningsystemwassetup in Arabidop-
sis. Two screeningapproacheswereused:a classical
system consisted of treating plants with BABA,
infecting them with P. parasitica and screeningfor
putativemutantsthatdid not show inducedresistance.
This approachturnedout to be laborious,very time-
consumingandproneto externalinfluences.A parallel

screeningsystemwas basedon the observation that
higherdosesof BABA inducesterility in Arabidopsis
(Figure5).

The observation that BABA-treatedplantsreacted
with increasedpapilla formationafter challengewith
P. parasitica led to thehypothesisthat it might some-
how affect calloseproductionin Arabidopsis,since
callose is one of the main componentsof papillae
(Aist, 1976).In addition,calloseis alsoknown to be
involvedin pollen/ovule interactions(DeMartinisand
Mariani, 1999) and in somecasesthere was a cor-
relation betweenthe degree of self-sterility and the
amountof callosedeposition(Kerhoaset al., 1983).
In Arabidopsis,ahigherandmorerapidaccumulation
of callosein the ovules after BABA-treatment(data
not shown) seemsto be the reasonfor the observed
(female)sterility of the flowers. The pollen itself is
not affectedsincepollen from BABA-treatedplants
was successfullyusedto fertilize ovulesof untreated
plants;pollenfromwater-treatedplantsthoughwasnot
able to pollinateBABA-treatedplants(Mauch-Mani,
unpublishedresults).The role of callosein BABA-
inducedsterility was also confirmedin experiments
using2-deoxy-D-glucose(DDG), an inhibitor of cal-
losesynthesiswhichhadbeenusedbeforein relationto
sterility in Brassica(SinghandPaollillo, 1990).Treat-
ment with DDG reversedthe observed sterility in a
dose-dependentmannerasvisualizedbymeasuringthe
lengthof siliquesandthe numberof seedsproduced
(Figure5).

Theinvolvementof callosein bothsterilityandresis-
tanceduetopapillaformationwasthebasisfor thesec-
ondscreensetupaimedattheidentificationof mutants
which do not becomesteriledueto BABA-treatment.
T-DNA taggedmutantseedlines(Feldman,1992)were
treatedwith 36ppm (final concentrationin the soil)
of BABA startingfour weeksaftersowing. Theplants
werecultivatedall the time undercontinuouslight to
accelerateflowering.Oneweekaftertheonsetof flow-
ering the plantswerescreenedfor silique formation.
Sterile plantswere continuouslytorn out. The seeds
of the remainingfertile plantswerecollected.Of the
approx.90,000plantswhich werescreened,a total of
15 putative BABA insensitive mutants(bai mutants)
were rescued.They all showed formationof siliques
afterrepeatedtreatmentswith BABA, whereasthewild
typedisplayedsterility, visible asnon-developmentof
the siliques.Fifteenbai mutantshave beentestedfor
reactionto infection with P. parasitica after BABA-
treatmentand seven of them allowed growth of the
pathogen.We are currently determining the DNA

6



Figure 5. (a) Influenceof BABA on silique lengthand its reversibility by DDG. (b) Influenceof BABA on seedproductionand its
reversibilitybyDDG.Bothsubstanceswereappliedassoildrenchin thefollowingconcentrations:(A) H2O,(B) BABA 24ppm,(C)BABA
28ppm,(D) BABA 32ppm,(E) BABA 35ppm,(F) BABA 40ppm,(G) BABA 44ppm,(H) BABA 48ppm,(I) BABA 35ppm+ 0.5mM
DDG, (J) BABA 35ppm+ 1mM DDG, (K) BABA 35ppm+ 2mM DDG, (L) BABA 35ppm+ 5mM DDG. Unfertilizedpistils are
about4mm long.

sequencesflankingtheinsertionsitesin ordertobeable
to identify themutatedgenes.

There is no doubt that BABA is a potent inducer
of resistancein many plantsspeciesagainsta wide
rangeof pathogens.Knowledgeaboutthe genesand
mechanismsinvolved in BABA-mediatedprotection
will allow developmentof new typesof crop protec-
tantswhichmimick theplants’own waysof defending
themselvesagainstpathogenattack.
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Cohen Y, Niderman T, Mösinger E and Fluhr R (1994)
β-Aminobutyric acid induces the accumulation of
pathogenesis-relatedproteinsin tomato(Lycopersicon escu-
lentumL.) plantsandresistanceto lateblight infectioncaused
by Phytophthora infestans. PlantPhysiol104:59–66

Cohen Y, Reuveni M and Baider A (1999) Local and sys-
temic activity of BABA (DL-3-aminobutyric acid) against
Plasmopara viticola in grapevines. Eur J Plant Pathol 105:
351–361

CohenY, Ovadia A and Oka Y (2000) Is induced-resistance
reversible?TheBABA case.In: FirstInternationalSymposium

7



on Induced resistanceto plant diseases,Island of Corfu,
Greece,22–27May 2000(Abstract)

Coquoz JL, Buchala AJ, Meuwly P and Métraux JP (1995)
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