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RESUMEN

ABSTRACT

El fenébmeno de resistencia inducida describe el incremento de la
resistencia de las plantas contra las enfermedades. A través de la
utilizaciéon de agentes bidticos y quimicos, llamados inductores de
resistencia, se activa el potencial de resistencia que existe de forma
latente en las plantas y lo lleva a un nivel superior de resistencia. En
contraste con un control directo contra enfermedades de plantas, la
resistencia inducida define la capacidad de una planta para inhibir el
desarrollo de factores dafiinos. En general se han postulado tres fac-
tores para que un compuesto se considere inductor de resistencia:

1. La planta tratada es resistente al mismo espectro de la enfermedad
gue aquellos en los que la resistencia se induce biolégicamente.

2. La carencia de actividad antimicrobiana y la no conversién del
compuesto en la planta en metabolitos antimicrobianos.

3. La induccién de los mismos procesos biolégicos que los observa-
dos en el tejido vegetal con posterioridad a la induccion biol6gica
de resistencia.

La resistencia inducida puede subdividirse en dos categorias am-
plias. La primera es resistencia sistémica adquirida (RSA). Este tipo
se describi6 inicialmente como una respuesta a infeccién de patége-
no. Subsecuentemente se encontré que el tratamiento de plantas con
compuestos de bajo peso molecular puede inducir RSA, la cual pue-
de desarrollarse local o sistémicamente en respuesta a un patégeno
que cause una lesién necrética o una respuesta hipersensitiva (RH).
La reaccion de resistencia esta asociada con la producciéon de pro-
teinas relacionadas (PR) a la patogénesis, y via mediada al proceso
que depende del acido salicilico. El segundo tipo de resistencia indu-
cida se desarrolla sistémicamente. Se conoce como resistencia
sistémica inducida (RSI), y estd mediada por la via sensitiva del
jasmonato/etileno, y no implica la expresion de proteinas PR.

Patbgenos bacterianos incompatibles, agentes abidticos y estrés se
han utilizado por mucho tiempo para inducir resistencia contra enferme-
dades bacterianas. Los primeros estudios de la infiltracion de hojas de
tabaco con células de Ralstonia solanacearum muertas por procesos
térmicos inducirian resistencia local contra el mismo patégeno. La re-
sistencia inducida o adquirida a patégenos bacterianos se ha informado
también como una disminucién en los sintomas necroéticos; sin embar-
go, muchos estudios revelaron que el efecto de la induccién de resisten-
cia contra enfermedades bacterianas es la suspension del crecimiento
en las plantas inducidas de uno de los tres érdenes de magnitud en
comparacion con las plantas control. Esto sugiere que los inhibidores
del crecimiento bacterial se producen como un resultado de la induc-
cion de resistencia. Las plantas deben responder rapidamente a la
inoculacion por la produccion de los inhibidores del crecimiento bacterial.

Aqui se presenta una resefia sobre varios nuevos compuestos sinté-
ticos, como por ejemplo Acibenzolar-S-metilo (ASM), DL-3-
aminobutyric acido (BABA) y otros, con sus efectos de biocontrol
contra patégenos bacteriales, y los primeros estudios sobre sus
modos de accién. Ademas se discuten algunos inductores naturales
como extractos de plantas y aceites etéricos sobre su actividad
inductora de resistencia contra enfermedades bacterianas.
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The phenomenon of induced resistance describes the increase of
resistance in the plant against diseases. Through the use of biotic or
chemical agents, so called resistance inductors, the latent existing
resistance potential of treated plants is activated and brought to a
higher resistance level. In contrast to a direct control against plant
diseases induced resistance describes the capability of a plant to
inhibit the development of damaging factors. In general three criteria
have been postulated for a resistance inducing compound:

1. The treated plant is resistant to the same spectrum of disease as
those in which resistance is induced biologically

2. A lack of antimicrobial activity and no conversion of the compound
in plant in antimicrobial metabolites

3. Induction of the same biochemical processes as observed in plant
tissue after biological induction of induced resistance.

Induced resistance can be subdivided into two broad categories. The
first is systemic acquired resistance (SAR), this type of resistance
was first described as a response to pathogen infection. Subsequently,
it has been found that treatment of plants with low molecular weight
compounds can induce SAR, which can develop locally or systemically
in response to a pathogen that causes a necrotic lesion or a
hypersensitive response (HR). The resistance reaction is associated
with the production of pathogenesis related (PR) proteins, and mediated
via a salicylic acid depended process. The second type of induced
resistance develops systemically, known as induced systemic
resistance (ISR) and is mediated by a jasmonate/ethylene sensitive
pathway and does not involve expression of PR-proteins.

Incompatible bacterial pathogens, abiotic agents and stress have
been largely used to induce resistance against bacterial diseases.
Early studies demonstrated that infiltration of tobacco leaves with
heat-killed cells of Ralstonia solanacearum would induce local
resistance against the same pathogen. Systemic induced or acquired
resistance to bacterial pathogens has also been reported as a
decrease in necrotic symptoms. Most studies, however, revealed that
the effect of resistance induction against bacterial diseases is
suppression of bacterial growth in induced plants of one or three
orders of magnitude as compared to control plants. This suggests
that inhibitors of bacterial growth are produced as a result of resistance
induction; plants may respond quickly to inoculation by production of
bacterial growth inhibitors.

In the following a review on several new synthetic compounds, as for
instance Acibenzolar-S-methyl (ASM) , DL-3-aminobutyric acid
(BABA) and others are presented with their biocontrol effects against
bacterial pathogens and first studies on their mode of action. Moreover
some natural inductors as plant extracts and etheric oils are discussed
on their resistance inducing activity against bacterial diseases.
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INTRODUCTION

The phenomenon of induced resistance describes the
increase of resistance in the plant against diseases.
Through the use of biotic or chemical agents, so called
resistance inductors, the latent existing resistance
potential of treated plants is activated and brought to
a higher resistance level. In contrast to a direct control
against plant diseases induced resistance describes the
capability of a plant to inhibit the development of
damaging factors. As resistance inducers biotic and
chemical (synthetic) agents have been reported, in most
cases the reaction was achieved by preinoculation with
apathogenic or pathogenic microorganisms in low
concentrations or culture filtrates, as for instance in
early studies of Mc Intire et al. (1973), who could
protect apple plants against infection with virulent
Erwinia amylovora strains with a pathogenic bacteria
of the pathogen.

In general three criteria have been postulated for a
resistance inducing compound:

1. The treated plant is resistant to the same spectrum
of disease as those in which resistance is induced
biologically.

2. A lack of antimicrobial activity and no conversion
of the compound in plant in antimicrobial me-
tabolites.

3. Induction of the same biochemical processes as
observed in plant tissue after biological induction of
induced resistance [ Kessmann et al., 1994].

Induced resistance to pathogens can be subdivided into
two broad categories. The first of these is systemic
acquired resistance (SAR). This type of resistance was
first described as a response to pathogen infection.
Subsequently, it has been found that treatment of
plants with low molecular weight compounds can in-
duce SAR [Ryals et al., 1994]. SAR develops either
locally or systemically in response to a pathogen that
causes a necrotic lesion. The necrotic lesion can either
be the result of a successful infection or a hypersensitive
response (HR). The resistance expressed is generally
effective against a broad range of pathogens, is
associated with the production of pathogenesis related
(PR) proteins, and is mediated via a salicyclic acid de-
pended process [Hammerschmidt and Becker, 1997;
Hammerschmidt, 1999]. As has been mentioned above,
SAR can also be induced by exogenous application of
some synthetic compounds [Zeller and Zeller, 1999;
Baysal et al., 2002; Siegrist et al., 2000].
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The second type of induced resistance develops
systemically, known as induced systemic resistance
(ISR) [Van Loon et al., 1998]. It is mediated by a
jasmonate/ethylene sensitive pathway and does not
involve expression of PR-proteins.

Incompatible bacterial pathogens, abiotic agents and
stress have been largely used to induce resistance
against bacterial diseases [Goodman et al., 1986]. Early
studies by Lozano and Sequeira (1970) demonstrated
that infiltration of tobacco leaves with heat-killed cells
of Ralstonia solanacearum would induce local resistance
against the same pathogen. Systemic induced or aquired
resistance to beacterial pathogens has also been reported
as a decrease in necrotic symptoms [Caruso and Kuc,
1979]. Most studies, however, revealed that the effect
of resistance induction against bacterial diseases is
suppression of bacterial growth in induced plants of
one or three orders of magnitude, as compared to con-
trol plants [Caruso and Kuec 1979; Lawton et al., 1996].
This suggests that inhibitors of bacterial growth are
produced as a result of resistance induction; plants may
respond quickly to inoculation by production of
bacterial growth inhibitors. Moreover, induced
Arabidopsis plants respond to Pseudomonas syringae
pV- syringae inoculation with enhanced salicyclic acid
accumulation and induction of PR-1 gene transcription
[Cameron et al., 1999]. SAR can activate in plants a
series of substances inhibiting infections and spreading
of diseases [ Kessmann et al., 1994; Ovadia, 2001].

Synthetic resistance inducers

Chemical inducers of disease resistance play the key
role for the integration of the SAR concept in modern
plant protection strategies [ Lyon and Newton, 1997].
Acibenzolar-S-methyl (ASM) known under the
commercial name Bionor Actigard, is one of the non-
toxic synthetic resistance inducers used against plant
pathogens. The compound is known to elicit SAR
against fungal and bacterial diseases of several plants
including tobacco, cucumber [Lawton et al., 1996] and
apple [Zeller and zeller, 1999; Brisset et al., 2000; Baysal
etal.,2002].

The compound was also found to be effective in
controlling bacterial black spot of mango, caused by
Xanthomonas campestris pv. mangiferaeindicae [ Boshoff
et al., 1998]. Pretreatment of rose shoots with 50 pM
ASM led to resistance against Agrobactertum tumefaciens
and Diplocarpon rosae by significantly reducing the
disease severity of crown gall and blackspot [Suo and
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Leung, 2001]. Resistance inducing effects of ASM have
been demonstrated in apple against Erwinia amylovora

in recent studies [Baysal et al., 2002; Brisset et al.,
2000].

In physiological studies, a marked increase of
peroxidase and, as a component of antioxidative
protection system, gluthatione-S-transferase activities
were found after ASM application in inoculated and
uninoculated apple plants [Baysal et al., 2002]. This
was considered to be an indication of induction of
resistance in fire blight in host plants protected with
ASM. In further studies, Maxson-Stein et al. (2002)
reported that expression of putative genes related to
SAR induction was elevated in ASM-treated apple
seedlings. The level of PR-1 and PR-8 mRNA were
increased 10-fold and PR-2 mRNA was increased 100-
fold in ASM-treated seedlings compared to levels in
untreated seedlings. The role of plant defense activator
ASM in inducing resistance in rice against leaf blight
caused by Xanthomonas oryzae pv. oryzae was also
studied [Babu et al., 2003]. In rice plants pretreated
with ASM, infection was significantly reduced. Induced
systemic resistance was found to persist for up to three
days in treated plants. Increased phenolic content and
accumulation of pathogenesis-related proteins, e.g.
chitinase, beta-1,3-glucanase and thaumatin-like
protein (TLP; PR5) were also observed in rice plants
pretreated with ASM after inoculation with X oryzae
pv- oryzae [Babu et al., 2003].

The effectiveness of resistance inducers prohexadione
calcium (Regalis) and ASM against fire blight on apple
and pear trees was evaluated in a greenhouse. Both
compounds induced resistance to fire blight on termi-
nal shoots, but they were not able to protect pears
against infection by E. amylovora at high concentration
of inoculum (10? cfu/mL). On the other hand, a decrease
of disease severity was found when ASM or Regalis
were applied with a lower bacterial concentration of
bacterial inoculum (10° cfu/mL) [Sobiczewski et al.,
2001]. Thomson et al. (1999) reported that ASM alone
provided significant protection against fire blight but
was not as effective as streptomycin. The combination
of ASM plus streptomycin was often the best or near
best treatment. This would be logical since each
compound has a different mode of action. In the case
of streptomycin, the action is directed towards the
pathogenic bacteria whereas ASM elicits the SAR
response in the host plant. On the other hand, in
experiments under greenhouse conditions ASM

treatment showed a marked resistance induction effect

against fire blight [Zeller et al., 1999].

DL-3-aminobutrytic acid (BABA) is a non-protein
amino acid which also induces resistance against a large
number of plant pathogens [Zimmerli et al., 2001].
BABA has a broad spectrum of activity against many
disease causing organisms such as viruses, bacteria,
fungi and nematodes [Jakob et al., 2001; Cohen, 2002],
and the compound reduced disease severity when
applied following foliar, soil drench and leaf discs
treatments [Ovadia et al., 2000]. BABA operates
through a variety of defense mechanisms, including

physical barriers and biochemical changes leading to
resistance [Cohen, 2002].

Some authors reported that prohexadione calcium
(Regalis) is a growth retardant reducing shoot length
in apple (Byers and Yoder, 1999) and pear [Theron et
al., 2002]. The compound also induced resistance to
fire blight in apple and pear [Fernando and Jones,
1999; Jones et al., 1999]. The severity of fire blight
was reduced significantly on apple shoots inoculated
13 days after treatments with 250 mg/L prohexadione
calcium compared with untreated shoots [Momol et

al., 1999].
Biotic resistance inducers

As natural compounds with resistance induction effect
against fire blight several plant extracts, etheric oils
and metabolic substances have been tested. Mende et
al. (1993) observed induced resistance effect in the high
susceptible host plant Cotoneaster waterert with several
plant extracts from ivy (Hedera helix), mistletoe
(Viscum album) and Alchemilla vulgaris, by causing a
reduction of disease severity and lower multiplication
of the pathogen in the host plant. The same results
could be achieved with extracts from Hedera helix and
Viscum album on detached leaves of quince (Cydonia

oblonga) and in field experiments with the apple variety
‘James Grieve’ [Mosch et al., 1996].

In another experiment the potential of the Hedera helix
extract to protect M26 apple rootstocks against fire
blight was determined under controlled conditions in
the greenhouse. The plant extract applied prior to
inoculation of the E. amylovora strain Ea 7/74
suppressed disease development and in correlation
bacterial multiplication up to 58% vice versa 72%. Also
in this host-parasite interaction, the H. Helix-extract
caused induced resistance against fire blight on M26
apple rootstocks [Baysal and Zeller, 2005].
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Besides plant extracts also an etheric oil has been tested
against E. amylovora on its resistance induction effect.
Although the essential oil of thyme has been described
as an antibacterial natural agent against the fire blight
pathogen besides others from origanum, savory,
cinnamon, the etheric oil of the thyme variety Thymbra
spicata showed in a low concentration of 0,05% also a
reaction of systemic acquired resistance (SAR).

In the meantime this thyme oil has been registered in
Turkey and Germany under the names Aksebio 2 and
BioZell-2000B and was tested in several experiments
under greenhouse and field conditions. Reduction of
disease index was correlated with a significantly lower
bacterial population in the plant tissue of M26
rootstocks compared to untreated inoculated plants.

In the studies with the extract of ivy (Hedera helix),
which showed a suppressed disease development and
bacterial multiplication of E. amylovorain various host
plants local induced resistance was caused resulting in
significant increase of polyphenol oxidation activity
with higher activities of enzymes of phenol metabolism
as peroxidase (PO), polyphenoloxidase (PPO) and
phenylalanin-lyase (PAL). Recently Baysal and Zeller
(2005) analyzed the mechanism of action of H. helix-
extract, concerning alterations in the levels of key
defense-relating enzymes, PO, chitinase and 1,3 B-
glucanase. In this study a correlation was found
between plant extract treatment and increase of PO
and these both PR-proteins, which possess direct
antimicrobial activity by degrading microbial cell walls.
From these findings the authors concluded, that the
extract of H. helix was responsible for a stimulation
of resistance to fire blight in the host plant and can
accelerate the defense response to stop bacterial
migration in the plant tissue up to seven days.

Also with BioZell-2000B, the natural compound of the
etheric oil of thyme (Thymbra spicata) a similar
resistance inducing effect could be observed [Zeller et
al., 2004]. Besides a marked reduction in the severity
of the disease in M26 rootstock shoots and apple
blossom blight and decrease of the multiplication of
E. amylovora in the host plant, the following
physiological changes in inoculated and non-inoculated
apple shoots could be found:

A higher phenol content in BioZell-2000B treated plant
with increased activities of phenol metabolism (PO,

PPO and PAL); moreover higher amounts of the PR-

proteins of chitinase and 3-1,3 glucanase, which led to
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the conclusion, that also this natural product is
responsible for a stimulation of resistance to fire blight
and acts as a SAR inducing compound in this host-
parasite interaction.

REFERENCES

Babu, R. M.; A. Sajeen; A. V. Samundeeswari; A. Sreedhar; P.
Vidhzasekaran; K. Seetharaman; M. S. Reddy: «Induction of Systemic
Resistance to Xanthomonas oryzae pv. oryzae by Salicyclic Acid in
Oryza sativa (L.)», Journal of Plant Disease and Protection 110:419-
431, 2003.

Baysal, O.; P. Laux; W. Zeller: «Further Studies on the Induced
Resistance (IR) Effect of Plant Extract from Hedera helix Against
Fire Blight (Erwinia amylovora)», Acta Horticulturae 590:273-277,
2002.

Baysal, O.; W. Zeller: «Extract of Hedera helix Induces Resistance on
Apple Rootstock M26 Similar to Acibenzolar-S-Methyl Against Fire
Blight (Erwinia amylovora)», Phytopathology 1-11, 2005.

Boshoff, M.; J. M. Kotze; L. Korsten: «Control of Bacterial Black Spot in
Mango», Yearbook-South-Africa-Mango-Growers-Association
18:36-39, 1998.

Brisset, M. N.; S. Cesbron; S. V. Thomson; J. P. Paulin: «Acibenzolar-S-
Methyl Induces the Accumulation of Defense-Related Enzymes in
Apple and Protects from Fire Blight», European Journal of Plant
Pathology 106:529-536, 2000.

Byres, R. E.; K. S. Yoder: «Prohexadione-Calcium Inhibits Apple, but not
Peach, Tree Growth, but Has Little Influence on Apple Fruit Thinning
or Quality», HortScience 34:1205-1209, 1999.

Cameron, R. K.; N. L. Paiva; C. J. Lamb; R. A. Dixon: «Accumulation of
Salicyclic Acid and PR-1 Gene Transcripts in Relation to the Systemic
Acquired Resistance (SAR) Response Acquired by Pseudomonas
syringae pv. syringae in Arabidopsis», Physiol. and Molecular Plant
Pathology 55:121-130, 1999.

Caruso, F. L.; J. Kuc: «Induced Systemic Resistance of Cucumber to
Anthracnose and Angular Leaf Spot by Pseudomonas lachrymans
and Colleotrichum lagenarium», Physiological Plant Pathology
14:191-201, 1979.

Cohen, Y. R.: «a-Aminobutrytic Acid-Induced Resistance Against Plant
Pathogens», Plant disease 86:448-457, 2002.

Fernando, W. G.; A. L. Jones: «Prohexadione-Calcium-a Tool for
Reducing Secondary Fire Blight Infection», Acta Horticulturae
489:597-600, 1999.

Goodman, R. N.; Z. Kiraly; K. R. Wood: The Biochemistry and Physiology
of Plant Diseases. University of Missouri Press, Columbia, E.U., 1986.

Hammerschmidt, R.: «Induced Disease Resistance: How Do Induced
Plants Stop Pathogens», Physiol. and Molecular Plant Pathology
55:77-84, 1999.

Hammerschmidt, R.; J. S. Becker: «Acquired Resistance to Disease»,
Horticultural Reviews 18:247-643, 1997.

Jakob, G.; V. Caottier; V. Toquin; G. Rigoli; L. Zimmerli; J. P. Metraux; B.
Mauch-Mani: «&-Aminobutrytic Acid-Induced Resistance in Plants»,
European Journal of Plant Pathology 107:29-37, 2001.

Jones, A. L.; W. G. Fernando; G. R. Ehret: «Controlling Secondary Spread
of Fire Blight with Prohexadione-Calcium», Phytopathology 89:37,
1999.

Kessmann, H.; T. Staub; C. Hoffmann; T. Maetzke; J. Herzog; E. Ward;
S. Uknes; J. Ryals: «Induction of Systemic Acquired Resistance in
Plants by Chemicals», Annual Review of Phytopathology 32:439-
459, 1994.



Status on induced resistance...

Lawton, K.; L. Friedrich; M. Hunt; K. Weymann; H. Kessmann; T. Staub;
J. Ryals: «Benyothiadiazole Induces Disease Resistance in
Arabidopsis by Activation of Systemic Acquired Resistance Signal
Transduction Pathway», The Plant Journal 10:71-82, 1996.

Lozano, J. C.; L. Sequeira: «Differences of Races of Pseudomonas
solanacearum by a Leaf Infiltration Technique», Phytopathology
60:834-840, 1970.

Lyon, G. D.; A. C. Newton: «Do Resistance Elicitors Offer New
Opportunities in Integrated Disease Control Strategies», Plant
Pathology 46:636-641, 1997.

Maxson, K.; S. Y. He; R. Hammerschmidt; A. L. Jones: «Effect of Treating
Apple Trees with Acibenzolar-S-Methyl on Fire Blight and Expression
of Pathogenesis-Related Protein Genes», Plant Disease 86:785-
790, 2002.

Mc Intyre, J. L.; J. Kuc; E. B. Williams: «Protection of Pear Against Fire
Blight by Bacteria and Bacterial Sonicates», Phytopathology 63:872-
877, 1973

Mende, A.; J. Mosch; W. Zeller: «Untersuchungen zur Resistenzinduktion
Durch Ausgewahlte Pflanzenextrakte Gegen den Feuerbrand (Erwinia
amylovora (Burrill) Winslow et al.)», Z. Pflanzenkrankh. Pflschutz
101:141-147, 1993.

Momol, M. T.; J. D. Ugine; J. L. Norelli; H. S. Aldwinckle: «The Effect of
Perohexadione calcium, SAR Inducers and Calcium on Control of
Shoot Blight Caused by Erwinia amylovora on Apple», Acta
horticulturae 489:606-610, 1999.

Mosch, J.; W. Zeller; M. Rieck; W. Ullrich: «Further Studies on Plant
Extracts with a Resistance Induction Effect Against Erwinia
amylovora», Acta Hort. 411:361-366, 1996.

Ovadia, A.; R. Biton; Y. Cohen; N. Katzir; H. S. Paris: «Induced Resistance
to Downy Mildew and Fusarium Wilt in Cucurbits», Acta Horticulturae
510:55-59, 2000.

Ovadia, A.: «Mode of Action of 3-Amino-Butyric Acid in Systemic Acquired
Resistance», Ph. D. thesis. Bar-llan University. Ramat-Gan, Israel, 2001.

Ryals, J.; S. Uknes; E. Ward: «Update on Plant Microbe Interaction
Systemic Acquired Resistance», Plant Physiol. 104:1109-1112, 1994.

Siegrist, J.; M. Orober; H. Buchenauer: «4-Aminobutyric Acid-Mediated
Enhancement of Resistance in Tobacco to Tobacco Mosaic Virus
Depends on the Accumulation of Salicyclic Acid», Physiol. and
Molecular Plant Pathology 56:95-106, 2000.

Sobiczewski, P.; G. Krupinski; S. Berczynski; A. Basak: «The Effect of
Resistance Inducer on the Suppression of Fire Blight (Erwinia
amylovora) on Apple Shoots and Pear Fruitlets», Phytopathologya
Polonica 22:171-182, 2001.

Suo, Y.; D. W. M. Leung: «Induction of Resistance to Diplocarpon rosae
and Agrobacterium tumefaciens by Acibenzolar-S-Methyl (BTH) in
Rose», Journal of Plant Diseases and Protection 108:382-391, 2001.

Theron, K. I.; M. Legrange; M. Smit; S. Reynolds; G. Jacobs: «Controlling
Vigour and Colour Development in the Bicoloured Pear Cultivar
Rosemarie», Acta Horticulturae 596:753-756, 2002.

Thomson, S. V.; S. C. Gouk; J. P. Paulin: «Efficiacy of Bion (Actigard) to
Control Fire Blight in Pear and Apple Orchards in USA, New Zealand
and France», Acta Horticulturae 489:589-595, 1999.

Van Loon, L. C.; P. A. H. M. Bakker; C. M. J. Pieterse: «Systemic
Resistance Induced by Rhizosphere Bacteria», Annual Review of
Phytopathology 36:453-483, 1998.

Zeller, W.; K. Abo-Elyousr; O. Yegen: «Studies on Induced Resistance
Against Fire Blight (Erwinia amylovora) with Different Bioagents»,
IOBC/WPRS-OILB/SROP, Italy, 9-13 June, 46, 2004.

Zeller, W.; V. Zeller: «Control of Fire Blight with the Plant Activator
Bion», Acta Horticulturae 489:639-645, 1999.

Zeller, W.; V. Zeller; M. T. Momol; H. Saygili: «Control of Fire Blight with
the Plant Activator Bion», Acta Horticulturae 489:639-645, 1999.

Zimmerli, L.; J. P. Métraux; B. Mauch-Mani: «Beta-Aminobutyric Acid-
Induced Protection of Arabidopsis Against the Necrotrophic Fungus
Botrytis cinerea», Plant Physiology 126:517-523, 2001.

fitosanidad/103



