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Abstract

A comprehensive survey of the status of biocontrol of fire blight is presented.
The control methods used internationally and partially in Germany are described
and evaluated concerning their efficacy in ecological and commercial fruit growing.
The main interest is focused on developments based on microbial antagonists, nat-
ural compounds and resistance elicitors.
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Introduction

During the last 20 years, biological control of fire blight, as mentioned in a re-
view by Johnson and Stockwell (2000), has advanced from a subject of basic re-
search to a component of an integrated disease control strategy in the USA, but
later on after further dissemination of the pathogen, also under European condi-
tions. Increased research on this aspect has resulted in particular in following fac-
tors: the development of Erwinia amylovora resistance to the antibiotic
streptomycin, the greater desire of the society on safe production in agriculture
and the prohibition of antibiotics for use in fruit growing in most countries of the
European community and other states. Thus, several of these aspects have pro-
moted the need for alternative control strategies (Zeller and Laux 2001, 2002). In
the following, the main activities within biocontrol of fire blight on the basis of mi-
crobial antagonists, natural compounds and resistance elicitors will be presented.
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Antagonistic bacteria

The earliest and also most numerous works on biocontrol of fire blight have
been made in the United States on the basis of antagonistic microorganisms with
strains belonging to the Pantoea agglomerans (syn. Erwinia herbicola) group
(Aldwinckle and Beer 1979) (Table 1). With these widespread in nature as
epiphytes bacteria, several workers in the United States have performed experi-
ments against the pathogen in greenhouse and in the field on blooming pear trees,
with partial success. In New York, Beer et al. (1984) postulated a new control
method for fire blight by introducing suspension of E. herbicola into apple blossoms
one day before and three days after inoculation with the pathogen, and could pro-
vide significant control when applied at 106 and 10° cfu/ml. With the higher con-
centration, control was equivalent to streptomycin. In order to enhance efficacy of
the most effective strain Eh 252 they investigated extensively the mode of action
and other aspects. However, later on, in further control studies, the level of control
was not consistent.

Table 1
Antagonistic bacteria with significant efficacy against fire blight
Bacterium Literature
Pantoea agglomerans (syn. Erwinia herbicola)
Strains:

Eh C9-1 (USA) Ishimaru et al. (1988)
Eh 252 (USA) Beer et al. (1984)
Eh 318 (USA) Wright and Beer (1996)
Eh 1087 (New Zealand) Kearns and Hale (1996)
Eh 325 (USA) Pusey (1997)
PA 21889 (Germany) Laux et al. (1999)

Mode of action: antibiosis (herbicolin, pantocin A and B)

Pseudomonas fluorescens
Strain A506: commercialized in 1996 as Blight Ban” A506 (USA) First isolated in California
Other strains isolated in: by Lindow (1984)
USA Thomson et al. (1976)
Germany Laux et al. (1999)
Turkey Basim et al. (2002)

Mode of action: competition of sites and nutrients

Bacillus subtilis

Strain BsBD 170 commercialized in 2001 as BioPro® (Germany) Zeller and Wolf (1996)
Strain QST713 commercialized as Serenade by AgraQuest Inc. (USA) |Aldwinckle et al. (2002)
Strain BSF3 isolated in Italy Bazzi (personal

communication 2000)

Other bacteria
Strain Ra 39 Rhanella aquatilis Laux et al. (1999)
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Another promising antagonist from the P. agglomerans group in the USA was
strain Eh C9-1, isolated from apple in Michigan. The isolate has been effective for
control of fire blight in several field experiments on the West Coast of the USA.
This antagonistic strain has shown excellent colonizing facilities on stigmatic sur-
faces of pear and apple, which initiated commercializing Eh C9-1 by the US Envi-
ronmental Protection Agency in 1997 (Johnson and Stockwell 2000). Treatment
with the antagonist decreased the incidence of fire blight by 50-80% and could ap-
proach or reach the level of control by streptomycin. Several other researchers in
the US and New Zealand could also show promising control efficacy with a larger
number of P. agglomerans strains against blossom infection by E. amylovora. The effi-
cacy of these strains was nearly equal to Eh C9-1 and mostly correlated with the
production of antibiotics that are inhibitory to the pathogen (Table 1).

After further spread of the disease in Europe and the Mediterranean countries,
several researchers have studied antagonistic bacteria in order to replace the cop-
per compounds or antibiotics used, which were not registered in many countries.
These studies on alternatives were mostly started when E. amylovora had estab-
lished and became endemic. A high number of selected strains of P. agglomerans
showed good effects against fire blight in vitro and in vivo, but in most cases further
studies on possible inclusion into an integrated control program were missing.

Although, in contrast to P. agglomerans, large populations of Pseudomonas
fluorescens can frequently be found on healthy apple and pear flowers, only a few
strains of Pseudomonas have been studied in detail. Yet, the first biocontrol agent
has been registered and is available commercially against fire blight since 1996 as
strain A506 of P. fluorescens under the name Blight Ban A506, from Plant Health
Technologies, Boise, Idaho. This bacterium was first isolated from pear in Califor-
nia by Lindow (1984), who was able to reduce fire blight infections in experimen-
tal plots in the state and in Oregon and Washington (Johnson and Stockwell
2000). The antagonistic bacterium has good colonizing ability in apple and pear
blossoms (stigmas) during mid-bloom. The reduction of the disease by 40-60%
was obtained with applications of A506 in several plots in the Northwest of the
USA and in California during the past 20 years, where the efficacy reached chemi-
cal control level in many of field experiments.

Another epiphytic bacterium, the gram-negative enterobacterium Rhanella
aquatilis, has been found recently in Germany - for the first time with antagonistic
ability in vitro and under field conditions (Zeller and Wolf 1996) (Table 1). Strain
Ra 39 of R. aquatilis was tested against blossom blight of apple in 1998-2000 under
artificial infection conditions and could achieve disease control of 58-63%, which
was nearly comparable to streptomycin; under natural conditions a significant
level of control was also observed (Laux et al. 2003).

The gram-positive species Bacillus subtilis, which has been described as antago-
nist of several plant pathogenic fungi, has recently also been found inhibitory to E.
amylovora (Alexandrova et al. 2002, Basim et al. 2002, Zeller and Laux 2002) (Table
1). An isolate of B. subtilis, found in Germany after an extensive in vitro screening
(Zeller and Wolf 1996), showed high efficacy under field conditions on different
plots. The applied strain BsBD 170 reduced blossom blight on apple by 52-55% af-
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ter artificial infection, and by 71% under natural infection conditions (Laux et al.
2003). That is why the B. subtilis strain was later registered as a plant strengthener
compound under the name Biopro® and is available to fruit growers since 2001.

Other biocontrol agents

Further approaches in biocontrol of fire blight have been undertaken with the
use of avirulent strains of E. amylovora (Tharaud et al. 1997) or bacteriophages spe-
cific to the pathogen (Schnabel and Jones 2001) and latest studies have included
yeasts (Kunz et al. 2004) (Table 1). Although these agents have shown some
promise in several assays in vivo and under field conditions, a consistency of results
is missing.

Natural compounds

Plant extracts

As further alternative to the antibiotic streptomycin, also several natural com-
pounds, like plant extracts and etheric oils have been tested for their antibacterial
activity against E. amylovora since 1989 in Europe, and later on also for their in-
duced resistance response. The reason was that in Germany compounds with plant
strengthener characteristics can be registered at lower expenses than plant protec-
tive substances (Zeller and Laux 2001, 2002).

Following an extensive screening of

Table 2 131 plant extracts by Mosch et al.

(1989), 24 extracts exhibited antibac-
terial activity against E. amylovora in
agar diffusion tests. The most effective

Activity of plant extracts and etheric
oils against Erwinia amylovora

Mode of action Plant leaf extracts were found those of black
Protective Mahonia aquifolium walnut (Juglans nigra), staghorn sumac
Rhus typhina (Rhus  typhina), barberry (Berberis

Berberis vulgaris

Pingiana pinata vulgaris), oregon grape (Mahonia

aquifolium), and garlic (Allium sativum)

Induction of resistance ?;gjzlﬁzhx (Table 2). These also showed signifi-
Viscum album cant control as protective sprays under
Alchemilla vulgaris artificial infection conditions in the
Reynoutria field, with best effect of M. aquifolium
Antimicrobial Origanum vulgare and B. vulgaris extracts at bloom stage
%‘;;;:;a:;‘;ivum on the ornamental Cotoneaster
Thymus vulgaris salicifolius (Mosch et al. 1993). Because

Plant strengthener Tymbra spicata of registration problems the search for
(BioZell-2000B) plant extracts with resistance inducing
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activity was initiated, resulting in finding plant strengthener capability of plant ex-
tracts from Reynoutria sacchalinensis, ivy (Hedera helix), mistletoe (Viscum album), and
lady’s mantle (Alchemilla vulgaris), which could induce resistance mechanism in de-
tached leaves of Cotoneaster watererii (Table 2). In further field experiments with
various apple cultivars (‘James Grieve’, ‘Gloster’, ‘Golden Delicious’) after artifi-
cial infection, the H. helix extract gave also significant disease control. In order to
enhance efficacy of the H. helix extract, field experiments were undertaken in com-
bination with other compounds. In these studies, a mixture of H. helix extract with
a copper compound of 0.2% (Neu 1140 F), gave results comparable to those ob-
tained after the use of streptomycin (69.7 and 64.0% to 68.5 and 67.0%, respec-
tively) in blossom sprays on apples (Mosch et al. 2000).

Under greenhouse conditions with treating highly susceptible apple rootstock
M.26 (Baysal et al. 2002) by H. helix extract, fire blight disease index in shoots was
suppressed over a period of two weeks up to 50%. In physiological studies, analyz-
ing induced resistance effect, significant changes in phenol content corresponded
with higher activities of peroxidase (PO), polyphenoloxidase (PPO), and
beta-glucosidase. Moreover, PR-proteins were markedly associated as indicator of
systemic acquired resistance (SAR).

In field experiments in Greece Tsiantos and Psallidas (1993) found extract from
Pingamia pinnata (commercial name: Bactosan) at a concentration of 0.3%, effect
against fire blight on blossoms, providing that the inoculum concentration was low.

Essential oils

Antimicrobial properties of essential oils from various plants are known for a
long time, mostly reported in human medicine with some practical applications
against several diseases. First reports on the antibacterial activity of essential oils
against E. amylovora in vitro come from Scortichini and Rossi (1989) and concern
origanum (Origanum vulgare), savory (Satureja hortensis), white thyme (Thymus
vulgaris) and other plants (Table 2). Bactericidal activity was found also in essential
oil of another thyme species, Thymbria spicata var. spicata, from the Taurus region in
Turkey against some economically important plant pathogenic bacteria, including
E. amylovora. Two main constituents: thymol and carvacrol are suggested to be re-
sponsible for the antimicrobial activity of this thyme oil (Basim et al. 2000).

Based on this etheric oil, the first development of an essential oil preparation
named Aksebio 2 has been developed in Turkey, consisting of 70% thyme oil,
which was used at 0.05% concentration against fire blight and fungal diseases
caused by Monilia and Botrytis (Zeller and Laux 2001). The same compound was
later registered as a plant strengthener in Germany under the name Bio Zell-2000
B (Table 2). At the concentration of 0.05% no bactericidal effect has been observed
and the use of the compound has been proposed after an induction time of
one-two days. In greenhouse and field experiments with this compound, efficacy
was 42% and 64%, respectively, on ‘Boskoop’ apple and ‘Santa Maria’ pear, and as
high as 85% on Cotoneaster salicifolius (Zeller and Laux 2001, Basim et al. 2000).
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Other compounds

To find still another alternative for fire blight control, the use of stone powder
preparations has been tested in Germany. Following an intensive screening of sev-
eral commercial preparations used in organic farming, mineral compounds
Mycosin and Ulmasud showed significant control against artificial blossom and
shoot infections in the field, with efficacy of 43.5-52.8% (Fried 1999). A final deci-
sion on the efficacy of these products is still not possible, as sufficient experience
in practice under natural infection conditions is lacking (Rommelt et al. 1999).

In West Virginia another mineral compound, kaolin, was introduced, that
could be surface treated with a water-repelling agent. In preliminary orchard stud-
ies, apple and pear blossoms treated with this product showed significant reduc-
tion of blossom blight (Stockwell, personal communication 2000).

Another chemical compound with SAR inducer effect against E. amylovora and
several other bacterial plant pathogens, fungi and viruses, is the so called plant acti-
vator Bion® or Actigard®. Since 1999 several studies have been carried out with
Bion® on different host plants against fire blight. Thomson et al. (1999) showed that
application of Bion® to apple trees provided significant protection against blossom
blight, but was not as effective as streptomycin. In another study Zeller and Zeller
(1999) found under greenhouse conditions a high decrease of disease index (70%)
on apple rootstock plants. This was correlated with a reduction of bacterial growth
up to 60%. Under artificial inoculation conditions in the field Bion® caused a marked
reduction of the disease incidence up to 68% on apple James Grieve’ at full bloom.
Further studies in different countries with Bion® on apple shoots and pear fruitlets
(Sobiczewski et al. 2001) and M.26 rootstock plants (Baysal et al. 2002), pear shoots
(Bubédn et al. 2002) and apple (Maxson et al. 2002) demonstrated that the plant acti-
vator could provide a significant level of fire blight control. Basing on their positive
results obtained with Bion®, Maxson and Jones (2002) postulated spraying ‘Jona-
than’ trees in Michigan at a weekly basis with the plant activator, starting one week
prior to bloom. Although Bion® proved effective against fire blight in most of the
studies, there are also reports from other authors about minor control effects and
smaller efficacy, as compared to streptomycin (Thomson et al. 1999).

Another synthetic compound, a growth regulator Regalis® or Apogee® (Pro-
hexadion-Ca), which was used first in the USA, in order to control the vegetative
growth of apple and pear trees in fruit growing, showed in several studies a marked
reduction of fire blight incidence at secondary shoot infections (Fernando and
Jones 1999), but a minor effect against blossom blight. The use of this product as a
component of integrated fire blight control is under discussion in the US practice.

Outlook

Although extensive studies with biological and other alternatives have been
made in the past against fire blight, and several compounds could be registered
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with significant effects in protection, the level of control was in most cases lower
than the antibiotic streptomycin. Moreover, the effects of these products were not
consistent, showing marked variations from year to year. Thus, environmentally
based warning systems should be involved in common strategy of fire blight con-
trol for timing of sprayings. Moreover, additional studies on combination of
bioproducts with each other or with other compounds should be promoted for en-
hancing the efficacy against this dangerous disease. All these aspects together
should be an important objective for further research on development of new and
efficient biocontrol methods against fire blight.
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