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Abstract

Biological control of fire blight can be achieved by applying bacterial antago-
nists onto the flowers before a sizable epiphytic population of Erwinia amylovora is
established. For that purpose strain HIP32 of Pantoea agglomerans originated from
leaves of ‘Starking Delicious’ apple growing in Hungary, was studied. Flowers of
apples ‘Šampion’ and ‘Gala Must’, under controlled conditions, were sprayed with
the strain HIP32 (107 cfu/ml) and the next day inoculated with E. amylovora (5
×107 cfu/ml). Population size of E. amylovora was estimated by PCR. Longitudi-
nally sectioned flowers were scored for fire blight symptoms. Its severity and the
infection index calculated from the incidence and severity of symptoms, were con-
siderably reduced by P. agglomerans strain HIP32.
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Introduction

Fire blight caused by Erwinia amylovora is the most dangerous bacterial disease
of pome fruit trees. The presence of the pathogen in 46 countries was recently re-
ported by van der Zwet (2005). The costs of physical control measures like sanita-
tion, pruning and/or eradication of infected trees, as well as the expense on
spraying with antibiotics reached enormous level. Recent publications quote fol-
lowing data:
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– Austria: in 2002 eradication costs in three provinces amounted 1.72 million �

and in 2003 costs of pruning and eradication of another 6000 infected trees came
to 1.8 million � (Keck 2004),

– Czech Republic: the average compensation/year to growers for property
losses between 1998–2002 was 54 679 �, and 109 375 � estimated for 2003
(Behalová 2004),

– Hungary: by the end of 1996, the year of first appearance of fire blight, as
much as 64 900 pome fruit trees were eradicated at the cost of $1.1 million (Fishl
1997, Bonn and van der Zwet 2000),

– Italy: during the epidemics of 1997 and 1998, more than 1 million pear trees
were destroyed (Finelli et al. 2004),

– Slovenia: in 2003 the damage due to the destruction of infected host plants
(mainly apples, pears and quinces) was 476 200 � (Knapic et al. 2004),

– USA: there were economic losses of $68 million in major pome fruit produc-
tion areas of Washington and northern Oregon (1998) and two years later – $42
million in Michigan (Stockwell et al. 2002).

Antibiotics have been used since the 1950s to control certain bacterial diseases
of fruit trees, vegetable and ornamental plants. Today, oxytetracycline and strepto-
mycin are the most commonly used. For example, in the USA between 1991–1999
the use of active ingredients in apple orchards was: oxytetracycline – 3 674 kg,
streptomycin – 40 914 kg, and in pear orchards: oxytetracycline – 26 400 kg, strep-
tomycin – 22 589 kg (McManus et al. 2002). In Hungary, in 2003 streptomycin was
applied on 11 319 ha (Németh 2004).

The use of streptomycin and other antibiotics, however, is banned in most
countries of the European Union. In 2004 streptomycin was allowed against fire
blight only in Germany, Greece and The Netherlands (Spinelli et al. 2005). Because
of the lack of effective, non-phytotoxic and socially acceptable chemicals to control
fire blight, novel control strategies like biological control, have recently became of
great interest. One of the possibilities is application of chemicals which are pre-
sumed to trigger plant defence mechanisms and possess favourable eco-toxicologi-
cal features (Bubán et al. 2003).

Biological control of fire blight can be achieved by applying bacterial antago-
nists onto flowers before a sizable epiphytic population of E. amylovora is estab-
lished. Selected strains of Pseudomonas fluorescens and Pantoea agglomerans are mainly
used. Over the past 20 years, trials carried out with pear trees grown in container
(Wilson and Lindow 1993) or with a crab apple blossom (Pusey 1999 a), using an-
tagonistic bacteria, proved highly successful. Furthermore, even under field condi-
tions in apple and pear orchards, a distinct suppression of the proportion of
flowers with detectable E. amylovora population was found (Johnson et al. 1993),
and the incidence of fire blight was reduced by about 50% (Lindow et al. 1996,
Johnson and Stockwell 1998). However, these biological control agents could not
provide total disease control (Stockwell et al. 2002).

As a potential antagonist of the pathogen, P. agglomerans strain HIP32 was iso-
lated from the leaves of apple cultivar ‘Starking Delicious’ in Hungary by Hevesi
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and El-Arabi (1999). This study was performed under controlled conditions to de-
termine the effectiveness of this strain on detached apple flowers.

Materials and methods

King flowers within the inflorescence of apple cultivars ‘Šampion’ and ‘Gala
Must’ were sampled at their balloon stage (just before anthesis) and a set of them
(48 flowers, eight from each of six trees) was used for each treatment carried out in
the laboratory. Detached flowers were placed individually into vials with water so-
lution of 5% sucrose and incubated in transparent plastic boxes at a day/night tem-
perature of 22/19°C, 85% relative humidity and light time duration of 16 h a day.
Temperature and RH% were monitored by a micro-sensor placed into one of the
plastic boxes.

Next day all the flowers were open. A set of flowers was sprayed with a suspen-
sion of P. agglomerans strain HIP32 (107 cfu/ml), incubated for 24 h followed by in-
oculation with E. amylovora strain Ea1. Inoculation was carried out by touching at
least three stigmas within a flower with a capillary tube holding a 5 × 107 cfu/ml
suspension of the pathogen. Another set of flowers was treated with streptomycin
(100 ppm), 2 h before inoculation. Positive and negative check flowers (without
treatment by HIP32, inoculated and non-inoculated with E. amylovora, respec-
tively) were used for comparison.

On the third day after inoculation the population size of E. amylovora was esti-
mated by semi-quantitative PCR in a subset of 12 flowers (two from each tree), as
described by Dorgai and Bubán (2002). The flowers were prepared for PCR by
trimming the corolla and calyx, the stamina and the lower third of the receptacle
with razor blades. The remaining parts of the flowers were placed into 5 ml sterile
PBS solution in a 15 ml capped tube to isolate the epiphytic population of bacteria.
Bacteria were collected by centrifugation, washed, resuspended to a final volume
of 100 �l PBS and lysed (1% Triton X100, 95°C, 10 min). 2 �l of the 10-fold diluted
lysate were used for template to amplify a specific segment of the plasmid pEA29.
If necessary, nested PCR was performed with the product of the first reaction.

The products of the PCR reactions were separated by gel electrophoresis. Im-
ages of the ethidium bromide-stained gels were digitized with a GDS 7500 Gel
Documentation System and analysed with the GelBase/GelBlotTM Pro software
(UVP).

Since PCR detects both viable and dead bacteria, the population size was ex-
pressed in genome-equivalents (GE). It was estimated within orders of magnitude
by measuring and comparing the intensity of PCR signals of the tested extracts
with those given by healthy extracts spiked with known amounts of bacteria. The
detection threshold was 10–100 GE per flower, and a good correlation was found
up to 105 GE per flower.

On the fifth day after inoculation the remaining 36 flowers (6 × 6) were longi-
tudinally sectioned and scored for disease severity using a modified rating scale af-
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ter Pusey (1999 b): 0 – no necrosis, 1 – detectable necrosis, 2 – up to a half of ovary
necrotic, 3 – from a half to the whole of ovary necrotic, 4 – extending necrosis be-
yond ovary and into the peduncle.

Results

Pre-treatment with streptomycin or HIP32 failed to decrease the amount of E.
amylovora, except for streptomycin on ‘Gala Must’ (Table 1). It could have been re-
lated to the presence of a natural E. amylovora population in the sampled flowers
and the method used to measure the population size (PCR detects both dead and
living cells).

The incidence of diseased flowers scored by the whole rating scale (from 1 to 4)
was reduced more distinctly by streptomycin than by HIP32. However, the first de-
gree of the rating scale is hard to interpret because discoloration was present on
the surface of the hypanthium only. Based on the tightened, more reliable rating
scales of 2–4, the occurrence of blighted blossoms previously treated with HIP32
was reduced by 52% for ‘Šampion’ and even more for ‘Gala Must’.

Percentage of diseased flowers determined by using the modified (tightened)
rating scale of 2–4 (is the same one as the scale of 1–4 but without degree 1) was
confirmed by disease development, i.e. disease severity and the index of infection
(Table 1). The index of infection was calculated by an equation (Bertrand and
Gottwald 1978) considering both the incidence and severity of symptoms in flow-
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Table 1
Fire blight development in apple flowers after prophylactic treatment

with streptomycin or Pantoea agglomerans strain HIP32

Cultivar and
treatment

Erwinia amylovora
population

(GE per flower)

Diseased flowers (%) Disease severity (1–4
rating scale, median

values, n = 36)

Index of
infection1–4 rating scale 2–4 rating scale

‘Šampion’

Streptomycin* 105–106 44 31 0.75 1.75

HIP32** 106 61 52 2.10 1.85

Check+*** 105–106 100 97 3.50 3.33

Check–**** 103–104 11 3 0.00 0.14

‘Gala Must’

Streptomycin* 103–104 25 11 0.08 0.42

HIP32** 104–105 83 6 1.00 0.89

Check+*** 104–105 94 83 3.08 2.78

Check–**** 105–106 72 58 1.67 1.78

****100 ppm, 2 h before inoculation.
****107 cfu/ml, 24 h before inoculation.
****Untreated but inoculated flowers.
****Untreated flowers, without inoculation.



ers, using whole rating scale (1–4). When this type of evaluation was applied, both
disease severity and the index of infection for flowers treated with HIP32 were re-
duced by 40–45% in the case of ‘Šampion’, and to about one-third for ‘Gala Must’.
The native E. amylovora population was surprisingly high in the untreated flowers
of ‘Gala Must’ (Table 1). However, it is a proper example of sporadic occurrence of
this pathogen even within an experimental plot. The high natural infestation is not
always associated with a strong infection of ‘Šampion’ flowers. It was observed in
our experiment in the case of ‘Gala Must’ where a high epiphytic population of E.
amylovora on flowers corresponded negatively to disease severity.

Discussion

Under controlled favourable conditions for E. amylovora growing, the disease
development was considerably suppressed by P. agglomerans HIP32.

HIP32 treatments decreased the number of blighted blossoms’ by about 50%
for ‘Šampion’ and even more for ‘Gala Must’. Both disease severity and the index of
infection in flowers treated with HIP32 were reduced nearly by half and to
one-third for ‘Šampion’ and ‘Gala Must’, respectively. The PCR-detectable popula-
tions involving both viable and dead cells of E. amylovora were not decreased.

Beside weather-related circumstances (temperature above 15°C, no rainfall af-
ter spraying), the success of the bacterial antagonists application in the field de-
pends on several other factors. Spraying all trees in an orchard will likely be
superior to other possible strategies of antagonist introduction, such as alternative
row spraying or getting honey bees to disseminate the biological control agents
(Johnson et al. 2000). Antagonists like P. fluorescens A506 and P. agglomerans Eh318
should be applied at the beginning of blooming time, because they behave simi-
larly to the pathogen and are unable to multiply exponentially on pistils older than
four days (Thomson and Gouk 2003).

Lindow et al. (1996) reported that in field trials P. fluorescens A506 reduced the
incidence of fire blight significantly and it was most effective in an integrated pro-
gram including streptomycin or oxytetracycline. It is interesting that streptomycin
did not reduce a recovery or population size of the antagonists P. fluorescens A506
and E. herbicola C9-1S. However, oxytetracycline application should be delayed un-
til an epiphytic population of antagonists is established on flowers (Stockwell et al.
1996).

Nowadays, there are products registered and commercialized for control of fire
blight: BlightBan with P. fluorescens A506 (Johnson and Stockwell 1998, Lindow
and Suslow 2003), or Blossom Bless with P. agglomerans P10c sold in New Zealand
(Vanneste et al. 2004). The Bloomtime Biological FD with P. agglomerans E325 is to
be registered in the near future (Pusey and Curry 2004).
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