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Abstract

Overwintering of Erwinia amylovora was examined with conventional and
PCR-based methods. After winter 2001/02 it was detected at the necrosis margin
of 39% shoots collected from naturally infected ‘Idared’ trees. In about one third of
them bacteria could be detected only with PCR-based method. Only one of 27 sam-
ples taken from shoots at the distance of 5 cm from the necrosis contained fire
blight bacterium.

On ‘Gala Must’ trees growing in non-heated greenhouse, artificially inoculated
in spring of 2001, E. amylovora overwintered at the necrosis margin of 23% of the
terminal shoots and only in about 4% of such shoots at the distance of 5 cm from
the necrosis. Bacterial survival was better in terminal shoots on ‘Sampion’ trees,
inoculated in the same way in the spring of 2002, and also maintained in a
non-heated greenhouse till the spring of 2003. After the winter E. amylovora were
found in over 83% of the samples collected from shoot blight margin tissue and
sporadically in lateral shoots which developed below the necrosis. It should be
pointed out that bacteria could be detected in terminal shoots at the distance of 5
cm from necrosis and in symptomless lateral shoots only by using the PCR-based
method. Analysis of winter air temperature suggests that stabile temperatures be-
low 0°C favour the survival of E. amylovora more than temperature fluctuation
above and below 0°C.
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Introduction

Fire blight (Erwinia amylovora), one of the most destructive diseases affecting
pome fruit trees, was observed for the first time in Poland over 40 years ago (Bo-
recki and Lyskanowska 1968, Sobiczewski and Suski 1988). Despite endeavours
undertaken for its eradication, fire blight occurs at present in all regions of apple
and pear production (Zandarski et al. 2000).

The disease causal agent overwinters mainly at the margin of necrosis and can-
kers that developed in previous seasons, but can also survive asymptomatically, in
apparently healthy tissue at some distance from cankers, as well as in dormant
buds (van der Zwet and Keil 1979, Ge and van der Zwet 1996, Bonn 1979,
Thomson 2000). In spring, after breaking up the anabiosis, bacteria multiply in tis-
sues adjacent to canker margin what results in extension of necrosis and often in
the appearance of bacterial ooze on the surface of infected shoots, limbs and
trunks. Sometimes ooze can be seen as a milky grey droplets on bark surface, but it
can also be invisible (van der Zwet and Beer 1995). Beer and Opgenorth (1976)
proved that E. amylovora could be detected on the canker surface just before or dur-
ing bloom period. From this place it can be transferred onto flowers by wind, rain
and/or insects, especially by flies, as well as onto developing leaves and shoots
(van der Zwet and Beer 1995).

Although it is well known, that even a single canker could be a source of
inoculum which can be disseminated upon a large area, the information about fac-
tors affecting E. amylovora survival during winter is still not sufficient. Early research
performed in USA showed that only a small number of cankers can harbour viable
bacteria cells in spring (Brooks 1926, van der Zwet and Keil 1979). However, recent
studies revealed that the pathogen can survive winter in the majority of host plant
tissues infected during previous seasons (Paulin 1981, Kielak et al. 2002).

The aim of the work was to determine the winter surviving of E. amylovora in
naturally and artificially infected apple shoots. The possible influence of weather
conditions on bacteria overwintering was also considered.

Materials and methods

Overwintering of Erwinia amylovora in naturally infected apple shoots

The experiment was performed in a commercial apple orchard, located in
Warka, central Poland. During summer 2001, 11-year-old trees cv. ‘Idared’ were
moderately infested with fire blight — up to five symptomatic shoots per tree were
observed. In autumn (first decade of November) 80 terminal shoots with typical
fire blight symptoms on 20 trees were selected. Half of them was immediately cut
off and brought into laboratory, whereas the rest of the shoots, after labelling, re-
mained on the trees. The presence of E. amylovora at the necrosis margin of shoots
was determined with conventional method described by Sobiczewski et al. (1999)
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and Kielak et al. (2002). Shoots were surface-disinfected by rubbing with cotton
soaked with 70% ethanol and quick flaming. After bark removal, tissue pieces
taken from necrosis margin were macerated in distilled water and the suspension
obtained was plated on SNA (2.3% of Nutrient Agar Difco, 5% of sucrose) and
King’s B media. Preliminary identification of E. amylovora was performed after
48-72 h of incubation at 27°C, on the basis of colony morphology followed by
pathogenicity test on slices of pear fruitlets.

In spring next year (third decade of March 2002) labelled shoots were cut off
from the trees and brought into laboratory for determination of E. amylovora pres-
ence at necrosis margin and, in some cases, also in apparently healthy tissue 5 cm
below the necrosis. Tissue samples were macerated in 2.5 ml of PBS buffer (0.27%
Na,HPO,, 0.04% NaH,PO,, 0.8% NaCl) with addition of PVP-40 (3 g PVP per 100
ml PBS) and Tween 20 (100 ul Tween 20 per 100 ml PBS). 100 pl of obtained mac-
erate was plated on SNA medium, whereas the rest of each sample was frozen and
kept in —20°C for additional testing with PCR-based method, if necessary. Identifi-
cation of bacteria from colonies that grew on SNA medium was performed as de-
scribed above, and additionally confirmed with PCR-based method. For that
purpose primers EaF and EaR, designed by Maes et al. (1996), enabling amplifica-
tion of 565 bp long 23S rRNA gene fragment, were applied. PCR was carried out in
20 pl of reaction mixture, containing 60 ng of each primer, 0.75 U of Taq polyme-
rase (Promega), 1.5 mM of MgCl,, 0.2 mM each dNTPs, reaction buffer (10 mM
Tris HCI, 50 mM KCI and 0.1% Triton X100) and 4 pl template DNA (bacteria
washed from King’s B medium, heated for 7 min at 95°C and then cooled to 4°C).
Initial denaturation was done at 95°C for 3 min. Subsequent cycles were as follows:
first step at 95°C for 45 s and the second step at 72°C for 2 min. After 35 cycles, the
final extension was done at 72°C for 10 min. The PCR products were separated on
1.5% agarose gel, stained with ethidium bromide and photographed under UV
light.

Samples, for which negative results after isolation on SNA had been obtained,
were tested again with PCR-based method, with EaF and EaR primers. DNA was
extracted on Genomic DNA Prep Plus columns (A&A Biotechnology, Gdansk)
with method described by Putawska and Sobiczewski (2002). PCR was performed
as described above, with application of GibcoBRL Taq polymerase and buffer (20
mM Tris HCI, 50 mM KCI).

Meteorological data (daily maximum and minimum temperatures and
rain/snow falls during winter 2001/02) were obtained from meteorological station
in Nowiny, near Kozienice (30 km from Warka, Fig. 1).

Overwintering of Erwinia amylovora in artificially inoculated apple trees

Experiment 1

In early spring 2001 young apple trees cv. ‘Gala Must’ (one year after grafting
on M.26 rootstock) were planted into pots which were placed in the greenhouse. In
May/June tips of young, developing shoots were cut with scissors immersed in E.
amylovora (isolate no. 691, highly virulent strain, isolated from apple tree) water
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Fig. 1. Daily maximum and minimum temperatures, rain and snow falls from November 11th, 2001,
to April 30th, 2002

suspension, containing 0.3 X 107 cfu/ml. After inoculation shoots were covered
with polyethylene bags for 48 h. During winter the trees were kept in a cold green-
house. In spring 2002, during bloom (first decade of April), the detection of E.
amylovora at the necrosis margin of 26 shoots and in symptomless tissues taken 5
cm below the necrosis, as well as in 48 apparently healthy lateral shoots that had
developed below the necrosis in previous year, was performed with both conven-
tional and PCR-based methods, as described above. From each lateral shoot one or
two samples were taken: from its base and, if shoots were longer than 5 cm, also at
5-cm-distance from the base.

Experiment 2

In the early spring of 2002, young apple trees cv. ‘Sampion’ (one year after
grafting on M.9 rootstock) were planted into pots which were placed in green-
house. In the second decade of May trees were inoculated with method described
in experiment 1 (about 80 shoots were inoculated). In the second half of Septem-
ber detection of E. amylovora at the margin of necrosis of 30 shoots and in the same
number of symptomless shoots that developed below the necroses was performed
with conventional and PCR-based methods.

Since October and during the winter the trees were kept outdoors. In the sec-
ond decade of March 2003 the presence of E. amylovora at the margin of necroses of
30 shoots and in the same number of symptomless shoots that developed below
the canker was determined using the above mentioned methods.

The meteorological data (maximum and minimum daily temperatures and
daily rain/snow falls) derived from nearby meteorological station (Fig. 1).
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Results

Overwintering of Erwinia amylovora in naturally infected apple shoots

In autumn of 2001 E. amylovora was detected at the necrosis margin of all tested
apple shoots cv. ‘Idared’ (Table 1). However, in spring, next year, the pathogen
was present only in 39% of such shoots, originating from the same trees. Conven-
tional method enabled to detect E. amylovora at the necrosis margin of 25% of
shoots and in the case of one third of the shoots tested positive results were ob-
tained only with application of PCR-based method (Phot. 1).

Only one of 27 samples taken from symptomless shoots at the distance of 5 cm
from the necrosis contained fire blight bacterium.

In December 2001 maximum daily temperature did not reach the value over
0°C, four times decreased below —15°C (Fig. 1). Maximum daily temperature also
rarely reached over 0°C. However, in January 2002 fluctuation of temperature was
noted — maximum daily values ranged from —10 to +13°C, whereas minimum from
—-20 to +6°C. In February temperature was higher than in December or January.

Table 1

Detection of Erwinia amylovora in naturally infected apple shoots cv. ‘Idared’
with two methods (Warka, central Poland)

Autumn 2001 Spring 2002
Place of bacteria detection | conventional conventional PCR-based "
total
method* method* method**
Necrosis margin 40/40 9/36*** 5/27 14/36
At the distance of 5 cm nt 0/27 1/27 1/27

*Number of samples with E. amylovora / number of tested samples.

**Number of samples with E. amylovora / number of samples without bacteria after detection with

conventional method.

***Four shoots died during winter.

nt — not tested.

Phot. 1. Amplification products (565 bp) obtained with primers EaF and EaR; lanes 1, 2 - PCR

4— 565bp

products obtained in reaction with DNA isolated from canker margin of tested shoots,
M - molecular weight marker 100 bp (Fermentas, Lithuania) (photo by J. Putawska)
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Only five days with temperature of about —-5°C were noted in the second half of that
month. November, December and the first half of January were dry, but in Febru-
ary rain or snow were noted with higher incidence.

Overwintering of Erwinia amylovora in artificially inoculated apple trees

Experiment 1

In the spring of 2002 E. amylovora was detected at the necrosis margin of only
23% of inoculated shoots cv. ‘Gala Must’ and only in one shoot of symptomless tis-
sue 5 cm below the margin (Table 2). Moreover, application of PCR-based method
enabled to detect E. amylovora in 4.2% lateral shoots that developed from dormant
buds in previous season, below the necrosis.

Table 2

Detection of Erwinia amylovora in artificially inoculated apple shoots
cv. ‘Gala Must’ and in symptomless lateral shoots after winter 2001/02,
with two methods

. . Detection method
Place of bacteria detection
conventional* PCR-based**
Necrosis margin 3/26 3/23
At the distance of 5 cm 0/26 1/26
Lateral shoots***
1 base 0/26 1/26
5 cm from base 0/22 1/22
2 base 0/15 1/15
5 cm from base 0/12 0/12
3 base 0/7 0/7
5 cm from base 0/3 0/3

*Number of samples with E. amylovora / number of tested samples.
**Number of samples with E. amylovora / number of samples without bacteria after detection with
conventional method.
***Shoot number corresponds to its location on the tree — shoot number 1 developed just below ne-
crosis, shoots 2 and 3 developed nearer on the same tree; all together 48 shoots were tested.

Experiment 2

In autumn of 2002 E. amylovora was detected with conventional method at the
necrosis margin of all 30 inoculated shoots cv. ‘Sampion’ (Table 3). However, in
spring next year pathogen was isolated from necrosis margin of 57% of such
shoots. The application of PCR-based method enabled to detect bacteria in addi-
tional 26.5% of shoots.

In autumn and in spring detection of E. amylovora in symptomless lateral shoots
was possible only with application of PCR-based method. In autumn bacteria were
detected in 6.7%, whereas in spring next year in 10% of such shoots.

The first autumn frosts in 2002 occurred in October. During whole December
both minimum and maximum daily temperatures surpassed 0°C (Fig. 2). Temper-
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Table 3
_ Detection of Erwinia amylovora in artificially inoculated apple shoots
cv. ‘Sampion’ and in symptomless lateral shoots developed below the necroses,
with two methods

. Autumn 2002 Spring 2003
Place of bacteria - -
detection conventional PCR-based conventional PCR-based total*
method* method** method* method**
Necrosis margin 30/30 nt 17/30 8/13 25/30
Lateral shoot 0/30 2/30 0/30 3/30 3/30

*Number of samples with E. amylovora / number of tested samples.
**Number of samples with E. amylovora / number of samples without bacteria after detection with
conventional method.
nt — not tested.

ature below —10°C was noted 12 times, and on 24th December it dropped to -22°C.
The first half of January was also cold — on the 9th minimum temperature reached
-25°C. However, maximum daily temperature was over 0°C in the second half of
that month. In February maximum temperature again fell below 0°C, only during
the last three days of that month +3°C was noted. Minimum temperature fell be-
low -10°C 13 times, reaching -20°C on 13th February. In March minimum temper-
ature fluctuated between -11 and +3°C.

Rain or snow falls were noted almost every day in October, the first half of No-
vember and February, whereas in December rain or snow falls were rare.
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Fig. 2. Daily maximum and minimum temperatures, rain and snow falls from October 1st, 2002,
to March 31st, 2003
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Discussion

There is no doubt that necroses and cankers which developed in previous sea-
sons on shoots, branches and stems are the most important source of E. amylovora
for primary infections (van der Zwet and Keil 1979, Thomson 2000). However,
there is still no answer to the question: how many of them can harbour viable bac-
teria cells next spring? Ishimaru and Klos (1984), Hildebrand (1935), and Sackett
(1911, cited by Brooks 1926) isolated bacteria in spring from about 30% of shoots
infected in previous season. Tullis (1929) detected the pathogen after winter in a
half of investigated apple and pear cankers, but Thomson et al. (1975) — in about
60% of infected pear shoots. Also in our experiments with application of conven-
tional method, it was possible to isolate bacteria from necrosis margin of about
10-60% of shoots that had been infected in previous season. In similar studies,
performed with shoot samples from apple orchard located near Skierniewice, E.
amylovora was isolated from 20-55% of necrosis margin (Kielak et al. 2002).

All the results presented above were obtained with a method based on patho-
gen isolation on microbiological medium. The method, however, seems not sensi-
tive enough. Hildebrand (1935) was able to detect the pathogen in canker margin
tissues of only 25% of shoots, whereas fire blight symptoms development was ob-
served in nearly 50% of infected shoots, which remained intact on trees. Those ob-
servations indicated the necessity for development of more sensitive method for
pathogen detection. Different techniques of E. amylovora detection and identifica-
tion, with application of molecular methods were compared by Llop et al. (2000).
The authors investigated samples of infected and symptomless plant tissues origi-
nating from an area, where fire blight had occurred. The nested-PCR procedure in a
single closed tube, developed by these authors, was extremely sensitive in detec-
tion of E. amylovora in asymptomatic plant material.

In our studies PCR-based method was applied to test samples with negative re-
sults of E. amylovora isolation on microbiological medium. In about one third of
them bacteria could be detected only with this method. In studies performed ear-
lier with samples collected from an apple orchard near Skierniewice, the use of
PCR-based method allowed to detect the pathogen even in more than 50% of sam-
ples which appeared “healthy” after application of conventional method (Kielak et
al. 2002). Also Crepel and Maes (2000) found E. amylovora presence in up to 50% of
tested cankers and in 60% of symptomless shoots inoculated in the previous sea-
son, thanks to application of molecular method. These results show that E.
amylovora can survive winter in higher percentage of infected shoots that had been
considered before, but its population could be too low to be detected with the con-
ventional method. Though the question, whether the population of bacteria de-
tectable only with PCR-based method is large enough to constitute infection
source in spring is open. It seems likely, that under favourable conditions it could
be a cause of unexpected fire blight outbreaks.

It should also be mentioned that application of PCR-based method for bacteria
detection can lead to false positive results, due to detection of dead cell DNA
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(Momol et al. 1998, Gorris et al. 1996, Van der Wolf et al. 1999, Thomson 2000).
However, in our study the problem was excluded because pre-incubation of plant
material suspension on microbiological medium was applied.

It is also important to consider factors affecting overwintering of the pathogen.
Undoubtedly the plant susceptibility is important. Richter (1999) isolated bacteria
after winter from one third of cankers that developed on inoculated shoots of sus-
ceptible cvs. ‘James Grieve’ and ‘Carola’ but not from cankers of resistant cv. ‘Re-
tina’. Similarly Miller (1929) and Kielak et al. (2002) observed that bacterium
survived in various percentage of infected shoots, originating from different apple
cultivars growing in the same orchard. Time of infection can also be of importance
for bacteria overwintering in plant tissue, which was pointed out by Crepel and
Maes (2000). It is supposed that weather conditions during winter can influence
the pathogen survival. The results obtained in our studies suggest, that steady
temperature below 0°C was more favourable for E. amylovora survival than temper-
ature fluctuating between values under and over 0°C. This assumption corre-
sponds with results of Reinhardt (1957, cited by van der Zwet and Keil 1979) who
proved under laboratory conditions, that reiterated freezing and defrosting is more
damaging to E. amylovora than keeping them permanently frozen. Ritche and Klos
(1975, cited by van der Zwet and Keil 1979) kept shoots with cankers at different
temperatures for three months. After that time they were able to detect bacteria
only in shoots kept at -28°C. It should be pointed out that survival of bacteria can
also be positively influenced by age of infected tissue.

In our studies E. amylovora was detected not only at necrosis margin but, in the
case of some shoots, also 5 cm below the necrosis. In similar experiment per-
formed in orchard near Skierniewice, we found out that most of tested apple
shoots harboured the pathogen 5 cm below the necrosis (Kielak et al. 2002). It
could be related to the time of sample collection. In the orchard in Warka shoots
were removed in early spring of 2002, before the beginning of vegetation period,
whereas in the orchard near Skierniewice they were cut off in spring of 2000, just
before bloom. It can suggest that detection of bacteria in apparently healthy tissue
was due to bacteria multiplication and their movement on a short distance rather,
than to overwintering below the canker margin. This supposition could be con-
firmed by earlier studies of Sobiczewski et al. (1999) which showed that the patho-
gen was detected at the distance of 5, 10 and 15 cm from canker margin two, three
and five months after inoculation, but 10 months later (after winter) it was present
only at the canker margin. On the other hand, Ge and van der Zwet (1996) found
that E. amylovora can survive winter in apparently healthy shoots that had devel-
oped below the canker. In our studies the pathogen was detected in 6-10% of such
shoots both before and after winter. However, bacteria concentration in those
shoots was so low, that their detection was possible only with application of
PCR-based method. It is rather difficult to explain, whether bacteria reached those
shoots by systemic spread via vascular system or they were transferred by sucking
invertebrates (spider mites or aphids). The first suggestion could be supported by
results obtained by Keil and van der Zwet (1972) who detected bacteria in 50% of
such shoots one month after inoculation. Crepel et al. (1996), Crepel and Maes
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(2000) and Traversa and Mazzucchi (2003) proved that bacteria could be detected
in inoculated shoots even if no symptoms have developed. It seems that such bac-
teria can play an important role in epidemiology of fire blight and constitute a
source of infection under favourable conditions.
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