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Abstract: This study was conducted to examine the epidemiological characteristics of two Pseudomonas syringae pvs.
— syringae (Pss) and morsprunorum race 1 (Psm) on the sweet cherry in both field and laboratory conditions. Cycled
inoculations of one-year-old branches indicated that the sweet cherry became sensitive to Psm race 1 earlier in the
season (October) compared to Pss (November). The most severe infections occurred in the dormancy period (Novem-
ber), while the necroses formed in January and March were less in their length. Inoculations of the two-/three-year-old
branches performed in November resulted in necrosis, with those induced by Pss being more aggressive. The January
inoculations, however, resulted in less formed necroses in length. Laboratory tests performed on excised sweet cherry
branches confirmed the results yielded by the field experiments, indicating that the dormancy period poses the greatest
risk for the P, syringae pvs. infection. The isolation of Pss and Psm bacteria from naturally infected sweet cherry samples
(cankers) during the summer indicated that the bacteria that persists in cankers in low numbers became active during
autumn. Significant Pss and Psm race 1 epiphytic bacterial populations were noted during the spring, but decreased in the
summer and increased again in the autumn, indicating the presence of inoculum reservoirs. The greater understanding
of the control strategies aimed at the epidemiological factors should, thus, facilitate better disease outbreak management.
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The sweet cherry (Prunus avium Linnaeus) during the leaf fallout and bud burst stages. Empiri-

was among the first fruit species to be cultivated
in Serbia. In recent years, its production has become
more intensive, due to which the dieback of young
trees caused by bacterial pathogens Pseudomonas sy-
ringae pv. syringae (Pss) and Pseudomonas syringae pv.
morsprunorum (Psm) race 1 has become more com-
mon (Balaz et al. 2016; Ilic¢i¢ et al. 2019). The symptoms
caused by these pathogens are known as bacterial can-
kers, dieback and gummosis of all plant organs, includ-
ing the trunks, branches, shoots, buds, flowers, leaves
and fruits (Konavko et al. 2014; Hulin et al. 2018).
Controlling the bacterial canker is very difficult
and is limited to the use of copper-based fungicides
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cal evidence suggests that the timing of the copper
application is essential for bacterial canker control
especially when treating infections of the wooden
parts of the tree (Hinrichs-Berger 2003). Thus, Ko-
navko et al. (2014) posited that, due to the complex
pathogen epidemiology, disease prevention and use
of less susceptible cultivars is the only practical ap-
proach to bacterial canker control.

Epidemiology of P syringae on stone fruit is ren-
dered more complex by the fact that the pathovars
syringae, morsprunorum (race 1 and 2), persicae, avii
and the species P cerasi can cause bacterial canker,
even though it is usually attributed to pvs. syringae
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and morsprunorum (Crosse 1966; Crosse & Garrett
1970; Lattore & Jones 1979; Hattingh et al. 1989; Ken-
nelly et al. 2007; Scortichini 2010; Kaluzna et al. 2016).
Crosse (1966) was the first to describe the epidemiol-
ogy of P syringae pathovars on stone fruit, recognis-
ing a bacterial winter and summer phase. Infections
of wood parts (winter phase) occur during autumn
and winter through wounds, or are induced by prun-
ing or injuries caused by freezing temperatures and
leaf scars. The active canker formation and spread
occurs during spring, and stops in the early summer
when the bacteria present in the affected tissues die
due to being surrounded by calluses formed by the
host (Crosse 1966; Crosse & Garrett 1970; Spotts
et al. 2010). During the vegetative (summer) phase,
the epiphytic P. syringae population infects the green,
fresh plant organs (flowers, leaves and fruits), as con-
firmed by studies conducted in the UK (Crosse 1966;
Crosse & Garrett 1966, 1970), Canada (Cao et al.
2013), the US (Cameron 1962; Sundin et al. 1988),
Europe (Klement et al. 1974, 1984; Hinrichs-Berger
2003), South Africa (Roos & Hattingh 1986; Hattingh
etal. 1989) and Australia (Wimalajeewa 1987). Crosse
& Garrett (1966) emphasised the complex nature
of plant pathogenic Pseudomonads on stone fruits,
suggesting that different factors determine the growth
and rate of tissue colonisation after the infection and
induction of the defensive host reaction.

Earlier epidemiological work on bacterial cankers
in the sweet cherry have been carried in countries
with climatic conditions different from those preva-
lent in Serbia, i.e., colder continental (UK, Canada)
or warmer tropical (Africa, Australia) climatic con-
ditions. In Serbia and its surroundings (Hungary),
only the P. syringae epidemiology on the apricot has
been studied (Klement et al. 1974, 1984; Arsenijevic
1980), while no prior investigations involving
the sweet cherry have been conducted. Consequent-
ly, owing to the significance of the sweet cherry pro-
duction in Serbia, the epidemiological features of
P syringae pvs. (Pss and Psm race 1) have been ex-
amined as a part of the present investigation, aimed
at determining (i) the phenophases when the sweet
cherry is most susceptible to the pathogen and its
spreading through cyclic branch inoculations, (if)
the persistence of the bacteria in cankers on natural-
ly infected sweet cherry trees, and (iii) the epiphytic
pathogen populations on healthy sweet cherry buds
and leaves. By gaining a better understanding of
the pathogen epidemiology, the goal of this study is
to contribute to a more adequate disease control.

MATERIAL AND METHODS

Sweet cherry susceptibility towards to P. sy-
ringae during its lifecycle. In order to determine
the period when the sweet cherry is most suscepti-
ble to P. syringae pvs., as a part of the two-year-long
experiment, inoculations of the branches, shoots,
buds, scars, flowers and fruits were performed under
field conditions, as well as on excised sweet cherry
branches under laboratory conditions.

Two strains of Pss (KBNS87 and KBNS93) and Psm
race 1 (KBNS74 and KBNS79) isolated in 2012 from
the sweet cherry in Serbia (Balaz et al. 2016) were
used for the inoculations. Bacterial suspensions ad-
justed to a final concentration of 10° CFU/mL were
prepared from strains grown on nutrient agar (NA)
at 26 °C for 48 hours.

Shoots, as well as one- and two-/three-year-old
branches were inoculated by wounding the bark with
a scalpel on three sites (Sobiczewski & Jones 1992;
Spotts et al. 2010). The inoculations performed in the
field experiments involved the cultivars Bigarreau
Burlat, Drogan's Yellow, Germerzdorfer and Hedelf-
inger growing in a 20-year-old sweet cherry orchard.
The shoots were inoculated in June and Septem-
ber, and the one-year-old branches were inoculated
in October, November, January, March and April.
The inoculations of the two-/three-year-old branch-
es were carried out in June, September, October, No-
vember, January, March and April and involved trees
growing in a seven-year-old orchard (cv. Summit).

The laboratory experiments were conducted on
excised sweet cherry branches using the method
described by Lattore and Jones (1979). The assays
were carried out by cycled inoculations of the two-
year-old excised branches of four sweet cherry cvs.
(B. Burlat, Summit, Germerzdorfer and Hedelfin-
ger) during the November - January period for two
consecutive years. The excised branches (40-50 cm
in length) were collected from an orchard free from
bacterial canker. The branches were disinfected
with 70% alcohol before wounding three sites to in-
duce the inoculation. The inoculated branches were
placed in a box with moist sterile quartz sand main-
tained at room temperature (20-22 °C) for the first
seven days, after which the boxes were transferred
to a botanical garden under field conditions, high
humidity was ensured by wrapping the wounds with
wet wool and aluminium foil.

Experiments involving the inoculations of sweet
cherry leaf scars were performed in October,
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November and December, while fresh scars (buds
forcibly removed with a scalpel) were inoculated in
February and March, the flowers were inoculated
in April and fruit in May. All the inoculations were
performed by spraying the trees growing in a seven-
year-old sweet cherry orchard (cv. Summit).

In all the experiments (performed in triplicate),
sterile distilled water (SDW) served as a negative con-
trol. No mineral fertilisers or pesticides were applied.

The time of the pathogen inoculation was con-
sidered as 0 days post-inoculation (dpi). The results
were evaluated at 30-day intervals and symptom de-
velopment was rated on the basis on the lesion length
(measured and expressed in cm). The gathered data
were analysed by two-way ANOVA (Duncan's Mul-
tiple Range Test, P < 0.05). The re-isolations of the
bacteria were performed from the developed le-
sion margins on nutrient agar supplemented with
5% w/v sucrose (NSA). The re-isolates were iden-
tified for their congruence with the original ones
by LOPAT (Lelliott et al. 1966), GATTa and patho-
genicity tests conducted on immature sour and
sweet cherry fruitlets (Latorre & Jones 1979).

Persistence of P. syringae in cankers on natu-
rally infected sweet cherry trees. In order to de-
termine the persistence of the bacteria in cankers,
branches with active/inactive cankers were collected
on a monthly basis over a one-year period from four
locations (Ljutovo, Mikic¢evo, Selenc¢a and Gornji Ta-
vankut) where the presence of Pss and Psm race 1 was
previously confirmed (Balaz et al. 2016; Ilici¢ et al.
2016). The diseased branches were first disinfected
with 70% alcohol, after which the bark was aseptical-
ly removed and the tissue was excised from the can-
ker margins. The macerated tissues were incubated
at room temperature in SDW for 2 h, and were sub-
sequently plated on NSA at 26 °C for 48 hours.

Epiphytic population of P syringae pvs. Since
P syringae is known to be epiphytic in one part
of its lifecycle, when performing the isolations from
the healthy sweet cherry buds and leaves, the same lo-
cations were used as those chosen for the study of the
bacterial persistence in the cankers. None of the col-
lected samples had visible symptoms of the disease.

The isolations from sweet cherry buds were per-
formed during February, March and October, as rec-
ommended by Roos and Hattingh (1983). The col-
lected branches were disinfected with 70% alcohol
before aseptically removing the buds. Approximately
100 buds were cut into smaller fragments and were
immersed in 100 mL of a 0.01M Phosphate Buffer
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Saline (PBS, pH 7) before being placed on an orbital
rotary shaker for 2 hours.

Healthy sweet cherry leaves were collected dur-
ing August using the method described by Crosse
(1959). Each sample was immersed in 4 L of the PBS
and was kept at room temperature for 6 hours.

The obtained extracts were serially diluted in PBS
and then plated on NSA. After incubation at 26 °C
for 48 h, whitish, round, Levan-positive bacterial
colonies formed and were counted.

The selected bacterial colonies were identified us-
ing LOPAT and GATTa tests and polymerase chain
reaction (PCR) using specific primer pairs PRIM-
ER1/2 (Bereswill et al. 1994) for the rapid identi-
fication of Psm race 1 and primer pairs B1/B2 and
SyD1/SyD2 for Pss (Sorensen et al. 1998; Bultreys
& Gheysen 1999). As positive controls, the reference
strains Pss CFBP1582 and CFBP2119 Psm race 1 ob-
tained from the Plant Associated Bacteria collection
(France) were used.

RESULTS

Sweet cherry susceptibility towards to P sy-
ringae during its lifecycle. On the one-year-old
branches, the first positive result was yielded by
the October inoculations, but only with Psm race
1, 90 dpi. Moreover, in the third rating conducted
120 dpi, the necrosis caused by Psm race 1 continued
to enlarge and ranged from 1.36 to 2.70 cm in length,
as shown in Table 1. The Pss inoculations performed
in October were negative during the entire rating
period. The November inoculations of both bac-
teria were positive on all the tested cvs. 120 dpi.
In the third rating conducted 180 dpi, the necrosis
reached 2.17-3.35 cm in length (Table 1, Figure 1).
The first symptoms after the January inoculations
with both tested P syringae were observed 60 dpi
in all the sweet cherry cvs. At the time of final rating
(120 dpi), the necrosis length ranged from 1.44 to
2.31 cm (Table 1). The March inoculations pro-
duced a similar trend as those yielded by the Janu-
ary inoculations. The first symptoms were recorded
30 dpi, and the necrosis subsequently spread, reach-
ing 1.22-2.13 c¢cm in length 90 dpi (Table 1). During
the vegetative phase (in April, June, and September),
negative inoculations were noted for all the tested
bacterial strains and cvs.

The inoculations performed with both bacteria
on the two-/tree-year-old sweet cherry branches
(cv. Summit) in November gave positive results
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Figure 1. Necrosis formed on one-year-old branches on

a sweet cherry inoculated by Pseudomonas syringae pvs.
2013/2014

120 dpi (Table 2). Moreover, six months after in-
oculation, the necrosis reached 2.48-2.58 cm and
2.30-2.33 cm in length for Pss and Psm (Table 2),
respectively. When the inoculations were performed
in January, the lesion length reached 1.60-1.82 cm
120 dpi (Table 2), whereas the inoculations con-
ducted during the vegetative phase (March, April,

https://doi.org/10.17221/140/2020-PPS

Table 2. Field experiment: necrosis (cm) formed on two-
year old branches of sweet cherry cv. Summit inoculated
by Pseudomonas syringae pvs. (2013/2014)

November inoculations January inoculations

Strain (dpi) (dpi)

120 150 180 60 90 120
KBNS74 1.60> 201 233> 098 1.30°> 160"
KBNS79 1.44°> 1.90° 230> 1.02> 125> 165"
KBNS87 158> 209 258 104> 134> 176"
KBNS93 1.44° 2.03> 248 099> 128> 1.82°
Control 0? 0? 0? 0? 0? 0?

Values followed by the same letter are not significantly dif-
ferent (P < 0.05)

June and September) and the leaf fallout (October)
period were negative.

The bacteria were re-isolated in June from all
the sites that had developed lesions in both experi-
ments. The bacterial strains recovered were sub-
jected to LOPAT, GATTa and pathogenicity tests
and all were shown to correspond to the original
strains used in the previous October inoculations

Table 3. Laboratory experiment: necrosis (cm) formed on two-years old excised branches of sweet cherry inoculated

by Pseudomonas syringae pvs. (2013/2014)

November inoculations (dpi)

December inoculations (dpi) January inoculations (dpi)

Strain Cultivar
60 90 120 30 60 90 30 60 90
B. Burlat 0.34><de 1,03 214 041> 143 266%  047° 1.39%  2.77%
Summit 0.30°¢  1.10°4f 215 036> 128" 231 0419 133bcde g 5pde
KBNS74 b b b by by b bed b
Germerzdorfer  0.29 0.97 1.35 039> 125" 236  0.38™ 125k 234
Hedelfinger ~ 0.37% 1.07bcde 1.76¢ 0.41°  1.20° 220> 0.38° 1.25% 2.13P
B. Burlat 0.34°de  1.12¢f  221f% 041> 1528 2.80° 045 1.34b<de 2,66
Summit 0.31°4 1,08 198« 036" 1274 218> 041 128> 258
KBNS79 b bed b by f] d bedef d b
Germerzdorfer 030 1.04" 1.46 041 1.42¢ 245 039bdef  137ede 23k
Hedelfinger 0324 1,09° 1.83¢¢ 038" 1379 2454 39>l 135bede p30Pbc
B. Burlat 0.38° 1.14%f8" 2088 043°  1.49%  266% 045 1.42% 2,68
Summit 0.37%  1.11°f 2.18%%  041° 126" 266% 0420 140%  2.68°
KBNS87 d fgh def def bed d
Germerzdorfer 036 1.16°% 2.33¢ 043°  1.38% 273 041 13204 2.39°
Hedelfinger 033" 1.20" 2,029 039> 1364 2509 040 129 23504
B. Burlat 0.38° 1.25" 2.358 0.39°  1.39%  263% 045 1.47¢ 2.81¢
Summit 0.31°<¢ 123 217¢%  0.37°¢ 133 2720 0420 138 266
KBNS93 bed def f b b b bed d
Germerzdorfer  031°¢ 1,08 226% 039 118 270° 035 1.30%¢ 238
Hedelfinger 033" 113 183«  040™ 1359 264% 035" 122 2.35
B. Burlat 0° 0° 0° 0° 0° 0° 0° 0 0°
Summit 0 0 0 0 0 0 0 0 0
Control
Germerzdorfer  0* 0? 0* 0* 0* 0? 0? 0* 0?
Hedelfinger 0? 0? 0* 0* 0* 0? 0? 0? 0?

Values followed by the same letter are not significantly different (P < 0.05)
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Table 4. Laboratory experiment: necrosis (cm) formed on two-year old excised branches of sweet cherry inoculated

by Pseudomonas syringae pvs. (2014/2015)

November inoculations (dpi)

December inoculations (dpi) January inoculations (dpi)

Strain Cultivar
60 90 120 30 60 90 30 60 90
B. Burlat 039" 1,08% 2.24! 0.44°<de 153 2439 049 1.46% 2658
Summit  0.40°%"  1.26' 218" 0.39" 133> 220bd 0478 14090 234%
KBNS74 b b b bed, b bedef b b bed
Germerzdorfer 0.29 0.96 1.35 0435 1.33 2.38bcdel 37bc 1.27 2.15%
Hedelfinger ~ 0.36°'  1.06"¢  1.75¢  041°¢ 133> 215" 04274 131 2.30%
B. Burlat 040" 1.14%C 230 0.47° 1.54°  2.52°% 046" 153% 2,608
Summit  0.34>% 1,10 2.02¢8"  0.39" 1.37° 240 0.48" 1.48%% 2407
KBNS79 b b b d d def bed bed b
Germerzdorfer 0.32> 1.03b¢ 1.47 0.45%%  1.50%¢  2.47% 0.40bcde  1.33bd g q1be
Hedelfinger ~ 0.36°% 1.08« 1.88%def 0.40P¢ 1.42bcde 9 9gbcd g gpcdel 1 30P¢ .20«
B. Burlat 0.428" 116 219N 0.45% 1524 257f% 0.44¢fhi 1 400l 9 g8
KBNSS7 Summit 0.41%" 1.13f g g8t .43bde 499 2728 0.47819 1.558 2.67¢
Germerzdorfer —0.35%¢f 1.16%4¢f 1.71¢ 0.440de 1 49bcde 9 5gfe 0.39b< 1.345¢d 2 .20bcd
Hedelfinger ~ 0.37°%f  1.24¢f 1.91%f  Q4obede  13gbc  pgpedef  43defeh g 3gbc g p5ede
B. Burlat 0.44" 1.24¢ 2.30 0.46% 1.50% 2,56 0.51 1.50% 2,618
Summit 0.38¢f 1.174¢ 2.05%"  0.47¢ 1.50%¢ 2,748 0.497 1.568 2.708
KBNS93 . , .
Germerzdorfer 0.33> 1.12¢de 2.01¢fh  0.43bcde g g0bde 253¢f (.36 1.37bcde 2 q1be
Hedelfinger ~ 0.35%4¢f 1.144f 1.85¢d¢  0.43bcde  140bd g 19bc 0.35" 1.27° 2.01°
B. Burlat 0 0 0° 0 0 0 0° 0 0°
Summit 0? 0? 0? 0? 0? 0° 0 0 0°
Control
Germerzdorfer 0* 0? 0* 0* 0? 0* 0? 0* 0*
Hedelfinger  0* 0? 0* 0? 0? 0* 0* 0* 0*

Values followed by the same letter are not significantly different (P < 0.05)

and in the other months in which positive results
were obtained.

The inoculations conducted in the laboratory
conditions during the two-year-long experiment
involving the excised sweet cherry branches (i.e.,
during the dormancy period) yielded the same re-
sults as those obtained under the field conditions,
confirming that the sweet cherry is most susceptible
to Pss and Psm race 1 during the dormancy period.
On the branches inoculated in November, the first
disease symptoms appeared 60 dpi, while they reg-
istered 30 dpi on branches inoculated in December
and January (Tables 3 and 4, Figure 2).

Considering that bacteria infect the buds through
leaf scars, these served as inoculation sites in the
experiments conducted in October, November and
December. For both Pss and Psm race 1, the results
were negative. Similarly, the inoculation of fresh leaf
scars (forcibly removed by a scalpel) in February and
March yielded negative results. Although we inocu-
lated the flowers (April) and fruits (May), all the re-
sults were negative as well.

Persistence of P. syringae in cankers on natu-
rally infected sweet cherry trees. The bacteria Pss

Figure 2. Necrosis formed on two-year-old excised sweet

cherry branches inoculated by Pseudomonas syringae pvs.

and Psm race 1 were found to be persistent in the
cankers in the April-July period, and were detect-
ed in September, November, January, February or
March in some cases. Considering that both Pss
and Psm race 1 were obtained from cankers (Ta-
ble 5) throughout most of the year, our results in-
dicate that small bacteria populations remain in the
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cankers during the summer and become active

i
Tk § in the autumn. In general, all on the examined sites,
é é § ¥oae Pss was found to be present in the active or inactive
835 < sweet cherry cankers, while Psm race 1 was deter-
“—% z mined only in two locations (Table 5).
2 Lg 2lo o o Epiphytic population of P. syringae pvs. In all
Z 2 & - the completely healthy sweet cherry buds and
. leaves collected during 2016, both Pss and Psm
g 2 race 1 were confirmed as epiphytes. A signifi-
5]
o gl o+ 5‘3 cantly higher abundance of bacteria was found
S ) . . . .
g | < g in the isolations from the buds during the spring
= »
25 —g (10°~10* CFU/mL) and autumn (10° CFU/mL) com-
2.2 é P e pared to those obtained from the leaves in the sum-
SHR%) =
e 3 S mer months (10'~10*> CFU/mL). Table 5 presents
e s P syringae isolates collected from the epiphytic
i) .%0 4 s ) bacterial populations along with the identification
& S test results. As can be seen, the number of isolates
[}
g ~ g obtained from the epiphytic population was higher
p= T8 2 for pv. syringae.
Z |fffene| 2 P T
o = ~
o - o %) (<4
S | 2& % O DISCUSSION
= < %
. = 9 E .
g, Z 28w o= s The findings yielded in the present study indicate
& | Z 2 g that sweet cherries growing under the agroecologi-
-z o % cal conditions prevalent in Serbia are most suscep-
f alt S tible to bacterial infection during the dormancy pe-
2 z . & riod and in the early stages of the vegetative phase,
+ © K
% Z E i.e., from October (Psm race 1)/November (Pss)
g 8 Lo Eg to March. The fact that positive October inocula-
g B tions of the one-year-old branches were only ob-
3 §‘ + o § tained with Psm could be attributed to the findings
§= I = reported by Crosse (1966), who found that, in the
= o . .
; g 0Z ° UK, in this period, P. morsprunorum predominantly
% S o T infects branches through the leaf scars or sites of me-
s g - = chanical damage of various origins. The first positive
g S olsly 4 o+ 2 results obtained by Pss in the November inoculations
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to introduce Pss into the plum bark, as bacteria can
multiply, spread and cause symptoms. Klement et al.
(1984) demonstrated that Pss cannot induce the dis-
ease in apricots in the absence of low winter tem-
peratures. Therefore, it seems that sweet cherry in-
fections with Pss are also promoted by frost and low
temperatures. The shorter necrosis length stemming
from the March inoculations compared to the No-
vember ones could be explained by the physiological
state of the trees as they transition from dormancy
to the vegetative phase, which affects the host resist-
ance. Indeed, all the inoculations of the branches
during the vegetative phase (April, June and Sep-
tember) were negative, owing to the plant defence
system and warmer weather conditions (Figures S1
and S2 in the ESM). These results are supported
by the findings reported by other authors (Crosse
& Garret 1970; Hinrichs-Berger 2003).

The November inoculations of the two-/three-
year-old branches showed the highest Pss aggres-
siveness, which is in line with the argument put
forth by Bultreys & Kaluzna (2010) that Pss mainly
infects thicker branches. Therefore, as the frost fa-
cilitated the aggressiveness of Pss on the sweet cher-
ry inoculated during the winter months (Figures S1
and S2), the tissue damage promoted furthered the
bacterial development, as reported by other authors
(Sobiczewski & Jones 1992; Cao et al. 2013). Garrett
(1979) stated that inoculations made from Decem-
ber until the middle of the dormant season ultimate-
ly caused the longest cankers, which is in line with
the results obtained in our study.

In the tests conducted on the excised sweet cherry
branches, the Pss strains were more aggressive than
Psm race 1. Sobiczewski & Jones (1992) similarly
demonstrated that, although both P syringae pa-
thovars exhibited pathogenicity when introduced
to dormant branches exposed to freezing, more ex-
tensive necroses was produced by Pss.

In this study, inoculations of leaf scars with both
P syringae bacteria were negative, whereas posi-
tive inoculations through cherry leaf scars were
confirmed by Hulin et al. (2018). However, the au-
thors noted significantly less prominent symptoms
than those yielded by the wound inoculations. This
finding could also be ascribed to the leaf scars act-
ing as a physical barrier to infection (Crosse 1966).
Hinrichs-Berger (2003) suggested that plum buds
are rarely infected by P. syringae through leaf scars,
and this observation can be correlated with the re-
sults obtained in our study. The negative inoculation

could also be attributed to the tree age, since our tri-
als were performed in a seven-year-old orchard, but
Pss and Psm introduced through leaf scars mainly
caused symptoms in the young (1-3 years old)
sweet cherry trees (Crosse 1956; Ili¢i¢ et al. 2019).
All the inoculations of the sweet cherry flowers and
fruits performed in our study were negative, indicat-
ing that the summer phase is not an obligatory stage
of the P, syringae lifecycle. This assertion is support-
ed by the resistance of fruit trees during the vegeta-
tive phase, and partly by the specificity of the Serbian
agroecological conditions (low precipitation and high
temperature; Figure S2), which leads to the weaken-
ing of infectious pressure and virulence. Our results
further confirm that weather plays a significant role
in the disease occurrence and transition of bacteria
from the epiphytic to the parasitic phase of its life-
cycle. Considering that Psm race 1 isolations were
positive during the summer and autumn, we believe
that the bacterial persistence can be conditioned
by various agroecological factors, inoculum pres-
sure, as well as certain characteristics and the physi-
ology of the sweet cherry cvs. Our results also align
with the findings reported by Erickson (1945) and
Dye (1954) who isolated P. morsprunorum from can-
kers during a rainy summer period, providing evi-
dence that the pathogen persists in cankers in this
part of the year. According to Prunier (1977), P. mor-
sprunorym can survive in cankers up to eighteen
months post-inoculation. Our findings are also sup-
ported by the observations made by other authors,
according to whom epiphytic bacteria populations
reach their maximum during spring and autumn,
but decrease in size in summer due to the prevalence
of high temperatures (Latorre & Jones 1979; Roos
& Hattingh 1986; Scortichini 2010). The population
level on leaves is mainly influenced by the climatic
factors (Roos & Hattingh 1986), which is in line with
the results obtained in this study (Figure S3). Signifi-
cant Pss and Psm race 1 populations collected from
buds during the spring and especially in autumn
will promote infection in the wooden parts under
the Serbian agroecological and climatic conditions.
Thus, to reduce the epiphytic P, syringae population,
a copper spray should be applied before and after
the leaves fall out (in late winter and early spring).
It is also important to protect the sweet cherry trees
from freezing or any kind of damage or stress. This
was the first study to describe the seasonal lifecy-
cle of P. syringae on the sweet cherry in Serbia and
its surroundings. By identifying the periods during
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which the sweet cherry is most susceptible to the
most serious bacterial infections, in addition to es-
timating the pathogen prevalence in the cankers and
its surface populations in field conditions during
the growing season, our work has contributed to the
better understanding of the pathogen epidemiology
and can ultimately lead to a better disease control.
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