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SUMMARY

Characteristics of pathogenic Pseudomonas bacterial strains isolated from cherry in
Serbia are presented in the article. Two types of symptoms were observed on cherry trees
at few localities with intensive production in Serbia (Belgrade, Cacak, Topola, Sabac, Novi
Sad). The first symptom is bud necrosis and the second bacterial canker of cherry branch.

Gram negative, fluorescent, oxidative bacterial strains were isolated from the margin of
necrotic tissue. All investigated strains were levan and HR positive, while negative results
were recorded for oxidase, pectinase and arginin dihydrolase tests (LOPAT+- - - +).

Based on pathogenicity tests and differential GATT tests, investigated strains were
divided in two distinct groups: the first group consisted of strains isolated from necrotic
cherry branch which caused necrosis on artificially inoculated cherry, pear and lemon fruits,
syringae leaves and bean pods, were gelatin and aesculin positive, and tyrosinase and tar-
trate negative (typical characteristics of Ps. pv. syringae). Contrary, second group strains
were isolated from necrotic cherry buds, showed negative results in mentioned patho-
genicity tests, gelatin and aesculin tests were negative, while tyrosinase and tartrate were
positive (typical characteristics of Ps. pv. morsprunorum).

REP PCR analyses showed that strains isolated from necrotic cherry buds belong to P. s
pv. morsprunorum compared to referent strain. In contrast, isolates obtained from necrot-
ic cherry branches had unique fingerprint profiles but different from all reference strains.

According to the obtained results it was concluded that both pathovars of P. syringae
(syringae and morsprunorum) cause necrosis of cherry trees in Serbia.
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INTRODUCTION

Production of sweet cherry in Serbia has greatly ex-
panded in the last decade, reaching the annual level of
over 27,000 tons, which is several times higher than ear-
lier (Sredojevi¢, 2011). Selection of new, less vigorous root-
stocks significantly increased the number of less luxuri-
ant cherry trees per unit area, making the organization of
picking much easier. Also, growing of new, highly produc-
tive cultivars has provided high yields and quality fruits
which are easily sold at both, domestic and foreign mar-
kets. These are some of the major reasons for intensify-
ing the production of sweet cherry fruits in our country.

All the above mentioned resulted in significant ex-
panding of sweet cherry growing region in Serbia and,
besides well-known areas by the river Danube near Bel-
grade, sweet cherry is now intensively grown in Vojvodina,
western and southern Serbia, Sumadij aand other regions.

In recent years, however, the symptoms of bud necro-
sis and branch drying have been observed in these new
orchards in which contemporary agro-technical meas-
ures were applied. Dark purple, elliptic spots, 2-3 cm
long with abundant gum production, were formed
around necrotic buds. Within the spots the tissue sub-
sided and was clearly different from adjacent, healthy
tissue. Removing of the superficial layer revealed brown
colored tissue necrosis. The other type of symptoms was
decay of several-year old branches. The first signs of the
decay could be observed in early spring, when leaves be-
came wilted and turned brown, staying attached to dis-
eased branches. Tissue necrosis could be seen on these
branches, with canker at borderline area between dis-
eased and healthy tissue. Removing of the superficial
layer also revealed tissue necrosis of damp consistence.
In both cases, the process of necrosis was followed by
abundant production of gum.

Since the observed symptoms are characteristic for
Psendomonas syringae infections, the investigation was
carried out to determine if this bacterium caused necro-
sis of sweet cherry branches and buds, and to perform
detailed characterization of the obtained strains.

MATERIAL AND METHODS

Samples from diseased sweet cherries with symptoms
of bud and branch necrosis were collected at the locali-
ties of Belgrade, Sabac, Topolaand Novi Sad, in the pe-
riod 2004-2010. Samples were collected in early spring,
immediately after characteristic symptoms had been

observed (Table 1).
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Tablel. List of investigated strains

Year of
isolation
IZB-101  Branch necrosis  Topola 2009
1ZB-102 “ “ “
1ZB-103 “ “ “
1ZB-104 “ Sabac
1ZB-105 “ “ «
1ZB-109 “ Novi Sad «
1ZB-110 “ “ “
1ZB-90 Belgrade
1Z2B-91 “ “ “
1ZB-92 “ Sabac «
1ZB-93 “ “ «
1Z2B-94 “ “ «
1ZB-95 “ “ “
1ZB-96 « « «
1ZB-97 . . -
1ZB-98 “ “ .
1ZB-99 “ “ “

Isolate Symptom Locality

Isolation and pathogenicity testing

Isolation of the bacterium was performed using
standard method of smearing onto culture media, af-
ter macerate was made by soaking the borderline frag-
ments in a sterilized ceramic mortar with 1 ml of phos-
phate buffer. The isolation was carried out on the NA
enriched with 5% sucrose (SNA), and King’s B medium
(Klement, 1990; Braun-Kiewnick and Sands, 2001).

Pathogenicity of the obtained isolates was tested by
infiltration of the bacterial suspension (108 cfu/ml) in
tobacco and pelargonium leaves (HR), and by inocu-
lation of unripe pear, sweet cherry and lemon fruits as
well as bean pods using medicinal syringae. Lilac leaves
were inoculated by dipping of leaf petal in bacterial
suspension (108 cfu/ml) (Klement, 1990; Arsenijevié,
1997; Gavrilovi¢, 2006).

Biochemical and physiological
characteristics

Biochemical and physiological characteristics essen-
tial for the identification of Pseudomonas syringae were
examined and differential tests for its pathogenic vari-
eties syringae and morsprunorum were carried out: for-
mation of levan and activity of oxidase, pectolytic en-
zymes and arginine dehydrolase (LOPAT test), as well
as gelatin and esculin hydrolysis, tyrosinase produc-
tion and metabolism of tartrates (GATT test). Gram’s
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method of differentiation and glucose metabolism test
(O/F), were also conducted (Lelliott et al., 1966; Lelli-
ott and Stead, 1987; Sands, 1990; Burkowicz and Ru-
dolph, 1994; Arsenijevi¢, 1997; Brown-Kiewnick and
Sands, 2001; Gavrilovi¢, 2006).

REP-PCR

In this study the usefulness of PCR method with
REP, primers for genetic characterization and identifi-
cation of P. syringae pathovars was demonstrated.

Total genomic DNA was prepared using a modifi-
cation of the procedure given by Ausubel et al. (1992).
Cultures were grown on NAS (sucrose nutrient agar)
medium for 48h at 25°C. Bacterial cells were rinsed
with sterile distilled water and centrifuged at 4,000 x
g for 10 min at 4°C. The pellet was resuspended twice
in 0.85% NaCl and once in 0.1 M NaPOy buffer (pH
6.8). Cells were treated with 10% sodium dodecyl sul-
fate (SDS) and mixed with 20 mg of proteinase K per
ml at 37°C for 1h. Sodium chloride was added to a fi-
nal concentration of 5 M, and DNA was purified us-
ing a solution of 10% hexadecyltrimethyl ammonium
bromide (CTAB) in 1 M NaCl at 65°C for 10 min, fol-
lowed by phenol-chloroform and chloroform extrac-
tions. The DNA was recovered by isopropanol precip-
itation, redissolved in Tris-EDTA (TE, 10 mM Tris,
1 mM EDTA, pH 8.0), and quantified spectrophoto-
metrically at 260 nm.

Amplification was performed in a total volume of 25
ul containing 67 mM Tris-HCI (pH 8.8); 25 mM Mg-
Cl2; 125 uM of dATP, dCTP, dGTP, and dTTP each;
2 units of Tag DNA polymerase (Fermentas, Lithua-
nia); and 100 pmol of REPIR-I and REP2-I primer.
A 40-ng quantity of genomic DNA or distilled water
was added to the reaction tubes as a negative control.
The primers were sequences corresponding to REP, a
subunit of the REP element (Lupski and Weinstock
al., 1992): (REPIR-I [S-IIIICGICGICATCIGGC-3’]
and REP2-1 [S-ICGICTTATCIGGCCTAC-3")). The
PCR conditions were as previously described (de Bru-
ijn, 1992). The PCR protocols with REP primer are re-
ferred to as REP-PCR and rep-PCR collectively. Am-
plification of PCR was performed with a Mastercycler
personal model (Eppendorf, Hamburg, Germany) us-
ing the following cycles: one initial cycle at 95°C for 7
min; 35 cycles of denaturation at 94°C for 1 min; an-
nealing at 40°C for 1 min; and extension at 65°C for 8
min, with a single final extension cycle at 65°C for 16
min and a final soak at 4°C. Amplified PCR products

were separated by gel electrophoresis on 1% agarose gels
in 0.5 X TAE buffer for 2h at 5 V/cm, stained with
ethidium bromide, and visualized under UV illumi-
nation. Fingerprints generated from different strains
were compared visually.

In this investigation, the following strains were used
as check strains: CFBP 11 (P. syringae pv. syringae),
CFBP 2119 (P. syringae pv. morsprunorum, race 1) and
CFBP 3846 (P. syringae pv. avii, only for PCR analyl-
sis). These strains originated from French collection of

phytopathogenic bacteria (Angers).

RESULTS

Although samples of diseased cherries from differ-
ent localities were collected during the whole vegeta-
tion period, successful isolations of the bacteria were
performed immediately after the appearance of the first
symptoms, in early spring (April and May).

On the NA medium enriched with sucrose (NAS)
the bacteria formed greyish-white colonies of the levan
type, 2-3 mm in diameter, which were shiny, smooth
and mucous. They could be seen after 2-3 days of
growth at the temperature of 24-26 °C . On the King’s
B medium, formed colonies were white, 2 mm in diam-
eter and fluorescent under UV light.

Pathogenicity and biochemical
characterization

All the examined isolates caused HR in tobacco
and pelargonium, however based on other pathogen-
ic characteristics, two groups of strains were differen-
tiated (Table 2).

The group of strains isolated from necrotic several-
year old sweet cherry branches caused subsided brown-
black spots on the inoculated fruits of sweet cherry (cv.
Burlat), pear (cv. Williams) and lemon. This group of
strains also caused brown spots with characteristic red-
dish-orange halo on inoculated bean pods, as well as the
necrosis of lilac leaf petal and veins and mesophyl tissue.

The strains isolated from necrotic sweet cherry buds
caused superficial brown spots on inoculated sweet
cherry fruits, and light brown spots on inoculated bean
pods significantly differed from those caused by the
first group of strains, which was characterized as neg-
ative result. Negative results were recorded in inocula-
tion tests on unripe pear and lemon fruits as well as lilac
leaves. Such results were also obtained with the check
strain P. s. pv. morsprunorum CFBP 2119.
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Table 2. Pathogenicity of ivestigated strains

Test *IZB 101-110 **1ZB 92-99 CFBP 11 CFBP 2119
HR (tobacco, pelargonium) + + + +
Immature fruits of:
pear + - + -
cherry + +/- + +/-
lemon + - + -
syringae leaves + - + -
bean pods + - + -

+ positive results

- negative results

+/- superficial spots on inoculated fruits

Strains isolated from necrotic cherry branch

** Strain isolated from necrotic cherry buds

CFBP 11 Ps. pv. syringae check strain

CFBP 2119 P 5. pv. morsprunorum check strain

Table 3. Bacteriological characteristics of investigated strains
Test *IZB 101-110 **1ZB 92-99 CFBP 11 CFBP 2119
Gram - - - -
O-F test O (@) (@) O
Fluorescence + + + +
Levan + + + +
Oxidase - - + -
Pectinase - - - -
Arginin dehidrolase - - - -
Gelatin (G) + - + -
Aesculin (A) + +
Tyrosinase (T) - + - +
Tartrate (T) - + - +

* Strains isolated from necrotic cherry branch

** Strain sisolted from necrotic cherry buds
CFBP Ps. pv. syringae check strain
CFBP 2119 P 5. pv morsprunorum check strain

6 7 8 910 111213 14|15‘1617.1819.K M

Figure 1. Agarose gel electrophoresis of as repetitive-sequence — based polymerase chain reaction (REP-PCR) fingerprint
patterns obtained from P syringae. Lane M show the DNA molecular size marker (GeneRulerTM DNA Ladder
Mix), CFBP-11 (lanes 1), CFBP-2119 (lanes 2), CFBP-3846 (lanes 3), P, syringae isolate from cherry (lane 4-19),
and negative control (lane K)

CFBP 11 (P syringae pv. syringae)
CFBP 2119 (2 syringae pv. morsprunorum)
CFBP 3846 (P syringae pv. avii)

144



Pestic. Phytomed. (Belgrade), 27(2), 2012, 141149

All the investigated isolates were gram-negative, me-
tabolized glucose only in aerobic conditions, created flu-
orescent pigment on the King’s B medium; they formed
levan and the result of testing the production of oxidase,
pectolytic enzymes and arginine dehydrolase was nega-
tive. According to the results of differential tests for path-
ogenic varieties syringae and MOTSPrUnorum, the inves-
tigated strains formed two, clearly distinct groups. The
first group consisted of strains obtained from necrotic
sweet cherry branches, which hydrolyzed gelatin and es-
culin, did not produce tyrosinase and did not metabo-
lize tartrates. Strains of the second group originated from
necrotic sweet cherry buds, did not hydrolyze gelatin and
esculin, but reacted positively when tested for tyrosinase
production and metabolism of tartrates (Table 3).

From the results of pathogenicity tests and bacterio-
logical characteristics of the investigated isolates, it can
be concluded that the isolates obtained from necrotic
sweet cherry tissues belong to the pathogenic varieties
syringae and morsprunorum of the bacterium P. syringae.

REP-PCR analysis

PCR fingerprinting using primers corresponding to
repetitive (REP) was investigated as a method to distin-
guish pathovars of Psendomonas syringae. After amplifica-
tion of total DNA with the REP- followed by agarose gel
electrophoresis, the tested isolates originated from cherry
showed specific patterns of PCR products identical with
the reference strain Pseudomonas syringae pv morspruno-
rum. The size of the amplification products ranged from
100 bp to 6000 bp. The fingerprint patterns of the strains
were highly reproducible with the REP primer set.

Two distinct REP-PCR fingerprints were generated for
P. syringaeisolates collected in Serbia (Figure 1). These re-
sults indicated that P. syringae is present on cherry in Ser-
bia, with two distinct genotypes. Strains IZB 90-99, isolat-
ed from necrotic cherry buds had identical REP-PCR pat-
tern with reference strain CFBP 2119, and could be iden-
tified as P. syringae pv. morsprunorum. In contrast, iso-
lates IZB 101-106 obtained from necrotic cherry branch
had unique fingerprint profiles but different from all ref-
erence strains. Together, these results indicate that P. sy-
ringae parasites cherry with two heterogeneous pathovars.

DISCUSSION

Phytopathogenic bacterium P. syringae is a commer-
cially important pathogen of stone-fruit, wide-spread
all over the world (Little et al., 1998; Hinrichs-Berg-
er, 2004b; Kenelly et al., 2007; Renick et al., 2008).

Besides stone-fruit, it can also cause great damages to
pome fruits, especially to pear (Spotts and Cervantes,
1994; Natalini et al., 2006; Gavrilovié¢ et al., 2009).
In Serbia, P. syringae has been experimentally con-
firmed as the pathogen of pear, apricot, sour and sweet
cherry, plum, peach and raspberry, causing the symp-
toms of blossom blast, branch, trunk and fruit necro-
sis, shoot blight and the necrosis of leaf and flower buds
(Gavrilovi¢ et al., 2004a, 2008, 2009; Gavrilovi¢, 2006,
2009). Its higher incidence in sweet cherry indicates its
spreading and, takinginto account a wide range of hosts,
it can be assumed that it could threaten future success-
ful production not only of stone, but also of pome fruit.
In recent years, this bacterium has been observed as
raspberry pathogen, causing shoot and blossom blight
(Gavrilovi¢ et al., 2004b; Obradovi¢ et al., 2008).
Although the observed symptoms are characteristic
of the infection with P. syringae (especially the type
of necrosis and abundant production of gums), the fi-
nal diagnosis requires isolation of the pathogen since
some phytopathogenic fungi (Botryosphaeria, Leucos-
toma) cause similar symptoms on stone-fruits (Spotts
etal., 1990; Jones and Sutton, 1996; Gavrilovi¢, 2006).
The obtained results confirm the great importance
of pathogenicity tests for differentiation of P. syringae
varieties, which was also emphasized by many other
authors (Gavrilovi¢, 2006; Kaluzna and Sobiczewski,
2009; Bultreys and Kaluzna, 2010; Gilbert et al., 2010;
Kaluzna et al., 2010a). On the basis of their pathogen-
ic characteristics, the investigated strains were classi-
fied into two, clearly distinct groups: the first, consist-
ed of HR positive strains isolated from necrotic buds,
which caused superficial brown spots on inoculated
sweet cherry fruits, but did not cause the necrosis on
inoculated pear and lemon fruits, bean pods and lilac
leaves, thus expressing the characteristics of pv. mzors-
prunorum. The second group of strains reacted posi-
tively in all pathogenicity tests and expressed the char-
acteristics of pv. syringae. Also, some of these tests could
be important for detection of different virulence levels
of P. syringae strains, which especially refers to the in-
oculation of lilac leaves (Gilbert et al., 2009).
Differential biochemical tests for pathogen varieties
(GATT) also indicate the existence of two, clearly dis-
tinct groups of P. syringae strains, isolated from dis-
eased sweet cherry tissues. The first group, isolated from
necrotic buds, expressed characteristics of pv. morspru-
norum and the second, isolated from necrotic branches
expressed characteristics of pv. syringae (Table 3). Re-
liability of these tests in differentiation of pathogenic
P. syringae varieties was previously confirmed (Latorre
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and Jones, 1979; Burkowicz and Rudolph, 1994; Hin-
richs-Berger, 2004b; Gavrilovi¢, 2006; Kaluzna et al.,
2010). However, among investigated P. syringae strains
isolated from stone-fruits, some intermediary strains
were detected, expressing the characteristics of both
pathogen varieties in GAT'T tests (Sobiczewski, 1984;
Balaz et al., 1988; Balaz and Arsenijevi¢, 1989).

REP-PCR analysis also indicates that isolates from
necrotic sweet cherry buds have typical characteristics
of P. s. pv. morsprunorum. Moreover, they express the
characteristics of race 1 of this bacterium, because in
REP-PCR analysis they leave the identical “print” as
the check strain of this bacterium CFBP 2119. This race
consists of widely distributed and commercially harm-
ful pathogen strains in sweet and sour cherry (Gilbert
etal.,2009). Determination of these strains is very sig-
nificant for epidemiology, as well as for the elaboration
of control measures, which is mentioned below.

Contrary, strains isolated from necrotic cherry branch-
es had unique fingerprint profiles but different from all
reference strains. These results revealed that population
of P.s. pv. syringae shows great genetic variability in REP-
PCR analyses. This is in compliance with results of oth-
er authors, and primarily depends on localities of isolat-
ed strains (Scortichini et al., 2003; Natalini et al., 2006).

Reliability of REP-PCR analysis for determination
and differentiation of P. syringae isolates was also con-
firmed by other authors (Vicente and Roberts, 2007;
Gilbert et al., 2009; Kaluzna et al., 2010a, 2010b). In
France, by this analysis, together with numerous oth-
er methods, a group of strains was isolated from a dis-
eased tissue of wild sweet cherry, and these strains were
later classified into a new pathogen variety P.s. pv. avii
(Menard et al., 2003).

PCR analysis, with different sets of primers (BOX and
ERIC), also proved a great variety of P. syringae popula-
tion originating from different host plants, and in some
cases, among the strains from the same host plants and
the same orchard (Little et al., 1998; Scortichini et al.,
2003; Natalinietal., 2006). PCR analysis of P. syringae
population in Serbia, using BOX primers, also revealed
differences among strains which originated from dif-
ferent host plants (pear, sour cherry, plum, peach and
raspberry) (Ivanovi¢ et al., 2009). Therefore, it can be
assumed that strains from sweet cherry differ in some
characteristics from strains originating from other hosts,
which could be the subject of future investigations.

Sweet cherry is very susceptible host plant to the
bacterium P. syringae all over the world. The infec-
tion of high intensity causes wide-spread necrosis of
the branches. The necrosis can spread over fruits and,
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as a very common symptom, leaves become spotty fol-
lowed by shot hole (Jones and Sutton, 1996; Kenelly
etal., 2007; Renick et al., 2008). The bacterium could
probably spread over tree-trunks, causing the whole
trees to die off, since similar symptoms were recorded in
apricot (Arsenijevic’, 1997), pear (Spotts and Cervantes,
1994; Gavrilovi¢, 2009) and plum (Hinrichs-Berger,
2004b) trees. Although in this investigation two clear-
ly distinct groups of strains were isolated from parts of
the trees with two types of symptoms, we believe that
pathogenic varieties of P. syringae should not be identi-
fied on the basis of symptoms, since both varieties can
cause both types of symptoms.

P. syringae infects sweet cherry trees through leaf
scars in the period of leaf falling (Freigoun and Crosse,
1975) when it is recommended to apply preparations
with cooper to protect damaged tissue (Jones and Sut-
ton, 1996). The infection of tree-trunks with P. syrin-
gae occurs after extremely low winter temperatures,
and protection can be performed by wrapping special
white bands round the trunks before the dormant pe-
riod (Hinrichs-Berger, 2004a). Epiphytic population
of the bacteria, which is present on leaves during veg-
etation, also plays an important role in epidemiology
of P. syringae, as a sweet cherry pathogen (Latorre and
Jones, 1979; Renick et al., 2008). The composition of
this population and its seasonal dynamics on sweet
cherry leaves in our agro-ecological conditions will be
further investigated.
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Pseudomonas syringae — patogen
tresSnje u Srbiji

REZIME

U radu su prikazane patogene, bakterioloske odlike izolata bakterije Pseudomnas syrin-
gae poreklom iz tresnje, kao i njihova molekularna karakterizacija primenom REP-PCR me-
tode. Dva tipa simptoma bolesti zapazena su u savremenim zasadima tresnje na podrucju
Beograda, Novog Sada, Topole i Sapca.

Prvi tip simptoma se ispoljava u vidu nekroze cvetnih i lisnih pupoljaka tresnje, a drugi
u vidu nekroze visegodisnjih grana.

Iz nekroti¢nog tkiva su izolovane Gram negativne bakterije , koje fluoresciraju na King
podlozi B, a glukozu metabolisu iskljucivo u aerobnim uslovima; bakterija stvara levan i pro-
uzrokuje HR duvana ali ne stvara oksidazu, pektinazu u arginin dehidrolazu (LOPAT +---+)
sto su odlike karakteristicne za bakteriju P. syringae.

U pogledu patogenosti izolovanih sojeva, kao i njihovih diferencijalnih biohemijskih te-
stova (GATT) proucavani izolati su svrstani u dve jasno izdiferencirane grupe. Prvu ¢ine so-
jevi izolovani iz nekrozom zahavéenih grana tresnje, koji prouzrokuju nekrozu inokulisanih
plodova tresnje, kruske i limuna, listova jorgovana i mahuna boranije. Ova grupa izolata hi-
drolizuje Zelatin i eskulin, ali ne stvaraju tirozinazu i ne metabolisu tartarate. Pomenute pa-
togene i diferencijalne biohemijske odlike su karakteristi¢ne za Ps. pv. syringae. Nasuprot
njima, sojevi izolovani iz nekroti¢nih pupoljaka treSnje negativno reaguju pri pomenutim
testovima patogenosti, ne hidrolizuju Zelatin i eskulin, ali stvaraju tirozinazu i metabolisu
tartarate, $to su odlike Ps.pv. morsprunorum.

REP-PCR analiza takode ukazuje da sojevi iz nekroti¢nih pupoljaka ispoljavaju identi¢ne
karakteristike kao i referentni soj Ps. pv. morsprunorum. Primenom ovog metoda je takode
utvrdeno da su sojevi izolovani iz obolelih grana tresnje medusobno identi¢ni ali da se ra-
zlikuju od referentnih sojeva koris¢enih u ovim istrazivanjima.

Na osnovu dobijenih rezultata, tokom ovih istrazivanja zaklju¢eno je da oba patogena
varijeteta P. syringae patogena vocaka (pv. syrnigae i pv. morsprunorum) parazitiraju treSnju
u nasim agroekoloskim uslovima.

Kljuc€ne reci: Tresnja; Pseudomonas syringae; patogenost; GATT testovi; REP PCR
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