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Abstract
The aim of this article was to provide an overview on the current status of fruit tree diseases caused by Pseudomonas 
syringae, their importance and distribution, epidemiology and control possibilities with emphasis on plums and cherry. 
The plant diseases caused by Pseudomonas syringae are economically important and occur worldwide on large 
diversity of plants. On stone fruits, diseases caused by different pathovars of Pseudomonas syringae are economically 
important in major fruit growing regions. The severity of damages and economic importance depends on the 
geographical region, host plant species and pathovar of P. syringae involved in the disease. Bacterial canker induced 
by P. syringae pv. syringae on all commercially grown stone fruit species and by pv. morsprunorum predominantly 
on cherries and plums is considered to be the most serious one. Bacterial decline caused by P. syringae pv. persicae 
is severe on nectarine and peach. Despite the wide spread and economic importance in the most stone fruit growing 
areas the diseases caused by Pseudomonas syringae in some areas, e.g. Baltic States, are poorly studied, and the data 
on distribution and pathovars involved in the diseases observed are still missing.
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Introduction
The plant diseases caused by Pseudomonas 

bacteria are economically important and occur 
worldwide on large diversity of plants. Among plant 
pathogenic Pseudomonas, P. syringae can cause 
diseases in more than 180 plant species including 
annual and perennial plants, fruit trees, ornamentals 
and vegetables (Little et al., 1998; Agrios, 2005). The 
phytopatogenic pseudomonads cause plant diseases 
with different symptoms, including cankers, diebacks, 
blossom, twig, leaf or kernel blights, leaf spots (P. 
syringae different pathovars), soft and brown rots (P. 
viridiflava, P. marginalis different pathovars), tumors 
or galls (P. savastanoi pathovars), mushroom blights 
(P. tolasii, P. agarici pathovars) (Braun-Kiewnick and 
Sands, 2001). Among plant pathogenic Pseudomonas 
14 species are well known, of which Pseudomonas 
syringae is the most economically important with 
many pathovars (Braun-Kiewnick and Sands, 2001). 
According to J.M. Young et al. (2001) definition, 
the term pathovar is used to refer to a strain or set 
of strains with the same or similar characteristics, 
differentiated at infrasubspecific level from other 
strains of the same species or subspecies on the basis 
of distinctive pathogenicity to one or more plant 
hosts whereas in other sources it is pointed out that 
pathotype or pathovar is a subdivision of a species 
distinguished by common characters of pathogenicity, 
particularly in relation to host range. In bacteriology, 
where pathovar is the preferred and more used term, 
pathotype is used to describe the type (or reference) 
culture of a pathovar (Waller et al., 2002). Further in 
this article we use the term ‘pathovar’.

An exact number of the Pseudomonas syringae 
pathovars is not defined. In 1994, about 40 pathovars 

were recognized (Young and Triggs, 1994). Later, the 
number of defined pathovars was increased to more 
than 50 (Braun-Kiewnick and Sands, 2001; Höfte 
and De Vos, 2006; Young, 2010). Among fluorescent 
Pseudomonas species, P. marginalis, P. savastanoi 
and P. syringae, contain several pathovars, which are 
defined based on pathogenicity to host plant species 
and biochemical properties (Young et al., 1996; 
Braun-Kiewnick and Sands, 2001).

The aim of this article is to provide an overview 
on current status of fruit tree diseases caused by 
Pseudomonas syringae, their importance and 
distribution, epidemiology and control possibilities 
with emphasis on cherry and plums. 

Materials and Methods
Monographic method has been used for this 

research. As the research on Pseudomonas pathogens 
and present situation in Latvia is quite new, available 
scientific literature from other countries, basically 
from Europe has been used.

Results and Discussion
The pathogens and pathovars

The studies on bacterial canker started Brzezinski 
(Bultreys and Kaluzna, 2010) in Poland. He determined 
that the gummosis and dieback of peach, plum, apricot 
and sweet cherry trees were of bacterial origin. At the 
same time in Holland, van Hall (1902) described the 
causal agent of lilac bacterial blight as Pseudomonas 
syringae. Several years later, Aderhold and Ruhland 
described Bacillus spongiosus as the causal agent 
of death of sweet cherry in Germany. Later Griffin 
proved that gummosis and cankers on sweet cherries 
in Oregon (USA) were caused by Pseudomonas cerasi 
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and scientist Barrs confirmed the pathogenicity of this 
organism on various organs. In England, H. Wormald 
described the bacterium Pseudomonas morsprunorum 
as the causal agent of bacterial canker of plum trees. 
Also, he found out that Pseudomonas prunicola was 
associated with bacterial canker of stone fruits and 
blossom blight of pear (Bultreys and Kaluzna, 2010).

As summarized by Schaad et al. (2000), the 
term ‘pathovar’ or ‘pathotype’ emerged to conserve 
the name of the pathogens and proposals to rename 
several pathovars of Pseudomonas and Xanthomonas 
as species have caused great confusion in the literature. 
Pathovars of P. syringae vary in their capacity for 
epiphytic survival, the nature and severity of the 
symptoms they cause and their host range (Kerkoud 
et al., 2000; Kerkoud et al., 2002; Lindeberg et al., 
2006). P. syringae at the beginning was isolated from 
diseased lilac (Syringa vulgaris L.) and characterized 
by M. Beijerinck in 1899 (Hirano and Upper, 2000). 
Bacteria with similar characteristics were isolated 
from a variety of tissues and a vast number of host 
plants, and following this involved pathogens were 
classified as separate species (Hirano and Upper, 
2000). When count of the hosts and bacteria became 
more than 40, all these bacteria were classified as one 
species P. syringae (Hirano and Upper, 2000).

Bacterial canker of stone fruits is caused by two 
Pseudomonas syringae pathovars P. syringae pv. 
syringae van Hall and P. syringae pv. morsprunorum 
(Wormald) Young. P. syringae pv. syringae can cause 
canker on any commercially grown fruit species while 
P. syringae pv. morsprunorum (Wormald) Young 
infect predominantly sweet and sour cherries and 
plums. The behaviour of both pathovars in host tissue 
is similar.

Some authors highlight that bacterial canker 
of stone fruits is caused mostly by P. syringae pv. 
syringae (predominantly on sour cherries) and P. 
syringae pv. morsprunorum (predominantly on sweet 
cherries and its subspecies) (Young, 1991; Gardan et 
al., 1999; Kałużna et al., 2009). In the fruit growing P. 
syringae is an important pathogen also on pears and 
causes pear blast that limit pear production throughout 
the world (Moragrega et al., 1998; Moragrega et al., 
2003). 

Diversity of the P. syringae pathovars is rather 
complicated. P. syringae pv. morsprunorum race 1 is 
characterized and separated in 4 strains, P. syringae pv. 
morsprunorum race 2 is characterized and separated 
in 7 strains (Endert and Ritchie, 1984; Gardan et al., 
1999). Most of the P. syringae pv. syringae strains 
produce the toxic lipodepsipeptides syringomycins 
and syringopeptins and molecular tests based on this 
characteristic can be used for the diagnosis of the 
pathovar (Bereswill, 1994; Gilbert et al., 2009). P. 
syringae pv. syringae is genetically heterogeneous 

pathovar with a wide host range. This pathovar 
shows different virulence on the lilacs, sweet cherries 
and plums (Gilbert et al., 2009). Phytotoxins of the 
pathogen can be host-specific, but usually phytotoxins 
produced by P. syringae are nonhost specific and 
cause symptoms on many plant species, which cannot 
be infected by the toxin-producing pathogen (Bender, 
1999). 

P. syringae pv. persicae was proved to be 
pathogenic on nectarine and peach, and also as weak 
pathogen on Japanese and European plum, but it is not 
pathogenic on apricots and cherries (Young, 1987). 
Pathovar P. syringae pv. persicae (Prunier et al., 1985) 
is a quarantine organism in Europe (EPPO) and causes 
leaf spots, cankers, gummosis of fruits on peach in 
France and bacterial decline of peach, nectarine and 
Japanese plum in New Zealand (Hattingsh and Roos, 
1995).

In France, 2003, it was found that causal agents 
of bacterial canker of stone fruits are not limited only 
to P. syringae pv. morsprunorum and P. syringae pv. 
syringae, and one more pathovar P. syringae pv. avii 
(pv. nov. Menard) should be distinguished, which 
causes bacterial canker on sweet cherries (Menard 
et al., 2003). However, this pathovar is not officially 
confirmed. As described by M. Menard et al. (2003) 
pv. avii is characterized by slow growth on King`s B 
medium producing colonies 1.0 – 1.5 mm in diameter 
after three days of incubation and not producing 
fluorescent pigment. Japanese scientists have also 
proposed to recognize one more pathovar of P. 
syringae – pv. cerasicola (pv. nov. Kamiunten), which 
induces galls on cherry and apricots, but it is not 
pathogenic on other stone fruit species (Kamiunten et 
al., 2000). So far this pathovar is not recorded outside 
Japan.

Each P. syringae pathovar usually has a strong 
biochemical, immunological and DNA relatedness 
with several other pathovars, including P. syringae pv. 
syringae, which can be isolated from many species of 
plants, e.g. apples, even if these are not pathogens for 
these plants (Kerkoud et al., 2002).

Distribution and importance
Bacterial canker of stone fruit occurs in all 

fruit growing areas in the world (Hattingsh and 
Roos, 1995). On sweet cherries, bacterial canker is 
widespread, and it is economically important disease 
in all regions in the world where sweet cherries are 
grown (Prunier and Cotta, 1985; Prunier et al., 1985; 
Bradbury, 1986). On the West coast of the USA, 
only P. syringae pv. syringae was detected on sweet 
cherry while in Michigan P. syringae pv. syringae, P. 
syringae morsprunorum race 1 and probably a third 
pathovar were responsible for disease outbreaks in 
sweet and sour cherries (Jones, 1971).
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Bacterial canker on sweet cherries can be caused 
by P. syringae pv. morsprunorum, P. viridiflava 
or P. syringae pv. syringae (Prunier and Cotta, 
1985; Menard et al., 2003). In the United Kingdom 
predominantly P. syringae pv. morsprunorum is 
considered to be a causal agent of bacterial canker 
while in the other European countries, South Africa 
and the USA both pathovars are considered to be a 
causal agent of canker on sweet and sour cherries 
(Lattore and Jones, 1979; Vicente and Roberts, 2003; 
Vicente et al., 2004). Only one of these pathovars is 
usually found as a causal agent of bacterial canker 
in the most of the countries, although distribution of 
both pathovars is reported in the some parts of the 
world (Wimalajeewa and Flett, 1985). P. syringae 
pv. morsprunorum has been recorded as the cause of 
bacterial canker in Europe, the USA, Canada, but in 
some countries, e.g., Chile, it has not been identified 
(Latorre et al., 2002).

Damages caused by pathovars of P. syringae 
vary depending on stone fruit growing region and 
host plants. Since 2005, a disease similar to bacterial 
canker of stone fruit trees was observed only in some 
areas of Iran while in several provinces in Turkey 
severe bacterial canker was observed on almost 80% 
of apricot trees in commercial orchards and home 
gardens (Kotan and Sahin, 2002; Karimi-Kurdistani 
and Harighi, 2008). Reports from France, the UK, 
Germany, Poland, New Zealand, Lithuania and 
other countries indicate bacterial canker occurrence 
over many years, including wild cherry plantations 
grown for wood production (Menard et al., 2003; 
Vasinauskiene et al., 2008). In Poland, due to the 
favourable climate, bacterial canker is observed every 
year. The last serious outbreak occurred in 2007, 
resulting in substantial economic losses, especially 
in sour cherry. Both pathovars and both races of P. 
syringae pv. morsprunorum have been isolated from 
infected trees (Bultreys and Kaluzna, 2010).

The available data on fruit tree bacterial diseases 
caused by P. syringae in Baltic States are limited. 
In Lithuania and similarly in Latvia, mostly fungal 
diseases have been considered important in orchards 
for a long time. Only recently surveys of stone fruit 
orchards for possible infection of P. syringae were 
started in Lithuania (Vasinauskiene et al., 2008). The 
research was focused on the occurrence of bacterial 
canker in stone fruit orchards, evaluation of disease 
symptoms and preliminary diagnostics of the causal 
agents. The disease was recorded only on single trees 
and did not have economic importance. Pathogenicity 
tests with strains isolated from stone fruits and 
identification of pathovars and studies of the genetic 
diversity are still in progress (Vasinauskiene et al., 
2008). Records on bacterial canker and its occurrence 
in Estonia were not found. In Latvia, commercially 

grown stone fruit species are plums, sweet and sour 
cherry. Peaches and apricots are grown only in 
home gardens or in varietal collections. Research on 
bacterial diseases of stone fruits, their distribution 
and causal agents in Latvia started in 2008 within the 
frame of COST Action Nr.873 and national research 
programs. The bacterial canker was not widely spread 
in stone fruit orchards, and P. syringae pv. syringae 
was detected as a cause of bacterial canker in sweet 
cherry and plums (Moročko-Bičevska et al., 2010; 
Konavko, 2011).

Symptoms caused by P. syringae and epidemiology
Depending on the symptoms and pathogens 

involved, diseases caused by P.syringae are known 
under various names, such as bacterial canker, 
bacterial decline, gummosis, blossom blast, dieback, 
spur blight, twig blight, bud bacteriosis (Braun-
Kiewnick and Sands, 2001; Bultreys and Kaluzna, 
2010). The studies show that the most important 
stone fruit diseases caused by P. syringae are bacterial 
canker and bacterial decline or dieback (Hattingsh and 
Roos, 1995). Symptoms of bacterial canker on trunks 
and branches occur predominantly on pears and sweet 
cherries, but also sour cherries, apricots, peaches, 
plums and in some years also apple trees suffer from 
bacterial canker (Prunier and Cotta, 1985; Prunier 
et al., 1985; Bradbury, 1986). As summarized by A. 
Bultreys and M. Kaluzna (2010), P. syringae basically 
can damage all areal parts of stone fruits. It causes 
cankers and necroses on trunks, branches, around 
spurs and in branch junctions. On leaves symptoms 
occur as small, rounded, light brown spots in various 
sizes, which become necrotic and drop off resembling 
‘shot hole’ symptom. Blossoms turn brown and 
often fall before full blooming. On immature fruits, 
predominantly in cherry, symptoms are either regular 
or irregular, brown to black in colour, necrotic spots. 
P. syringae can cause canker also on sea buckthorn, 
but this disease is poorly studied (Janick and Paul, 
2008).

Bacterial decline or dieback caused by P. syringae 
pv. persicae is a quarantine disease and affects 
nectarine, peaches, Japanese plums and Myrobalan 
plum (Young, 1995). In nectarine and peaches, 
symptoms include shoot dieback, limb and root injury, 
tree death, leaf spots and fruit lesions (Luisetti et al., 
1976; Young, 1995). Distinctive characteristics of 
decline are staining of wood in branches above necrosis 
and the absence of obvious boundary between morbid 
and healthy bark in the lower tree parts (Luisetti et al., 
1976; Young, 1995).

Besides causing cankers on trunks and branches 
of stone fruit trees P. syringae pv. syringae and pv. 
morsprunorum also infects leaves, shoots, flowers 
and fruits. In Europe, the disease is more common 
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on cherries and plums (Ephinstone et al., 2008). As 
summarized by J. Ephistone et al. (2008), cankers, 
which are not perennial, are formed in the late autumn 
and winter, but do not increase much in size till next 
spring, when they enlarge rapidly and kill large areas 
of green bark. When blossom fall occurs, the progress 
of cankers is stopped, and populations of these bacteria 
within the canker decline and often die out. During this 
time leaf infection phase occurs. Leaves of the spurs 
tend to be resistant as they mature, whereas young 
leaves on extension shoots are infected. Bacteria as 
epiphytes on all leaves in the summer reside till the 
leaf fall, being the main source of new infection 
(Ephinstone et al., 2008).

The diseases caused by P. syringae pathovars 
have a different epidemiology. As summarized by J. 
Ephistone et al. (2008), for P. syringae pv. syringae and 
pv. morsprunorum, cankers caused by these pathovars 
may be perennial and the bacteria as small populations 
overwinter in them. Fast multiplications of bacterial 
populations occur in the spring, bacterial ooze is often 
produced, and bacteria spread to leaves by the splash 
of the rain. Unlike P. syringae pv. morsprunorum, P. 
syringae pv. syringae gain to woody tissue only via 
wounds in scars of leaf and bark, from which new 
cankers arise further. 

Symptoms vary between different host species. 
Cherry trees of all ages are susceptible, and most 
of the cankers are found at sites of leaf scars on 
fruiting spurs. This results in dieback of spur, but 
it can occasionally spread to form a canker in the 
parent branches. Cankers may also be located on the 
branches, mostly on the crotch and angles between 
branches. On younger branches with thin bark cankers 
at the beginning they are visible in the spring as 
shallow, discoloured sunken lesions often showing the 
presence of gummy exudates. On plums cankers occur 
mostly on trunks frequently leading to death of trees. 
Cankers can extend in length on the trunk and often 
appear like dark and linear depressions in the bark. 
Gumming on plums is less common and less obvious 
as on cherry. Spots on the leaves are caused by both 
pathovars and usually are reddish brown, rounded, 
sometimes angular, often coalescing to form big, 
irregular necrotic spots, which can drop out as a ‘shot 
hole’ effect (Ephinstone et al., 2008).

In spring, the first symptoms appear after late 
frosts, and this period is the most dangerous. Young 
leaves are the most susceptible. When they mature, 
infected areas become dry and fall out; the leaves 
then have a shot hole appearance and when they 
become mature, these leaves are not infected anymore 
(Süle and Seemüller, 1987). As summarized by M. J. 
Hattingsh and I. M. M. Roos (1995), terminal shoots 
or twigs of cankered trees can die back. If girdled 
by a canker, infected lateral branch or trunk dies 

during several weeks. The root system of diseased 
trees usually remains healthy, and suckers grow in 
the crown area. Pathogens can be present in dormant 
leaves and buds of flowers. Infected dormant buds are 
often killed, but some of the invaded buds normally 
open in the spring and then collapse in early summer. 
Leaves from buds like this wilt and fruits tend to dry 
out. Leaves and flowers arising from other diseased 
buds may remain symptomless. Leaf infections, 
mostly on cherry appear as water-soaked spots and 
those after that become brown, dry. After that, shot 
holes may be seen. Symptoms on the leaves occur 
sporadically and are not always typical of the disease. 
Flat, superficial, dark brown spots develop on the 
infected fruits, but lesions can be depressed in the fruit 
flesh, especially if cherry fruits are infected (Hattingsh 
and Roos, 1995). Bacterial blossom blight is attributed 
to P. syringae pv. syringae and pv. morsprunorum, 
and in most countries this is regarded as the cause of 
bacterial canker (Crosse, 1966).

Pathogenic bacteria may survive in the buds of 
infected trees (Roos and Hattingh, 1986). Dangerous 
source of infection are branches with infection, where 
from Pseudomonas bacteria spread further by a wind 
and rain (Hirano and Upper, 2000). P. syringae does 
not survive in the soil for a long time (Hirano and 
Upper, 2000). Most of the P. syringae pathovars are 
known to be epiphytes on their hosts. According to 
C. Leben (Leben, 1965, cited by Luisetti, 1996), 
these pathogenic bacteria are able to survive on the 
aerial parts of the plants even if conditions are not 
favourable, like high temperature or low humidity. 
In these unfavourable conditions, they can multiply 
and survive until environmental conditions become 
favourable again (e.g. moisture after rain, dew) 
(Luisetti, 1996).

Control possibilities
When fruit trees are already infected with P. 

syringae pathovars and express disease symptoms, 
it is impossible to treat them. Therefore, important 
control strategy is the use of preventive measures. 
The use of canker-free nursery stock is good and 
effective practice to reduce disease occurrence 
(Young, 1995). Selection of a suitable site and soil for 
the establishment of new orchards is an important step 
to prevent disease spread. Establishment of orchards 
under marginal soil and climatic conditions create a 
risk for development of the disease (Hattingsh and 
Roos, 1995; Young, 1995).

Other measures include selection of cultivars 
with partial resistance, avoidance from early winter 
pruning, application of fixed-copper sprays in autumn 
to reduce inoculum (Sundin et al., 1989; Young, 1995). 
Breeding for resistance is a slow process with woody 
trees, because of the time involved for tree growth 
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and the threat of Pseudomonas syringae to adapt 
genetically and infect the new germplasm. However, 
some successful control of Pseudomonas syringae 
has been realized using plant germplasm resistant to 
this pathogen (Moore, 1988). The cultivars of sweet 
cherry are not resistant (Moore, 1988). Cultivars differ 
in susceptibility, and some exhibit partial resistance, 
but some of them are immune (Luisetti et al., 1976; 
Young, 1995).

Copper sprays are aimed at reducing epiphytic 
populations of bacteria and are timed to correspond 
with 20% and 80% leaf drop and can be up to three 
late dormant applications (Wimalajeewa et al., 1991). 
Copper compounds are commonly used to minimize 
the distribution of disease in sweet cherry orchards, 
but these compounds have limited efficacy and may 
have also phytotoxic effects (Hibberd, 1988; cit. by 
Vicente et al., 2004). As noted by J. G. Vicente et al. 
(2004), the control of diseases caused by P. syringae 
pathovars is problematic in woodlands because it 
is not economical and practical to make sprays in 
woodland plantations. Therefore, the only practical 
approaches to control canker in woodlands are disease 
avoidance and use of resistant plants. However, both 
of these approaches are limited because of lack of 
sufficient amount of knowledge and understanding of 
the pathogens involved as well as lack of consistent 
methods for their detection and discrimination as also 
pointed by J. G. Vicente et al. (2004).

Conclusions
1.	 Bacterial diseases of stone fruits caused by 

different pathovars of Pseudomonas syringae are 
economically important in major fruit growing 
regions. The severity of damages and economic 
importance depends of the growing region, host 
species and pathovar involved.

2.	 Among stone fruit diseases caused by different 
Pseudomonas syringae pathovars as the most 
serious is considered bacterial canker caused by P. 
syringae pv. syringae on any stone fruit species and 
P. syringae pv. morsprunorum on predominantly 
sour and sweet cherries and plums, and bacterial 
decline caused by P. syringae pv. persicae on 
nectarine and peach.

3.	 Despite a wide spread and economic importance 
of diseases caused by Pseudomonas syringae in 
several stone fruit growing areas, in some areas, 
e.g. Baltic States, the data on distribution and 
P. syringae pathovars involved in the diseases 
observed are still missing.
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