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Abstract  Bacterial canker caused by Pseudomonas syringae pv. syringae is an important disease in cherries worldwide 
but low attention has been paid to breeding and selection of cherries for bacterial canker resistance. In this research, 21 
selected Iranian and 7 introduced cultivars of sweet/sour/ducke cherries were examined for resistance to bacterial canker by 
artificial inoculation in field and laboratory condition. Correlation between canker resistance with wood diameter was also 
examined. Three local P. syringae strains were studied using LOPAT and GATTa tests and used as inoculum. For laboratory 
test, two-years-old dormant shoots were used and the canker length measured one month after inoculation. For field assay, 
trunk and shoots of two-years-old plants were inoculated in late autumn and eight months later, lesion length was measured. 
Based on result, in excised shoots, lesion length was the lowest in Shamloo and the highest in KB25. In both organs tested in 
field condition, Siyah-daneshkadeh was the most susceptible and Albaloo-meshkinshahr the most resistant. Cluster   
analysis grouped the cultivars in three relative susceptibility groups including highly susceptible, susceptible and 
intermediate constituting 3.6%, 70.7%, and 25% of the material, respectively. No correlation was found between field    
and laboratory data but canker length in tree organs correlated together. Lesions were collectively larger in trunk than shoot 
and a direct correlation existed between shoot diameter and necrosis length. In conclusion, cherries vary in susceptibility to  
P. s. pv. syringae and artificial inoculation in orchard condition is the recommended method for cultivar discrimination.  
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1. Introduction 
Bacterial canker caused by Pseudomonas syringae pv. 

syringae van Hall 1902 is a serious disease in over than 180 
plant species, both annual and perennial, including fruit trees, 
ornamentals and vegetables (Agrios, 2005). This bacterium 
is responsible for diseases in cherry, plum, peach, apricot and 
has been and still is of concern and often of economic 
importance in these crops worldwide (Vicente and Roberts, 
2007; Renick et al., 2008; Gilbert et al., 2010). It causes 
significant damage to nurseries and wild cherry wood 
production and limits tree and orchard life duration (Vicente 
et al., 2004; Janse, 2006; Kennelly et al., 2007). It caused 
yield reduction between 10-20% in young orchards and even 
up to 80% under favorable climatic conditions (Spotts et al., 
1990; Young, 1991).  

In Iran, this disease was first reported on apricot trees and 
its loss was estimated 22-50% (Bahar et al., 1985). It was  
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subsequently reported on other stone fruits and its causal 
agent identified as P.s. pv. syringae (Banapour et al., 1990; 
Elahinia and Rahimian, 1992; Shamsbakhsh and Rahimian, 
1997) and has caused severe dieback and canker disease on 
apricot and peach trees in some regions (Karimi-Kurdistani 
and Harighi, 2008).  

Management of most fruit tree diseases caused by 
Pseudomonas spp. currently is almost unattainable, due to 
the lack of effective chemical or biological control measures 
and the endophytic nature of the pathogen during some 
phases of the disease-cycle (Kennelly et al., 2007). Thus, use 
of resistant cherry cultivars is economically and technically 
the most practical method and culturing less susceptible 
cultivars seem the best solution for future plantations (Bassi, 
1999). Selection or breeding for reduced susceptibility is 
possible as broad sense heritability is high enough, 
clone-isolate interactions are low (Santi et al., 2004) and 
variation of resistance between cultivars has been already 
demonstrated (Santi et al., 2004; Matthews, 1979; Spotts   
et al., 2010). Due to the economic importance of the disease 
and lack of effective control measures, this research was 
conducted to evaluate and compare field and laboratory 
resistance evaluation methods and to determine resistance 
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level of a number of superior Iranian cherry cultivars 
preceding a selection for resistance tested by artificial 
inoculation.  

2. Material and Methods 
2.1. Plant Material  

A total of 28 cherries including 21 Iranian and 7 
introduced cultivars and genotypes including included 18 
sweet cherries, 2 sour cherries (Albaloo-meshkinshahr, 
Ferriacida) and 1 duke cherry (Albaloogilas-daneshkadeh) 
were examined. The introduced cultivars included an 
unknown late-ripening cultivar originated from Italy (Dirras), 
four cultivars from France and USA and a cherry rootstock 
originated from Germany (Gisela6) (Table 1). The Iranian 
genotypes (which are here referred as cultivar) had already 
been selected among more than 100 cultivars collected from 
diverse locations of Iran based on yield and fruit 
performance. All cultivars were planted in three-tree plots in 
an experimental orchard in Seed and Plant Improvement 
Institute, Karaj, Iran and no sprays of Bordeaux mixture for 
controlling bacterial canker were used throughout the 
experiment. 

2.2. Bacterial Strains and Inoculum 

Three local bacterial strains previously isolated from 
peach, almond and cherry trees and identified as 
Pseudomonas syringae were used. Isolates were routinely 
grown on Nutrient Agar at 26°C and stored at 4°C for up to 2 
weeks. For longer-term storage bacterial strains were stored 
in freezing medium at -80°C. The strains were further 
characterized using LOPAT (Levan production, Oxidase 
activity, Potato soft rot, Arginine dihydrolase activity, and 
Tobacco hypersensitivity) and GATTa (Gelatin liquefaction, 
Aesculin hydrolysis, Tyrosinase activity, and utilization of 

Tartrate) tests. The LOPAT tests are used to discriminate   
P. syringae from other species of fluorescent pseudomonads 
and the GATTa tests are used to separate pathovar syringae 
from other pathovars of P. syringae (Schaad et al., 2001; 
Lelliot and Stead, 1987). Cell suspension from each strain 
was prepared from three-days-old cultures on Nutrient agar 
and after adjusting the absorbance to 0.5 at 600 nm 
wavelength, equal volume were mixed and used. The isolates 
were stored at - 80ºC in 60% Nutrient Broth, 40% glycerol. 

2.3. Excised Shoot Resistance in Laboratory Condition 

For production of cuttings needed in laboratory 
experiment, mature trees were used. Two-years-old branches 
in 25-30 cm long were cut in winter. The shoots were 
disinfected and evaluated for bacterial canker resistance in 
laboratory condition as described by Santi et al. (2004). 25 
shoots per cultivar were used. Two shoots per cultivar were 
inoculated with sterile water as a control.  

2.4. Whole Plant Resistance in Field Condition 

For field experiment, two-years-old plants were used. Tree 
trunk (3 locations) and shoot (three locations and three 
shoots per cultivar) were inoculated in late autumn. 25 μl 
inoculum aliquot was inserted into a hole in 1-2 mm depth by 
puncturing the cortex and the phloem using a sharp scalpel 
knife and the inoculation site was covered with parafilm. The 
longitudinal length of canker was recorded in the mid 
summer of the following year (eight month after inoculation) 
and canker severity based on lesion length was determined. 
To confirm that the cankers recorded did actually result from 
the inoculations made, bacteria were re-isolated by plating 
tissue macerates from the margins of cankers on King's B 
medium and identified using LOPAT and GATTa tests in 
compare with the original strains. Up to 10 infections were 
analyzed. 

Table 1.  List of Iranian and introduced cheery germplasm used in this study 

Cultivar Origin Cultivar Origin 

Local:  KB5 Lavasan 
Sefid-90 Urmie KB25 ״ 

Rafat - KB22 ״ 

Shamloo - KB23 ״ 
Albaloogilas-daneshkadeh Karaj No 46 Karaj 

Shoaolsaltaneh - Roshoon - 

Zard-90 Karaj Protiva Lavasan 
Nemooneh-karaj Kamalshahr Introduced:  

Sefid ghermez, baghe-e-now - Dirras Italy 

Hybrid 1 Karaj Durone della marca Italy 
Beenam - Gisela 6 Germany 

Siyah-mashhad Mashhad Lambert USA 

Albaloo-meshkinshahr Meshkinshahr Miekers Netherlands 
Haj-yoosofi Karaj Van Canada 

Siyah-daneshkadeh Karaj Ferracida France 
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Figure 1.  Bacterial cankers developed in inoculation sites eight months after inoculation. Left: an small lesion in a resistant cultivar, right: a large gumming 
lesion developed in a susceptible cultivar 

2.5. Correlation Studies 

Correlations between canker length in whole plant and 
excised shoot and between tree shoot and tree trunk were 
studied. Also any correlation between canker length of 
whole plant with shoot/trunk diameter was considered. 
Statistics 

The data were analyzed by one-way analysis of variance 
(ANOVA). Mean separations were performed by Duncan’s 
Multiple Range Test using SAS software. Differences at 
P≤0.01 were considered as significant. The clustering of 
cultivars was performed using an unweighted pair-group 
method (UPGMA) cluster analysis and computed with the 
SPSS software.  

3. Result and Conclusions 
3.1. Bacterial Strains 

All strains used in inoculums were able to produce levan 
and induce hypersensitive reaction in tobacco leaves but 
none produced oxidase, arginine dihydrolase and rot in 
potato slices (+---+ reactions for LOPAT tests). They were 
capable of hydrolyzing gelatin and aesculin, did not have 
tyrosinase activity and did not use tarteric acid (++-- for 
reactions GATTa tets), indicating are P.s. pv. syringae 
(Lelliot et al., 1966; Schaad et al., 2001). For inoculums, we 
used mixture of strains to avoid probable host-specificity and 
low pathogenicity. It has been demonstrated that various   
P. s. pv. syringae may strains might exhibit different levels 
of pathogenicity which may influence plant resistance 

response. Some of these differences in pathogenicity may be 
related to differences in the structure and composition of the 
lipopolysaccharide components of the cell wall that could 
affect the recognition and binding of bacteria to the plant cell 
(Zamze, 1983). 

3.2. Bacterial Canker Symptoms in Inoculated Sites 

In excised shoots, four weeks after inoculation in 
laboratory condition, irregular necrotic areas appeared in 
tipshoots which were expanding along the shoot axis up to 
the entire shoot. In some shoots, a continuous necrotic area 
and in others, several discontinuous necrotic zones 
developed. In controls, shoot tips were either not affected or 
turned brown for only few mm.  

Eight months after inoculation of tree shoots and trunks in 
orchard condition, sunken and black cankers developed in 
inoculation sites and 31.2% cankers exuded amber-colored 
gum during late spring and summer (Fig. 1). No leaf spot and 
blast of young flowers and shoots were observed in spring 
and no canker developed in water-inoculated sites.  

3.3. Bacterial Canker Resistance 

Analysis of variance of lesion length in shoot and trunk in 
both field and laboratory condition showed a significant 
variation in reaction of cultivars (P≤0.01). In excised shoot, 
lesion length ranged from 14.93 cm (cultivar Shamloo) to 
1.15 cm (cultivar KB25) (Table 2), indicating 12.98 times 
difference. In field condition, lesion length in shoot ranged 
from 6.24 cm (cultivar Siyah-daneshkadeh) to 0.94 cm 
(cultivar Haj-yoosofi) (Table 2) and from 12.60 cm (cultivar 
Siyah-daneshkadeh) to 1.44 cm (cultivar Albaloo- 
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meshkinshahr) in trunk (Table 3). Resistance of the whole 
plant (tree shoot+trunk) was also the greatest in cultivar 
Siyah-daneshkadeh (18.83 cm) and the lowest length was 
similarly observed in Albaloo-meshkinshahr (2.65 cm) 
(Table 4). According to this result, in both organs tested, 
Siyah-daneshkadeh was rated as the most susceptible and 
Albaloo-meshkinshahr was collectively rated as the most 
resistant cultivar.  

We know that selection for reduced susceptibility to 
bacterial canker caused by either P. s. pv. morsprunorum or 
pv. syringae is possible as variation of resistance among 

cultivars has been shown in laboratory and orchards (Santi  
et al., 2004; Cameron, 1971; Garrette, 1986; Baba-Ali et al., 
2013; Fuchs and De Vries, 1964; Fuchs et al., 1957; 
Gerristsen and Slits, 1959; Grubb, 1949; Mathews, 1959; 
Wilson, 1953; Allen and Dirks, 1978; Webster, 1980). Based 
on this difference and its heritability (Santi et al., 2004), 
breeding programs in France (Muranty et al., 1998), the UK 
(Nicoll, 1993) and East Mailing Research Station (Grubb, 
1936; Garrett, 1986) aims to introduce commercially 
desirable cherry cultivars/clones with high degree of 
resistance to bacterial canker.  

Table 2.  Mean values of canker length of excised shoot in laboratory condition and tree shoot in field condition 

 Lesion length (cm) in  Lesion length (cm) in: 

Cultivar 
Field 
shoot 

Excised 
shoot Cultivar 

Excised 
shoot 

Field 
shoot 

Siyah-daneshkadeh 6.24a  Durone della marca 5.78efgh 2.10defghi 
Sefid-90 3.82b 3.26hij Lambert 4.16fghi 2.10defghi 

Dirras-italy 3.76b 264ij Sefid-ghermez, 
bagh-e-now 6.26def 2.05defghi 

Rafat 3.74b 3.47ghij No 46 3.09hij 1.84efghi 
Rourshon 3.44bc  Gisela 6 - 1.75 efghi 

KB5 3.14bcd 8.57cd Hybrid 1 - 1.67efghi 
KB25 2.74bcde 1.15j Miekers - 1.65efghi 

Shamloo 2.71cdef 14.93a Beenam 3.20hij 1.54efghi 
Protiva 2.41cdefg 8.55cd Ferracida - 1.39fghi 

Albaloogilas-daneshkadeh 2.40cdefgh 1.39j Siyah-mashhad 7.87cde 1.28ghi 
Shoaolsaltaneh 2.30cdefgh 9.92c KB22 - 1.22ghi 

KB23 2.27cdefghi 11.46b Albaloo-meshkinshahr 6.03defg 1.21ghi 
Zard-90 2.24defghi 6.32def Van 9.69bc 1.06hi 

Nemooneh-kamalshahr 2.15defghi  Haj-yoosofi 14.63a 0.94i 

*Means followed with the same letters are not significantly different (P≤0.05) 

Table 3.  Mean values of canker length in tree trunk in field condition 

Cultivar Lesion length 
(cm) Cultivar Lesion length 

(cm) 

Siyah-daneshkadeh 12.60a Durone della marca 3.14defghij 

KB5 8.38b KB25 2.99efghij 

Rafat 6.37c Gisela 6 2.80efghij 

Rourshon 5.11cd KB23 2.79efghij 

Protiva 4.60cde Hybrid 1 2.68efghij 

Sefid-ghermez, bagh-e-now 4.59cde Ferracida 2.49efghij 

Lambert 4.47cde Albaloogilas-daneshkadeh 2.39fghij 

Zard-90 4.42cdef KB22 2.34fghij 

Nemooneh-kamalshahr 4.23cdefg Siyah- Mashhad 2.31fghij 

Beenam 3.88defgh Sefid-90 2.23ghij 

Shoaol-saltaneh 3.71defghi Haj-yoosofi 2.05ghij 

Shamloo 3.54defghij Miekers 1.91hij 

No 46 3.27defghij Van 1.63ij 

Dirras-italy 3.22defghij Albaloo-meshkinshahr 1.44j 

*Means followed with the same letters are not significantly different (P≤0.05)  
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Table 4.  Mean values of whole plant (shoot + trunk) canker length in field condition 

Lesion length 
(cm)* 

 
Cultivar 

Lesion length 
(cm)* 

 
Cultivar 

5.42efghi Beenam 18.83a Siyah-daneshkadeh 

5.24efghi Durone della marca 11.52b KB5 

5.11efghi No 46 10.07bc Rafat 

4.98efghi KB23 8.55cd Rourshon 

4.78efghi Albaloogilas-daneshkadeh 6.98de Dirras-italy 

4.55efghi Gisela 6 6.91de Protiva 

4.35fghi Hybrid 1 6.81de Zard-90 

3.89fghi Ferracida 6.64def Sefid-ghermez, bagh-e-now 

3.59ghi Siyah-mashhad 6.57def Lambert 

3.56ghi Miekers 6.38cdefg Nemooneh-kamalshahr 

3.56ghi KB22 6.26defg Shamloo 

2.98hi Haj- yoosofi 6.05defg Sefid-90 

2.69i Van 6.01efg Shoaol-saltaneh 

2.65i Albaloo-meshkinshahr 5.72efgh KB25 

*Means followed with the same letters are not significantly different (P≤0.01)  

 

Figure 2.  Unweighted pair-group method analysis (UPGMA) dendrogram for grouping 28 cherry cultivars based on canker length in the whole plant 

Cluster analysis of collective lesion length (tree 
shoot+trunk) was used for grouping cultivars into different 
resistance categories. Based on the obtained dendrogram 
(Fig 2, Table 5), the cultivars were grouped in three relative 
susceptibility groups including highly susceptible 
(Siyah-daneshkadeh), susceptible (20 cultivars) and 
intermediate (7 cultivars) constituting 3.6%, 70.7%, and   

25% of the material, respectively and none was completely 
resistant or immune. Gisela 6 rootstock which was rated as 
susceptible, has been already reported being partially 
resistant based on in vitro excised leaf bioassay and an in 
vivo twig bioassay (Roche, 2001; Roche and Azarenko, 2005) 
but sweet cherry cultivars on Gisela 6 rootstocks had an 
increased susceptibility to bacterial canker in field 
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observations (Thornton and Nugent, 2002). Spotts et al. 
(2010) demonstrated that trees on Gisela6 have high 
mortality and should not be planted in areas where bacterial 
canker is a problem.  

Based on our results, Albaloo-meshkinshahr, a sour cherry 
species, was rated as the most resistant cultivar. Ferracida, 
the second sour cherry cultivar, was also placed in the same 
susceptibility (resistant) group. The duke cherry cultivar, 
Albaloogilas-daneshkadeh, was ranked as an intermediate 
resistant. In a field resistance study, the resistance level of 
three cherry species P. avium (sweet cherry), P. cerasus 
(sour cherry) and P. avium x P. cerasus (Duke cherry) was 
low, high and very high, respectively (De Vries, 1965). 
Fuches and De Vries (1964) reported that in sour cherry 
fewer symptoms are noticed than in sweet cherry, whereas 
the susceptibility of the Duke cherries seems to depend more 
or less on the clone used. 

Table 5.  Cultivars in each relative susceptibility category based on 
UPGMA analysis 

Relative susceptibility categories 

Beenam Highly susceptible 
Durone della marca Siyah-daneshkadeh 

No 46 Susceptible 

KB23 KB5 

Albaloogilas-daneshkadeh Rafat 

Gisela 6 Rourshon 

Hybrid 1 Dirras-italy 

Intermediate Protiva 

Ferracida Zard-90 

Siyah-mashhad Sefid-ghermez, bagh-e-now 

Miekers Lambert 

KB22 Nemooneh-kamalshahr 

Haj- yoosofi Shamloo 

Van Sefid-90 

Albaloo-meshkinshahr Shoaol-saltaneh 

 KB25 

3.4. Correlation Studies 

We did not find any correlation between field and 
laboratory data (Table 6). Santi et al. (2004) found some 

correlation but also found disagrees. For example, although 
two the most resistant clones detected in their laboratory 
tests were also the best ones in the field, two the most 
susceptible clones in the field test showed varying rankings 
in the laboratory tests and they concluded that final selection 
must be based on a field test. A comparison of our results 
with other local reports on some common cultivars is given 
in Table 7. As it is shown, there are many disagrees between 
different reports which is possibly due to different evaluation 
methods used. The present data is obtained eight months 
after artificial inoculation in the field while Hamzenghad   
et al. (2004) data is obtained only one month after 
inoculation in the filed/glasshouse/laboratory and in one 
month, lesion might not develop fully. The disagrees 
between our data and Bouzari data (2006) could be due to the 
fact that the latter is based on lesion length in naturally 
infected 10-years-old trees in orchard condition. Natural 
orchard lesions might be easily affected by environmental 
factors including disease agents other than Pseudomonas sp.. 
Due to the observed disagrees between different laboratory 
data, we think artificial inoculation of the whole tree in 
orchard is the best discriminative test, as is also concluded by 
Santi et al. (2004). We also found direct correlations 
between canker length in different tree organs which again 
indicated reliability of the field test for selection. Although 
raising and maintaining of seedlings is required in field test, 
it resembles natural condition, allows sequential scoring 
throughout the season and the agent of the lesion is definite. 
We also facilitated the field test through using two-years-old 
seedlings rather than adult trees used by Santi et al. (2004).  

Collectively, the lesion length was larger in trunk than 
shoot (average 3.74 cm and 2.42 cm, respectively, P≤0.05). 
A direct correlation between shoot diameter (data not shown) 
and resistance was observed (Table 6) implying wider 
cankers develop in thicker wood. This might be similar to 
shoot age (thickness) effect on susceptibility been already 
demonstrated by Santi et al. (2004). Differences between 
organs and cultivars might be correlated with their phenolic 
content (Santi et al., 2004). Cherry leaves contain phenolic 
glycosides, which can activate the biosynthesis of 
syringomycin, a potent phytotoxin implicated in the 
virulence of P. syringae (Geibel et al., 1994; Mo et al., 
1995).  

Table 6.  Pearson’s correlation coefficients for mean lesion length in field and laboratory condition and plant organ diameter 

Diameter of: canker length (cm) in: 
 

shoot trunk excised shoot whole plant tree shoot tree trunk 

    1.00 0.57** Tree shoot 

   1.00 0.80** 0.95** Tree shoot+trunk 

  1.00 0.094ns 0.038ns 0.147ns Excised shoot 

 1.00 - 0.14ns 0.17ns 0.099ns Trunk diameter 

1.00 0.63** - 0.25** 0.37** 0.35* Shoot diameter 

* P≤0.05, **P≤0.01, ns not significant 
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Table 7.  A comparison of present result with other local reports 

Bouzari, 
2006 

Hamzeneghad 
et al., 2004 

Present 
study 

 
Cultivar* 

- - S Protiva 
I - S No 46 
I - I Ferracida 
I R S Shoaol-saltaneh 
I R I Siyah-mashhad 
R R I Haj-yoosofi 
I R S Dirras-italy 
I I HS Siyah-daneshkadeh 
R I S Lambert 
R I S Zard-90 
I I I Meikers 
I - S Rafat 

HS - S Roushon 
HS - S Sefidghermez-baghenow 

*HS=highly susceptible, S=susceptible, I=intermediate 

In conclusion, our result showed that cherry cultivars vary 
in susceptibility to P. s. pv. syringae which should be 
considered in orchard establishment/renewing by avoiding 
susceptible cultivars. It is also concluded that excised shoot 
bioassay is not enough reliable for cultivar discrimination 
and whole plant inoculation in orchard condition is 
recommended. We also recommend to use two-years-old 
seedlings if inoculation of the adult trees is not allowed. 
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