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Summary. Symptoms of Calosphaeria canker were observed on sour cherry trees in 
the Stip region of North Macedonia. Fungal isolates were obtained from the infected 
twigs and branches showing external symptoms of twig dieback, occasionally followed 
by amber-coloured gummy exudates and brown to black vascular streaking in tissue 
cross-sections. The fungus was identified as Calosphaeria pulchella (Pers.: Fr.) J. Schröt 
(syn. Calosphaeriophora pulchella Réblová, L. Mostert, W. Gams & Crous), based on 
its morphology, and this identification was confirmed by sequence comparison in the 
GenBank database using the internal transcribed spacer region (RBK02_ITS1-ITS4) of 
the rDNA. The sequences had 100% identity and 100% query coverage with C. pul-
chella reference isolate SJC-6+ITS Internal transcribed spacer 1. Pathogenicity tests 
conducted on sour cherry and apricot trees showed that the obtained isolates were 
pathogenic to sour cherry, but not to apricot. This is the first report of Calosphaeria 
pulchella on sour cherry trees in North Macedonia, and in the Balkan region. This 
study increases understanding of the status of C. pulchella as a pathogen in this region.
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INTRODUCTION

Trunk and branch canker diseases have been reported in many countries, 
particularly indicating the prevalence of these diseases among Prunus spp., and 
the increasing concerns among related fruit production industries. Common 
symptoms of these diseases include wood necroses and cankers on the plant 
trunks or scaffold branches, necroses of woody tissues, and gummoses. As a 
result of host zylem and phloem disruption, movement of water and nutrients 
may cease, resulting in death of cambial and bark tissues and shoot and branch 
dieback. Over time, significant parts of affected trees or whole trees may die, 
while other trees in an orchard may remain unaffected.

http://www.fupress.com/pm
https://doi.org/10.36253/phyto-15660
https://doi.org/10.36253/phyto-15660
https://doi.org/10.36253/phyto-15660
https://www.fupress.com
https://www.fupress.com
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/publicdomain/zero/1.0/legalcode
https://orcid.org/0000-0003-2004-4687
https://orcid.org/0009-0002-0825-7487
https://orcid.org/0000-0002-8978-4635
https://orcid.org/0000-0002-3361-0759
mailto:sasa.mitrev@ugd.edu.mk


4 Sasa Mitrev et alii

Literature has reported that Cytospora canker, also 
known as perennial canker, Eutypa dieback, and Calo-
sphaeria canker, are the most common diseases in cher-
ry trees (Trouillas et al. 2012). Most studies referred to 
canker in sweet cherries, while information on the dis-
ease in sour cherries is scarce. Pruning wounds are the 
main entry points for the pathogens causing these dis-
eases. Calosphaeria pulchella (Pers.: Fr.) J. Schröt (syn. 
Calosphaeriophora pulchella Réblová, L. Mostert, W. 
Gams & Crous) is associated with Calosphaeria can-
ker in sweet cherry trees, and has been reported on 
sweet cherry in Spain (Berbegal et al., 2014; Berbegal 
and Armengol, 2018), Australia (Trouillas et al., 2012), 
California (Trouillas et al. 2010), France (Réblová et al., 
2004), Italy (Cainelli et al., 2017), Germany (Bien and 
Damm, 2020), Chile (Auger et al. 2020), and in Turkey 
(Özben and Uzunok, 2023). The fungus also occurs on 
peach (Prunus persica) (Grinbergs et al., 2023), nectarine 
(P. persica) (Trouillas et al., 2012), and almond (P. dul-
cis) (Arzanlou and Dokhanchi, 2013). Relevance of the 
pathogen on other Prunus spp. is insufficiently explored. 
Perithecia of the pathogen are commonly produced 
beneath the periderms of dead and diseased branches. 
Asexual fruiting bodies of the pathogen have not been 
observed in nature, but an Acremonium-like anamo-
rph was observed in culture by Réblová et al. (2004), for 
which Calosphaeriophora was proposed.

Rain and sprinkle irrigation favour the release of 
C. pulchella ascospores, which are the primary inocula 
(Trouillas et al., 2012). Canker has been noticed in estab-
lished sour cherry orchards in the region of Stip during 
the last 10 years., in the Eastern part of North Macedonia. 
Although symptoms of canker are commonly observed on 
individual trees in sour cherry orchards in the Republic of 
North Macedonia, no study has identified the causal path-
ogens in this country. There is also no literature on occur-
rence of canker in sour cherries in the rest of the Balkan 
Peninsula, nor in Serbia, which are important areas for 
sour cherry production in the Balkans and Europe.

The aim of the present study was to characterize 
the causal agent of sour cherry canker in orchards of 
the Stip province, using phenotypic characteristics and 
provide description of morphological and molecular fea-
tures of the pathogen.

MATERIALS AND METHODS

Experimental sites

The investigated commercial sour cherry tree 
orchards were located in the region of Stip, covering 
the area of 60 ha in the Eastern part of North Macedo-

nia. During 2019, symptoms of canker were observed 
in approx. 10% of the cv. Oblachinska trees, which is a 
leading sour cherry variety grown in North Macedonia 
and the Balkan region. Harvested fruit is mainly used 
for industrial processing, although fresh consumption 
is also important because the fruit have high sugar and 
antioxidant contents (Karakashova et al., 2022). The 
trees were 5 to 10 years old at the time of the investiga-
tion. Spacings between trees in the orchards were 2.5 m 
within rows and 4 m between rows. Regular agrotechni-
cal measures applied to the orchards include drip irriga-
tion and annual pruning in early spring. Winter treat-
ments included copper fungicides and insecticidal oil 
applications, while growing season regular protection 
was applied against Monilinia, using fungicides based on 
boscalid, pyraclostrobin, captan, or dithianon.

Pathogen isolation and pathogenicity tests

Symptomatic branches, suggesting canker disease, 
were collected from ten sour cherry trees. The bark was 
removed, and small pieces of wood were cut between dis-
eased and healthy tissues. These wood samples were ster-
ilized using 56% ethanol for approx. 30 s, double rinsed 
in sterile distilled water, dried, and then placed in Petri 
dishes containing potato dextrose agar (PDA; Biolife). 
The dishes were then maintained in the dark at 25°C 
until mycelium developed. Cultures were purified by 
transferring single hyphal tips onto new sterile PDA Petri 
plates. The fungal isolates obtained have been deposited 
in the culture collection of the UNILAB laboratory.

Pathogenicity of the isolates was assessed by inocu-
lating healthy 5-year-old sour cherry plants (cv. Obla-
chinska) in May 2019. Circular injuries were made on 
the scaffold branches using a sterile knife. Inoculations 
were made using water suspension (108 CFU) from 
actively growing 7-d-old mycelium cultures, after which 
the inoculated wounds were covered with sterile cotton 
and plastic film (Figure 5 A). Water suspensions of ster-
ile PDA were used as a negative inoculation control, fol-
lowing the same procedure for inoculation. Inoculated 
branches and trees were examined for symptoms every 
2 weeks for the following 3 months. Pathogenicity of the 
isolates to apricots (cv. ‘Roxana’) was also assessed, using 
the procedures described above.

Morphological characterization of isolated fungi

Isolates were tentatively identified using available lit-
erature (Réblová et al., 2004; Trouillas et al., 2012). Colony 
morphology was assessed after 20 d incubation on PDA at 



5Calosphaeria canker of sour cherry

25°C, with cultures maintained in the dark to character-
ize the fungus anamorph. Colony colour was assessed, 
and size, colour and shape of conidiophores, phialides, and 
conidia were observed using an Olympus BX41 light micro-
scope. Measurements fungus characteristics (n = 100) were 
conducted in water at ×1,000 magnification using an ocu-
lar micrometer. Images of the fungi captured using a digital 
camera (Olympus U-CMAD3, Mini Vid, LW Scientific).

DNA extraction, PCR amplification and sequencing

Identification of the isolates was achieved using 
polymerase chain reaction (PCR) by amplification 
of the internal transcribed spacer region (ITS) of the 
rDNA. Total genomic DNA was extracted according 
to the protocol of Möller et al. (1992). DNA amplifi-
cation of the ITS region (Internal Transcribed Spac-
er region of the rDNA) was achieved using primers 
ITS1 (5ʹTCCGTAGGTGA ACCTGCGG3ʹ) and ITS4 
(5ʹTCCTCCGCTTATTGATATGC3ʹ) (Ferrer et al., 2001). 
PCR reactions were carried out in a thermal cycler 
(Eppendorf AG, No.5332) as follows: initial denatura-
tion for 3 min at 95°C; amplification for 40 cycles of 
of 30 sec each; denaturation at 95°C, 1 min of primer 
annealing at 55–60°C and 45 sec for extension at 72°C, 
followed by a final step at 72°C for 5 min (Ferrer et al., 
2001). PCR fragments were separated on 1.5% agarose gel 
(UltraPureTM Agarose, Invitrogen), stained in ethidium 
bromide and visualized under UV light. PCR-amplified 
fragments were used to construct libraries with rapid bar-
coding for Oxford Nanopore sequencing on the MinION 
device, using a Flongle flow cell. Total genomic DNA was 
extracted according to the protocol of Moller et al. (1992). 
The sequencing run produced 1,354 sample-specific 
reads in FASTQ format, which were then analyzed for 
taxonomic classification through the wf-metagenomics 
workflow on the EPI2ME platform. This workflow lev-
eraged the NCBI Targeted Loci database, encompassing 
16S rDNA, 18S rDNA, and ITS regions, to ensure accu-
rate taxonomic assignment. Additionally, a consensus 
FASTA sequence of the ITS region was generated using 
the Medaka pipeline (https://github.com/nanoporetech/
medaka), and BLASTn analysis was carried out to iden-
tify sequences with significant alignments.

RESULTS AND DISCUSSION

Disease symptoms on naturally infected sour cherry trees

Canker symptoms were observed on cv. ‘Oblachin-
ska’ sour cherry trees that had been growing under stress 

conditions (lack of water), with the symptoms appear-
ing on wood and bark of twigs, branches and trunks. 
Trees in early stages of disease showed less visible symp-
toms, particularly in old scaffold branches and trunks, 
whereas symptoms on young twigs were more noticeable, 
including twig dieback and dead buds, occasionally with 
amber-coloured gummy exudate (Figure 1 B). Cankers 
were usually observed on host plant scaffold branches 
and trunks in latter stages of infections, and were often 
accompanied by gum exudation that leached from the 
cankers. Brown to black vascular streaking was visible in 
branch cross-sections, as circular discolouration within 
the tissue which advanced gradually from the heartwood 
into the sapwood (Figure 1 A). Symptoms of dead arm, 
twig, and branch dieback, and leaf desiccation were also 
observed (Figure 1 D). In severe cases and mostly in old-
er trees, periderm was detached from the phloem, and 
perithecia bodies in circinate groups were present (Fig-
ure 1, C and F). Occasionally, large parts of affected trees 
were evident, and some trees were dead. These observed 
symptoms indicated the presence of Calosphaeria canker.

Morphological and cultural features of isolated fungi

Ten fungal isolates were obtained from sour cherry 
trees which had trunk or branch cankers and sympto-
matic young twigs. All the isolates had similar appear-
ances, and their colonies were slow growing and distinct. 
After 15 d at 25°C, the isolate colonies had ceramide red 
moderate aerial mycelium with white margins.. After 30 
d incubation, the colony colour became more intense 
dark purple (Figure 1 G). Young hyphae were hyaline 
with red pigmentation developing in cells, which had 
striped appearance when examined with light microsco-
py (Figure 2 A). Well-developed hyphae were completely 
red (Figure 2, A, B, and D). Individual hyphae grew in 
circular formations, giving a unique appearance (Figure 
2 B). Conidiophores were phialidic, unbranched, and 
hyaline while conidiogenous cells (phialides) were hya-
line, terminal or lateral, and monophialidic. Two types 
of phialides, which differed in size and shape, were 
observed on aerial mycelium. Type I phialides were the 
shortest, and were vase shaped adelophialides (Figure 
2 F). Type II phialides were elongate ampulliform and 
slightly attenuated at the bases (Figure 2, D, and E). 
Conidia were hyaline, aseptate, allantoid to suballantoid 
in shape, with mean dimensions 2.7–9.3 × 1.3–2.5 μm 
(Figure 2 G). Perithecia were black, flask-shaped, with 
elongated necks, and were arranged in dense circinate 
groups beneath the periderm (Figure 1 F).

Morphological characteristics of the anamorph 
observed in culture, and teleomorph structures found 

https://github.com/nanoporetech/medaka
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in the field, accorded with those described as Calospha-
eria pulchella by Réblová et al. (2004) and Trouillas et 
al. (2012).

Molecular identification of isolates

PCR fragments were separated on 1.5% agarose 
gel, stained in ethidium bromide, and visualized under 
UV light. The PCR products corresponded to size 330 
bp for ITS. Three out of four samples indicated of C. 

pulchella. The identity of the fungus was further con-
firmed by sequencing, using one representative isolate. 
The taxonomic assignment conducted using the wf-
metagenomics workflow identified a single hit corre-
sponding to C. pulchella. Subsequent BLASTn analysis of 
the consensus sequence revealed a significant match to 
C. pulchella isolate SJC-61. Identification of C. pulchella 
isolates was confirmed by sequence comparison in the 
GenBank database using the internal transcribed spac-
er region (RBK02_ITS1-ITS4) of the rDNA. Sequences 

Figure 1. Symptoms of Calosphaeria canker on sour cherry observed in the field (A to D), and after inoculation (E). A, Internal wood 
necrosis and vascular discolouration. B, Twig dieback and dead buds. C and F, Bark cracking and appearance of circinate groups of peri-
thecia on the scaffold branches beneath the periderm. D. Symptoms of dead arm. E. Gummy exudate on an inoculated trunk. G, Colony of 
isolate on PDA after 21 d incubation at 25°C.
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showed 100% identity and 100% query coverage with 
C. pulchella reference isolate SJC-6+ITS Internal tran-
scribed spacer 1. The ITS sequence of one of the isolates 
obtained in this study was deposited into the GenBank 
(AN PP063991.1).

Pathogenicity tests

Pathogenicity tests showed that the C. pulchella iso-
lates were pathogenic to sour cherry, but not to apri-
cot. Observed symptoms on inoculated trees were very 
similar to the naturally occurring symptoms. Cankers 
appeared on inoculated trunks and scaffold branches, 
showing extensive hyaline gummy exudate (Figure 1 E), 
followed by dieback and gummoses on shooting twigs, 
as well as leaf decay and dieback of inoculated trunks. 
Development of the C. pulchella teleomorph was not 
observed on the inoculated branches. The pathogen 
was re-isolated from symptomatic twigs at 100% recov-
ery rate, and its identity was confirmed, thus fulfill-
ing Koch’s postulates. No recovery of C. pulchella was 
obtained from the non-inoculated branches.

CONCLUSIONS

Disease symptoms, and the morphological and 
molecular analyses in this study confirmed the presence 
of C. pulchella on sour cherry in North Macedonia, and 

this fungus and its anamorph are well-known as plant 
pathogenic Ascomycetes. The circinate groups of perithe-
cia that occurred on host trunks and beneath the peri-
derm are important signs for easy and quick diagnoses 
of Calosphaeria canker in the field. Pathogenicity of C. 
pulchella is well documented on sweet cherry, peach, 
nectarine and almond, but its relevance on sour cherry 
and on the other Prunus spp. is sinsufficiently explored. 
Only the study of Bien and Damm (2020) has report-
ed isolation of C. pulchella from sour cherry, and that 
described a phylogenetic analysis of wood pathogens on 
Prunus trees in Germany.

Results from the present study confirm the patho-
genicity of the C. pulchella isolates to sour cherry, and 
have shown that these isolates were not pathogenic to 
apricot. These results are the first identification of Calo-
sphaeria pulchella (syn. Calosphaeriophora pulchella) 
causing canker on sour cherry in North Macedonia, in 
the Balkan region, and elsewhere in Central Europe. 

Further research is required to determine the 
potential impacts of Calosphaeria canker on sour cher-
ry and its potential to cause dieback diseases. It was 
observed that trees grown under stress conditions, par-
ticularly excess water, promote disease development. 
Winter treatments with copper fungicides and insecti-
cidal oils, as well as chemical treatments based on the 
multi-site contact fungicides captan and dithianon, and 
the succinate-dehydrogenase inhibitor boscalid and the 
quinone outside inhibitor pyraclostrobin, which are 

Figure 2. Morphology of Calosphaeria pulchella. A, Hyphae on PDA after 21 d incubation at 25°C. B, Coiled hyphae. C, Conidia forming in 
bunches. D, Two phialides. E, Type II phialide. F, Adelophialide. G, Allantoid to suballantoid hyaline conidia formed on PDA.
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used for regular protection against Monilinia in inves-
tigated general area of this study, have been shown to 
be ineffective against C. pulchella. Therefore, specific 
management strategies must be developed to reduce the 
impact of Calosphaeria canker, to provide sustainability 
in sour cherry production. If C. pulchella is not man-
aged, it could result in substantial economic losses for 
sour cherry producers.

This research has increased knowledge of the aeti-
ology of canker diseases affecting sour cherry trees and 
suggest that more attention should be given to Calospha-
eria canker disease on sour cherries in the Balkans.
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