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Bitter rot in apple (Malus domestica Borkh.) is one 
of the most important apple diseases and it causes sig-
nificant economic losses in apple production world-
wide. The  disease can be generated by  several dif-
ferent  clades of  the genus Colletotrichum. The  most 
common clades are Colletotrichum acutatum species 
complex (CASC) and Colletotrichum gloeosporioides 
species complex (CGSC). C. fioriniae and C. nym-
phaea from CASC and C. siamense, C. theobromicola 
and C. fructicola from CGSC, are also known, thus far, 
to cause bitter rot on apple worldwide (Munir et  al. 
2016; Oo et al. 2018; Khodadadi et al. 2020). Problems 
with apple bitter rot have been encountered in  the 
USA and Canada (Biggs & Miller 2001), New Zealand 
(Everett et  al. 2018), Japan (Nekoduka et  al. 2018), 
South Korea (Oo et al. 2018) and Norway (Børve & 
Stensvand 2015). Mari et al. (2012) reported the first 

occurrence of  Colletotrichum acutatum on apple 
fruits in Italy. In the Czech Republic, the post-harvest 
infection of apple fruits by C. acutatum was observed 
in  2010 (Víchová et  al. 2012) and symptoms of  the 
disease were detected on the  immature apple fruit 
the following year (Víchová, unpublished data).

CASC was  described on the  basis of  numer-
ous studies and phylogenetic analyses reporting on 
the phenotypic diversity within the C. acutatum spe-
cies. Some of the species appear to have preferences 
to specific hosts or geographical regions. Others ap-
pear to be polyphagous and are present in multiple re-
gions (Damm et al. 2012). Currently, CASC includes 
34 species. However, the number of species is expect-
ed to increase due to the high genetic variability of the 
system and to  the increasing number of  population 
studies (Baroncelli et al. 2017). In general, the patho-
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gens C. acutatum sensu lato are polyphagous fungal 
pathogens and cause considerable economic losses 
not only in crops, but also in ornamental plants and 
coniferous woods throughout the  world. Symptoms 
on apple fruit begin as  small, dark brown spots 1 
to 2 mm in diameter and usually on the sun-exposed 
side of the fruit. Sometimes, the spots are surrounded 
by a red halo, which can expand to cover the entire 
fruit surface with one to several orange, sporulating 
lesions. The  infection eventually results in  the fruit 
drop. Fruits that appear asymptomatic on the apple 
tree can nevertheless develop symptoms during post-
harvest storage (Everett et al. 2015). During the grow-
ing season, mummified fruits, infected leaves, twigs, 
and buds are sources of infection (Børve & Stensvand 
2007), with the buds being a more important source 
of  the inoculum than the  twigs. Asymptomatic in-
fections of the vegetative and reproductive buds and 
leaves have been detected, with the pathogen occur-
ring in  the conidia formed on asymptomatic parts 
(Børve & Stensvand 2017; Everett et al. 2018). By the 
time the fruits begin to mature, the pathogen enters 
the cells through the hyphae that grow from the ap-
pressoria (Prusky et al. 2000). 

The CASC species can become an increasing pre- 
and post-harvest problem for Czech apple growers 
because apples are the  most cultivated fruit with 
a  production of  around 200  000 tonnes per year 
(Buchtová 2020). The aim of this study was to de-
termine the pathogenicity levels of the CASC iso-
lates and the subsequent susceptibility levels of ap-
ple fruits from selected cultivars. 

Material and Methods

Laboratory cultivation conditions of  isolates. 
All the isolates used in the tests were cultivated on 

potato dextrose agar (PDA) (HiMedia Lab, India) 
at a temperature of 25 °C under a 12 h photoperiod 
and 70% air humidity for 10 days. 

Molecular identification of isolates. Monosporic 
isolates (Table 1) were prepared from all the pathogen 
isolates. The species identity of the isolates was veri-
fied by conventional polymerase chain reaction (PCR) 
using specific primers designed for  the ITS1 a  ITS2 
regions of  gen 5.8S rRNA. Primer CaInt2 (5'-GGG 
GAA GCC TCT CGC GG-3'), specific for  C.  acu-
tatum, and primer CgInt (5'-GGC CTC CCG CCT 
CCG GGC GG-3') specific for  Cg were each used 
in  conjunction with the  conserved primer ITS4 (5'-
TCC TCC GCT TAT TGA TAT GC-3') Garrido et al. 
(2009). The  isolates were cultivated for  10–14 days 
and their DNA was extracted from the freeze-dry my-
celium with a DNeasy Plant Mini Kit (Qiagen, Ger-
many) according to the manufacturer’s instructions. 
The  PCR procedures were conducted according 
to Garrido et al. (2008) and adjusted for the reaction 
conditions of the Taq PCR Master Mix Kit (Qiagen, 
Germany). The  amplification process for  both spe-
cies-specific primers involved an initial denaturation 
of 3 min at 94 °C, followed by 35 cycles of denatur-
ation at 94 °C for 30 s, annealing at 60 °C for 30 s and 
extension at 72 °C for 2 min, a final extension at 72 °C 
for a 10 minutes. The amplified PCR products were 
electrophoresed on 1% agarose gel with a  1× TBE 
running buffer stained with GelRed® Nucleic Acid 
Gel Stain (Biotium, Inc., USA). The DNA bands were 
visualised in  an ultraviolet (UV) transilluminator. 
The  PCR products from the  isolates were purified 
with a  MinElute Gel Extraction Kit (Qiagen, Ger-
many) according to  the manufacturer’s instructions 
and sequenced with the same primers. The homology 
searches for the resulting sequences were performed 
by comparing with those deposited in the GenBank 
Nucleotide database using BLAST. 

Table 1. Isolates of the Colletotrichum acutatum species complex and their origins

Isolate Received as   Host Plant tissue Geographic origin

CBS 786.86 C. acutatum J.H. Simmonds Malus sylvestris  fruit Italy
DCSBPM J1 C. acutatum J.H. Simmonds Malus domestica ‘James Grieve’  fruit Czech Republic

PCF 231 C. acutatum J.H. Simmonds Fragaria × ananassa  fruit –

PCF 437 C. acutatum J.H. Simmonds Lupinus alba  stem –
DCSBPM 1209 – standard C. acutatum J.H. Simmonds Carthamus tinctorius  stem Czech Republic

CBS – culture collection of the Centraalbureau voor Schimmelcultures, Fungal Biodiversity Centre, Utrecht, The Neth-
erlands; DCSBPM – Department of Crop Science, Breeding and Plant Medicine, Mendel University in Brno, Brno, Czech 
Republic; PCF – Proefcentrum Fruitteelt vzw, Sint-Truiden, Belgium
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Evaluating the pathogenicity level. The pathoge-
nicity of five isolates from CASC (Table 1) was tested 
on apple fruits of  the cultivar ‘Golden Delicious’. 
The isolates were cultured on PDA under conditions 
suitable for  sporulation, at  a  temperature of  25  °C. 
The  fruits were thoroughly washed to  remove any 
post-harvest superficial infection. The surfaces were 
disinfected with 1% sodium hypochlorite for 2 min, 
then rinsed in sterile distilled water. The fruits were 
injured with a  sterile needle and were inoculated 
by pipetting 10 μL of the spore suspension into the 
wound. Sterile distilled water was  pipetted into 
the  injuries as  the control. The  number of  spores 
in the suspension was established by a Bürker cham-
ber, and all the samples were adjusted to a uniform 
concentration 4.2 × 104 conidia/mL. Fruits were 
placed on plastic trays that  had been covered with 
a sterile textile fabric and then with filter paper that 
was moistened with sterile distilled water. In  this 
manner, a  heightened humidity was  subsequently 
maintained in the vicinity of the sample. The plastic 
trays with the fruits were transferred to a cultivation 
room and were carefully wrapped in  plastic wrap 
for  48  hours. The  incubation temperature was set 
at 25 °C. The experiment was established on 10 fruits 
in  four replications. The  fruits were visually evalu-
ated at 10 days after inoculation (DAI). The pathogen 
was reisolated to confirm Koch’s postulate. The fruits 
were rated using the following criteria: disease inci-
dence (%) and disease severity (mm2) that was mea-
sured as  the diameter of  the lesions and expressed 
as the surface of the necrotic lesions on all the apple 
fruits. The results were statistically processed using 
Unistat, using a one-way analysis of variance (ANO-
VA) (factor: isolate) and evaluated by  Tukey’s hon-
estly significant difference test (Tukey-HSD test). 

Determining the susceptibility level of the ap-
ple cultivars. The level of susceptibility was tested 
on apple fruits of ten cultivars (‘Angold’, ‘Braeburn’, 
‘Florina’, ‘Golden Delicious’, ‘Jonagold’, ‘Jonagored’, 
‘Otava’, ‘Rubín’, ‘Rubinola’ and ‘Topaz’). The  fruits 
of the cultivars were collected in their optimal har-
vest window – from mid-September to  October. 
The  testing of  the susceptibility level was  carried 
out after two months of fruit storage under optimal 
conditions, a temperature of 4 °C and 85% humidity. 
Two pathogen isolates, DCSBPM 1209 and DCSB-
PM J1, were chosen as the inoculum source. Isolate 
DCSBPM 1209 from the safflower is used as a stan-
dard in all our experiments and isolate DCSBPM J1 
was a new isolate from the apple. The inoculation 

of the fruits, incubation conditions and replications 
were similar to those used in the pathogenicity test. 
The only differences were that all the samples were 
tested at a uniform concentration of 8.2 × 104 co-
nidia/mL and the fruits were visually evaluated af-
ter seven and 14 DAI. The results were statistically 
processed using Statistica 12 software to  perform 
the ANOVA and Tukey-HSD test. 

Results

Molecular identification of  isolates. All 
the tested isolates were confirmed to belong to the 
CASC by  the conventional PCR method. The  se-
quences of the isolates DCSBPM J1 and DCSBPM 
1209 were deposited in the GenBank and assigned 
accession numbers JN676198 for isolate DCSBPM 
J1 and JX876549 for  isolate DCSBPM 1209. This 
study was focused only on CASC, without any phy-
logenetic breakdown by species. However, species 
matches were found comparing these sequences 
with other sequences by  the BLAST program. 
The sequence of isolate DCSBPM J1 had 100% sim-
ilarity to species C. godetiae whereas the sequence 
of  isolate DCSBPM 1209 had 100% similarity 
to two species – C. chrysanthemi and C. laticiphi-
lum. The sequences of isolates CBS 786.86 and PCF 
231 were identical to  the sequence of  C. fioriniae 
and PCF 437 was matched to C. lupini.

Evaluating the  pathogenicity level. Differ-
ences in  the pathogenicity of  the CASC isolates 
were demonstrated in  the test. Significant differ-
ences were found among the  individual isolates 
in  both the  disease incidence and disease sever-
ity (Table  2). The  lowest disease incidence of  the 
apple fruit was  observed for  the isolate from lu-
pine. Likewise, the lowest disease severity was ob-
served for this isolate together with the isolate from 
the apple (CBS 786.86). The highest disease severity 
was confirmed in the isolates from the strawberry 
(PCF 231) and apple (DCSBPM J1). In comparing 
the apple isolates (CBS 786.86 × DCSBPM J1), no 
differences in the disease incidence were found, but 
significant differences were detected in the disease 
severity. The  greatest disease severity was  caused 
by isolate DCSBPM J1.

Determining the  susceptibility level of  the 
apple cultivars. Although the  isolates from both 
the  apple and safflower attacked the  fruits of  the 
tested apple cultivars with a high disease incidence 
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(Table  3), a  higher susceptibility of  the apple cul-
tivars was  recorded at  seven DAI for  the isolate 
DCSBPM J1 from the apple. At 14 DAI, the disease 
incidence was 100% in both isolates. At seven DAI, 
fruits inoculated with isolate DCSBPM J1 reached 
almost 2.5 times greater disease severity than did 
those inoculated with isolate DCSBPM 1209.

Due to  the significant differences between the 
tested isolates, the evaluation of  the susceptibility 
of the apple cultivars was performed for each iso-
late separately. 

Significant differences in  the disease incidence 
and disease severity were found between the tested 
apple cultivars after inoculation by isolate DCSBPM 
1209 (Table 4). At seven DAI, the disease incidence 
ranged from 57.5% (cultivar ‘Braeburn’) to  100% 
(cultivars ‘Angold’, ‘Jonagored’, ‘Otava’, ‘Rubín’, and 
‘Topaz’). At 14 DAI, the disease incidence was 100% 
in all the samples. At seven DAI, the lowest disease 
severity was demonstrated for the cultivar ‘Braeburn’, 
but at 14 DAI, the lowest disease severity was shown 
for  the cultivar ‘Jonagold’. At  seven DAI, the  high-
est disease severity was  observed for  the cultivars 
‘Otava’ and ‘Jonagored’. At 14 DAI, the highest dis-
ease severity was confirmed for the cultivar ‘Otava’. 

In both evaluation terms, and with the exception 
for cultivar ‘Jonagold’ at  seven DAI, 100% disease 
incidence was  found after inoculation by  isolate 
DCSBPM J1. Significant differences in the disease 
severity by  the apple isolate were confirmed be-
tween the tested apple cultivars (Table 4). At sev-
en DAI, the  lowest disease severity was  observed 
for the cultivar ‘Jonagold’, but at 14 DAI, the  low-
est disease severity was  found for  the cultivar 
‘Rubinola’. At  seven DAI, the  highest disease se-
verity was  reported for  the cultivars ‘Otava’ and 
‘Jonagored’. At 14 DAI, the greatest disease severity 
was confirmed for the cultivar ‘Otava’.

Discussion

The comparison of  the sequences of  the isolates 
in the GenBank revealed similarity to other sequenc-
es belonging to specific species CASC. Damm et al. 
(2012) also confirmed the affiliation of  isolate CBS 
786.86 to the species C. fioriniae. We found a mul-
ti-species match of the isolate from the safflower – 
C. laticiphilum and C. chrysanthemi. Damm et  al. 
(2012) stated that  the Internal transcribed spacer 
(ITS) sequence of  strain CBS 112989 belonging 
to  C.  laticiphilum matched 100% with AB042306 
and AB042307 from the isolates from the safflower 
and with AJ749675 belonging to  C. chrysanthemi. 
Likewise, they claimed, the  ITS sequence of  strain 
CBS 126518 belonging to C. chrysanthemi matched 
with 100% identity to AB042306 and AB042307 from 
the isolates from the safflower and Chrysanthemum 
spp. and with AJ749675 and AY376508 belonging 
to C. laticiphilum. 

Although all the tested isolates caused bitter rot 
on the  apple fruits, the  degree of  pathogenicity 

Table 2. Pathogenicity test for the selected Colletotrichum 
acutatum species complex isolates 

Isolate Disease incidence (%) Disease severity (mm2)
PCF 437 35.00A 27.18A

DCSBPM 1209 82.50B 236.15AB

CBS 786.86 82.50B 196.47A

DCSBPM J1 90.00B 734.76C

PCF 231 91.63B 481.79BC

Mean square 2 205.1 305 071.9

A–CDifferent capital letters within a column indicate significant 
differences (P ≤ 0.05) according to the Tukey-HSD test 
New identification of the isolates by the PCR method: CBS 
786.86 – Colletotrichum fioriniae; DCSBPM 1209 – Col-
letotrichum chrysanthemi or Colletotrichum laticiphilum; 
DCSBPM J1 – Colletotrichum godetiae; PCF 231 – Colleto-
trichum fioriniae; PCF 437 – Colletotrichum lupine

Table  3. Significant differences between the  sources 
of inoculum in both evaluation terms

Isolate
7 DAI 14 DAI

disease  
incidence (%)

disease  
severity (mm2) 

disease  
severity (mm2)

DCSBPM 1209 92.25A 86.55A 387.91A

DCSBPM J1 99.75B 223.52B 910.41B

Mean square 1 125 375 222.5 5 460 078

DAI – days after inoculation
A,BDifferent capital letters within a column indicate significant 
differences (P ≤ 0.05) according to the Tukey-HSD test
Multi-factor ANOVA (factors: isolate, cultivar). At 14 DAI, 
the disease incidence was 100% in both isolates. New iden-
tification of the isolates by the PCR method: CBS 786.86 – 
Colletotrichum fioriniae; DCSBPM 1209 – Colletotrichum 
chrysanthemi or Colletotrichum laticiphilum; DCSBPM J1 – 
Colletotrichum godetiae; PCF 231 – Colletotrichum fioriniae; 
PCF 437 – Colletotrichum lupine
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differed among them. As a result, the cross-infec-
tion and polyphagous character of  the pathogen 
were confirmed. Oo et al. (2018) showed, in  their 
pathogenicity testing, that  all the  tested isolates 
from the  Colletotrichum species were pathogenic 
to wounded apples. The authors found that isolates 
belonging to the CGSC produced larger lesions than 
did the isolates belonging to the CASC. Munir et al. 
(2016) came to  similar results. The  pathogenicity 
tests of Grammen et al. (2019) also showed that iso-
lates coming from strawberries and the cherry, are 
also pathogenic on apple fruits. The pathogenicity 
tests in  their study were performed by  wounding 
fruits while they said the  removal of  the physical 
barrier might result in  a  higher virulence of  the 
fungal isolates, might affect the fungal growth rates 
and can result in differences in susceptibility com-
pared to unwounded fruits. Staňková et al. (2011), 
in  their virulence tests, found that  CASC isolates 
from the  safflower were able to  infect strawberry 
and pepper fruits and confirmed the  cross-infec-
tion ability of other CASC isolates – CBS 786.86, 
PCF 231 and PCF 437.

In commercial apple cultivars, there are still no 
varieties resistant to CASC. Jurick et al. (2011) stud-
ied resistance in wild apples (working with an apple 

germplasm collection from a centre of origin in Ka-
zakhstan, maintained in  Geneva, New York) and 
they found that  of 271 Kazakh accessions, 94.4% 
were susceptible to  CASC, 4% moderately resist-
ant and only 1.4% were resistant. These data are 
important for conventional breeding programmes. 
We also found that  none of  our tested commer-
cial apple cultivars are resistant to  the pathogen 
isolates. There nevertheless exist different degrees 
of  susceptibility between them. The  disease inci-
dence in the individual cultivars ranged from 57.5% 
to 100%. 

The most cultivated apple cultivar in  the world 
– ‘Golden Delicious’ – showed high disease inci-
dence in  our test. Regarding the  infection sever-
ity, however, it was  one of  the cultivars with low 
to medium-high values relative to the others. Biggs 
and Miller (2001) had classified cultivar ‘Golden 
Delicious’ into a  moderately susceptible group. 
Their values for  the laboratory severity are close 
to our values for the disease severity in the second 
evaluation term. Yoder and Biggs (2019), in  their 
compiled list of apple cultivar susceptibility to bit-
ter rot, stated that the cultivar ‘Golden Delicious’ is 
highly susceptible and the cultivars ‘Braeburn’ and 
‘Jonagold’ are susceptible. 

Table 4. Susceptibility of apple cultivars inoculated by the Colletotrichum acutatum species complex isolates

Cultivar

 Isolate DCSBPM 1209 Isolate DCSBPM J1 
7 DAI 14 DAI 7 DAI 14 DAI

disease incidence 
(%)

disease severity 
(mm2)

disease severity 
(mm2)

disease incidence 
(%)

disease severity 
(mm2)

disease severity 
(mm2)

‘Braeburn’ 57.50A 5.75A 245.35AB 100.00A 168.63AB 861.34BC

‘Jonagold’ 85.00B 20.822AB 175.66A 97.50A 138.28A 712.74AB

‘Golden Delicious’ 90.00B 36.83BC 267.90AB 100.00A 198.90BC 808.15AB

‘Florina’ 95.00BC 47.54BC 279.87AB 100.00A 212.60C 910.62BC

‘Rubinola’ 95.00BC 49.97C 314.84B 100.00A 184.61BC 608.02A

‘Rubín’ 100.00C 98.67D 430.57C 100.00A 217.03C 936.82BCD

‘Topaz’ 100.00C 112.33D 467.15C 100.00A 186.24BC 850.04BC

‘Angold’ 100.00C 117.46D 527.80C 100.00A 266.39D 1 072.78CDE

‘Otava’ 100.00C 181.10E 643.97D 100.00A 322.69E 1 192.36E

‘Jonagored’ 100.00C 195.03E 525.80C 100.00A 339.85E 1 151.18DE

Mean square 725.3 17 180.4 92 921.9 8.5 17 402.2 138 466.1

DAI – days after inoculation
A–EDifferent capital letters within a column indicate significant differences (P ≤ 0.05) according to the Tukey-HSD test
One-way ANOVA (factor: cultivar). At 14 DAI, the disease incidence was 100% in both isolates. New identification 
of the isolates by the PCR method: PCF 437 – Colletotrichum lupine; DCSBPM 1209 – Colletotrichum chrysanthemi 
or Colletotrichum laticiphilum; CBS 786.86 – Colletotrichum fioriniae; DCSBPM J1 – Colletotrichum godetiae; PCF 231 
– Colletotrichum fioriniae
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The following may be concluded, based on our 
findings: all ten of  the tested apple cultivars were 
susceptible to  pathogens from CASC. However, 
a  different level of  susceptibility was  confirmed 
for  the tested apple cultivars. The  cultivars ‘Brae-
burn’, ‘Jonagold’ and ‘Rubinola’, as the least suscep-
tible to  the tested isolates of  the pathogen, could 
be recommended for  further studies on a  similar 
topic. On the other hand, more severe occurrenc-
es of  bitter rot could be recorded in  the cultivars 
‘Jonagored’ and ‘Otava’ that  were classified as  the 
most susceptible to the isolates in our study. These 
results could help not only growers for better ori-
entation in  the susceptibility of  apple cultivars 
to pathogens of bitter rot, but also breeders. Breed-
ing for resistance is one of the possible ways of con-
trolling bitter rot.

As part of the testing, a study of the pathogenic-
ity of  the isolates from CASC was  also included. 
Isolates were obtained from different host tis-
sues of a wider range of host plants. It was proven 
that the isolates were shown to be capable of cross-
infection, thus confirming the polyphagous ability 
of the tested isolates despite the genetic differences 
between the  individual species of  the Colletotri-
chum acutatum complex. 

Acknowledgement: We thank to  prof. Ing. Ra-
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REFERENCES 

Baroncelli R., Talhinhas P., Pensec F., Sukno S.A., Le Floch G., 
Thon M.R. (2017): The Colletotrichum acutatum species 
complex as a model system to study evolution and host 
specialization in plant pathogens. Frontier in Microbiology, 
8: 2001. doi: 10.3389/fmicb.2017.02001

Biggs A.R., Miller S.S. (2001): Relative susceptibility of se-
lected apple cultivars to Colletotrichum acutatum. Plant 
Disease, 85: 657–660.

Børve J., Stensvand A. (2007): Colletotrichum acutatum 
found on apple buds in Norway. Plant Health Progress, 8: 
49. doi:10.1094/PHP-2007-0522-01-RS

Børve J., Stensvand A. (2015): Colletotrichum acutatum on 
apple in Norway. IOBC/WPRS Bulletin, 110: 151–157.

Børve J., Stensvand A. (2017): Colletotrichum acutatum oc-
curs asymptomatically on apple leaves. European Journal 
of Plant Pathology, 147: 943–948.

Buchtová I. (2020): Situační a výhledová zpráva Ovoce 2020. 
Ministerstvo zemědělství ČR. Available at http://eagri.cz/

public/web/file/666701/SVZ_Ovoce_12_2020.pdf (ac-
cessed Aug 4, 2021).

Damm U., Cannon P.F., Woudenberg J.H.C., Crous P.W. 
(2012): The  Colletotrichum acutatum species complex. 
Studies in Mycology, 73: 37–113.

Everett K.R., Pushparajah I.P.S., Tylor J.T., Timudo-Torrevilla 
O.E., Spiers T.M., Ah Chee A., Shaw P.W., Wallis D.R. 
(2015): Evaluation of fungicides for control of bitter and 
sprinkler rots on apple fruit. New Zealand Plant Protec-
tion, 68: 264–274.

Everett K.R., Pushparajah I.P.S., Timudo O.E., Ah Chee A., 
Scheper R.W.A., Shaw P.W., Spiers T.M., Tylor J.T., Wal-
lis D.R., Wood P.N. (2018): Infection criteria, inoculum 
sources and splash dispersal pattern of  Colletotrichum 
acutatum causing bitter rot of apple in New Zealand. Eu-
ropean Journal of Plant Pathology, 152: 367–383. 

Garrido C., Carbú M., Fernández-Acero F.J., Budge G., 
Vallejo I., Colyer A., Cantoral J.M. (2008): Isolation and 
pathogenicity of  Colletotrichum spp. causing anthrac-
nose of strawberry in southwest Spain. European Journal 
of Plant Pathology, 120: 409–415.

Garrido C., Carbú M., Fernández-Acero F.J., Boonham N., 
Colyer A., Cantoral J.M., Budge G. (2009): Development 
of  protocols for  detection of  Colletotrichum acutatum 
and monitoring of strawberry anthracnose using real-time 
PCR. Plant Pathology, 58: 43–51.

Grammen A., Wenneker M., Van Campenhout J., Pham 
K.T.K., Van Hemelrijck W., Bylemans D., Geeraerd A., 
Keulemans W. (2019): Identification and pathogenicity 
assessment of  Colletotrichum isolates causing bitter rot 
of apple fruit in Belgium. European Journal of Plant Pa-
thology, 153: 47–63.

Jurick W.M. II, Janisiewicz W.J., Saftner R.A., Vico I., Gaskins 
V.L., Park E., Forsline P.L., Fazio G., Conway W.S. (2011): 
Identification of wild apple germplasm (Malus spp.) acces-
sions with resistance to the postharvest decay pathogens 
Penicillium expansum and Colletotrichum acutatum. Plant 
Breeding, 130: 481–486.

Khodadadi F., González J.B., Martin P.L., Giroux E., Bilodeau 
G.J., Peter K.A., Doyle V.P., Aćimović S.G. (2020): Iden-
tifcation and characterization of  Colletotrichum species 
causing apple bitter rot in New York and description of C. 
noveboracense sp. nov. Scientific Reports, 10: 11043. doi: 
10.1038/s41598-020-66761-9

Mari M., Guidarelli M., Martini C., Spadoni A. (2012): First 
report of Colletotrichum acutatum causing bitter rot on apple 
in Italy. Plant Disease, 96: 144. doi: 10.1094/PDIS-06-11-0483

Munir M., Amsden B., Dixon E., Vaillancourt L., Gauthier 
N.A.W. (2016): Characterization of Colletotrichum species 
causing bitter rot of  apple in  Kentucky orchards. Plant 
Disease, 100: 2194–2203.



304

Original Paper	 Plant Protection Science, 58, 2022 (4): 298–304

https://doi.org/10.17221/5/2022-PPS

Nekoduka S., Tanaka K., Sano T. (2018): Epidemiology 
of  apple bitter rot caused by  Colletotrichum acutatum 
sensu lato. Journal of General Plant Pathology, 84: 262–271.

Oo M.M., Yoon H.Y., Jang H.A., Oh S.K. (2018): Identification 
and characterization of Colletotrichum species associated 
with bitter rot disease of apple in South Korea. Plant Pa-
thology Journal, 34: 480–489.

Prusky D., Freemann S., Dickman M.B. (2000): Colletotri-
chum: Host Specificity, Pathology, and Host-Pathogen 
Interaction. St. Paul, Minnesota, APS Press. 

Staňková B., Víchová J., Pokorný R. (2011): Virulence of Colle-
totrichum acutatum isolates to several host plants. Acta 

Universitatis Agriculturae et Silviculturae Mendelianae 
Brunensis, 59: 161–169.

Víchová J., Staňková B., Pokorný R. (2012): First report 
of  Colletotrichum acutatum on tomato and apple fruits 
in the Czech Republic. Plant Disease, 96: 769. doi: 10.1094/
PDIS-10-11-0849-PDN

Yoder K.S., Biggs A.R. (2019): Table of  apple cultivar sus-
ceptibility to bitter rot. Extension Apples Community of 
Practice. Available at  https://apples.extension.org/table-
of-apple-cultivar-susceptibility-to-bitter-rot/ (accessed 
Jul 20, 2021).

Received: January 12, 2022
Accepted: August 4, 2022

Published online: September 22, 2022


