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Abstract: For the years 2012-2018, we investigated the occurrence of storage diseases caused by fungi
on four cultivars of apples grown in the central part of Poland. The fruits were picked in orchards
managed with Integrated Pest Management (IPM) practices and stored in a cold room for 5-7 months.
Depending on the season, apple cultivar and localization of orchard, the incidence of diseases was
different. On apple cvs “Gala”, “Ligol” and “Golden Delicious”, bull’s eye rot (Neofabraea spp.)
was the most frequently observed disease, whereas on apple cv. “Gloster”, gray mold (Botrytis
cinerea) predominated. The blue mold (Penicillium expansum), brown rot (Monilinia spp.) and fungi
of Alternaria spp. occurred at significantly lower intensity. We detected the occurrence of the new
storage diseases of apples caused by Colletotrichum spp., Neonectria ditissima and Diaporthe eres.
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1. Introduction

For many years, Poland has been a leader in apple production in the EU (4 million
tons in 2021). It is ranked third in the world in terms of apple production after the USA and
China. New fruit-storing technologies allow the storage of apples for up to 12 months [1].
An effect of long periods of storage is the occurrence of diseases, both of biotic and abiotic
origin, which can also cause a significant loss of fruit. This reduces the profitability of apple
production [2,3].

Diseases of biotic origin are mainly caused by fungi. There are more than 90 species of
fungi causing the post-harvest diseases described [4], but their occurrence and importance
differ from year to year and depend on the cultivation region, climate, cultivar, technology
of production, and storage of the fruit. Storage diseases are a consequence of fruit infection
that occurs during the growing season and initially remains quiescent until fruit maturation,
or infection by injuries (skin damage) that occur before harvesting, during harvesting, or
during marketing of fruit [5]. The main factors determining the occurrence of diseases are
the presence in the orchard of the source of infection, susceptibility of apple varieties, and
weather conditions that favor the development of fungi [6].

In Poland, in the 1950s, the most common apple storage diseases were blue mold
(Penicillium expansum Link.) and brown rot Monilinia fructigena (Aderh. Et Ruhl.) Honey) [7].
At this time, studies were conducted on apple cvs “Antonéwka”, “Queen Renet”, “Emperor
Wilhelm”, and “Wealthy”, and the fruits were stored in primitive conditions (cellars, storage
rooms). In the 1960s, bitter rot of apples was reported, and the fungus causing the disease
was Gloeosporium spp. [8]. In later years, when the cultivars “Gala”, “Szampion”, “Ligol”,
and “Golden Delicious” were commonly grown, this disease posed the greatest threat for
stored apples [9], whereas gray mold (Botrytis cinerea Pers.) caused large losses on apples of
cvs. “Gloster”, “Elstar”, and “Gala”. Moreover, blue mold and brown rot were not a major
problem at that time in Poland [9,10].

Bull’s eye rot, caused by fungi from the genus Neofabraea (former name Pezicula), is
also found in many European countries, such as Germany [11], France [12], and Italy [13],
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and in the northwestern states of the USA [14], some parts of Canada [15], Chile [16],
and Australia [17]. Numerous studies were conducted to identify the causal agents of
the disease [15,16,18]. In Poland, studies showed that Neofabraea alba is the predominant
disease-causing species, N. perennans is much less frequent, and N. kienholzii is sporadic [19].

In addition to these four most-important diseases of apples (bull’s eye rot, gray mold,
blue mold, and brown rot) other apple storage diseases also occur. In the last few years, in
some European countries, the incidence of anthracnose caused by fungi from the genus
Colletotrichum spp. has been observed [11,12,20]. In the years 2012-2017, new apple
pathogens such as Fibulorhizoctonia psychrophila, Fusarium avenaceum, Colletotrichum godetiae,
and Truncatella angustata were found in the Netherlands. Only the first of these species was
very common, whereas the others were found sporadically [21]. In the USA, new problems
of apple rot are due to Sphaeropsis pyriputrescens and Phacidiopycnis washingtonensis [22].

Identifying the causal agents and determining the diseases that affect stored apples
is necessary to develop an effective means to control them, and consequently reduce
economic losses.

The aim of this study was to evaluate the type and incidence of biotic diseases oc-
curring on apples of several cultivars stored in Poland: “Gala”, “Ligol”, “Gloster”, and
“Golden Delicious”.

2. Materials and Methods
2.1. Monitoring and Sample Collection

The studies were carried out during six storage seasons (2012-2018) on apples of
four commonly cultivated varieties, stored in a cold room. Fruits were picked in or-
chards located in Central Poland (Dabrowice (orchard A; 51°54/52.5”N, 20°06’40.3”E) and
Biata Rawska (orchard B; 51°52/00.2”N, 20°31'10.0”E) near Skierniewice; Trzylatkéw (or-
chard C; 51°47'50.9”N, 20°42/03.4”E) near Gréjec; and Zawada (orchard D; 50°48'35.2”N,
19°19’20.9”E) near Czestochowa) protected according to Integrated Pest Management
(IPM) rules, but without any pre-harvest applications against storage diseases. Apples of
cv. “Ligol” were evaluated during 6 storage seasons (10 trials), “Gala” during 4 seasons
(7 trials), “Golden Delicious” during 3 seasons (3 trials), and “Gloster” during 2 seasons
(2 trials). From each location, 1000 fruits from central parts of canopies were harvested at
stage BBCH 87 (fruits ripe for picking) and their maturity was determined on the basis of a
starch test. They were stored in the experimental cold room of The National Institute of
Horticultural Research in Skierniewice, at a temperature of 2 °C and relative air humidity
of 90-92%. The sample of each variety amounted to 1000 apples (4 crates of 250). Storage
was finished when the apples reached the conditions of consumption maturity. Depending
on the variety, the number of healthy and infected apples was assessed after 5-7 months.

2.2. Diagnostics of Apple Storage Diseases

After storage, symptomatic apples were counted and the results are presented as
disease incidence, that is, the percent of fruits displaying symptoms of a particular disease,
per cultivar and per orchard.

Diseases were diagnosed on the basis of their macroscopic symptoms (size and look
of rot, color, smell, presence of mycelium and spores). In the case when etiological signs
of the disease were absent, the fruits were examined for the identification of a causal
agent. The surface of symptomatic fruits was disinfected by rinsing with ethanol 70%,
the peel was locally removed, and a piece of flesh fruit was taken from the margin of
healthy and rotten tissue and transferred onto a Petri dish with PDA medium (Difco
Laboratories, Sparks, MD, USA). After 7 days of incubation at 20 = 1 °C, the fungal species
were preliminary determined based on morphological features. Based on the appearance
of the colonies, and the shape and size of the spores, the species were determined using
available keys [23]. When this evaluation was not sufficient for identification, a molecular
approach was applied. From fungal mycelium, DNA extractions using a GeneMATRIX
Plant & Fungi DNA Purification Kit (EURx, Gdarnisk, Poland) were made following the
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manufacturer’s instructions and concentrations of obtained nucleic acids were measured
using a NanoDrop 1000 spectrophotometer. The DNA was used as a matrix in PCRs with
species-specific primers: Calnt2 [24] and ITS4 [25], specific for Colletotrichum acutatum sensu
lato, in multiplex PCR with species specific primers for Neofabraea spp. [19], or in PCR with
primers universal for fungi ITS1 and ITS4 [25]. The concentrations of components and
thermal profiles of PCRs were applied as proposed by the authors of the primer sets. The
products of the PCR with ITS1/1TS4 set were sequenced. Sequencing was performed by
GENOMED SA (Warszawa, Poland), as the commercial service, then obtained sequence
data were used as a query in the GenBank sequence database.

Results of identification obtained for each disease are expressed in percentage of
infected fruits in comparison to all stored in a sample.

3. Results and Discussion

Research carried out during six storage seasons showed a very high variation in the
incidence of diseases of apples of biotic origin depending on the season, apple cultivar,
and location of the orchard. Apples of the same variety, stored in the same conditions
during the season, but from different orchards, were affected to different degrees. For
example, on apples of the cv. “Ligol” from orchard A in the 2012/2013 season, total rot
equaled 5.5%, whereas on apples from orchard B, rot was three times higher (16.9%, Table 1).
Similarly, in the 2013/2014 season, among “Gala” apples, 59.1% of fruits were rotted from
orchard (C), whereas only 12.8% were rotted from orchard (A). This is probably due to
different the phytosanitary status of these orchards, because some of the fungi causing
apple diseases are also pathogens of bark and wood, or occur as saprotrophs in apple
tree crowns as a source of apple infection [14]. Analysis of the type of disease on apples
of the examined cultivars showed that the most common disease was bull’s eye rot, and
results from 217 multiplex PCRs indicated the presence of N. vagabunda as the causal agent.
Disease incidence varied from 0.4 to 55.8% depending on the cultivar, season, and location
of the orchard. In particular, the highest level of infection of fruits was observed on apples
cv. “Gala” and “Ligol” which, in the 2013/2014 season, amounted to 55.8% and 33.3%,
respectively. In contrast, the lowest infestation, regardless of the cultivar and orchard
location, was observed in the 2012/2013 season (0.4-5.7%). Bull’s eye rot has also been
indicated by many authors in several reports as an important disease of apples [11-17].

The second most-frequent disease was gray mold (Botrytis cinerea Pers.). The incidence
of the disease on cvs. “Ligol”, “Golden Delicious”, “Gala”, and “Gloster” was an average
level and amounted to 3.2%, 1.8%, 2.4%, and 4.4%, respectively (Table 1). Gray mold is
considered to be one of the most important post-harvest diseases of various fruits and
vegetables, including apples [26]. Infection occurs via damage to the apple skin or as a
result of latent infection. Before placing apples in cold storage there are no symptoms,
which only develop during storage [27].

The third most-common disease was blue mold of apples (Penicillium expansum Link),
for which disease incidence ranged from 0.2 to 3.4% (Table 1). This is a typical disease
of stored apples, which develops at the site of skin damage and its incidence depends
primarily on the quality of the apple skin and the presence of damage. Careful harvesting
and effective fruit protection against pests help reduce the occurrence of the disease in
commercial orchards [28]. Nonetheless, Penicillium species can be important pathogens of
stored apples in some growing regions such as Romania and Greece [29,30].

The lowest disease incidence, not exceeding 1%, was for brown rot of apples caused
by Monilinia spp. (Table 1). Very few fruits with symptoms were observed within each
batch of 1000 apples; hence, disease incidence did not exceed 1% at each study site. This
is congruent with previous studies confirming a negligible contribution of this disease in
apple rot [9,31]. In contrast, Ivic et al. [2] found that, on “Idared” apples in Serbia, brown
rot was the dominant disease, causing losses averaging 3.1%.
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In addition to the diseases mentioned above, which have been described in Poland in
the past [9,31], new diseases were detected, such as alternariosis caused by Alternaria spp.,
and fruit rots caused by Colletotrichum spp. and Neonectria ditissima (Table 1).

Table 1. Intensity of post-harvest diseases in years 2012-2018.

% of Apples with Disease Syptoms after Storage

Storage
Season Bull’s Eye Rot Bitter Rot Gray Mold Brown Rot Blue Mold Alternariosis Rot Caused
Orchard (anthracnose) . g o . by
Neofabraea . Botrytis Monilinia Penicillium Alternaria .
Total s Colletotrichum cinerea fructigena expansim s Neonectria
PP spp- 8 P pPp- ditissima
“Ligol”
2012/2013
Orchard A 5.5 2.7 0 0.1 0.2 1.8 0.7 0
Orchard B 16.9 57 0 6.9 0.2 3.1 1.0 0
2013/2014
Orchard A 41.3 33.3 0.4 5.4 0 1.0 0.9 0.3
Orchard B 20.6 17.2 0.2 2.3 0 05 0.2 0.2
2014/2015
Orchard A 222 10.0 42 5.0 0 1.7 1.1 0.2
Orchard B 3.0 0.6 0.1 12 0.1 0.2 0.6 0.2
Orchard D 7.0 3.4 0 2.8 0 0.3 0 0.5
2015/2016
Orchard A 12.8 5.6 0.1 2.8 0.2 19 22 0
Orchard D 59 2.7 0 2.0 0.1 0.5 0.6 0
2016/2017
Orchard A 9.7 2.5 15 3.5 0.3 15 0.4 0
“Golden Delicious”
2012/2013
Orchard A 4.7 12 0 0.1 0 3.3 0.1 0
2013/2014
Orchard A 13.2 10.6 0.1 13 0 1.1 0.1 0
2016/2017
Orchard A 6.9 0.6 0.4 3.9 0 1.7 0.3 0
“Gala”
2013/2014
Orchard A 12.8 11.7 0.1 0.5 0 0.3 0 0.2
Orchard C 59.1 55.8 0 2.2 0.5 0.5 0 0.1
2015/2016
Orchard C 25.3 21.8 0 2.8 0.4 0.2 0 0.1
2016/2017
Orchard C 19.8 13.2 0.3 5.1 0.4 0.7 0 0.1
Orchard C 13.8 47 0 51 0.4 3.4 0 0.2
2017/2018
Orchard A 42.0 38.8 0 1.3 0 1.9 0 0
Orchard B 252 23.6 0 0.03 0 1.6 0 0
“Gloster”
2012/2013
Orchard A 8.7 0.4 0 6.8 0.1 14 0 0
2013/2014
Orchard A 9.6 5.9 0 2.0 0 14 0 0.3

Alternariosis of apples, caused by fungi of Alternaria spp., occurred only on apple
cvs. “Ligol” and “Golden Delicious”, with a low incidence, averaging 0.8% and 0.2%,
respectively (Table 1). Fungi of the Alternaria species are usually considered to be secondary
apple pathogens that develop on previously damaged fruit tissue. They infect via skin
damage, punctures caused by insects, and fruits with symptoms of various physiological
changes [5]. The symptoms of alternariosis observed in these studies were in the form of
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deep and extensive rot with irregular edges and dark-brown color. In the fruit cross-section,
the rotting pulp also had brown-black discoloration [32].

Previous research has shown that apple rot caused by Colletotrichum spp. has been
sporadic in Poland, possibly because of its similar symptomatology with bull’s eye rot
disease [33]. The first symptom observations occurred in the 1990s and the causal agent
was believed to be the fungus Glomerella cingulata (anamorph Colletotrichum gloeosporioides),
according to Sutton and Shane [34]. Due to the more frequent occurrence of the disease,
especially since 2009, etiological studies have been undertaken, which showed that the
disease is caused by the fungus Glomerella acutata (Colletotrichum acutatum), and a distinct
disease called apple and pear anthracnosis was identified [35], which is similar to the
existing name in the English literature for diseases caused by the fungi from the genus
Colletotrichum spp. (anthracnose or bitter rot). In the current study, anthracnose disease
incidence was at a low level (0-1.5%, Table 1). Only in one case (2014/2015 season, “Ligol”)
was incidence higher, amounting to 4.2%. All 74 isolates of Colletotrichum spp. obtained
from rotting apples were determined on the basis of a positive PCR reaction with Calnt2
and ITS4 primers. Recent taxonomic studies have identified 31 clades within Colletotrichum
spp. [36], and their precise attribution to this species is based on DNA sequence analysis of
five regions, in addition to ITS. According to this classification, the strains identified in our
research can be included in the fungal complex, described as Colletotrichum acutatum sensu
lato—a complex species in contrast to Colletotrichum acutatum sensu stricto.

Peres et al. [20] and Giraud [12] also reported the growing importance of anthracnose
on apples in other European countries. This is thought to be related to global warming
in Europe [37,38]. The initial symptoms of apple anthracnose are very similar to those of
bull’s eye rot. They are small, round, brown lesions developing around the lenticels. After
transferring the apples to a higher temperature, the spots grow very quickly, and they
sometimes merge and are covered with very small acervuli, which release orange-pink
masses of fungal spores.

This study also suggests that Neonectria ditissima is a new pathogen of stored apples in
Poland. The incidence of the disease was low (0-0.5%, Table 1). The fungus N. ditissima,
previous name N. galligena, has been known for many years as an agent of fruit tree canker,
and rarely as an apple fruit pathogen. Berrie (1989) stated that, in 1980 in England, the
apples losses of cv. “Cox’s Orange Pippin” amounted to 0.2—4.2% due to this disease [39].
There is a clear relationship between the occurrence of fruit tree canker in the orchard and
the incidence of apple rot caused by the same pathogen in the cold room; after the canker
epidemic in the region of Lower Elbe in Germany, very strong apple rot in cold storage
caused by N. ditissima was observed [40]. N. ditissima on apples during storage has been
reported in Romania with varying incidence depending on the cultivar [29]. Since canker
of fruit trees is widespread in Poland on many apple varieties, an increased occurrence of
apple rot caused by Neonectria ditissima in the coming years may be expected. Symptoms
of the disease include brown, slightly depressed rot spots that form mainly around the
calyx, although they can also be present anywhere on the fruit. On the surface of the spots,
white and beige mycelia with spores develop. A characteristic feature of this rot is the easy
separation of the rotting flesh from the healthy tissue. Completely rotten apples can infect
neighboring fruits by contact, which leads to nest rot, as in the case of gray mold.

During the current studies, the symptoms of a new disease were noticed on several
apples. Fungal mycelia did not develop on the surface, even when the apple was completely
rotted, and in the stalk cavity a sticky liquid appeared. Similar symptoms have been
described by Snowdon [5] as Phomopsis rot. After isolation and molecular identification
(GenBank Acc. nos. of the ITS rDNA region: MT478098-101), the fungus was identified as
Diaporthe eres. For the first time this pathogen was found on stored apples in 2018 in our
country [41].

After determining the type and incidence of storage diseases, the incidence of each
disease on individual apple varieties was analyzed. It was found that the bull’s eye rot of
apples represented the largest group among all diseases on apples of three varieties, “Gala”,
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“Ligol”, and “Golden Delicious” and equaled 82.0%, 57.8%, and 50.0%, respectively. By
comparison, on the “Gloster” apples, gray mold (48.1%) was the predominant disease, and
bitter rot accounted for 34.4% of all diseases (Figure 1). However, it should be noted that
the subject of the study comprised only two samples of “Gloster” apples. Among the new
diseases, anthracnose was most common on “Ligol” (4.5%) and “Golden Delicious” (2.0%);
rot caused by Neonectria ditissima was most common on “Gloster” (1.7%); and alternariosis
was most common on “Ligol” (5.3%) and “Golden Delicious” (2.0%). Diaporthe eres was
isolated from four apples of the cv. “Gala” and three “Golden Delicious” apples.

Ligol Gala

Golden Delicious Gloster

481

r
(4
m

214

W Bullseyerat

W Bluemold WAlternariosis @ Neonectria spp.
Figure 1. Share of diseases on cvs. “Ligol”, “Gala”, “Golden Delicious”, and “Gloster”.

4. Conclusions

The research carried out during six storage seasons showed that storage diseases
occurred during each year of the study, and their frequency varied widely and differed
between apple cultivars, and between the same cultivars grown in different locations.
The most frequently observed diseases were bull’s eye rot, gray mold, and blue mold of
apples. Diseases such as brown rot, alternariosis, anthracnosis, and rot caused by Neonetria
ditissima occurred at lower intensities. All the orchards included in this study were located
in the same climatic zone. The incidence of each disease resulted from natural infections.
Moreover, during storage of apples in 2018, rot caused by Diaporthe eres was observed for
the first time. A clear identification of emerging, post-harvest pathogens of apples is critical
for disease management and for anticipating future outbreaks.
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