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Abstract Potato [Solanum tuberosum] is an extensively con-
sumed vegetable in Turkey. In March 2016, typical stem rot
(also known as white mould) symptoms were observed on
commercially produced potato plants (cv. Rosetta) in several
fields inspected in Hatay province of Turkey.White mycelium
and large, irregular, black sclerotia were observed on infected
stems, crowns and occasionally on leaves. Apothecia devel-
opment from sclerotia were also observed on moist sand.
Based on morphological characteristics of mycelia and scle-
rotia, all isolates were tentatively identified as Sclerotinia
sclerotiorum. The identity of the fungal isolate was confirmed
using MALDI-TOF MS and sequencing of the ITS rDNA
region, using ITS4/ITS5 primers. To our knowledge, this is
the first report of stem rot disease on potato caused by
S. sclerotiorum in Turkey.
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Potato [Solanum tuberosum] is one of the most commercially
important vegetable crops being cultivated on an area of
144,857 ha and yielding 4,750,000 t in Turkey. Hatay prov-
ince is the one of the main early potato production areas in the
Mediterranean Region producing 109,961 t from 265 ha in
2016 (Anonymous 2016).

Major commercial losses on potato are mainly due to soil
borne fungal diseases, which occur in Hatay province in rainy
and wet conditions. Numerous fungal pathogens have been
implicated as causal agents of diseases and yield decline prob-
lems (Koike et al. 2007). Rhizoctonia solani, Synchytrium
endobioticum and Verticillium dahliae were reported as the
most important soil borne fungal disease agents of potato in
Turkey (Cakir 2005; Yanar et al. 2005; Gore et al. 2015).

During the surveys conducted in March and May of 2016,
potato plants in several fields in Reyhanlı (36°20′22″ N and
36°27′35″ E) and Antakya districts (36°23′60″ N and 36°14′
32″ E) of Hatay province, exhibited typical signs and symptoms
of Sclerotinia stem rot. Symptoms included stem necrosis and
withering of leaves, followed by crown rot andwilt within a few
days afterward (Fig. 1a, b). White cottony growth of the fungus
was also observed on dead plants, especially under high relative
humidity. In advanced stages of infection, black sclerotia, 4.5–
7.0 mm in diameter, were frequently observed in the mycelium
on severely infected stems, crown and the nearby soil surface
(Fig. 1b).We have not observed apothecia on the affected plants
or adjacent plants. In some infected fields, more than 50% of
plants withered or died before harvest, causing considerable
economic losses. Infected stem tissues and sclerotia taken from
the infected plants were surface sterilised with sodium hypo-
chlorite (1% a.i) for 3 min. Surface sterilised sclerotia and plant
samples were transferred to potato sucrose agar (PSA, Merck,
Darmstadt, Germany) plates amended with 100 μg ml−1 strep-
tomycin sulphate and incubated at 24 °C. Isolations from
surface-sterilised stem pieces and disinfected sclerotia onto
PSA consistently yielded fluffy white or light grey and floccose
mycelia similar to those of the reference isolate S. sclerotiorum
PSS4 obtained from infected parsley (Kurt et al. 2017). After 7
to 10 days, 3.0–8.0mm in diameter sclerotia, appearing as black
tuber-like structures, were produced on the surface near the
colony margin (Fig. 1c). Typical funnel-shaped apothecia
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formed from carpogenic germination of sclerotia after condi-
tioning with alternating deep-freezing and normal temperature
treatments for 3 consecutive days followed by 2 months of
incubation on sterile moist sand in a petri dish (Fig. 1d). On
the basis of disease symptoms andmorphology of the organism,
the fungus was identified as Sclerotinia sclerotiorum (Mordue
and Holliday 1976). A culture of the fungal pathogen was de-
posited in the Microbial Culture Collection of Plant Health
Clinic, Mustafa Kemal University (BİSAK), Turkey, with ac-
cession number BİSAK-PSS1.

A pathogenicity test was performed by placing agar seg-
ments (9 mm2) from a 7-day-old culture grown on PSA on the
stems of 2-months-old healthy potato plants near the soil line.
In order to provide 100% relative humidity, both inoculated
and control plants were individually covered with polythene
bags for 24 h, and maintained in a greenhouse at 16 to 20 °C
and relative humidity >90%. Typical symptoms appeared four
days after inoculation. All inoculated stems near soil level
developed initially water-soaked soft lesions, became

discoloured, soft and covered with white mycelia, whereas
control plants remained symptomless. Under high humidity,
dark-brown stem lesions enlarged and white fuzzy mycelial
growth covered the affected area, ultimately resulting in plant
wilting and death. Eventually the entire stem dried up three
weeks after inoculation. No lesions developed on the control
plants. S. sclerotiorum was consistently reisolated from the
symptomatic tissue on PSA, fulfilling Koch’s postulates as
described previously (Han et al. 2013). The symptoms were
identical to those observed in the field.

The identification of microbial species using proteomic
approach, such as Matrix Assisted Laser Desorption
Ionization-Time Of Flight Mass Spectrometry (MALDI-TOF
MS), is becoming popular as an alternative to chromatograph-
ic and even DNA-dependent molecular methods (Panda et al.
2013). The identity of the fungal isolate of S. sclerotiorumwas
also confirmed by analysing MALDI-TOF/MS (MicroFlex
LT, Bruker Daltonics, Bremen, Germany) equipped with a
50 Hz nitrogen laser as described by Pulcrano et al. (2012).
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Fig. 1 Potato plants infected with
stem rot disease agent Sclerotinia
sclerotiorum. a Typical dried
stem rot symptom developed on
the outside of the stem (arrow). b
The black sclerotia of
S. sclerotiorum (arrow) formed
internally in the plant stem. c
Mycelial growth and formation of
sclerotia (arrows) on a potato su-
crose agar (PSA) medium. d
Development of apothecia (large
arrows) from sclerotia (small ar-
row) following carpogenic ger-
mination on moist sand in a petri
dish
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The identification of fungal isolate (PSS1) was confirmed as
S. sclerotiorum by matching protein profiling of reference
isolate BISAK-PSS4 (Kurt et al. 2017) present in the library
of MALDI-TOF/MS.

The identification of S. sclerotiurum was further analysed
by sequencing the ITS region. Fungal genomic DNA was
extracted from fungal mycelia and sclerotia of representative
isolates grown on PDA for 5–7 days at 25 °C by using a
DNeasy Plant Mini Kit (Qiagen Inc., Valencia, CA) according
to manufacturer’s instructions. Amplicons for the internal
transcribed spacer (ITS) region of ribosomal DNAwere gen-
erated using universal fungal primers ITS4 (5′-TCCT
CCGCTTATTGATATGC - 3 ′ ) , I T S5 ( 5 ′ -GGAA
GTAAAAGTCGTAACAAGG-3′) (White et al. 1990). PCR
was performed in a thermal cycler (Applied Biosystems,
Singapore) in a total volume of 25 μl and each mixture
contained 1× PCR buffer, 0.2 μM of each dNTP, 0.5 μM of
each primer, 1 U Taq DNA polymerase (Invitrogen, Fisher
Scientific, USA) and 2 μl of genomic DNA. ITS amplifica-
tions were programmed to carry out an initial denaturation at
95 °C for 3 min., followed by 35 cycles, each cycle consisting
of a denaturation step at 95 °C for 1 min., an annealing step at
55 °C for 45 s., an extension step at 72 °C for 45 s., and a final
extension at 72 °C for 10 min. The amplicons were analysed
by QIAxcel Advanced System (QIAxcel Advanced, Qiagen,
Almanya). PCR product obtained from the amplicon of
550 bp was purified and sequenced in both forward and re-
verse directions using an automatic DNA sequencer (ABI
3100, Applied Biosystems). The amplicons of 550 bp obtain-
ed were sequenced and subjected to an NCBI BLAST search.
The resulting sequence was deposited in GenBank (Accession
No. KX671960). BLAST search comparisons in GenBank
da t aba se r evea l ed 100% homology wi th o the r
S. sclerotiorum sequences (Accession No. KU375684),
confirming S. sclerotiorum as the causal organism.

S. sclerotiorum is a necrotrophic, homothallic and nonspe-
cific pathogen and causes Sclerotinia stem and root rot (syn.
White mould) on a large number of hosts including many
economically important vegetable crops in Turkey (Kurt
et al. 2011) and many other countries (Boland and Hall
1994; Koike et al. 2007). Sclerotinia stem rot of
S. tuberosum caused by S. sclerotiorum has been previously
reported from neighbouring countries of Turkey such as
Bulgaria, Greece and Iran (Ojaghian 2009; Farr and
Rossman 2017). To our knowledge, this is the first report of
Sclerotinia stem rot on potato plant in Turkey. Possible reason
for the emergence of Sclerotinia stem rot in Hatay province in
2016 was the erratic rainfall prevailing during the spring sea-
son. According to our inspections in affected commercial

fields, dense canopies of the cultivar, cool wet conditions as-
sociated with rain, fog or overhead irrigation as well as tem-
perature in the range of 15–21 °C and 50–70% relative hu-
midity and continuous cultivation in same fields encourage
the incidence of Sclerotinia stem rot of potato in the region.
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