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New or Unusual Disease Reports
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Summary. Stagonosporopsis cucurbitacearum (syn. Didymella bryoniae) can affect
cucurbits through induction of black rot. This pathogen produces irregular white spots
covered with pycnidia on infected cucurbit fruit. Twenty squash fruit (cv. Butternut)
with black rot symptoms were collected in Italy from two locations: Osimo (AN) and
Montacuto (AN), in the Marche region. Several fungal colonies were isolated from
these fruit, the morphological features of which corresponded to S. cucurbitacearum.
This identification was confirmed using multiplexing of three microsatellite markers
and by sequence analysis using internal transcribed spacers. The sequence identity for
the internal transcribed spacer regions was greater than 98% compared with sequences
of S. cucurbitacearum in the NCBI database. This is the first report of S. cucurbitacea-
rum on Cucurbita moschata fruit with black rot symptoms in Italy.
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INTRODUCTION

Black rot (BR) of cucurbits is caused by the fungal pathogen Stagonospor-
opsis cucurbitacearum (Fr.) Aveskamp, Gruyter & Verkley (Aveskamp et al.,
2010) (anamorph Phoma cucurbitacearum (Fr.) Sacc.), synonym Didymella
bryoniae (Fuckel) Rehm, which is one of the most important pathogens on
cucurbits worldwide (Li et al., 2015; Yao et al., 2016). Stagonosporopsis cucur-
bitacearum and S. citrulli can infect several species of Cucurbitaceae, includ-
ing watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) (Rennberg-
er and Keinath, 2018; Babu et al., 2015; Huang and Lai, 2019), muskmelon
(Cucumis melo L.) (Nuangmek et al., 2018), squash (Cucurbita maxima Duch,
Cucurbita moschata Duch) (Keinath, 2014), and pumpkin (Cucurbita pepo
L.) (Grube et al., 2011). These fungi can cause infection of the stems, leaves,
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roots, seeds, and fruit of these host plants (Keinath,
2011).

Infected fruit manifest large irregular-shaped spots
and black rot (Choi et al., 2010). Fruiting bodies are
found in the oldest parts of lesions, because S. cucur-
bitacearum is a necrotrophic fungus (Keinath, 2014).
Keinath (2011) reported that S. cucurbitacearum pro-
duces black mycelia inside melon and giant pumpkin (C.
maxima) fruit. The ideal conditions for disease develop-
ment include humidity greater than 90%, leaf wetness
and temperatures from 16 to 24°C (Park et al., 2006;
Seebold, 2011). BR can reduce preharvest and posthar-
vest yields (de Neergaard, 1989), and cause up to 15%
fruit loss (Keinath, 2000). Stagonosporopsis cucurbita-
cearum has only been reported once in Italy, in 1885 on
C. melo L., and it was described as Didymella melonis
Pass. by Giovanni Passerini (Corlett, 1981). Our inves-
tigations aimed to identify the causal agent of black rot
symptoms on squash fruit.

MATERIALS AND METHODS
Fungal isolation

Twenty fruit of squash (C. moschata; cv. Butternut)
with symptoms of black rot were collected from Osimo
(AN) and Montacuto (AN), in the Marche region of Italy
in September and October 2018. Small infected pieces of
squash peel (=2 mm) were cut from the fruit, sterilized
with 1% sodium hypochlorite solution for 2 min, washed
three times with sterilized distilled water, placed into 90
mm diam. Petri dishes containing water agar (Bacterio-
logical agar; Liofilchem), and incubated at 24°C. After 7
d, pycnidia were excised from developing fungus colo-
nies, placed into Petri dishes containing potato dextrose
agar (Liofilchem), and incubated at 24°C. Identification
of the fungus was carried out according to the colour
and shape of the colonies, and to the size of the conidia
produced from pycnidia (50 conidia measured).

DNA amplification and phylogenetic studies

The fungal genomic DNA was extracted from 100 mg
of mycelia of isolates grown on potato dextrose agar as
pure cultures, following the protocol proposed by Var-
anda et al. (2016). The DNA was amplified in a rapid
PCR based assay for distinguishing the three morpho-
logically similar species (S. cucurbitacearum, S. citrulli,
and S. caricae) by multiplexing of the three microsatel-
lite markers Db0I, Db05 and Db06 (Brewer et al., 2015).
The primer pairs ITS, and ITS, (White et al., 1990) were
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then used to amplify the internal transcribed spacers
(ITS). The PCR products were separated on 1.5% agarose
electrophoresis gels, stained with Red Gel (Biotium),
and visualized, with images captured using an imagin-
ing system (Gel Doc XR; BioRad). Selected PCR ampli-
cons were purified and sequenced by Genewiz, and the
sequences have been deposited with Genbank (accession
numbers: isolates ID1, MK330934; ID3, MK330935; ID9,
MK330936; for ITS regions). The nucleotide sequences
were subjected to Blast analysis to determine the relative
similarities with other sequences available in Genbank.

RESULTS AND DISCUSSION

In the two surveyed locations in Italy, black rot
symptoms occurred on butternut squash fruit. The ini-
tial symptoms were brown circular spots with exudates
on the fruit surfaces (Figure 1A). Over time, the spots
became white and were covered with black fruiting bod-
ies (Figure 1B, C). After 8 d incubation on water agar,
some pycnidia were seen (using a stereomicroscope) to
be developing in rows on the fruit peel (Figure 2A). On
crushing the pycnidia, the conidia inside were cylindri-
cal, mostly non-septate and a few one-septate, and meas-
uring 4 to 11 um x 2 to 5 um (Figure 2B, C). The iso-
lates on potato dextrose agar showed white mycelia on
the colony upper surfaces top and black mycelia on the
undersides. These morphological characteristics coincid-
ed with those known for S. cucurbitacearum (Keinath et
al., 1995; Koike, 1997; Choi et al., 2010; Keinath, 2013).

Morphological identification was supported by the
multiplex amplification using the primers Db0If/r, Db05
t/r and Db06 f/r, which yielded two amplicons (220 bp
and 280 bp), characteristic for S. cucurbitacearum.
The presence of an amplicon of 280 bp and the lack of
an amplicon of about 360 bp indicated that three iso-
lates (ID1, ID3, and ID9) were S. caricae or S. citrulli, as
reported by Brewer et al. (2015) (Figure 3). Blast analysis
showed 98% to 99% similarity for the ITS regions com-
pared to other sequences of S. cucurbitacearum already
in the NCBI database, as shown in Table 1. Therefore,
the isolates ID1, ID3, and ID9 from butternut squash are
confirmed as Stagonosporopsis cucurbitacearum.

Stagonosporopsis spp. is a major pathogen of cucur-
bits worldwide, and it occurs everywhere these crops
are grown (Stewart et al., 2015; Mancini et al. 2016;
Nuangmek et al., 2018). Gummy stem blight and BR can
affect all part of cucurbit plants, including stems, leaves,
roots, seeds, and fruit. This pathogen is seed- and soil-
borne, and it can remain for long periods in the seeds
and in the soil. Infected seed has continued to spread
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Figure 1. Typical symptoms of black rot caused by Stagonosporopsis cucurbitacearum on butternut squash fruit. A, Infected fruit showing
exudate (arrow 1). B and C, Irregularly circular and white spots covered by pycnidia.

Figure 2. Morphological characteristics of Stagonosporopsis cucurbitacearum. A, Row of pycnidia on peel from a squash fruit under the ster-
eomicroscope. B, Pycnidia under the microscope. Scale bar = 50 um. C, Aseptate and one-septate pycnidiospores. Scale bar = 10 um.

the pathogen around the world (Keinath, 2011). Seed-
borne pathogens can reduce of the quantity and quality
harvested fruits and/or seeds, and their management is
crucial for profitable production (Mancini et al., 2014).
On cantaloupe, field losses due to S. cucurbitacearum
can reach 100% under conditions conducive to infection
(Nuangmek et al., 2018), and on watermelon, Gummy
stem blight and BR can cause significant production
losses, both in the field and postharvest (Maynard and

Hopkins, 1999). No commercial cultivar of any cucurbit
species has resistance to Gummy stem blight (Keinath,
2017).

Somai et al. (2002) have already reported S. cucur-
bitacearum for butternut squash in the United States of
America. In Italy, this pathogen has been reported on C.
melo (Corlett, 1981). To our knowledge, this is the first
report of Stagonosporopsis cucurbitacearum on squash in
Italy.
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Figure 3. Polymerase chain reaction (PCR)-based marker for dis-
tinguishing Stagonosporopsis cucurbitacearum. Lane M is a 100-bp
ladder with sizes of visible fragments indicated. Three fungal iso-
lates (ID1, ID3 and ID9) from butternut squash fruit were analyzed
with PCR-based markers using three sets of primers (Db01, Db06
and Db06) in a single reaction. Two amplicons of 220 and 280 bp
were produced and no fragment of 360 bp was visible, despite the
presence of the microsatellite locus DbO1.
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