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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 Db01, Db05 and Db06 (Brewer et al., 2015). 
The primer pairs ITS1 and ITS4 (White et al., 1990) were 

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 μm × 2 to 5 μm (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 Db01f/r, Db05 
f/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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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.

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 μm. C, Aseptate and one-septate pycnidiospores. Scale bar = 10 μm.



382 M. Moumni et alii

LITERATURE CITED

Aveskamp M.M., de Gruyter J., Woudenberg J.H.C., 
Verkley G.J.M., Crous P.W., 2010. Highlights of the 
Didymellaceae: a polyphasic approach to characterize 
Phoma and related pleosporalean genera. Studies in 
Mycology 65: 1−60. 

Babu B., Kefialew Y.W., Li P.F., Yang X.P., George S., … 
Paret M.L., 2015. Genetic characterization of Didy-
mella bryoniae isolates infecting watermelon and oth-
er cucurbits in Florida and Georgia. Plant Disease 99: 
1488−1499. 

Brewer M.T., Rath M., Li H.X., 2015. Genetic diversity 
and population structure of cucurbit gummy stem 
blight fungi based on microsatellite markers. Phyto-
pathology 105: 815−824.

Choi I.Y., Choi J.N., Choi D.C., Sharma P.K., Lee W.H., 
2010. Identification and characterization of the causal 
organism of gummy stem blight in the muskmelon 
(Cucumis melo L.). Mycobiology 38: 166−170.

Corlett M., 1981. A taxonomic survey of some species 
of Didymella and Didymella-like species. Canadian 
Journal of Botany 59: 2016−2042.

de Neergaard E., 1989. Studies of Didymella bryoniae 
(Auersw.) Rehm: development in the host. Journal of 
Phytopathology 127: 107−115.

Grube M., Fürnkranz M., Zitzenbacher S., Huss H., Berg 
G., 2011. Emerging multi-pathogen disease caused by 
Didymella bryoniae and pathogenic bacteria on Styr-
ian oil pumpkin. European Journal of Plant Pathology 
131: 539−548.

Huang C.J., Lai Y.R., 2019. First report of Stagonosporop-
sis citrulli causing gummy stem blight of watermelon 
in Taiwan. Journal of Plant Pathology 101: 417 (doi 
10.1007/s42161-018-0192-x).

Keinath A.P., Farnham M.W., Zitter T.A., 1995. Morpho-
logical, pathological, and genetic differentiation of 
Didymella bryoniae and Phoma spp. isolated from 
cucurbits. Phytopathology 85: 364−369.

Keinath A.P., 2000. Effect of protectant fungicide applica-
tion schedules on gummy stem blight epidemics and 
marketable yield of watermelon. Plant Disease 84: 
254−260. 

Keinath A.P., 2011. From native plants in central Europe 
to cultivated crops worldwide: the emergence of 
Didymella bryoniae as a cucurbit pathogen. Hortsci-
ence 46: 532−535.

Keinath A.P., 2013. Diagnostic guide for gummy stem 
blight and black rot on cucurbits. Online. Plant 
Health Progress doi: 10.1094/PHP-2013-1024-01-DG.

Keinath A.P., 2014. Differential susceptibility of nine cucur-
bit species to the foliar blight and crown canker phases 
of gummy stem blight. Plant Disease 98: 247–254.

Keinath A.P., 2017. Gummy stem blight. In: Compendium 
of Cucurbit Diseases and Pests 2nd Ed (A.P. Keinath, 
W.M. Wintermantel, T.A. Zitter, ed.), American Phy-
topathological Society, St, Paul, MN, 59.

Koike S.T., 1997. First report of gummy stem blight, 
caused by Didymella bryoniae, on watermelon trans-
plants in California. Plant Disease 81: 1331.

Li P.F., Ren R.S., Yao X.F., Xu J.H., Babu B., … Yang X.P., 
2015. Identification and characterization of the causal 
agent of gummy stem blight from muskmelon and 
watermelon in east China. Journal of Phytopathology 
163: 314–319.

Mancini V., Romanazzi G., 2014. Seed treatments to con-
trol seedborne fungal pathogens of vegetable crops. 
Pest Management Science 70: 860–868. 

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 Db01.

Table 1. Comparison of sequence similarities of Stagonosporopsis 
cucurbitacearum isolates with sequences already in the NCBI database.

Fungal species Isolate 
number

NCBI
accession no.

Nucleotide 
similarity (%)

Query 
cover

S. cucurbitacearum ID1 EU167573 99% 100%
S. cucurbitacearum ID3 MG009202 98% 100%
S. cucurbitacearum ID9 KF990402 99% 99%



383Black rot of squash in Italy

Mancini V., Murolo S., Romanazzi G., 2016. Diagnostic 
methods for detecting fungal pathogens on vegetable 
seeds. Plant Pathology 65: 691–703. 

Maynard D.N., Hopkins D.L., 1999. Watermelon fruit dis-
orders. HortTechnology 9: 155−161.

Nuangmek W., Aiduang W., Suwannarach N., Kumla 
J., Lumyong S., 2018. First report of gummy stem 
blight caused by Stagonosporopsis cucurbitacearum 
on cantaloupe in Thailand. Canadian Journal of Plant 
Pathology 40: 306−311.

Park S.M., Jung H.J., Kim H.S., Yu T. S., 2006. Isolation 
and optimal culture conditions of Brevibacillus sp. 
KMU-391 against black root pathogens caused by 
Didymella bryoniae. Korean Journal of Microbiology 
42: 135−141.

Rennberger G., Keinath A.P., 2018. Susceptibility of four-
teen new cucurbit species to gummy stem blight 
caused by Stagonosporopsis citrulli under field condi-
tions. Plant Disease 102: 1365−1375.

Seebold K.W., 2011. Gummy stem blight and black rot of 
cucurbits. Cooperative extension service, University 
of Kentucky, College of Agriculture, PPFS-VG-08. 

Somai B.M., Dean R.A., Farnham M.W., Zitter T.A., 
Keinath A.P., 2002. Internal transcribed spacer 

regions 1 and 2 and random amplified polymorphic 
DNA analysis of Didymella bryoniae and related Pho-
ma species isolated from cucurbits. Phytopathology 
92: 997−1004.

Stewart J.E., Turner A.N., Brewer M.T., 2015. Evolution-
ary history and variation in host range of three Stago-
nosporopsis species causing gummy stem blight of 
cucurbits. Fungal Biology 119: 370−382. 

Varanda C.M.R., Oliveira M., Materatski P., Landum M., 
Clara M.I.E., Félix M.d.R., 2016. Fungal endophytic 
communities associated to the phyllosphere of grape-
vine cultivars under different types of management. 
Fungal Biology 12: 1525−1536. 

White T.J., Bruns T., Lee S., Taylor J.W., 1990. Amplifica-
tion and direct sequencing of fungal ribosomal RNA 
genes for phylogenetics. In: PCR Protocols: A Guide 
to Methods and Applications (M.A. Innis, D.H. Gel-
fand, J.J. Sninsky, T.J. White ed.), Academic Press, 
San Diego, CA, USA, 315−322.

Yao X., Li P., Xu J., Zhang M., Ren R., … Yang X., 2016. 
Rapid and sensitive detection of Didymella bryoniae 
by visual loop-mediated isothermal amplification 
assay. Frontiers in Microbiology 7: 1372.


	The international journal of the Mediterranean Phytopathological Union
	Volume 58, August, 2019
	Firenze University Press
	Factors affecting Venturia oleaginea infections on olive and effects of the disease on floral biology
	Tahreer ISSA1, Leen ALMADI2, Samer JARRAR3, Michele TUCCI1, Ro-berto BUONAURIO2, Franco FAMIANI2,*
	Transmission of 16SrIII-J phytoplasmas by the leafhoppers Paratanus exitiousus and Bergallia valdiviana
	Nicolás Quiroga1, Valeria Longone2, Ximena González1, Alan Zamorano1, Ana María Pino1, Luca Picciau3, Alberto Alma3, Samanta Paltrinieri4, Nicoletta Contaldo4, Assunta Bertaccini4, Nicola Fiore1,*
	Genetic and agronomic characterization of chickpea landraces for resistance to Fusarium oxysporum f. sp. ciceris
	Marco FIERRO1, Davide PALMIERI1, Filippo DE CURTIS1, Domenico VITULLO1, Josefa RUBIO3, Juan GIL2, Giuseppe LIMA1,*, Teresa MILLAN2
	Severity of Diplodia shoot blight (caused by Diplodia sapinea) was greatest on Pinus sylvestris and Pinus nigra in a plantation containing five pine species
	Ayşe Gülden ADAY KAYA1,*, Şule YELTEKIN2, Tuğba DOĞMUŞ LEHTIJÄRVI2, Asko LEHTIJÄRVI3, Steve WOODWARD4
	Phytophthora root and collar rots in fruit orchards in the Czech Republic 
	Juraj Grígel, Karel Černý*, Marcela Mrázková, Ludmila Havrdová, Daniel Zahradník, Barbora Jílková, Markéta Hrabětová
	Occurrence and diversity of Grapevine leafroll-associated virus 1 in Algeria
	Arezki Lehad1,*, Ilhem Selmi2, Meriem Louanchi1, Mouni Aitouada1, Naima Mahfoudhi2
	Identification of SSR markers linked to Botrytis grey mould resistance in chickpea (Cicer arietinum)
	Supriya Sachdeva1, Shruti Dawar2, Upasana Rani2, Basavanagouda Siddanagouda Patil1, Khela Ram Soren3, Sarvjeet Singh2, Satish Kumar Sanwal4, Sanjeev K. Chauhan1, Chellapilla Bharadwaj1,*
	Phytoprotection potential of Fusarium proliferatum for control of Botryosphaeria dieback pathogens in grapevine
	Vincenzo MONDELLO1, Alessandro SPAGNOLO1, Philippe LARIGNON2, Christophe CLÉMENT1, Florence FONTAINE1,*
	Activity of Italian natural chabasite-rich zeolitites against grey mould, sour rot and grapevine moth, and effects on grape and wine composition
	Francesco CALZARANO1,*, Gabriele VALENTINI2, Giuseppe ARFELLI1, Leonardo SEGHETTI3, Anna Chiara MANETTA1, Elisa Giorgia METRUCCIO4, Stefano DI MARCO4
	New records of Penicillium and Aspergillus from withered grapes in Italy, and description of Penicillium fructuariae-cellae sp. nov.
	Marilinda LORENZINI1,*, Maria Stella CAPPELLO2, Giancarlo PERRONE3, Antonio LOGRIECO3, Giacomo ZAPPAROLI1
	Introducing the potential biological control agent Frateuria defendens into pot- and field-grown grapevines
	Vered NAOR1,*, Lilach IASUR-KRUH2, Roni BARKAI1, Neta WEISS1, Rami YAHALOMI1, Tom SHARIR1, Tirtza ZAHAVI3, Einat ZCHORI-FEIN2
	Morphological and molecular characterization of Neoscytalidium novaehollandiae, the cause of Quercus brantii dieback in Iran
	Mohammad Sabernasab, Samad Jamali*, Alireza Marefat, Saeed Abbasi
	Leveillula lactucae-serriolae on Lactuca serriola in Jordan
	Aleš LEBEDA1,*, Miloslav KITNER1, Barbora MIESLEROVÁ1, Eva KŘÍSTKOVÁ1, Tomáš PAVLÍČEK2 
	Xylella fastidiosa causes leaf scorch of pistachio (Pistacia vera) in Iran
	Naser Amanifar1,*, Ghobad Babaei1, Amir Hossein Mohammadi2
	Black rot of squash (Cucurbita moschata) caused by Stagonosporopsis cucurbitacearum reported in Italy
	Marwa Moumni1,2,3, Valeria Mancini1, Mohamed Bechir Allagui3, Sergio Murolo1, Gianfranco Romanazzi1,*
	Syringa vulgaris is a new host for cucumber mosaic virus
	Elisa Troiano1, Maria Grazia Bellardi1,2, Giuseppe Parrella1,*
	First report of Rhodococcus spp. isolates causing stunting and lateral stem proliferation of Iresine herbstii ‘Aureo-Reticulata’ in Tunisia
	Sabrine Dhaouadi1,*,#, Amira Mougou Hamdane1,#, Bochra A. Bahri1,2, Ali Rhouma3, Elizabeth J. Fichtner4
	Abstracts of oral and poster presentations given at the 11th International Workshop on Grapevine Trunk Diseases, Penticton, British Columbia, Canada, July 7–12, 2019 

