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grapevine-derived product (ISTAT 2022) and grapevine 
cultivation for wine production is largely diffused along-
side the entire peninsula. In Central Italy, grapevine is 
cultivated on about 100,000 ha (ISTAT 2022) and, in this 
area, the Umbria region in 2022 had 12,400 ha dedicated 
to grapevine cultivation with a wine production of about 
600,000 hL (ISTAT 2022). In Umbria, grapevine and wine 
are essential elements of the regional agri-food economy 
as well as of the landscape and of the local traditions. The 
importance of grapevine cultivation and wine production in 
Umbria is also attested by the presence of two “controlled 
and guaranteed denominations of origin” (DOCG) and 13 
“controlled denominations of origin” (DOC) growing areas 
where cultivars of international interest, such as Sagrantino, 
Sangiovese, Cabernet, Chardonnay and Grechetto, are used 
to produce red or white wines much appreciated worldwide.

Introduction

Grapevine (Vitis vinifera) is a very important crop of the 
Mediterranean basin, even if it can be considered one of 
the most widely grown fruit plants in the world (Vivier 
and Pretorius 2002). In the Mediterranean area, Italy is 
the most important grapevine producer followed by Spain 
and France (FAOSTAT 2022). In Italy, wine is the main 
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Abstract
Secondary bunch rots caused by Aspergillus species belonging to the section Nigri, commonly called black aspergilli, pose 
a serious threat to grapes yield and quality. Due to their ability to produce ochratoxin A (OTA), they are considered the 
primary source of contamination of this mycotoxin in grapes. In this study, a three-year survey was realized to assess the 
occurrence of black aspergilli in grapes harvested in the Umbria region, a very important grapevine cultivation area in 
central Italy, by fungal isolation and phylogenetic analysis. In addition, the influence of growing season, vineyard location, 
farming system and grapes growth stages on black aspergilli distribution was examined. Phylogenetic analysis of the 208 
obtained isolates showed the presence of three black aspergilli species: Aspergillus tubingensis, Aspergillus welwitschiae 
and Aspergillus uvarum. Interestingly, A. carbonarius, one of the most important OTA producers, was not detected in 
the surveyed years. A. tubingensis, whose ability to produce OTA is controversial, was always the most isolated species 
followed by A. welwistichiae (OTA producer). The species A. uvarum (unable to produce OTA) was detected only in 
one surveyed year with a low incidence. A. tubingensis was always the species with the highest incidence, regardless of 
location, and farming system. Growth stage appeared to influence the incidence of the three species, that, in the case of 
A tubingensis, was lower during setting in comparison to berries pea-size and berries harvest-ripe. Finally, in the setting 
and berries pea-size stages, a stereomicroscope analysis, showed that flower debris was the substrate from which black 
aspergilli mainly developed prior to colonizing berries and bunches.
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Grapevine is susceptible to many plant diseases and some 
of them, affecting the bunch, are considered a serious threat 
to wine quality and composition (Steel et al. 2013). One 
of the most important diseases affecting berries is bunch 
rot, caused by a complex of filamentous fungi also includ-
ing those belonging to the genus Aspergillus (Leong et al. 
2004), considered among the most frequent saprophytic 
fungal pathogens of grapes (Battilani et al. 2003; Lorenzini 
et al. 2016; Stefanini et al. 2017; Lorenzini et al. 2019).

Members of the genus Aspergillus can biosynthesize 
mycotoxins (Perrone and Gallo 2017). For this reason, their 
presence in grapes represents an important threat to grape-
vine cultivation and wine production, resulting in quality 
reduction due to mycotoxin accumulation in berries as well 
as in wine (Covarelli et al. 2012; Tini et al. 2020). Gener-
ally, Aspergillus spp. development and mycotoxin contami-
nation of grapes begin directly in the vineyard or at stages 
just before winemaking (Freire et al. 2020).

The most important mycotoxigenic Aspergillus species in 
grapes are those belonging to the section Nigri, commonly 
called black aspergilli. The main black aspergilli detected in 
grapes grown in the Mediterranean area are represented by 
species like Aspergillus niger, Aspergillus carbonarius and 
Aspergillus tubingensis (Somma et al. 2012; García-Cela 
et al. 2014a, b; Cabañes and Bragulat 2018), however, also 
Aspergillus welwitschiae, Aspergillus uvarum, Aspergillus 
aculeatus and Aspergillus ibericus have been frequently 
found (Cabañes and Bragulat 2018; Tini et al. 2020).

Black aspergilli are considered the primary source of the 
mycotoxin ochratoxin A (OTA) in grapes (Cabañes and Bra-
gulat 2018), produced in the berries during the growing sea-
son mainly from veraison to ripening (Somma et al. 2012). 
OTA is a potent nephrotoxin, classified as a possible human 
carcinogen (group 2B) (International Agency for Research 
on Cancer 1993). For this reason, to safeguard consumers’ 
health in the European Union, maximum OTA levels in 
many grape-derived products have been fixed (Commission 
Regulation 2023).

Despite black aspergilli are considered the main source 
of OTA in grapes and grape-derived products, only a few 
of them have been confirmed to be OTA producers (Caba-
ñes and Bragulat 2018). In particular, A. carbonarius is 
considered the main OTA producer because this species 
is very consistent in the production of this mycotoxin and 
non-OTA-producing isolates are uncommon (Cabañes et al. 
2013; García-Cela et al. 2014a, b). Conversely, A. niger rep-
resents a lower OTA risk in grapes, while for A. tubingensis 
the ability to produce OTA remains controversial (Samson et 
al. 2004; Cabañes and Bragulat 2018; Mikušová et al. 2020) 
as the genomic analysis of this species revealed the absence 
of the genes responsible for OTA production (Choque et al. 
2018). Also, for other black aspergilli, a different ability in 

OTA biosynthesis was reported. For example, A. welwitsch-
iae is reported to be an OTA producer (Susca et al. 2016), 
while A. uvarum showed no ability to produce this myco-
toxin (Perrone et al. 2008).

Several factors such as seasonality, vineyard location, 
cultivar, farming system and grapes developmental stage 
can have an influence on the distribution of black aspergilli 
as well as on their disease severity during infections (Pon-
sone et al. 2007; Chiotta et al. 2009; Palumbo et al. 2016; 
Freire et al. 2017; Dachery et al. 2019; Testempasis et al. 
2022; Giorni et al. 2023).

Thus, it is extremely relevant to determine the presence 
and the population composition of black aspergilli in wine 
grapes in highly important Mediterranean wine-making 
areas such as the Umbria region in central Italy. For this 
reason, in this study, the occurrence of Aspergillus section 
Nigri in grapes was determined by isolation and molecu-
lar characterization: (a) during three years (2013, 2014 and 
2015); (b) in eight different Umbrian vineyards with five 
different cultivars (Chardonnay, Cabernet, Grechetto, San-
giovese and Sagrantino); (c) cultivated under two different 
farming systems (organic or integrated); (d) through four 
different grapes growth stages (setting, berries pea-size, 
veraison and berries harvest-ripe).

It should be mentioned that the present survey, conducted 
during the three years 2013–2015, may not reflect the cur-
rent composition of the black aspergilli community associ-
ated with grapes due to climate change (Singh et al. 2023) 
but also to seasonal weather conditions which can vary from 
year to year.

Materials and methods

Vineyards and sampling

Sampling was carried out in 2013, 2014 and 2015 in eight 
different vineyards (V1-V8) all located in the Umbria region 
(central Italy) and cultivated under organic or integrated 
systems (Fig. 1). Five grape cultivars were included in the 
sampling: Chardonnay (V1 and V3), Cabernet (V2, V4, V5 
and V8), Sangiovese (V5), Grechetto (V5) and Sagrantino 
(V5, V6 and V7). In 2013, samples were collected from 
vineyards V1, V2, V3, V4 and V5 from June to October 
at four growth stages (Coombe 1995): setting (BBCH 71), 
berries pea-size (BBCH 75), veraison (BBCH 81) and ber-
ries harvest-ripe (BBCH 89). The same sampling schedule 
was followed also in 2014 (V3, V4 and V5) and 2015 (V3, 
V4, V5, V6, V7, V8). At each sampling time, ten bunches 
were collected from ten grapevines located along two cross-
ing diagonals of each vineyard. Each bunch, collected in a 
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separate plastic bag, was placed at 4 °C and analysed within 
24–48 h.

Obtainment of black aspergilli isolates from grapes

Sixteen randomly chosen berries were selected from each 
bunch and surface-sterilized for 2  min with a water-etha-
nol (95%, Sigma Aldrich, Saint Louis, MO, USA)-sodium 
hypochlorite (7%, Carlo Erba reagents, Milan, Italy) solu-
tion (82:10:8 vol%) and then rinsed twice in sterile water for 
1 min. Eight berries were chopped into small pieces with a 
laboratory scalpel and placed in 8 Petri dishes (5 pieces per 
dish from 1 berry) (90 mm diameter, Nuova Aptaca, Asti, 
Italy) containing malt extract agar (MEA) (Pitt and Hocking 
1997) amended with streptomycin sulphate (0.16 g/L, Sigma 
Aldrich). Other chopped pieces, coming from the remaining 
eight berries, were placed in 8 Petri dishes (5 pieces per dish 

from 1 berry) (90 mm diameter, Nuova Aptaca) with potato 
dextrose agar (PDA, Biolife Italiana, Milan, Italy) amended 
with streptomycin sulphate (0.16 g/L, Sigma Aldrich). All 
Petri dishes (MEA and PDA) were incubated at 22 ± 2 °C 
in the dark for 7 days. Successively, after stereomicroscope 
(SZX9, Olympus, Tokyo, Japan) and optical microscope 
(Axiophot, Zeiss, Oberkochen, Germany) observations, all 
the colonies morphologically identified as belonging to the 
genus Aspergillus section Nigri, were transferred into new 
Petri dishes (60  mm diameter, Nuova Aptaca) containing 
PDA (Biolife Italiana) and placed at 22 ± 2 °C in the dark.

The sampled bunches were also placed in humid cham-
bers (HC). In detail, bunches were sectioned into several 
pieces (about 5  cm) and then placed onto three sterilized 
layers of filter paper (150 mm diameter, grade 1, Whatman, 
GE Healthcare, Amersham Place, UK) previously supple-
mented with 15 mL of sterile deionized water into 4 Petri 
dishes (150 mm diameter, Nuova Aptaca), and maintained 
at room temperature for 2 days. Each bunch was observed 
under a stereomicroscope (SZX9, Olympus) and all Asper-
gillus section Nigri colonies developed from the bunches/
berries were transferred into new Petri dishes (60  mm 
diameter, Nuova Aptaca) containing PDA (Biolife Italiana) 
and placed at 22 ± 2  °C in the dark. During stereomicro-
scope observations of the fungal structures developed from 
bunches placed in HC, pictures were taken using a BEL 
Imaging System (BEL Engineering, Monza, Italy).

All Aspergillus section Nigri isolates coming from the 
three different isolation methods (PDA, MEA and HC) were 
stored at −80  °C after obtaining monosporic cultures and 
then stored in the fungal collection of the Department of 
Agricultural, Food and Environmental Sciences of the Uni-
versity of Perugia (Italy).

Molecular analysis of isolated black aspergilli

At the end of the three sampling years, all Aspergillus 
section Nigri isolates obtained from the cultures grown 
on MEA, PDA and HC were moved from −80 °C to new 
Petri dishes (60  mm diameter, Nuova Aptaca), contain-
ing PDA (Biolife Italiana). After 7 days at 22 ± 2  °C in 
the dark, a 5  mm diameter mycelial plug, taken from the 
edge of the colony of each isolate, was transferred in 50 
mL flasks containing 30 mL of Czapek Yeast Broth (CYB, 
Sigma Aldrich) as reported by Atlas (2010). All flasks were 
incubated at room temperature in an orbital shaker (Lab-
line Instruments; Melrose Park, IL, USA) for 7 days at 
200 rpm. All fungal cultures were then filtered (Miracloth, 
Millipore Corporation, Billerica, MA, USA) to recover the 
mycelium which was subsequently freeze-dried with a Heto 
Powder Dry LL3000 lyophilizer (Thermo Fisher Scientific, 
Waltham, MA, USA) and finely ground with stainless-steel 

Fig. 1  Map of the Umbria region (central Italy) showing the different 
vineyards from which grapes were sampled. In the right bottom cor-
ner (outlined box) a map of Italy indicates the location of the Umbria 
region (red square) in the national geographical context. Under the 
maps, details of the samples are reported
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and a final extension (72 °C for 8 min). Finally, the PCR 
cycle for CMD amplification consisted of an initial denatur-
ation step (95 °C for 4 min), followed by 35 cycles of dena-
turation (95 °C for 1 min), annealing (55.5 °C for 1 min) and 
extension (72 °C for 2 min), and a final extension (72 °C for 
8 min).

PCR assays were performed on a T-100 thermal cycler 
(Bio‐Rad, Hercules, CA, USA). PCR fragments were visu-
alized on TAE 1X agarose gel (2%) containing 0.1 µL/mL 
of SafeView FireRed (Applied Biological Material). DNA 
fragments were separated at 110 V for ~40  min. Electro-
phoretic runs were observed with an ultraviolet transillumi-
nator (Euroclone). The size of the amplified fragments was 
obtained by comparison with HyperLadder 100–1000  bp 
(Bioline Meridian Bioscience, Cincinnati, OH, USA). 
PCR fragments were purified and sequenced by an external 
sequencing service (Genewiz Genomics Europe, Takeley, 
UK).

Phylogenetic analysis

The taxonomic identity of the Aspergillus section Nigri 
isolates obtained in this study was investigated by phyloge-
netic analysis of ITS, βt, and CMD combined gene regions. 
The newly generated sequences were submitted to the 
Basic Local Alignment Search Tool nucleotide (BLASTn) 
search and aligned with the nucleotide sequences of refer-
ence isolates of Aspergillus section Nigri retrieved from 
the National Center for Biotechnology Information (NCBI) 
GenBank database (National Center for Biotechnology 
Information 2024), based on Houbraken et al. (2020). The 
sequences were aligned with Muscle on MEGA XI v.11.0.8 
(Tamura et al. 2021) and were trimmed and concatenated 
to generate the multi-sequence alignment. IQ-TREE version 
2.3.1 (Minh et al. 2020) was used to calculate the best-fit 
evolution model according to BIC with the implemented 
ModelFinder (Kalyaanamoorthy et al. 2017), and to infer 
the Maximum likelihood phylogenetic tree, based on 10,000 
ultrafast bootstrap support replicates (Hoang et al. 2018), on 
the partitioned dataset (Chernomor et al. 2016).

beads (Qiagen, Hilden, Germany) and a Mixer Mill MM200 
grinding machine (Retsch, Haan, Germany) with a fre-
quency of 25 Hz for 6 min.

Molecular identification of obtained isolates was real-
ized by extracting genomic DNA from the fungal colonies 
following the method described by Parry and Nicholson 
(1996) with modifications introduced by Covarelli et al. 
(2015a, b) and by Beccari et al. (2018). Genomic DNA 
was visualized on a 2% agarose, trizma base-glacial acid 
acetic-ethylenediamine-tetraacetic acid disodium salt dihy-
drate (TAE; all from Sigma Aldrich) gel (1x) containing 0.1 
µL/mL of SafeView FireRed (Applied Biological Material, 
Richmond, BC, Canada). DNA fragments were separated 
in a 10 cm-long agarose TAE gel, with an electrophoresis 
apparatus (Eppendorf, Hamburg, Germany) applying a ten-
sion of 110 V for 30 min. Electrophoretic runs were visual-
ized using an ultraviolet transilluminator (Euroclone, Milan, 
Italy). DNA concentration was estimated by comparison 
with a 1  kb gene ruler (Thermo Fisher Scientific) and by 
a spectrophotometer Lambda Ez201 (Perkin Elmer Italia, 
Milan, Italy) reading the DNA absorbance at 260 nm. DNA 
was diluted in DNase-free sterile water for molecular biol-
ogy use (5prime, Hilden, Germany) to obtain a concentra-
tion of ~ 30 ng/µL and stored at −20 °C until use.

A phylogenetic analysis was performed using partial 
ribosomal DNA (rDNA) Internal Transcribed Spacer (ITS), 
partial β-tubulin (βt) and partial calmodulin (CMD) gene 
sequences (White et al. 1990; Glass and Donaldson 1995; 
Hong et al. 2005). A PCR protocol was adopted using a total 
reaction volume of 50 µL. Each reaction contained 2 µL 
of DNA, 5 µL of 10x Reaction Buffer (Microtech, Naples, 
Italy), 5 µL of 10 µM dNTP Mix (Microtech), 3 µL of 25 
mM MgCl2 (Microtech), 3.75 µL of Cresol Red (Sigma 
Aldrich), 2.5 µL of 10 µM of forward and reverse primers 
(Table 1), 0.25 of 5 U/µL of Taq DNA polymerase (Micro-
tech) and 26 µL DNase-free sterile water (5prime).

The PCR cycle for ITS amplification consisted of an 
initial denaturation step (95 °C for 4 min), followed by 35 
cycles of denaturation (94  °C for 45  s), annealing (57  °C 
for 50 s) and extension (72 °C for 30 s), and a final exten-
sion (72 °C for 8 min). The PCR cycle for βt amplification 
consisted of an initial denaturation step (95 °C for 4 min), 
followed by 35 cycles of denaturation (94  °C for 1 min), 
annealing (67 °C for 1 min) and extension (72 °C for 1 min), 

Table 1  Information about the primers used in this study
Target Primer name Sequence (5′-3′) Size References
Internal Transcribed Spacer (ITS) ITS1 ​T​C​C​G​T​A​G​G​T​G​A​A​C​C​T​G​C​G​G 290 bp White et al. (1990)

ITS4 ​T​C​C​T​C​C​G​C​T​T​A​T​T​G​A​T​A​T​G​C
β-tubulin (βt) Bt2a ​G​G​T​A​A​C​C​A​A​A​T​C​G​G​T​G​C​T​G​C​T​T​T​C 540 bp Glass and Donaldson (1995)

Bt2b ​A​C​C​C​C​T​C​A​G​T​G​T​A​G​T​G​A​C​C​C​T​T​G​G​C
Calmodulin (CMD) CMD5 ​C​C​G​A​G​T​A​C​A​A​G​G​A​G​G​C​C​T​T​C 580 bp Hong et al. (2005)

CMD6 ​C​C​G​A​T​A​G​A​G​G​T​C​A​T​A​A​C​G​T​G​G
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incidence was not significantly different from that of A. wel-
witschiae (2% vs. 11%, p = 0.061), while both these species 
were significantly lower than A. tubingensis (87%; p < 0.001 
for both tests).

Role of vineyard location on black aspergilli 
development

Due to the unbalanced dataset, the effect of location should 
not be interpreted only concerning climate or soil, but it 
should be taken as the overall contribution of all differences 
in vineyard management and cultivars, as grown in each 
location.

The role of vineyard location (Fig. 4) is highly signifi-
cant in the Aspergillus section Nigri species development on 
grapes (p = 0.0065). In detail, among the three black asper-
gilli species detected in this survey, the occurrence of A. 
tubingensis showed a significant difference across locations. 
The incidence detected in V2, V5 and V7 was significantly 
higher than in V6 (p < 0.043). No significant differences 
were detected for the other locations (V1, V3, V4 and V8) 
in comparison to V6 or the V5-V2-V7 group (p > 0.343).

Considering the incidences of the three Aspergillus sec-
tion Nigri species detected in this survey within each single 
location, no significant differences were observed in the iso-
lation from grapes of vineyard V1 (Magione) between A. 
tubingensis (67%) and A. welwitschiae (33%) (p = 0.317). 
A. uvarum was not isolated from this location (Fig. 4).

Conversely, in the other vineyard located in the Mag-
ione area (V2), a significant difference between the isola-
tion incidences of A. tubingensis (93%) and A. welwitschiae 
(7%) (p < 0.0001) was observed, while A. uvarum was not 
detected.

From the grapes collected in the vineyards V3 and V4, 
both located at Castel Rigone, A. tubingensis (V3 = 75%; 
V4 = 80%) was isolated with an incidence not significantly 
different from A. welwitschiae (V3 = 25% and V4 = 20%), 
with p = 0.500 and p = 0.600, respectively. A. uvarum was 
not isolated from the grapes sampled in both the vineyards 
(Fig. 4).

Focusing on the vineyard at Cannara (V5), A. uvarum 
(1%) was isolated in a similar amount with respect to A. 
welwitschiae (6%; p = 0.072), while A. tubingensis (93%) 
was the most isolated species also from this location 
(p < 0.0001) (Fig. 4).

A. uvarum was abundantly isolated only from grapes 
sampled in vineyard V6 (Bevagna). Focusing on this loca-
tion (Fig.  4), no significant differences were observed in 
the isolation incidences of the three Aspergillus species 
detected: A. tubingensis (33%), A. uvarum (22%) and A. 
welwitschiae (45%) (p > 0.679).

Statistical analysis

It is necessary to point out that this study is to be regarded as 
an observational survey and not as a designed experiment. 
Consequently, there is a certain degree of unbalance and the 
experimental factors are never fully crossed, which has been 
considered by the authors in the interpretation of the results.

The data about the presence/absence of fungal colonies 
(four exclusive outcomes: no colony, A. tubingensis, A. 
welwitschiae or A. uvarum) were analysed with a multi-
nomial GLM with logit-link. As the first step, a set of uni-
variable models was fitted, by considering the effects of the 
year, location, farming system and growth stage separately 
(Agresti 2002). The significance of pairwise differences 
(between different years, locations, farming systems and 
growth stages) was tested with a generalized linear contrast 
testing procedure, with single-step multiplicity adjustment 
(Bretz et al. 2011). All analyses were performed using the 
R statistical environment (vers. 4.2.3; R Core Team 2023) 
together with the package ‘emmeans’ (Lenth 2022).

Results

Identification of black aspergilli

The individual BLASTn search results of ITS, βt, and CMD 
sequences indicated that all the isolates obtained in this 
study effectively categorized in the Aspergilllus section 
Nigri clade. Aspergillus flavus was used as the outgroup 
taxon. The combined alignment has 240 sequences with 
1453 total sites, 689 distinct patterns, 447 informative, 175 
singleton sites, and 831 constant sites. The partitioned mod-
els were TNe+G4 for ITS, and TNe+I+G4 for βt and CMD 
sequences, respectively. The phylogenetic analysis (Fig. 2 
and Figure S1) confirmed the identification of the isolates 
obtained in this study as A. tubingensis, A. welwitschiae and 
A. uvarum (Table S1).

Distribution of black aspergilli species in the three 
surveyed years

The incidence of each of the three isolated species (A. tubin-
gensis, A. welwitschiae and A. uvarum) did not significantly 
change across the three years (p = 0.606). However, signifi-
cant differences were observed between the incidences of 
the three black aspergilli species within each year (Fig. 3). 
In detail, focusing on 2013 (Fig. 3), the incidence of A. tub-
ingensis was significantly higher than that of A. welwitsch-
iae (85% vs. 15%; p = 0.005). In 2014 (Fig. 3), results were 
totally similar (88% vs. 12%; p = 0.0008). Finally, in 2015 
(Fig.  3) A. uvarum was isolated for the first time and its 
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Distribution of black aspergilli in vineyards grown 
under different farming systems

The different farming systems are not fully crossed with 
cultivars and locations and, therefore, direct statistical com-
parisons between farming systems are not warranted.

Focusing on the organic system, performed only in one 
location, A. tubingensis (93%) was more frequently iso-
lated than A. welwitschiae (6%; p = 0.0001) and A. uvarum 
(1%; p = 0.0001), with no significant difference between 
these latter two species (Fig. 5; p = 0.153). Also, from the 
grapes sampled in the integrated vineyards (all locations, 
but V5; all cultivars, but Grechetto and Sangiovese) the 
most isolated species was A. tubingensis (78%), followed 

A. tubingensis (94%) was the most isolated species 
from vineyard V7 (Bevagna), with a significant difference 
compared to A. welwitschiae (6%; p = 0.0001), whereas A. 
uvarum was not isolated at all (Fig. 4).

A similar trend was observed in the other vineyards 
located in the plain in the Bevagna area (V8), with A. tub-
ingensis (85%) more frequently isolated with respect to A. 
welwitschiae (15%; p = 0.0086). A. uvarum was not isolated 
in this location (Fig. 4).

Fig. 2  Maximum Likelihood consensus tree (compressed version) of ITS, βt, and CMD sequences constructed from 10,000 bootstrap trees inferred 
by IQtree. Numbers are ultrafast bootstrap support (%)
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Role of grape growth stages on black aspergilli 
development

In regard to the effect of growth stages, the dataset appears 
to be more orthogonal than the previously considered effects 
of location, cultivar and farming system, so some compari-
sons between growth stages seem to be possible.

by A. welwitschiae (20%) and A. uvarum (2%) (p < 0.0062) 
(Fig. 5). Similar to what was detected in the organic vine-
yards, no significant differences were observed between A. 
welwitschiae and A. uvarum (p = 0.0508).

Fig. 4  Incidence (%) of A. tubingensis, A. welwitschiae, and A. uvarum isolated from grapes harvested in eight different Umbrian vineyards (V1–
V8) during the three surveyed years

 

Fig. 3  Incidence (%) of A. tubingensis, A. welwitschiae, and A. uvarum isolated from grapes sampled in 2013, 2014 and 2015 in the surveyed 
Umbrian vineyards
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(Fig.  6) compared to A. uvarum (1%; p < 0.0001) and A. 
welwitschiae (11%; p < 0.0001), while no significant differ-
ences (p = 0.095) between these last two species were found. 
At this stage, the most colonized tissue by black aspergilli 
was represented by the peduncles, from which colonization 
extended to the berries.

Finally, A. uvarum was not isolated from grapes at the 
berries harvest-ripe (Fig. 6) whereas A. welwitschiae (8%) 
was less frequently isolated (p < 0.0001) than A. tubingensis 
(92%). At this stage, the most colonized tissue by Aspergil-
lus spp. were the wounds and the cracking present on the 
berries as well as the whole berries probably colonized from 
the peduncles. At berries harvest-ripe, the colonization by 
black aspergilli was also detected on mummified berries.

Discussion

The present paper describes the results of a survey study 
conducted in the Umbria region (central Italy) to identify 
the Aspergillus species belonging to the section Nigri asso-
ciated with wine grapes. In addition, the effect of sampling 
year (2013, 2014 and 2015); sampling location, farming 
system (organic or integrated) and growth stage (setting, 
berries pea-size, veraison and berries harvest-ripe) was also 
considered. Due to the nature of the survey, the different 
effects are not fully crossed and there is a certain degree of 
unbalance, which requires some prudence when trying to 
disentangle those effects.

The results obtained regarding the composition of the 
black aspergilli community associated with grapes cul-
tivated in the investigated area are relative to the three 
years 2013, 2014, and 2015. For this reason, they may not 

Growth stages played a significant (p = 0.032) role in 
the development of two Aspergillus section Nigri species 
(Fig. 6). In detail, A. tubingensis showed the lowest pres-
ence at setting in comparison to berries pea-size and ber-
ries harvest-ripe (p < 0.032), while no significant differences 
were detected at veraison in comparison to the other growth 
stages (p > 0.059). Considering A. welwitschiae, the occur-
rence detected at the setting stage was significantly higher 
than that recorded at berries pea-size and at berries harvest-
ripe (p < 0.043). Also for this species, the incidence detected 
at veraison was not significantly different compared to what 
was observed at setting, berries pea-size and berries harvest-
ripe (p > 0.072). No significant differences among the differ-
ent growth stages were observed for A. uvarum (P > 0.338).

Focusing on every single growth stage, from grapes sam-
pled during the setting stage (Fig. 6), A. tubingensis (68%) 
was isolated with a significant (p = 0.0004) higher incidence 
than A. uvarum (3%) but not (p = 0.100) than A. welwitsch-
iae (29%). Despite the higher incidence, this last species 
was not significantly different (p = 0.051) from A. uvarum. 
The isolation carried out by the HC technique provided an 
opportunity to observe that the most colonized tissue by 
black aspergilli at setting was represented by flower debris.

A. tubingensis was the species mainly isolated (93%) 
from the samples collected at the berries pea-size (Fig. 6), 
in comparison to A. uvarum (4%; p < 0.0001) and A. wel-
witschiae (3%; p < 0.0001). Conversely, these two last 
species were equally isolated (p = 1.000). Similar to what 
observed at the previous sampling time, the most colonized 
tissue by black aspergilli at the berries pea-size was repre-
sented by flower debris.

A. tubingensis (88%) was the most frequently isolated 
species also from the samples collected at the veraison stage 

Fig. 5  Incidence (%) of A. tubingensis, A. welwitschiae, and A. uvarum isolated from grapes sampled in vineyards grown under organic and inte-
grated farming systems. Direct comparisons between farming systems were not possible, due to the design of this survey
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aspergilli on grapes in specific surveyed areas. For example, 
similar results to those obtained in the present study were 
highlighted by Habib et al. (2021) on table grapes in Leba-
non. The authors detected the presence of A. tubingensis, A. 
welwitschiae and A. uvarum and the absence of other black 
aspergilli (Habib et al. 2021). These three species were also 
reported in grapes from non-Mediterranean countries such 
as Canada (Qi et al. 2016) and China (Huang et al. 2020). 
However, in these last cases, the authors detected, together 
with these three species, also other black aspergilli (Qi et al. 
2016; Huang et al. 2020). Conversely, a survey conducted 

correspond to the community currently present in the same 
cultivation area.

A. tubingensis, together with A. niger and A. carbonar-
ius, is usually considered one of the main black aspergilli 
detected on grapes grown in the Mediterranean area (Somma 
et al. 2012; García-Cela et al. 2014a, b; Cabañes and Bragu-
lat 2018). The other two species detected in this survey (A. 
welwitschiae and A. uvarum) are among those found with 
a certain incidence in the same territory (Cabañes and Bra-
gulat 2018; Tini et al. 2020). Other researchers previously 
determined the simultaneous presence of these three black 

Fig. 6  Incidence (%) of A. tubingensis, A. welwitschiae, and A. uvarum 
isolated from grapes sampled at different growth stages: setting, ber-
ries pea-size, veraison and berries harvest-ripe. For each growth stage, 
the images show the mainly colonized tissue by Aspergillus section 
Nigri spp. In detail, flower debris was the most colonized tissue at 

setting and berries pea-size stages; peduncles were the most colonized 
tissues at the veraison stage; cracked berries were mainly colonized 
at berries harvest-ripe, even if, at this sampling time, berry coloni-
zation occurred also as a consequence of infections started from the 
peduncles, causing also their mummification
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The absence of this species in grapes was reported also dur-
ing other surveys conducted in Spain (Gómez-Albarrán et 
al. 2021) and Lebanon (Habib et al. 2021). The decrease of 
A. carbonarius in Mediterranean areas could be explained 
by the climate change scenario that might have negatively 
affected the development of this species in grapes (Cer-
vini et al. 2020). The absence of A. carbonarius in the 
area surveyed in the present study could suggest a poten-
tial reduction of OTA contamination risk, even if another 
OTA producing species, A. welwistichiae, has been detected 
during this investigation. However, the percentage of OTA 
producing isolates within A. welwistichiae populations ana-
lyzed in other studies was low (Susca et al. 2016) or even 
absent (Qi et al. 2016). These findings, combined with 
the fact that A. tubingensis and A. uvarum are considered, 
respectively, controversially able (Choque et al. 2018) or 
not able (Perrone et al. 2008) to produce OTA, would sug-
gest the presence of a low OTA contamination risk in the 
surveyed area during the investigated years.

The three black aspergilli associated with wine grapes 
detected during the present surveys showed different iso-
lation incidences. In fact, despite the sampling year did 
not show any effect on the incidence of the different spe-
cies, A. tubingensis was always the most isolated species 
in each of the three investigated years followed by A. wel-
wistichiae. A. uvarum was detected only in one surveyed 

in northern Italy showed, among the other black aspergilli 
(A. niger, A carbonarius, A. aculeatus, A. japonicus), the 
presence of A. tubingensis but not of A. welwitschiae and 
A. uvarum (Spadaro et al. 2012). Similarly, in Spain, the 
species A. tubingensis (together with A. carbonarius and 
A. niger) was found, while A. welwitschiae and A. uvarum 
were not detected (García-Cela et al. 2014a). However, 
cases where the species A. welwitschiae and A. uvarum were 
detected in the grapes in the absence of A. tubingensis were 
reported in Uruguay (Garmendia and Vero 2016). Finally, 
the presence of A. tubingensis together with A. uvarum 
was detected in grapes in Greece (Testempasis et al. 2022), 
while, A. tubingensis was detected with A. welwitschiae in 
grapes in Cyprus (Pantelides et al. 2017) and California 
(USA) (Palumbo et al. 2016).

In summary, the exclusive detection of A. tubingensis, 
A. welwistichiae and A. uvarum in a surveyed grapes cul-
tivation area, as reported in this study, is not very common 
(Fig.  7). Conversely, the presence of these three species 
(together or separated), in combination with other black 
aspergilli, is quite common (Fig. 7).

Interestingly, in the present study, A. carbonarius, con-
sidered for many years one of the most important black 
aspergilli able to produce OTA in grapes in the Mediterra-
nean area (Gil-Serna et al. 2018; Welke 2019; Mondani et 
al. 2020), was not detected in any of the analyzed samples. 

Fig. 7  Map showing the detection of A. tubingensis, A. welwitschiae, A. uvarum and other black aspergilli from grapes as obtained from this survey 
(in red) and from other surveys in several world countries
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The different berry growth stages play a role in the 
dynamics of black aspergilli populations. For example, Pon-
sone et al. (2007) and Palumbo et al. (2016) reported that 
through the different growth stages, from setting to harvest, 
grape contamination by black aspergilli increased. In the 
present survey, the role of growth stage played a significant 
effect on A. tubingensis and A. welwistchiae incidence. Spe-
cifically, A. tubingensis (detected at every sampling time) 
showed a lower presence at setting in comparison to berries 
pea-size and berries harvest-ripe stages. An increase of A. 
tubingensis incidence from the first stages of berry develop-
ment to the others (harvest or veraison) was described also 
during surveys in California (USA) (Palumbo et al. 2016, 
2019).

Conversely, in the present survey, A. welwistchiae 
(detected at every sampling time) showed a higher presence 
at setting than at berries pea-size and berries harvest-ripe. 
A. uvarum (detected at every sample time except berries 
harvest-ripe) did not show significant variations across the 
different growth stages in which it was found. The dynamics 
of the three species across sampling times suggests that A. 
tubingensis increased from setting to berries harvest-ripe, 
while A. welwistichiae decreased and A. uvarum (even if 
not significantly) disappeared. Within each sampling time, 
A. tubingensis showed a significantly higher incidence than 
A. welwistchiae and A. uvarum.

Stereomicroscope observations conducted in samples 
placed in HC highlighted that flower debris was the sub-
strate from which black aspergilli mainly developed at set-
ting and berries pea-size. This is something that had been 
already described for Botrytis cinerea, another causal agent 
of bunch rot (Molitor et al. 2015). The results obtained 
in the present study suggest that also black aspergilli can 
cause bunch rot starting from flower debris colonization. 
Conversely, peduncles acted as substrates from which black 
aspergilli mainly developed at veraison. Only at berries har-
vest-ripe, an evidence of black aspergilli development was 
noticed from cracking in the berry surface, confirming that 
wounds on grape skin facilitated infection by black asper-
gilli (Lappa et al. 2018).

In conclusion, this study determined the presence of the 
three black aspergilli, A. tubingensis, A. welwistchiae and A. 
uvarum, associated with wine grapes cultivated in Umbria 
(central Italy). A. tubingensis was by far the predominant 
species. No A. carbonarius was found. Among the factors 
capable of influencing the occurrence of black aspergilli, 
vineyard location, farming system and grape growth stages 
were found to be those affecting the distribution of black 
aspergilli, in particular of A. tubingensis.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s42161-
024-01780-3.

year. The predominance of A. tubingensis in grapes within 
a black aspergilli population was also reported in surveys 
conducted in other countries such as Lebanon (Habib et al. 
2021), Canada (one of the three investigated years; Qi et 
al. 2016), China (Huang et al. 2020), Spain (García-Cela et 
al. 2014a), Greece (one of the two investigated years; Tes-
tempasis et al. 2022) and Cyprus (Pantelides et al. 2017). 
The results obtained in the present study further contribute 
to confirming that A. tubingensis can be considered, world-
wide, one of the most present species within a black asper-
gilli population in grapes.

The predominance of A. tubingensis was significant also 
in most of the surveyed vineyards (five out of eight). This 
species was present in each single location analyzed together 
with A. welwitschiae, while A. uvarum was reported only in 
two out of eight locations. Interestingly, one of these two 
locations (V6) in which the three species were simultane-
ously present, was the only showing no incidence differ-
ences among the three species. These results highlight that 
in the surveyed area the level of complexity of the black 
aspergilli community associated with the grapes of a single 
vineyard was low. A similar result was obtained also by Tes-
tempasis et al. (2022) who, investigating the composition of 
the black aspergilli community in some grapes cultivation 
areas of Greece, detected no more than three species simul-
taneously in each surveyed area. The present study showed 
also that the effect of vineyard location was limited and, 
when present, restricted to A. tubingensis. Similarly, signifi-
cant differences in the distribution within each single loca-
tion were detected only for this predominant species with 
respect to the less represented ones. Conversely, in the sur-
veyed area, the other detected species (A. welwistchiae and 
A. uvarum) showed a uniformity of their distribution both 
across the different locations and within a single location.

Previous studies showed that farming systems may have 
(Testempasis et al. 2022) or not (Palumbo et al. 2019) a sig-
nificant influence on black aspergilli populations in grapes. 
For example, Testempasis et al. (2022), surveying Greek 
vineyards, detected a higher presence of A. tubingensis in 
organic systems than in conventional ones. In the same sur-
vey, A. uvarum showed a higher presence in conventional 
vineyards in comparison to organic ones (Testempasis et al. 
2022). Palumbo et al. (2019), comparing the incidence of A. 
carbonarius, A niger, A welwitschiae and A. tubingensis on 
grapes cultivated in California (USA) under conventional or 
organic systems, concluded that no difference was detected. 
In this survey, the comparison between farming systems is 
not meaningful because they were present in different loca-
tions. However, the present study highlighted that all three 
species were isolated from both farming systems and that 
A. tubingensis was predominant both in organic and in inte-
grated vineyards.

1 3

https://doi.org/10.1007/s42161-024-01780-3
https://doi.org/10.1007/s42161-024-01780-3


Journal of Plant Pathology

Choque E, Klopp C, Valiere S, Raynal J, Mathieu F (2018) Whole-
genome sequencing of aspergillus tubingensis G131 and over-
view of its secondary metabolism potential. BMC Genom 19:200

Commission Regulation (EC) (2023) Commission Regulation (EC) 
915/2023 of 25 April 2023 on maximum levels for certain con-
taminants in food and repealing regulation (EC) 1881/2006. Off J 
Eur Un L119:103–157

Coombe BG (1995) Adoption of a system for identifying grapevine 
growth stages. Aus J Grape Wine Res 1:100–110

R Core Team (2023) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.R-project.org/. Accessed 28 Dec 2023

Covarelli L, Beccari G, Marini A, Tosi L (2012) A review on the occur-
rence and control of ochratoxigenic fungal species and ochratoxin 
A in dehydrated grapes, non-fortified dessert wines and dried vine 
fruit in the Mediterranean area. Food Control 26:347–356

Covarelli L, Beccari G, Prodi A, Generotti S, Etruschi F, Juan C, Ferrer 
E, Manes J (2015a) Fusarium species, chemotype characteriza-
tion and trichothecene contamination of durum and soft wheat in 
an area of central Italy. J Sci Food Agric 95:540–551

Covarelli L, Tosi L, Beccari G (2015b) Risks related to the presence of 
fungal species and mycotoxins in grapes, wines and other derived 
products in the Mediterranean area. In: The Mediterranean Diet. 
An evidence-based approach. First Edition, Edited by Preedy VR 
and Watson RR, Elsevier Academic Press, pp. 563–575

Dachery B, Hernandez KC, Veras FF, Schmidt L, Augusti PR, Manfroi 
V, Zini CA, Welke JE (2019) Effect of aspergillus carbonarius on 
ochratoxins a levels, volatile profile and antioxidant activity of 
the grapes and respective wines. Food Res Int 126:108687

FAOSTAT (2022) https://www.fao.org/home/en. Accessed 31 June 
2023

Freire L, Passamani FRF, Thomas AB, Nassur RCMR, Silva LM, Pas-
choal FN, Pereira GE, Prado G, Batista LR (2017) Influence of 
physical and chemical characteristics of wine grapes on the inci-
dence of Penicillium and Aspergillus fungi in grapes and ochra-
toxin A in wines. Int J Food Microbiol 241:181–190

Freire L, Braga PAC, Furtado MM, Delafiori J, Dias-Audibert FL, 
Pereira GE, Reyes FG, Catharino RR (2020) From grape to wine: 
fate of ochratoxin A during red, rose, and white winemaking pro-
cess and the presence of ochratoxin derivatives in the final prod-
ucts. Food Cont 113:107167

García-Cela E, Crespo-Sempere A, Gil-Serna J, Porqueres A, Marin 
S (2014a) Fungal diversity, incidence and mycotoxin contami-
nation in grapes from two agro-climatic Spanish regions with 
emphasis on aspergillus species. J Sci Food Agric 95:1716–1729

García-Cela E, Crespo-Sampere A, Ramos AJ, Sanchis V, Marin S 
(2014b) Ecophysiological characterization of aspergillus carbon-
arius, aspergillus tubingensis and aspergillus Niger isolated from 
grapes in Spanish vineyards. Int J Food Microbiol 173:89–98

Garmendia G, Vero S (2016) Occurrence and biodiversity of Asper-
gillus section Nigri on ‘Tannat’ grapes in Uruguay. Int J Food 
Microbiol 2016:31–39

Gil-Serna J, Vázquez C, González-Jaén MT, Patiño B (2018) Wine 
contamination with ochratoxins: a review. Beverages 4:6

Giorni P, Zhang L, Bavaresco L, Lucini L, Battilani P (2023) Metab-
olomic insight into the variety-mediated responses to aspergil-
lus carbonarius infection in grapevine berries. ASC Omega 
8:32352–32364

Glass NL, Donaldson GC (1995) Development of primer sets designed 
for use with the PCR to amplify conserved genes from filamen-
tous Ascomycetes. Appl Environ Microbiol 61:1323–1330

Gómez-Albarrán C, Melguizo C, Patiño B, Vázquez C, Gil-Serna J 
(2021) Diversity of mycobiota in Spanish grape berries and selec-
tion of Hanseniaspora uvarum U1 to prevent mycotoxin contami-
nation. Toxins 13:649

Funding  Open access funding provided by Università degli Studi di 
Perugia within the CRUI-CARE Agreement.

Data availability  All data generated or analyzed during this study is 
included in the published article (and its supplementary files).

Declarations

Ethical approval  This study does not need any ethical approval.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Competing interests  The author declares no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Agresti A (2002) Categorical data analysis, 2nd ed., Wiley series in 
probability and statistics. Wiley-Interscience, New York

Atlas RM (2010) Handbook of microbiological media. 4. Washington 
D.C., Taylor and Francis Group, LLC

Battilani P, Giorni P, Pietri A (2003) Epidemiology of toxin-producing 
fungi and ochratoxin a occurrence in grape. Eur J Plant Pathol 
109:715–722

Beccari G, Senatore MT, Tini F, Sulyok M, Covarelli L (2018) Fungal 
community, Fusarium head blight complex and secondary metab-
olites associated with malting barley grains harvested in Umbria, 
central Italy. Int J Food Microbiol 271:33–42

Bretz F, Hothorn T, Westfall P (2011) Multiple comparisons using R. 
CRC, Boca Raton, FL

Cabañes FJ, Bragulat MR (2018) Black aspergilli and ochratoxin-pro-
ducing species in foods. Curr Opin Food Sci 23:1–10

Cabañes FJ, Bragulat MR, Castellá G (2013) Characterization of non-
ochratoxigenic strains of aspergillus carbonarius from grapes. 
Food Microbiol 36:135–141

Cervini C, Gallo A, Piemontese L, Magistà D, Logrieco AF, Ferrara M, 
Solfrizzo M, Perrone G (2020) Effects of temperature and water 
activity change on ecophysiology of ochratoxigenic aspergillus 
carbonarius in field-simulating conditions. Int J Food Microbiol 
315:108420

Chernomor O, von Haeseler A, Minh BQ (2016) Terrace aware data 
structure for phylogenomic inference from supermatrices. Syst 
Biol 65:997–1008

Chiotta ML, Ponsone ML, Combina M, Torres AM, Chulze SN 
(2009) Aspergillus section Nigri species isolated from different 
wine-grape growing regions in Argentina. Int J Food Microbiol 
136:137–141

1 3

https://www.R-project.org/
https://www.fao.org/home/en
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Journal of Plant Pathology

Palumbo JD, O’Keeffe TL, Quejarro BJ, Yu A, Zhao A (2019) Com-
parison of Aspergillus section Nigri populations in conventional 
and organic raisin vineyards. Curr Microbiol 76:848–854

Pantelides IS, Aristeidou E, Lazari M, Tsolakidou MD, Tsaltas D, 
Christofidou M, Kafouris D, Christou E, Ioannou N (2017) Bio-
diversity and ochratoxin a profile of Aspergillus section nigri 
populations isolated from wine grapes in Cyprus vineyards. Food 
Microbiol 67:106–115

Parry DW, Nicholson P (1996) Development of a PCR assay to detect 
Fusarium poae in wheat. Plant Pathol 45:383–391

Perrone G, Gallo A (2017) Aspergillus species and their associated 
mycotoxinsmycotoxigenicifungi Fmethodsethodprotocolsto-
cols. Antonio Moretti and Antonia Susca. Methods Mol Biol 
1542:33–49

Perrone G, Varga J, Susca A, Frisvad JC, Stea G, Kocsubé S, Tóth B, 
Kozakiewicz Z, Samson RA (2008) Aspergillus uvarum sp. nov., 
an uniseriate black Aspergillus species isolated from grapes in 
Europe. Int J Syst Ev Microbiol 58:1032–1039

Pitt JI, Hocking AD (1997) Fungi and food spoilage, Second edn. 
Aspen, Gaithersburg, Maryland

Ponsone ML, Combina M, Dalcero A, Chulze S (2007) Ochratoxin 
A and ochratoxigenic Aspergillus species in Argentinean wine 
grapes cultivated under organic and non-organic systems. Int J 
Food Microbiol 114:131–135

Qi TF, Renaud JB, McDowell T, Seifert KA, Yeung KKC, Sumarah 
MW (2016) Diversity of mycotoxin-producing black aspergilli in 
Canadian vineyards. J Agric Food Chem 64:1583–1589

Samson RA, Houbraken JAMP, Kuijers AFA, Frank JM, Frisvad 
J (2004) New ochratoxin a or sclerotium producing species in 
Aspergillus section Nigri. Stud Mycol 50:45–61

Singh BK, Delgado-Baquerizo M, Egidi E, Guirado E, Leach JE, Liu 
H, Trivedi P (2023) Climate change impacts on plant pathogens, 
food security and paths forward. Nat Rev Microbiol 21:640–656

Somma S, Perrone G, Logrieco AF (2012) Diversity of black Asper-
gilli and mycotoxin risks in grape, wine and dried vine fruits. 
Phyto Med 51:131–147

Spadaro D, Patharajan S, Lorè A, Garibaldi A, Gullino ML (2012) 
Ochratoxigenic black species of Aspergilli in grape fruits of 
Northern Italy identified by an improved PCR-RFLP procedure. 
Toxins 4:42–54

Steel CC, Blackman JW, Schmidtke LM (2013) Grapevine bunch rots: 
impacts on wine composition, quality, and potential procedures 
for the removal of wine faults. J Agric Food Chem 61:5189–5206

Stefanini I, Carlin S, Tocci N, Albanese D, Donati C, Franceschi P, 
Paris M, Zenato A, Tempesta S, Bronzato A, Vrhovsek U, Mattivi 
F, Cavalieri D (2017) Core Microbiota and metabolome of Vitis 
vinifera L. Cv. Corvina grapes and musts. Front Microbiol 8:457

Susca A, Proctor RH, Morelli M, Haidukowski M, Gallo A, Logrieco 
AF, Moretti A (2016) Variation in fumonisin and ochratoxin pro-
duction associated with differences in biosynthetic gene content 
in Aspergillus Niger and A. Welwitschiae isolates from multiple 
crop and geographic origins. Front Microbiol 7:1412

Tamura K, Stecher G, Kumar S (2021) MEGA11: molecular evolution-
ary genetics analysis version 11. Mol Biol Evol 25:3022–3027

Testempasis SI, Kamou NN, Papadakis EN, Menkissoglu-Spiroudi 
U, Karaoglanidis GS (2022) Conventional vs. organic vineyards: 
black aspergilli population structure, mycotoxigenic capacity 
and mycotoxin contamination assessment in wines, using a new 
Q-TOF MS-MS detection method. Food Cont 136:108860

Tini F, Beccari G, Covarelli L (2020) Fungal species and toxins in 
wines and grapes in the Mediterranean area. In: The Mediterra-
nean Diet. An evidence-based approach. Second Edition, Edited 
by Preedy VR and Watson RR, Elsevier Academic Press, pp. 
503–515

Vivier MA, Pretorius IS (2002) Genetically tailored grapevines for the 
wine industry. Trends Biotechnol 20:472–478

Habib W, Khalil J, Mincuzzi A, Saab C, Gerges E, Tsouvalakis HC, 
Ippolito A, Sanzani SM (2021) Fungal pathogens associated with 
harvested table grapes in Lebanon, and characterization of the 
mycotoxigenic genera. Phyto Med 60:427–439

Hoang DT, Chernomor O, von Haeseler A, Minh BQ, Vinh LS (2018) 
UFBoot2: improving the Ultrafast bootstrap approximation. Mol 
Biol Evol 35:518–522

Hong SB, Go SJ, Shin HD, Frisvad JC, Samson RA (2005) Polyphasic 
taxonomy of aspergillus fumigatus and related species. Mycolo-
gia 97:1316–1329

Houbraken J, Kocksubé S, Visagie CM, Yilmaz N, Wang XC, Mei-
jer M, Kraak B, Hubka V, Bensch K, Samson RA, Frisvad JC 
(2020) Classification of Aspergillus, Penicillium, Talaromyces 
and related genera (Eurotiales): an overview of families, genera, 
subgenera, sections, series and species. Stud Mycol 95:5–169

Huang X, Xiao Z, Kong F, Chen AJ, Perrone G, Wang Z, Wang J, 
Zhang H (2020) Diversity and ochratoxin A-fumonisin profile of 
black aspergilli isolated from grapes in China. World Mycotoxin 
J 13:225–234

IARC, International Agency for Food and Research on Cancer (1993) 
Monographs on the evaluation of carcinogenic risks to humans, 
some naturally occurring substances: food items and constituents, 
heterocyclic aromatic amines and mycotoxins. Int Agency Food 
Res Cancer 56:489–521

ISTAT (2022) http://dati.istat.it/Index.aspx?QueryId=33706. Accessed 
14 April 2023

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin 
LS (2017) ModelFinder: fast model selection for accurate phylo-
genetic estimates. Nat Methods 14:587–589

Lappa IK, Mparampouti S, Lanza B, Panagou EZ (2018) Control of 
aspergillus carbonarius in grape berries by Lactobacillus planta-
rum: a phenotypic and gene transcription study. Int J Food Micro-
biol 275:56–65

Lenth R (2022) Emmeans: Estimated Marginal Means, aka Least-
Squares Means_. R package version 1.7.4-9990003, URL: https://
github.com/rvlenth/emmeans. Accessed 28 Dec 2022

Leong SL, Hocking AD, Pitt JI (2004) Occurrence of fruit rot fungi 
(aspergillus section Nigri) on some drying varieties of irrigated 
grapes. Aus J Grape Wine Res 10:83–88

Lorenzini M, Cappello MS, Logrieco A, Zapparoli G (2016) Poly-
morphism and phylogenetic species delimitation in filamentous 
fungi from predominant mycobiota in whitered grapes. Int J Food 
Microbiol 238:56–62

Lorenzini M, Cappello MS, Perrone G, Logrieco A, Zapparoli G 
(2019) New records of Penicillium and Aspergillus from whitered 
grapes in Italy, and description of Penicillium fructuariae-cellae 
sp. nov. Phyto Med 58:323–340

Mikušová P, Cabon M, Melichárková A, Urík M, Ritieni a, Slovák M 
(2020) Genetic diversity, ochratoxin A and fumonisin profiles of 
strains of Aspergillus section Nigri isolated from dried vine fruits. 
Toxins 12:592

Minh BQ, Schmidt HA, Chernomor O, Schrempf D, Woodhams MD, 
von Haeseler A, Lanfear R (2020) IQ-TREE 2: New Models and 
Efficient Methods for Phylogenetic inference in the genomic 
era. Mol Biol Evol 1;37:1530–1534. Erratum in: Mol Biol Evol 
1;37:2461

Molitor D, Hoffmann L, Beyer M (2015) Flower debris removal delays 
grape bunch rot epidemic. Am J Enol Vitic 66:548–553

Mondani L, Palumbo R, Tsitsigiannis D, Perdikis D, Mazzoni E, Bat-
tilani P (2020) Pest management and ochratoxin a contamination 
in grapes: a review. Toxins 12:303

National Center for Biotechnology Information (2024) https://blast.
ncbi.nlm.nih.gov/Blast.cgi. Accessed 01 Mar 2024

Palumbo JD, O’Keeffe TL, Ho IS, Fidelibus MW (2016) Population 
dynamics of aspergillus section Nigri species on vineyard sam-
ples of grapes and raisins. J Food Prot 79:448–453

1 3

http://dati.istat.it/Index.aspx?QueryId=33706
https://github.com/rvlenth/emmeans
https://github.com/rvlenth/emmeans
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi


Journal of Plant Pathology

protocols. A guide to methods and applications. Academic Press, 
Inc., San Diego, California, pp 315–322

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Welke JE (2019) Fungal and mycotoxin problems in grape juice and 
wine industries. Curr Opin Food Sci 29:7–13

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct 
sequencing of fungal ribosomal RNA genes for phylogenetics. 
In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR 

1 3


	﻿Survey on the occurrence of ﻿Aspergillus﻿ section ﻿Nigri﻿ species in grapes cultivated in Umbria (central Italy) and influence of several factors on their distribution
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Vineyards and sampling
	﻿Obtainment of black aspergilli isolates from grapes
	﻿Molecular analysis of isolated black aspergilli
	﻿Phylogenetic analysis
	﻿Statistical analysis

	﻿Results
	﻿Identification of black aspergilli
	﻿Distribution of black aspergilli species in the three surveyed years
	﻿Role of vineyard location on black aspergilli development
	﻿Distribution of black aspergilli in vineyards grown under different farming systems
	﻿Role of grape growth stages on black aspergilli development

	﻿Discussion
	﻿References


