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Abstract

BACKGROUND: Aspergillus species belonging to section Nigri are the main fungi responsible for ochratoxin (OTA) contamination
in grapes and wine. These species live as saprophytes in the superficial layer of the vineyard soil. We evaluated the biodiversity
of potentially ochratoxigenic strains of Aspergillus section Nigri isolated from vineyard soils from different grapevine growing
regions of Argentina. The isolates were characterized by classical and molecular methods. A multiple correspondence analysis
was performed to identify the overall correlation of the Aspergillus group distribution with environmental conditions, geograph-
ical characteristics and vineyard practices.

RESULTS; Aspergillus niger aggregate was the prevalent group (71%) and A. carbonarius made up only 2%. Species discrimi-
nation by species-specific primers showed that in A. niger aggregate 89% were A. tubingensis; 97% of the uniseriate were A.
japonicus/A. aculeatus. Isolates belonging to these groups were unable to produce OTA. Our results clearly demonstrate a strong
association between presence of A. carbonarius, high average temperatures and drip irrigation. Precipitation levels appear as
a secondary factor, and altitude, vineyard age, predominant species, grape variety or total fungal count showed no association
with A. carbonarius.

CONCLUSION: We demonstrated a low prevalence of ochratoxigenic species in vineyard soil from the grape-growing regions of
Argentina.
© 2014 Society of Chemical Industry
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INTRODUCTION
Ochratoxin A (OTA) is a mycotoxin, produced by species belonging
to Aspergillus and Penicillium genera, reported as one of the three
most important and harmful mycotoxins in the world.1 The toxin
is a very strong nephrotoxin, with carcinogenic, teratogenic and
immunosuppressive properties, classified as Group 2B by the
International Agency for Research on Cancer.2 OTA has been
detected worldwide in different foods and beverages, including
cereals, coffee beans, wine, cocoa beans, beer and dried fruit,
and also in feed sources.3 – 6 OTA was detected in wine for the
first time in 1996.7 Today, in Europe, wine – and especially red
wine – has been determined as the second major source of human
exposure to OTA after cereals, followed by beer and coffee.8 Thus
the European Commission has fixed the maximum limit for OTA in
wine and grape juice at 2.0 μg kg−1.9

Aspergillus species belonging to section Nigri, commonly known
as black aspergilli – in particular, Aspergillus carbonarius and
species belonging to the Aspergillus niger aggregate – have been
identified as the main fungi responsible for OTA contamination in
grapes and wine. They are opportunistic fungi that may occur and
form OTA on grapes from veraison to harvest.10

In vineyards the best way to reduce OTA production is to con-
trol the presence of ochratoxigenic fungi.11 For this purpose,

knowledge of the ecological factors that affect occurrence of black
aspergilli in the vineyard plays an important role. The different
OTA-producing species live as saprophytes in the superficial layer
of the vineyard soil, which constitutes the major inoculum reser-
voir of Aspergillus section Nigri species. Australian authors have
demonstrated that vineyard soil at a depth of 0–5 cm beneath the
vines is the primary reservoir of black aspergilli.12 Concentrations
were also higher in the soil directly beneath the vines compared
to the inter-row area. It has been postulated that air movement
deposits the spores from the soil on to the grape berry surfaces;
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thus the risk of contamination with OTA in wines might be related
to the presence of toxigenic strains in the soil.13

Argentina is the fifth largest wine-producing country in the
world. In 2009, approximately 564 million liters were exported,
mainly to North America and Europe. The grape-growing area is
located along the country’s western border in the Andes region
with latitudinal amplitude from north to south (22–40∘ latitude).
They extend for over 2000 km, where different microclimates give
to the different areas some ecological particularity. These kinds
of differences have been demonstrated to be important for OTA
contamination; for example, wines from southern and warmer
regions of Europe showed incidence and levels of contamination
higher than those from northern European areas. As was reviewed
by Covarelli et al.,14 different climatic conditions may affect the
distribution of OTA-producing fungi and final OTA concentration;
the origin of the wine seems to be a determining factor of its final
OTA content.

According to the review by Somma et al.,11 the occurrence of
black Aspergillus species in Australia is similar to that in Mediter-
ranean countries, with a prevalence of A. niger and A. carbonarius,
while A. niger is the most common species in South America on
grapes. The distribution and factors influencing this distribution
of Aspergillus section Nigri have never been evaluated in vineyard
soil in Argentina; this knowledge and ochratoxigenic-producing
potential of strains could be critical in evaluating the risk of ochra-
toxin contamination in Argentinean wine.

The aim of this study was to evaluate the biodiversity of poten-
tially ochratoxigenic strains of Aspergillus section Nigri group iso-
lated from vineyard soils from different grapevine growing regions
of Argentina considering different parameters such as harvest year,
environmental conditions, geographical characteristics and vine-
yard practices.

MATERIALS AND METHODS
Study area
Seven grapevine growing regions of Argentina were chosen for
this study based on their climatic differences and national eco-
nomic importance, in particular: La Rioja, San Juan, Mendoza Uco
Valley, Mendoza North, Mendoza ZARM (high area near the Men-
doza river), Mendoza South and Neuquén–Rio Negro (Patagonia).

Surveys were conducted in 2008 and 2009 growing seasons to
evaluate the distribution of Aspergillus section Nigri in vineyard
soils immediately prior to harvest. Geographic coordinates, alti-
tude, average annual precipitation and average annual tempera-
tures for each of these regions are shown in Table 1. In each region,
four vineyards planted with red grapes were selected. The average
size of the vineyards was about 5000 m2 (1.24 acres).

Soil sampling
In order to ensure representativeness in the soil sample from each
vineyard, two soil subsamples were randomly collected under vine
lines and in the middle of rows in five consecutive rows located
in the central portion of the stand. In this way, 10 soil subsamples
(approximately 100 g) were obtained from each vineyard with a
trowel from the top 5 cm of soil, and subsequently mixed into a
single composite sample. Samples were collected in paper bags
and stored at 4 ∘C until laboratory analysis. Data on cropping
systems, soil characteristics, vineyard age and irrigation system
were obtained from each vineyard manager. Meteorological con-
ditions (temperature and precipitation levels) were obtained from
weather stations close to the vineyards.

Mycological analysis
Each soil sample (10 g) was mixed with 90 mL peptone water (1
g L−1) and shaken on a horizontal shaker for 20 min. This mix-
ture was decimally diluted. A 0.1 mL aliquot of each dilution was
spread on the surface of Dichloran Rose Bengal Chlorampheni-
col agar (DRBC) to enumerate total cultivable fungi. Plates were
incubated at 25 ∘C for 5–7 days. For counting, plates contain-
ing 10–100 colonies were used and the results were expressed as
colony-forming units per gram of soil (CFU g−1).15

Filamentous fungi were identified at genus level according to
macroscopic and microscopic criteria in accordance with Samson
et al.16

Representative colonies suspected to belong to Asper
gillus section Nigri were transferred for subculturing and classified
according to microscopic criteria into three groups: uniseri-
ates, A. niger aggregate and A. carbonarius.17

Molecular identification
To confirm the morphological identification, selected strains were
grown on MEA and inoculated in 250 mL Erlenmeyer flasks con-
taining 50 mL Wickerman’s medium (40 g glucose, 5 g peptone,
3 g yeast extract, 3 g malt extract L−1). The shaken cultures (150
rpm), incubated at 25 ∘C, were filtered after 3 days and frozen
with liquid nitrogen, ground to a fine powder and kept at −80 ∘C.
Fungal DNA was extracted with a cetyltrimethylammonium
bromide (CTAB) method described by Leslie and Summerell.18

Polymerase chain reaction (PCR) amplification
PCR conditions were optimized for each pair of primers that
would allow the identification of uniseriate Aspergillus section
Nigri (A. aculeatus/A. japonicus), A. niger aggregate (A. niger and
A. tubingensis) and A. carbonarius. Primer reaction mix was done
as described by Perrone et al.19 and Susca et al.20 PCR reactions
were carried out on a PTC-2000 Thermal Cycler (MJ Research Inc.,
Watertown, MA, USA) and the reactions were performed using
the following PCR conditions: denaturation at 94 ∘C for 5 min;
30 cycles (primer TUB1/2 and NIG1/2) and 35 (primer JAPO1/2;
CARBO1/2) of denaturation at 94 ∘C for 50 s, annealing at 60 ∘C
(primer TUB1/2 and NIG1/2) and 58 ∘C (primer JAPO1/2; CARBO1/2)
for 50 s, extension at 72 ∘C for 1 min; final extension at 72 ∘C for 7
min, followed by cooling at 4 ∘C for 10 min. Amplification products
where examined using agarose gel electrophoresis and ethidium
bromide staining. The molecular masses of the amplified DNA
were estimated by comparison with the 100 bp DNA ladder (New
England Biolabs, Ipswich, MA, USA).

OTA production by potential producers
Ochratoxin-producing ability was quantified for Aspergillus section
nigri isolated strains randomly selected from each of the col-
lected soil samples. Vials (4 mL containing 2 mL yeast extract
sucrose (YES)) were inoculated with approximately 2 × 104 coni-
dia suspended in 5 μL of 10 mL L−1 Tween 80 in water. The vials
were incubated at 25 ∘C in the dark, over 7 days. After incu-
bation, the cultures were filtered through Whatman No. 1 fil-
ter paper. Filtrate (100 μL) diluted with CHCL3 (900 μL) was cen-
trifuged (8603 × g, 5 min), then the aqueous phase transferred to a
fresh Eppendorf tube, evaporated with N2 and stored at −20 ∘C.
The dry extract was dissolved in 250 μL mobile phase and an
aliquot of 50 μL was injected into a C18 column (150 × 4.6 mm,
5 μm particle size; Supelcosil LC-ABZ, Supelco, Bellefonte, PA,
USA), connected to a pre-column (20 × 4.6 mm, 5 μm particle
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Table 1. Geographic coordinates and climatic condition of the different regions included in this study

Region Geographic coordinates
Altitude (m above

sea level)
Average annual

precipitation (mm)
Average annual

temperature (∘C)

La Rioja 29∘ 10′ 49′′ S, 67∘ 28′ 44′′ W 1080 200 19.3
San Juan 31∘ 39′ 03′′ S, 68∘ 23′ 49′′ W 580 180 18.1
Mendoza North 32∘ 43′ 17′′ S, 68∘ 35′ 45′′ W 610 200 14.3
Mendoza ZARM (high area

near the Mendoza river)
33∘ 04′ 53′′ S, 69∘ 02′ 45′′ W 1160 200 14.2

Mendoza Uco Valley 33∘ 21′ 54′′S, 69∘ 08′ 41′′W 1050 200 14.0
Mendoza South 34∘ 40′ 14′′ S, 68∘ 21′ 56′′ W 680 340 15.6
Neuquén–Rio Negro 39∘ 02′ 11′′ S, 67∘ 33′ 45′′ W 240 200 11.5

size; Supelguard LC-ABZ, Supelco) (25 × 4.6 mm, 5 μm; Brown-
lee, PerkinElmer, Waltham, MA, USA) on a high-performance liquid
chromatography system equipped with fluorescence detection
(HPLC-FLD; 𝜆exc 330 nm; 𝜆em 460 nm, Hewlett Packard 1046-A pro-
grammable fluorescence detector). The mobile phase consisted of
an isocratic system composed of acetonitrile–water–acetic acid
(99:99:2) pumped at 1 mL min−1 flow (pump, Hewlett Packard
Serise 1100). OTA was quantified on the basis of HPLC fluoro-
metric response compared with an OTA standard solution using
data module Hewlett Packard Kayak XA (HP ChemStation Rev.
A.06.01).

The calibration curve was prepared with 4.5, 7.5 and 12 μg
L−1 OTA standard (Sigma) solutions. The retention time of OTA
was at 5.7 min. Detection and quantification limits (LOD and
LOQ) were 0.02 μg OTA L−1 and 0.06 μg OTA L−1, respectively.
The recovery for OTA on YES media was 94± 1.5% (mean±
SD, n= 5).

Strains that showed a small or odd shaped peak on the same
retention time that OTA were analyzed using the method
described by Storari et al.21 The isocratic mobile phase con-
sisted of acetonitrile–acetic acid solution (46 g L−1) (57:43,
v/v) pumped at 1.0 mL min−1. The retention time of OTA was
4.2 min.

Statistical analysis
Data on fungal contamination and species distribution were ana-
lyzed by ANOVA test, followed by LSD Fisher test (P < 0.05). The
microbial diversity was determined based on the diversity index
of Shannon–Wiener.22

Pearson correlation coefficient was used to evaluate the relation-
ship between Aspergillus section Nigri count and altitude, precipi-
tation levels and temperature registered during the previous three
months to harvest.

Multiple correspondence analysis (MCA) is an exploratory mul-
tivariate statistical technique used to produce a simplified rep-
resentation of the information for a large dataset. MCA allows
the investigation of several qualitative parameters and permits a
geometrical representation of all the information.23 An MCA was
performed to identify the overall correlation of the Aspergillus
group distribution in the different vine-growing regions with
environmental conditions, geographical characteristics and vine-
yard practices. All quantitative variables were categorized into
classes, generating ordinal data, the variables, classes and num-
bers of samples per class are shown in Table 2. The numeral
variables investigated were categorized as shown in Table 2. All
statistical analyses were was performed using InfoStat® software
(Version 2011e).

RESULTS
Evaluation of the total mycobiota
Analysis of the mycobiota of soil samples collected from vine-
yards in different regions of Argentina revealed the presence
of a variety of fungal genera. The prevalent genera, in decreas-
ing order, were Alternaria, Aspergillus, Cladosporium, Penicillium,
Ulocladium, Fusarium and Trichoderma. The mean CFU of fungal
colonies per gram of soil was variable among the regions. CFU
counts were not significantly different between years. The soil sam-
ples from Neuquén–Rio Negro region showed the highest total
fungal counts in both sampling years (mean= 6.72× 104 CFU g−1),
while samples collected in La Rioja showed the lowest (mean =
2.55 × 104 CFU g−1). The level of fungal inoculum in samples from
Neuquén–Rio Negro was significantly higher than in the other
regions (P < 0.05) (Fig. 1).

Distribution of Aspergillus section Nigri species
Aspergillus section Nigri species were detected in all soil samples
evaluated. The species belonging to this section accounted for
11% of the total fungal species, and 94% of the total Aspergillus
species isolated from soil samples collected in the different
regions. Soil samples from Neuquén–Rio Negro were significantly
the most contaminated (P < 0.05) with black aspergilli each year.
In this region, levels ranged from 1.5 × 104 to 1.8 × 104 CFU g−1 of
soil (mean = 1.69 × 104 CFU g−1) (Fig. 2). There was no significant
difference between both sampling years in relation to total count
and distribution of black aspergilla on each region, so data were
pooled for posteriori analyses.

The numbers of black aspergilli isolated from soil were correlated
to the climatic conditions. The Pearson’s correlation coefficient was
calculated for values from each region. The incidence of black
aspergilli was negatively correlated with the minimum tempera-
ture registered in the previous 3 months to harvest (rp =−0.73,
P < 0.05). Also altitude showed a negative correlation with black
aspergilli count (R = −0.80). No correlation was found between
precipitation levels, average temperature and maximum temper-
ature (P < 0.05).

Black aspergilli species distribution in the wine regions is showed
in Fig. 3. Aspergillus niger aggregate was the most common group
in all regions (71%), especially in the region of Uco Valley, where
they represent 96% of the black aspergilli isolated. In contrast,
uniseriate isolates were recovered with an average incidence of
27% considering all regions, with variations between 4% and 40%,
in Uco Valley and La Rioja, respectively. Aspergillus carbonarius
made up only 2% of section Nigri isolates collected and only
occurred in two regions La Rioja and San Juan (Fig. 3).

J Sci Food Agric 2014; 94: 3001–3007 © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa



3004

www.soci.org MG Barberis et al.

Table 2. Variables and numerical data categorization used in MCA, and number of samples per class

Class 1 Class 2 Class 3

Variable Name No. Name No. Name No.

Black aspergilli count Low count <2000 CFU g−1 12 Intermediate count
2000–5000 CFU g−1

19 High count >5000 CFU g−1 5

Average temperature Low T < 25 ∘C 25 High T > 25 ∘C 11 – –
Average precipitation Low ppt <25 mm 9 Moderate ppt 25–50 mm 9 High ppt >50 mm 18
Altitudea Low alt. <400 m 8 Medium alt. 400–800 m 8 High alt. >800 m 20
Irrigation Dripping 12 Flood 24 – –
A. carbonarius Absence 30 Presence 6 – –
Predominant species Uniseriate 6 A. niger aggregate 30 – –
Zone (regions) La Rioja, San Juan, Mendoza Uco Valley, Mendoza North, Mendoza ZARM, Mendoza South and Neuquén–Rio Negro

a Altitude: meters above mean sea level.

Figure 1. Total fungal count (CFU g−1) in vineyard soil samples in the
2008/2009 growing season in the main Argentina grapevine growing
regions. Asterisk indicates significant significant differences (*P < 0.05)
from others regions.

Shannon–Wiener index was calculated for every region. In the
2008 growing season, San Juan showed the highest index (H1=
0.877), while the lowest was found in Mendoza Uco Valley (H1=
0.278). In the 2009 growing season, the highest index was found in
La Rioja region (H1= 0.698), while the lowest was again observed
in Mendoza Uco Valley (H1= 0.098).

Molecular identification of Aspergillus section Nigri species
From the 423 Aspergillus section Nigri strains isolated from vine-
yard soil from different regions of Argentina, 133 A. niger aggre-
gate strains, 36 uniseriate strains, and 6 A. carbonarius strains were
selected and identified using a PCR-based method. 119 isolates
(89%) of A. niger aggregate were molecularly identified as A. tub-
ingensis and 14 isolates (11%) as A. niger. The species A. tubingensis
was more frequently isolated from wine-growing areas of the cen-
tral west area (Mendoza and San Juan), while strains of A. niger
were isolated more frequently in Mendoza ZARM. Thirty-five out of
the 36 uniseriate strains (97%) tested with primers JAPO1/JAPO2,
amplified a 583 bp fragment specific for A. japonicus/A. aculeatus,
whereas the remaining strain did not amplify that product. The
species A. japonicus/A. aculeatus occurred more frequently in the
regions of La Rioja and Mendoza. All the strains morphologically

Figure 2. Black aspergilli count (CFU g−1) in vineyard soil samples in
the 2008/2009 growing season in the main Argentina grapevine growing
regions. Asterisk indicates significant significant differences (*P<0.05) with
others regions.

identified as A. carbonarius amplified a 371 bp fragment specific
for this species.

Toxigenic capacity of strains
A total of 423 black aspergilli, with confirmed identification by
molecular methods, was tested for OTA production. No OTA pro-
duction by the A. niger aggregate and uniseriate isolates was
detected. Data on OTA production by the A. carbonarius isolates
showed that 100% of the isolates produced levels between 10.4
and 521.2 μg kg−1 YES. The average OTA production was 205.5 μg
kg−1 YES.

Multiple correspondence analysis
Interpretation of correspondence analysis graphs is based on
the proximity of two variables (the closer the stronger, e.g.
A. carbonarius presence and high average temperature), and
second on the distance between such proximate variable to the
origin of axes (the larger, the more significant). Figure 4 shows the
graphic display of the variables on the plane defined by the two
first axes of the analysis. This shows a strong association between
the presence of A. carbonarius, high average temperature and
drip irrigation. As a counterpart, another association is between
absence of A. carbonarius, low average temperature and flood
irrigation.
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Figure 3. Distribution of Aspergillus group in vineyard soils sampled in 2008/2009 growing season in the main Argentina grapevine growing regions.

Figure 4. Multiple correspondence analysis of the diverse factors assumed to affect A. carbonarius presence in the 2008/2009 growing seasons in the main
Argentina grapevine growing regions. Alt, altitude; ppt, precipitation.

Precipitation levels appear as a secondary factor, but this can
also influence A. carbonarius incidence. Altitude, sampled region
and Aspergillus section Nigri count showed no association with the
presence of A. carbonarius (Fig. 4).

Neither vineyard age, predominant species, grape varieties or
total fungal count showed an association with A. carbonarius
presence (data not shown).

DISCUSSION
Information on fungal contamination of vineyards soils is scarce,
since most studies are focused in grapes. In the present study,
seven fungal genera were identified from vineyard soil sam-
ples, revealing a mycobiota that can be compared to the gen-
era encountered naturally on grapes. Studies carried out in grape

demonstrated that the isolated genera are the same that those
found in this work.24 Gómez et al.25 studied fungal populations
present in grapes from Spain and found Aspergillus species as the
most abundant, followed by species of Alternaria, Penicillium and
Cladosporium. Similarly, Magnoli et al.26 also encountered seven
fungal genera in grapes collected in Mendoza (Argentina) during
the 2001 harvest season, being Alternaria alternata the predom-
inant species, followed by Aspergillus spp. Furthermore, Penicil-
lium, Cladosporium and Botrytis species were prevalent in grapes
from Portugal.27 Also, A. alternata, Cladosporium spp., Penicillium
spp. and Epiccoccum spp. were frequently isolated in grapes from
Uruguay (Bettucci, personal communication).

The control of the presence of ochratoxigenic fungi in vineyards
is the best way to reduce OTA contamination.11 It was demon-
strated that the main fungi involved in ochratoxin A contamination
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of grapes and derived products are black aspergilli and that these
fungi live as saprophytes in the superficial layer of the vineyard soil,
constituting the major inoculum reservoir. However, there are only
a few studies of Aspergillus section Nigri in vineyard soil.13,28 Most
of the studies were done to evaluate the distribution of aspergilli
in grapes.

In the present study, we found that Aspergillus section Nigri
species showed a similar pattern of distribution in both years
evaluated, A. niger aggregate being the dominant group, followed
by uniseriate Aspergillus species and as a minor percentage A.
carbonarius. The Shannon–Wiener index varied from region to
region and between the different growing seasons. A higher index
is an indication that either there is relatively high species evenness
or that there are a relatively high number of unique species. Thus
La Rioja had the highest index in the second growing season,
because A. carbonarius was isolated only from this region and
Mendoza Uco Valley the lowest index due to the prevalence of
A. niger aggregate over uniseriate Aspergillus species (higher than
95%).

Our results are similar to those obtained in France by Bejaoui
et al., who found that A. niger aggregate species were the most fre-
quently isolated (54% in average) from grapes, followed by A. car-
bonarius (36% on average).29 Previous to the present study, in our
laboratory we evaluated the incidence of Aspergillus section Nigri
species in grapes harvested in the same wine-producing regions
of Argentina, but during the 2006/2007 growing season. We found
that the species belonging to A. niger aggregate were the most fre-
quently isolated (81%), followed by A. carbonarius (11%) and unis-
eriate Aspergillus species (8%).24 Similarly, other authors reported
that A. niger aggregate species were the most frequently iso-
lated, followed by A. carbonarius and finally uniseriate Aspergillus
in Argentinean, Tunisian and Australian grapes.26,28,30

In the present study A carbonarius, with identity confirmed by
molecular methods, was isolated in low frequencies and only in the
regions of La Rioja and San Juan, showing that the prevalence of
A. carbonarius in soil is very low. Aspergillus carbonarius was recog-
nized as the dominant contributor to OTA contamination of grape
in Mediterranean countries and Australia. However, some authors
considered that A. niger aggregate may slightly contribute to OTA
contamination of grape as this group is the most common species
of Aspergillus present in vineyards.11 In general, the percentage of
OTA-producing strains belonging to A. niger aggregate is quite
variable, ranging from 0.6% to 50%.31,32 This variability could be
due to incorrect delimitation of species, since A. niger and A. tub-
ingensis can only be differentiated by molecular methods, as well
as to the different number of strains tested and in vitro OTA pro-
duction conditions (synthetic medium, incubation time and tem-
perature). In the present study A. niger aggregate isolates were not
able to produce OTA; the molecular characterization of these iso-
lates showed that 89% of the total were confirmed as A. tubingensis
and only 11% as A. niger.

Although some authors have confirmed the ability
of A. tubingensis to produce OTA,33,34 recently Storari et al.21 con-
cluded that A. tubingensis cannot be counted among the ochra-
toxigenic species. According to the authors, these false-positives
were due to the misinterpretation of the chromatograms obtained
by HPLC-FLD. For this reason, in this study the A. tubingensis iso-
lated were checked in their ability to produce OTA using two HPLC
mobile phases. The results showed that all isolates were unable to
produce the toxin.

Three closely related species are recognized within the uniseriate
group: A. japonicus, A. aculeatus and A. uvarum.35 We confirmed

by molecular method the identity of 35 out of 36 isolates. The
strain not identified using specific primers could be A. uvarum
or other species not yet identified. Morphologically, A. uvarum
is closely related to A. japonicus. The ability of the uniseriate
A. aculeatus and A. japonicus to produce OTA has been reported,
but it is possible the isolates were misidentified, because several
subsequent studies demonstrated that uniseriate species are not
OTA producers.17,24,32

Our results showed that A. carbonarius (100% of strains) were
able to produce OTA, with an average level of 205.5 μg kg−1

culture medium (YES). This species is the largest producer of this
mycotoxin in grapes in France, Spain, Portugal and Italy.29,36 – 38

Previous studies have demonstrated its invasive nature to colonize
and penetrate the clusters during veraison.39

In the present study, we found a strong association between
presence of A. carbonarius, high average temperatures and drip
irrigation. Most A. carbonarius strains have an optimum in vitro
growth temperature of 30–35 ∘C and no development below
15 ∘C. The presence of A. carbonarius in the Northwest Region
(La Rioja) could be attributed to warm to hot weather. As a
counterpart, the absence of this species at higher latitudes would
be influenced by the cool climate of these regions (average annual
temperature of 14.5 ∘C) like in the southern regions (Patagonia).

There are no available data of relationship between drip irriga-
tion and A. carbonarius presence.

The effects of aw on A. carbonarius spore germination in culture
media are well known,40 but the role of temperature and aW

in the survival of A. carbonarius in soil is complex. Kazi et al.13

reported a maximum survival level of A. carbonarius in soil at 25
∘C, and increased soil moisture content decreased the survival of
A. carbonarius. Besides, when the vineyards were irrigated the
counts of A. carbonarius collapsed, but returned to previous levels
when the soil dried.

In the present study no relation between grape variety and
vineyard age with A. carbonarius presence was found (data not
shown). In contrast to our results, Battilani et al.41 found a correla-
tion between A. carbonarius colonization level and vineyard age, in
which the older the vineyard, the more probable it would be col-
onized by A. carbonarius. As was mentioned, all previous studies
were done in grape and generally the researchers turn to field plots
or small-scale studies to evaluate the influence of specific variables
on the overall crop.

A limited survey, carried out in the same locations evaluated
in the present study, showed a low incidence (8.5%) of OTA
contamination in wine samples. The OTA levels detected ranged
from 0.02 to 4.82 μg L−1 (mean 0.37 μg L−1) and only two out
of 47 samples showed levels higher than 2 μg L−1.42 The OTA
contamination levels are similar to those obtained in Chile, where
the climatic conditions are very similar to Argentina. The results
obtained in Chilean wine samples showed that only 2.9% from
1188 samples were contaminated with OTA, with the highest
concentration of 0.35± 0.09 μg L−1 in one sample.43

Results of the current study demonstrated a low preva-
lence of ochratoxigenic species in vineyard soil from the main
grape-growing regions of Argentina; these results and the low
contamination level in wine samples obtained from this area
suggest that OTA contamination does not represent a serious
threat to Argentinean wine production. Besides, this is the first
study where the main ecological factors and cultural man-
agement were considered together, evaluating their influence
in the distribution of Aspergillus section Nigri in vineyard soil
in Argentina.
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