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Introduction

Abstract

Aims: To evaluate the cultivable mycobiota from agricultural soils exposed to
pesticides, the aflatoxigenic capacity of Aspergillus section Flavi strains and the
effect of glyphosate on lag phase and growth rates of native nontoxigenic
Aspergillus flavus under different water potential (MPa) conditions on soil-
based medium.

Methods and Results: Culturable mycobiota analysis from different agri-
cultural soils was performed by the surface spread method. The effect of
glyphosate (0-20 mmol 1') on the growth of A. flavus strains was evaluated
on a soil extract solid medium. Mycobiota analysis of crop soils showed the
presence of twenty-one genera of filamentous fungi. Aspergillus flavus and
Aspergillus niger aggregate strains were isolated from the three soil types.
Ninety-two per cent of A. flavus strains were toxigenic. In vitro assay results
showed that at —0-70 MPa, a significant increase in growth rate in all strains
was recorded at 5 and 20 mmol 17! of glyphosate. At —2.78 MPa, this
parameter remained constant at all glyphosate concentrations, except in GM4
strain where an increase in growth rate was recorded with increasing pesticide
concentrations. At —7-06 MPa, a significant increase in growth rate has also
been observed in GM 3 strain with 5 mmol 1”' and in GM 4 strain with 10
and 20 mmol 1.

Conclusions: This study showed that the imperfecti fungi Aspergillus spp.,
Penicillium spp., Trichoderma spp., Cladosporium spp. and Paecilomyces spp.
are isolated as prevalent groups in agricultural soil exposed to pesticides, and
the capacity of nontoxigenic A. flavus strains to tolerate different glyphosate
concentrations under different water potential (MPa) conditions.

Significance and Impact of the Study: This manuscript makes a contribution
to the knowledge of cultivable fungal populations from agricultural soils
exposed to pesticides and the glyphosate tolerance of A. flavus strains.

humans (Lantieri et al. 2009). Soya bean (Glycine max
L.), peanut (Arachis hypogaea L) and maize (Zea mays L)

The province of Cordoba, Argentina, has suffered a great
expansion of its cultivated surface in the last two decades
and, accordingly, of the volume of pesticides and fertilizer
applied. They have a strong environmental impact and
produce adverse effects on living organisms, including
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are the main crops in Cérdoba province. During the last
harvest season (2011/2012), the planted area destined to
soya bean, peanuts and maize grown was 5 014 250,
278 000 and 1 272 000 ha, respectively. Of the total

national production of peanut, Cdrdoba province
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represented 90-48% in the last harvest, while maize and
soya beans represented 22-62 and 24-4%, respectively
(MAGyP 2013).

Glyphosate [N-(phosphomonomethyl)glycine] is a
nonselective herbicide applied to foliage resulting in the
death of most herbaceous plants. This pesticide acts by
inhibiting the activity of the enzyme 5-enolpyruvyl-shiki-
mate-3-phosphatase synthase (EPSPS) in the shikimic
acid pathway blocking the synthesis of essential aromatic
amino acids and precursors of other critical aromatic
compounds (Duke et al. 2003). Glyphosate is an effective
herbicide because the compound remains intact in the
plant and is systemically transported to metabolically
active sites throughout the plant (Cerdeira and Duke
2006). Soil is a complex ecosystem; its components can
modulate the effects of pesticides. Fumigation regimens
applied and abundance of precipitation in the exposed
area also influence the levels detected (Duke and Powles
2008). Therefore, it is recommended to evaluate the
potential environmental risk of these compounds in local
conditions. In a study from Buenos Aires, Argentina, it
was reported that the levels of glyphosate in agricultural
soils were 0-5-4-5 mg kg~' (Peruzzo et al. 2008). Other
studies evaluated the pesticide residues in immature seeds
of glyphosate-tolerant and nontolerant soya beans
(Lorenzatti et al. 2004) and the effect of different glypho-
sate management strategies on the diversity of soya bean
weed communities (Scursoni and Satorre 2010).
However, scientific information is not available in Cérdo-
ba region reporting pesticide levels in the soil where the
pesticides application and cultivation of soya bean,
peanut and maize are intensive.

Some reports have documented the effects of glypho-
sate on the diversity and ecology of the soil fungal com-
munity (Krzysko-Lupicka and Sudol 2008; Kremer and
Means 2009). In addition, their application to sandy clay
soil with a history of repeated glyphosate treatment
seemed to select specific fungal species that were able to
use the herbicide as a nutrient source (Krzysko-Lupcka
and Orlik 1997; Castro et al. 2007).

Responses of individual fungal species can vary
depending on their susceptibility to the herbicide, some
fungal species, for example, express glyphosate-sensitive
forms of EPSPS (Anderson and Kolmer 2005; Feng et al.
2005) and other tolerant fungi species are able to metab-
olize the pesticide and showed enhanced growth on
glyphosate-amended media (Wardle and Parkinson 1992;
Hanson and Fernandez 2003; Ratcliff et al. 2006).

In agricultural soils and in surrounding vegetation, the
dominant fungi isolated belong to species of Aspergillus,
Fusarium, Penicillium and Alternaria genera among others
(Pitt and Hocking 2009). Aspergillus section Flavi strains
are also commonly isolated worldwide from agricultural
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soils (Saito et al. 1986; Klich 2002; Barros et al. 2003,
2005; Horn 2003; Nesci et al. 2006). Peanuts, corn and
soya beans are crop ecosystems often invaded before har-
vest by these Aspergillus species both in tropical and sub-
tropical regions (Klich 2002; Horn 2003). They produce
aflatoxins (AFs), potent natural carcinogens of concern in
food safety, and cyclopiazonic acid (CPA), which is toxic
to a variety of animals and has been implicated in human
poisoning (King et al. 2011). Data from different
geographical areas demonstrate a great variability in the
mycotoxin producing potential of Aspergillus flavus.
Regional differences in aflatoxin contamination of crops
may be attributable to climatic conditions and to agricul-
tural practices that increase the susceptibility of plants to
the invasion by A. flavus (Diener et al. 1987; Horn and
Dorner 1999). Moreover, the use of atoxigenic A. flavus
strain has been proposed as a biological control agent, to
prevent aflatoxin contamination through the competitive
exclusion of toxigenic strains during infection (Pitt and
Hocking 2006; Dorner 2010).

A study by Barberis et al. (2013) evaluated on maize-
based medium the effects of glyphosate on the growth
rate and on AFs production by Aspergillus section Flavi
strains isolated from agricultural soils exposed to pesti-
cides. The glyphosate increased significantly the growth
of all strains, and AFs production did not show notice-
able differences between different pesticide concentrations
at all ay assayed. However, there is no information about
the influence of this pesticide on the development of
atoxigenic Aspergillus section Flavi strains isolated from
this agroecosystem. Therefore, the objectives of this work
were to evaluate (i) the cultivable fungal populations
from pesticides exposed soils, (ii) the aflatoxigenic capac-
ity of Aspergillus section Flavi strains and (iii) the effect
of glyphosate on the lag phase and growth rates of atoxi-
genic A. flavus strains under different water potential
(MPa) conditions on soil-based medium.

Materials and methods

Soil sampling

The site used in this study was continuously cultivated
(more than 10 years) fields located in the south of
Cérdoba province, central region of Argentina. The soil
was a typical Hapludol with a very fine sandy frank
texture with a glyphosate application of fifty years. The
sampling was performed in September (preplanting per-
iod) 2012. The average temperature of the region ranges
from minimum of 8°C to a maximum of 23°C, with an
average precipitation of 850 mm (80% in spring and
summer) (Cantero et al. 1999). A total of 140 samples
were collected from fields destined to maize crop (eight
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batches), soya beans crop (four batches) and rotation sys-
tem for soya bean-maize crops (two batches). Soil sam-
ples of 2 kg (10 of each batch) were taken from the
surface layer of the soil up to a depth of 10 cm. The
samples were taken in a diagonal section at 100 m inter-
vals. In the laboratory, samples were homogenized and
quartered to obtain 1 kg of primary sample and air dried
for 1-2 days at 25-30°C. Samples weighing 100 g were
thoroughly mixed and passed through a testing sieve
(2 mm mesh size), and the soil separated from the debris.
Soil samples were stored at 4°C, and the fungal isolation
was performed within 2 days of collection.

Mycobiota isolation and Aspergillus spp. identification

Quantitative enumeration of culturable fungal propagules
was performed on solid media using the surface spread
method by blending 10 g of each sample with 90 ml of
0-1% peptone water solution for 30 min. Serial dilutions
from 107" to 107 concentrations were made, and
0-1 ml aliquots were inoculated in triplicates on dichlo-
ran rose bengal chloramphenicol agar (DRBC) (Pitt and
Hocking 2009) supplied with 5 mmol 17" of glyphosate.
The plates were incubated in darkness at 25°C during
7 days. On the last day of incubation, only plates con-
taining 10-100 colonies were used for counting, and the
results were expressed as colony-forming units (CFU)
per gram of sample (King 1992). Identification of differ-
ent colonies was conducted. Each colony of Aspergillus
section Flavi was subcultured on malt extract agar
(MEA) for subsequent identification to species level,
which was performed through macroscopic and micro-
scopic studies following the taxonomic keys (Pitt and
Hocking 2009; Samson et al. 2010). The results were
expressed as fungal counts (CFU g™') and frequency
(percentage of samples in which each genera/species was
present).

Aflatoxin and cyclopiazonic acid production by
Aspergillus section Flavi strains

Aspergillus section Flavi strains were evaluated to deter-
mine their ability to produce AFs and CPA in a medium
containing 150 g of sucrose, 20 g of yeast extract, 10 g of
soytone and 1 | of distilled water; the pH of the medium
was adjusted to 5-9 with HCl (Barros et al. 2005). A
spore suspension solution (10> spores ml™') from each
A. flavus isolate was used to inoculate 4-ml vials contain-
ing 1 ml of medium. The cultures were incubated at
30°C for 7 days in the dark. Thin-layer chromatography
(TLC) was used to screen for the ability to produce AFs
by these strains (Geisen 1996); and AFs quantification was
performed by high-performance liquid chromatography
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(HPLC) (Trucksess et al. 1994). The HPLC system
consisted of a Hewlett-Packard (Palo Alto, CA) Model
1100 pump connected to a Hewlett-Packard Model 1046A
programmable fluorescence detector. Quantification was
performed using a Hewlett-Packard workstation. Chro-
matographic separations were performed on a stainless-
steel CI18 reversed-phase column (150 x 4-6 mmi.d.,
5 um particle size) (Luna-Phenomenex, Torrance, CA).
The detection limit was 1 ng ml~'. CPA production was
determined by TLC on silica gel 60 precoated glass plates
(No. 5735) (Merck, Darmstadt, Germany) according to
Lansden and Davidson (1983). CPA concentrations were
determined by visual comparison with different standard
concentrations. Mycotoxin standard was obtained from
Sigma Chemical (St Louis, MO). The detection limit was
1 ug ml~" for CPA.

Effect of glyphosate on A. flavus growth

The effect of various concentrations of glyphosate
(0-20 mmol 1”') on the growth of four nontoxigenic
A. flavus strains AM 1, AM 2, GM 3 and GM 4 was eval-
uated using in vitro assays. These strains were isolated
from agricultural soils and are not producers of AFs and
CPA. A soil extract solid medium (SESM) was prepared
using 200 g of untreated field-moist soil in 400 ml of
water. This soil sample (Hapludol with a very fine sandy
frank texture) was chosen from a field (without previous
pesticides application) in the south of Cérdoba province,
Argentine. The soil/water mixture was autoclaved for
30 min, centrifuged at 2400 g for 20 min and filtered
through filter paper (Whatman no. 1), using a vacuum
pump. The water potential (MPa) of the medium was
modified to —0-70, —2-78, —7-06 and —10-0 using the
ionic solute KCl (Fragoeiro and Magan 2005).

Glyphosate stock solutions were prepared from com-
mercial formulation (Round-upl®, Monsanto, Buenos
Aires, Argentina), corresponding to a 3-5 mol 17! solution
of the active ingredient. The solution of herbicide was
applied to the sterilized culture media at 45-50°C to
obtain the required concentrations (5, 10 and
20 mmol 1™!). The medium was poured into 90-mm ster-
ile Petri dishes. Control plates at each MPa value and
without glyphosate were also prepared. The media for
each treatment were needle-inoculated centrally using a
sterile loop, with fungal spores from 7-day-old cultures on
MEA suspended in soft agar. Inoculated Petri dishes of
the same MPa were sealed in polyethylene bags. Four rep-
licate plates per treatment were used and incubated at
25°C for 28 days; all the experiments were repeated twice.

Two measures of colony diameter of each replicate
plate, in two directions at right angles to each other, were
taken daily. The radius of the colony was plotted against
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time, and a linear regression was applied to obtain the
growth rate as the slope of the line to the X-axis.

Growth and lag phase analysis was performed on four
Aspergillus section Flavi strains, three different concentra-
tions of glyphosate and the control treatment and three
MPa conditions; each analysis was conducted on all four
replicates, and each experiment was repeated twice.

Statistical analysis

Data of mycobiota isolation were subjected to analysis of
variance. Means were compared using a linear mixed
model and Fisher’s protected least significant difference
(LSD) test to determine the significant differences
between means of total fungal counts: frequency of fungal
genera and Aspergillus spp. in crop soils. Data analyses of
effect of glyphosate on A. flavus growth were performed
by analysis of variance. All data were transformed to
log;p (x + 1) to obtain the homogeneity of variance.
Means were compared also by Fisher’s protected LSD test
to determine the influence of the abiotic factors assayed
(MPa and herbicide concentration) in the growth rate
and lag phase previous to the growth by the strains
tested. The analysis was conducted using PROC GLM in SAs
(SAS Institute, Cary, NC).

Results

Mycobiota determination

Figure 1 shows the mean values of fungal counts
(log;y CFU gfl) in DRBC medium from different crop
soils. The counts varied according to the crop soil and
ranged from 4-3-5-3; 5-2-5-7 and 4-6-5-3 CFU g~ ' in

Fungal total counts (log,, CFU g~")
w
T

0

F P P> & G &
S

RSP PXEEL

Agricultural soils
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maize, soya bean and maize—soya bean rotation fields,
respectively. The highest counts were found in soya bean
and maize fields (P < 0-05).

Mycobiota analysis of crop soils showed the presence
of twenty-one genera of filamentous fungi. Aspergillus
spp., Penicillium spp. Trichoderma spp., Cladosporium spp
and Paecilomyces spp. were the most prevalent genera
isolated in crop soils. Penicillium spp. and Aspergillus spp.
were the most frequent in maize soils (84 and 60%),
Trichoderma spp. and Cladosporium spp. in soya beans
(80%) and Penicillium spp. in maize-soya bean rotation
soils (80%) (P < 0-05) (Fig. 2). As regards Aspergillus
spp-» A. flavus and A. niger aggregate strains were isolated
from the three crop soils, whereas A. parasiticus was only
detected in 37-5% of the samples from maize fields. In all
soils, A. flavus was the predominant species isolated in
percentages from 50 to 87-5%, followed by A. niger
aggregate isolated in percentages of 50% from maize and
soya bean soils and 33% from maize—soya bean rotation
soils (Fig. 3a). The highest A. flavus and A. niger aggre-
gate counts were observed in soya bean soils (4-7 and
4.0, respectively), whereas in maize and maize—soya bean
rotation soils, the counts of these species were similar
(P < 0-05) (Fig. 3b).

Aspergillus section Flavi toxigenic capacity

Seventy-one strains of Aspergillus section Flavi (63 A. fla-
vus and 8 A. parasiticus) were selected from soil under
different crops. Ninety-two per cent of A. flavus strains
were toxigenic with different patterns of AFs and CPA
production. From these strains, 40% were AFB; and CPA
producers (chemotype I) with levels from 18 to
4412 ng ml™', whereas 17-5 and 35% only produced

Figure 1 Total fungal counts in different
agricultural soils exposed to glyphosate. M:
maize crop soils, S: soya bean crop soils,
RMS: rotation maize-soya bean crop soils.
Values are means of ten samples. The letters
in common are not significantly different
according to Fisher's protected least
significant difference (LSD) test (P < 0-05).
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Figure 2 Distribution of fungal genera in
different agricultural soils exposed to
glyphosate. Values are means of ten samples.
Statistical analysis was performed on each
field crop. The letters in common are not
significantly different according to Fisher’s
protected LSD test (P < 0-05). (M) Aspergillus
spp.; (W Penicillium spp.; (W) Fusarium spp.;
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ged from 17 to 1276 ng ml~'. Only 8% of A. flavus to 810 ng ml~". Atypical strains of chemotype II (AFs
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type B, G and CPA producers) were not isolated from
these soils (Table 1).

Effect of glyphosate on A. flavus growth

Table 2 shows the effect of three glyphosate concentra-
tions on lag phase prior to the growth of four nontoxi-
genic A. flavus strains. In relation to the control
treatment, an increase in the lag phase with decreasing
MPa (—0-7 to —7-06) was observed. This behaviour was
more noticeable at the lowest MPa assayed (—10-0) where
the lag phases were >360 h (15 days) (data not shown).
In general, the lag phase in all strains showed no signifi-
cant changes with the successive increase of glyphosate
concentration. However, in some strains, an inverse rela-
tionship between increasing glyphosate concentration and
decreasing lag phase was observed. A significant decrease
in lag phase when compared to the control was found at
20 mmol 1”! of pesticide and all MPa assayed. The
strains GM 3 and GM 4 showed a more noticeable reduc-
tion in this parameter at —7-06 MPa. On the contrary, at
5 and 10 mmol 1"" and —2-78 MPa, the lag phases of the
strains AM 2 and GM 3 showed a significant increase
(P < 0-0001).

In control treatments, reductions in growth rate with
decreasing MPa were observed in all strains assayed. In
general, this behaviour does not occur in glyphosate
treatments, due to the fact that the growth rate remained
constant as the concentration of pesticide increased. At
the highest MPa, a significant increase in growth rate
respect to control was observed in all strains with 5 and
20 mmol 1! (P < 0-0001) (Fig. 4). At —2-78 MPa, this
parameter remained constant at all glyphosate concentra-
tions, except in GM4 strain where an increase in growth
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rate with increasing pesticide concentration was observed
(Fig. 4d). At —7-06 MPa and 5 mmol 1" of glyphosate
for GM 3 strain as well as at 10 and 20 mmol 1" for
GM 4 strain, a significant increase in growth rate was
observed (P < 0-0001) (Fig. 4c,d). At the lowest MPa
assayed (—10-0), all strains did not develop in any treat-
ment assayed (data not shown).

The analysis of variance on the effect of single (strains,
MPa and pesticide concentration) two- and three-way
interaction showed that all factors individually and in all
interactions were statistically significant (P < 0-0001) in
relation to lag phase and growth rates for all A. flavus
strains assayed (Table 3).

Discussion

Mycobiota determination

The prevalent imperfecti fungi isolated in this study,
Aspergillus  spp., Penicillium spp., Trichoderma spp.,
Cladosporium spp. and Paecilomyces spp., are considered
major groups of soil fungi. The relative abundance in this
substrate differs considerably and is subjected to environ-
mental factors and organic matter content. The fungal
genera isolated in this work were similar to those isolated
from other soils (Atlas and Bartha 1997; Pitt and Hock-
ing 2009). Our results partially agree with Nesci et al.
(2006) who reported similar frequency of Penicillium spp.
Trichoderma spp., Fusarium spp. and Cladosporium spp.
isolated from Argentinean maize soils with conventional
tillage. Whereas Aspergillus spp. were isolated in levels
lower than those found in the present study. Regarding
Aspergillus section Flavi species, A. flavus showed a simi-
lar percentage of isolation, and A. parasiticus percentages

Table 1 Aspergillus flavus and Aspergillus parasiticus toxigenic capacity based on aflatoxin and cyclopiazonic acid production isolated from agri-

cultural soils
Positive
Species strains/percentage (%)* AFB; Range (ng mI~") AFB; Mean (ng mI~") £ SD CPAYT Chemotype
Aspergillus flavus 7/11 18-0-84-3 49-4 + 229 + |
14/22 102-0-440-2 2084 £ 91-0
4/7 1053-0-4412-2 22836 + 1511-0
2/3 17-0-70-0 43.5 + 375
7111 118-0-376-0 26414 + 914 ND 1]
2/3 540-0-1276-0 407-2 + 3475
22/35 ND ND + \Y
5/8 ND ND ND V
A. parasiticus 1/12-5 - 69 + 0-0 ND
7/87-5 228-3-810-5 503-9 + 1889 ND

ND, not detected; (+), positive strains; SD, standard deviation.
*Number and percentage of positive strains.
+Cyclopiazonic acid.

1234
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Table 2 Effect of glyphosate on lag phase of Aspergillus flavus strains under different water potential (MPa) conditions on soil-based medium

Lag phase (h)

Glyphosate (mmol =" + SD

Strains MPa 0 5 10 20

AM 1 —0-70 24 + 0.8 21 + 04" 23+ 1.7 20 + 1.3°
—2.78 44 + 2.6° 46 + 9.4 44 + 2.2° 43 + 5.7°
—7-06 40 & 3.0° 34 £ 57" 37 £ 3.0 40 + 5.7¢

AM 2 —0-70 24 £ 1.9 23 £ 2.2 23+ 1.3 204+ 14°
—2.78 23+ 78 20 £ 5.2° 21 £ 110 21 4 14"
—7-06 44 + 4.0° 39 £ 5.9¢ 40 & 1.8° 39 & 2.4°

GM 3 —0-70 22 £ 1.7 22 £ 2.0 20 + 0:9° 204+ 1-3°
—2.78 28 + 11.6 25 £ 1344 31+ 12.3 25 & 12.84
—7.06 45 £ 12.1%° 38 & 36' 36 £ 269 37 &+ 4.5

GM 4 —0-70 20 £ 1-3° 18 + 1.5 21 +£03" 19 + 0-2°
—2.78 29 £ 7.3 26 £ 5.4% 29 £ 9.2 26 + 3.6°
—7-06 42 + 5.6¢ 39 + 4.1¢f 37 + 4.3 36 + 1.99

Mean values based on quadruplicated data. Means in a row with a letter in common are not significantly different according to LSD test

(P < 0-0001). SD, standard deviation.
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Figure 4 Effect of glyphosate on growth rate of Aspergillus flavus AM 1 (a), AM 2 (b), GM 3 (c) and GM 4 (d) under different water potential
(MPa) conditions on soil-based medium. —1-38 MPa (m), —2.78 MPa (@) and —7-06 MPa (). Mean values based on quadruplicated data. Mean
with a letter in common is not significantly different according to LSD test (P < 0-0001).

were lower than those reported by Nesci ef al. (2006). In
general, the proportion of A. flavus to A. parasiticus has
been previously reported from different substrates (Lisker
et al. 1993; Horn et al. 1996; Horn and Dorner 1999;
Nesci and Etcheverry 2002; Barros et al. 2003, 2005;
Vaamonde et al. 2003).
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In field studies from the USA, A. flavus propagules
were greater in continuous corn harvest soil compared
with either cotton or wheat harvest (Abbas et al. 2004;
Reddy et al. 2007). Likewise, Griffin (1981)
observed greater A. flavus propagules associated with
continuous corn or peanuts harvest soil. This present

et al.
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Table 3 Analysis of variance of water potential (MPa) effect of pesticide concentration (C), different strains (I) and their interactions on growth

rate and lag phase on soil-based medium

Growth rate Lag phase

Source of

variation Df* MS+ Fi Df* MSt Fi

I 3 4748 15766-59%* 3 118450-01 10-26
C 3 399-16 99999.99** 4 17221796-97 1491-61
MPa 2 40-54 13460-34** 2 1278241-00 110-71
I'x C 17 3214 10671-62** 28 60035-76 5-20
I x MPa 26 10-68 3546-52** 36 108999-45 9-44
I x C x MPa 30 0-54 179.73** 72 103069-19 893

*Degrees of freedom.
+tMean square.
$F-Snedecor.
**Significant P < 0-0001.

study is in partial agreement with these results as A. fla-
vus was isolated in the highest frequency in maize soils
while the highest counts were registered in soya bean
soils. Maize produces remarkably more crop residues
compared with soya bean or peanut, and the maize resi-
dues are rich in carbohydrates, which are capable of sup-
porting both A. flavus conidia and sclerotia.

Species of Aspergillus section Flavi and Nigri have been
extensively reported from several agriculture products in
tropical and subtropical areas (Pitt and Hocking 2009).
In our country, Aspergillus niger aggregate species have
been isolated from peanut, corn, grape and derived prod-
ucts. (Chulze et al. 2006; Magnoli et al. 2007; Chiotta
et al. 2009). However, there is limited data available
about the simultaneous presence of Aspergillus section
Nigri and Flavi in agricultural soils (Griffin et al. 2001;
Leong et al. 2004).

Total Aspergillus spp., Penicillium spp. and Fusarium
spp. counts ranged from 4 to 5 log;, CFU g™, depend-
ing of the soil type considered. These results are partially
in agreement with Nesci et al. (2006) who reported
higher total fungal counts (from 5 to 6 CFU g™ '), and
similar Aspergillus spp., Penicillium spp. and Fusarium
spp. counts isolated from maize soils under different till-
age practice.

Aspergillus section Flavi toxigenic capacity

These results showed that a high percentage of Aspergillus
section Flavi strains was AFs and CPA producers. Ninety
per cent of A. flavus resulted in AFB and CPA producers,
whereas all A. parasiticus stains produced both type B
and G AFs, but not CPA. Previously, other authors have
reported a low number of nontoxigenic isolates of A. par-
asiticus from soils and agricultural substrates (Horn et al.
1996; Tran-Dinh et al. 1999; Nesci and Etcheverry 2002;
Barros et al. 2003; Vaamonde et al. 2003). Regarding

A. flavus, considerable variability in their potential myco-
toxin production was found, and this was in agreement
with previous studies (Cotty and Cardwell 1999;
Horn and Dorner 1999; Barros et al. 2003, 2005;
Vaamonde et al. 2003; Pildain et al. 2004). The percent-
age of A. flavus strains isolated from different chemotypes
(I, I, IV and V) is in disagreement with Horn and
Dorner (1999), Barros et al. (2005) and Vaamonde et al.
(2003), who reported higher percentage of chemotype I
strains from several substrates. For chemotype III (AFB
+), some authors reported lower percentages of strains
than those observed in this study (Horn and Dorner
1999; Vaamonde et al. 2003). Whereas higher percentages
of CPA producing strains (chemotype IV) were reported
by Vaamonde et al. (2003) from soya bean, wheat and
peanut. Different results were reported by Nesci and
Etcheverry (2002) from preplanting maize soils, who
reported a high percentage (82%) of nontoxigenic A. fla-
vus. There is little data available on CPA potential pro-
ducer A. flavus strains (Blaney et al. 1989; Resnik et al.
1996; Barros et al. 2005). However, it is evident that a
high percentage of the strains are potential producers of
this mycotoxin. Therefore, the CPA producing capacity
must be investigated together with AFs production in
A. flavus strains isolated from different substrates. Agri-
cultural soils are exposed to the use of pesticides and the
application of different agricultural practices. Considering
that the soils are the main reservoir of A. flavus popula-
tion, it has been suggested that the severity of the con-
tamination of a particular crop in a region can be
determined in part by the potential toxigenic strains pres-
ent (Horn and Dorner 1999).

Effect of glyphosate on A. flavus growth

These results have shown that four nontoxigenic A. flavus
strains evaluated are able to grow effectively in a soil-based
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medium with low nutrient status over a range of glypho-
sate concentrations under different MPa conditions. We
found that lag phase and mycelial growth rate by A. flavus
strains are significantly influenced by glyphosate concen-
tration, MPa level and their interactions. In general, similar
effects of pesticide on the lag phase were observed in all
strains assayed due to the fact that this parameter decreased
in some pesticide concentrations. Similar results were
reported by Barberis et al. (2013) with toxigenic Aspergillus
section Flavi strains isolated from soils on maize-based
medium. These authors showed that all the A. flavus
strains showed the same behaviour pattern at different con-
ditions tested, the lag phase decreased as glyphosate con-
centration increased. At 5 and 10 mmol 17}, the shortest
lag phases were observed.

As regards growth rate, in some pesticide concentrations
and MPa conditions, an increase in this parameter was
observed in some strains. These results are comparable to
those found previously by Barberis ef al. (2013), who
showed in toxigenic A. flavus strains, a significant increase
in growth rate from 0-5 mmol 1" of glyphosate only at
water activity conditions (aw) of 0-93 and 0-95; while at
0-98 ayy, a significant increase in this parameter was also
observed at 0-5, 1-0 and 1-5 mmol 17! depending on the
strains evaluated. Other authors, Reddy et al. (2007),
informed different results to those found in the present
study when evaluated the glyphosate effect on A. flavus
growth on in vitro conditions and showed at 10 mmol 17/,
a partial and temporal inhibition in growth on potato dex-
trose agar medium. Whereas on water agar medium, this
parameter was reduced by 50 and 80% at lower glyphosate
concentrations, 5 and 10 mmol 17, respectively. Similarly,
Hasan (1999) showed a significant reduction in growth rate
when A. parasiticus developed on rich medium with differ-
ent glyphosate concentrations. In disagreement with the
studies mentioned above in the present study, the highest
glyphosate concentrations used (10 and 20 mmol 17")
were not inhibitory to fungal development, and under
some MPa conditions, the growth rate was enhanced.

Studies with other fungal species isolated from soil
showed that the in vitro effect of this pesticide on growth
depends on the concentrations assayed. In Fusarium
oxysporum and Rhizoctonia solani, the growth at low con-
centrations of glyphosate was not affected, while at high
concentration, a significant inhibition of fungal growth
was observed (Larson et al. 2006). Fusarium strains have
shown a significant increase in dry mass mycelium when
1-0 and 1-5 mmol 1" of glyphosate were added at Cza-
pek medium (Krzysko-Lupicka and Sudol 2008). Like-
wise, an increase in growth when growth media were
amended with glyphosate has also been reported for
Trichoderma harzianum, Streptomyces spp. and other
plant pathogenic fungi (Wardle and Parkinson 1992;

Aspergillus section Flavi in agricultural soils

Obojska et al. 1999; Hanson and Fernandez 2003). These
results, although on different fungal species, are neverthe-
less comparable to those found in the present study.

Responses of individual fungal species appear to be
variable and depend on the susceptibility to the herbicide
(Anderson and Kolmer 2005; Feng et al. 2005). Several
studies have demonstrated that microbial activity and/or
biomass can be stimulated following application of some
glyphosate formulations to field soil. Glyphosate has a
moderate persistence in soil and is degraded mainly by
cometabolic microbial process, and it may be used as a
carbon and energy source by the some micro-organisms
(Gimsing et al. 2004; Lancaster et al. 2009). In fungi, it
has been proposed that the glyphosate-tolerant species
may metabolize glyphosate, an amino acid analogue, if
they are able to utilize available phosphate or amine
structures (Powell and Swanton 2008). The medium used
in the present study (SESM) contains low levels of
organic sources. Considering that this pesticide can be
utilized as nutrient and also as energetic substrate by
fungi (Krzysko-Lupicka et al. 1997, 1997; Krzysko-Lupi-
cka and Sudol 2008; Zabaloy et al. 2012), the stimulation
of growth rate observed suggests that the glyphosate may
be utilized mainly either as carbon or as energy source.

The results of the present in vitro study showed that the
nontoxigenic strains of A. flavus had the capacity to toler-
ate different glyphosate concentrations even under osmotic
stress conditions. Glyphosate is of widespread use to con-
trol weeds in agricultural environment, and their effects on
the development of these A. flavus native strains in
microcosm testing approach require further investigation
to evaluate their potential bioremediation applications.
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