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Influence of herbicide glyphosate on growth and aflatoxin B1

production by Aspergillus section Flavi strains isolated from
soil on in vitro assay
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de Rı́o Cuarto, Córdoba, Argentina
2Consejo Nacional de Investigaciones Cientı́ficas y Técnicas (CONICET), Rı́o Cuarto, Córdoba, Argentina
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The effect of six glyphosate concentrations on growth rate and aflatoxin B1 (AFB1) production by Aspergillus section Flavi strains
under different water activity (aW) on maize-based medium was investigated. In general, the lag phase decreased as glyphosate
concentration increased and all the strains showed the same behavior at the different conditions tested. The glyphosate increased
significantly the growth of all Aspergillus section Flavi strains in different percentages with respect to control depending on pesticide
concentration. At 5.0 and 10 mM this fact was more evident; however significant differences between both concentrations were
not observed in most strains. Aflatoxin B1 production did not show noticeable differences among different pesticide concentrations
assayed at all aW in both strains. This study has shown that these Aspergillus flavus and A. parasiticus strains are able to grow
effectively and produce aflatoxins in high nutrient status media over a range of glyphosate concentrations under different water
activity conditions.

Keywords: Aspergillus flavus, Aspergillus parasiticus, glyphosate, maize meal extract agar, growth rate, aflatoxin B1.

Introduction

Argentina is the world’s second biggest exporter of maize
(Zea mays L.), and was responsible roughly for 15 per-
cent of the world’s maize exports in the last three years.
During the harvest season 2011/2012 the maize produc-
tion is expected to be of 20 million tons.[1] These cereal
grains are colonized by several fungi communities, includ-
ing mycotoxigenic species. In soils destined to maize crop
and in surrounding vegetation the dominant fungi include
species of Aspergillus, Fusarium, Penicillum and Alternaria
genera.[2–4] Among these, Aspergillus section Flavi species
are important colonizers in crop cereals both in warm and
moist areas. Aspergillus species belonging to Flavi section
are found throughout the world in different soils such as
agricultural, forestall and in orchards, grasslands and wet-
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lands, among others.[5,6] They were isolated from virgin as
well as cultivated desert soils.[7,8] The widespread occur-
rence of A. flavus in soil has been associated with its ability
to colonize plant debris (stubble).[9,10] In Argentina toxi-
genic species of Flavi section have been isolated from maize
seeds.[4,11,12] Aflatoxins (AFs) are extensively known to be
potent mutagenic, carcinogenic, teratogenic, hepatotoxic,
immunosuppressive, and they also inhibit several metabolic
systems.[13,14] From AFs group, aflatoxin B1 (AFB1) is the
most significant in terms of animal and human health risk
(carcinogen group A) and is usually the main aflatoxin
produced by toxigenic strains.[15] To control the associated
health effects caused by consumption of infected agricul-
tural commodities, the FDA has established AFs limits of
20 ng g−1 for human consumption and 20 ng g−1 to 200 ng
g −1 for animal feeds in the United States, while a more
stringent limit (2 ng g−1) exists for human consumption in
European countries.[16,17]

In our country, the planting systems more commonly
used in the corn and soybeans production area are con-
ventional tillage, reduced tillage and no tillage. Each sys-
tem produces different effects in the soil.[18,19] In these
agricultural systems, the pesticides utilization is another
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Influence of glyphosate on growth and aflatoxin B1 1071

relevant issue besides mycotoxins. The use of no-tillage
practices and pesticides for insect, pest and disease con-
trol has increased during the last years. Glyphosate
(C3H8NO5P, N-phosphonomethylglycine), commercially
sold as Roundup R© among other brand names, is the most
widely used herbicide in the regional agriculture practices
in Argentina for weed control in glyphosate-resistant (GR)
crops. Nowadays 160,000 tonnes of glyphosate are applied
annually to control weeds in GR soybean and corn crops
and before planting non-transgenic crops under no till man-
agement.[20] The recommended application rate varies from
2 to 4 l ha−1, however higher doses or repeated applications
at pre-harvest or post-harvest application in no-till systems
are common.[21,22]

Glyphosate itself is an acid, but it is commonly used in
salt form, (isopropylamine salt). It is a highly water-soluble
substance that makes complexes easily. It binds tightly to
the soil particles, reaching a persistence of up to 170 days
and the usual half-life is about 45 to 60 days.[23]

Although glyphosate has been reported as a toxicologi-
cal and environmental safe herbicide,[24] the potential non-
target effects on soil microorganisms are still a topic of great
concern among soil ecologists, microbiologists and stake-
holders in soil conservation. Reactions catalyzed by mi-
crobial enzymes and adsorption on the surface of mineral
components of soil play the mostly significant role in the
persistence, bioavailability and mobility of glyphosate.[25–30]

The excessive and repeated application of pesticides may
also result in high level of residues accumulated on veg-
etable products, which poses a potential health risk to con-
sumers and environmental impact. Pesticide residues and
metabolites degradation in soil may have an adverse effect
on succeeding crops and soil ecosystem.[26,31] The US En-
vironmental Protection Agency (EPA) has set a maximum
contaminant level (MCL) of glyphosate in drinking water
at 0.7 µg mL−1.[32] The maximum residual level (MRL) of
glyphosate in most crops is set at 0.1 µg g−1 by the European
Union.[33] Recently an in vivo study has demonstrated the
negative effect of Roundup R© (Monsanto, Belgium) treat-
ments (50 ng L−1) on female and male rats such as large
mammary tumors, disturbs in pituitary gland, liver conges-
tions and necrosis, marked and severe kidney nephropathies
among others.[34]

Glyphosate may produce unwanted side effects on
soil microbes in agricultural soils.[35–37] Fungi can utilize
glyphosate as nutrient and also as energetic substrate.[38,39]

Some studies have shown that the addition of this com-
pound can inhibit growth of mycorrhizal fungi and con-
sequently may stimulate the growth of phytopathogen
fungi as Fusarium.[40,41] Glyphosate targets enolpyruvyl-
shikimate-3-phosphate synthase (EPSPS), the enzyme re-
sponsible for converting shikimate to chorismate.[42] The
inhibition of EPSPS blocks the shikimic acid (aka shiki-
mate) pathway, which produces necessary precursors for the
biosynthesis of aromatic compounds including phenylala-
nine, tyrosine and tryptophan.[43,44] In bacteria and fungi

glyphosate can inhibit protein synthesis via the shikimic
acid pathway.[45]

Previous studies have evaluated the effects of compounds
commonly present in cereals and oilseeds stored as food
grade antioxidants on growth rate and on mycotoxin
production by Aspergillus section Flavi and Nigri.[46–49]

However, only limited information is available on the
influence of xenobiotic compound as glyphosate, which is
also present in the agricultural ecosystem in opportunistic
phytopathogens such as Aspergillus section Flavi, and its
influence on the subsequent mycotoxins production.[50–52]

The objective of this work was to evaluate the effect of
glyphosate on i) the lag phase to growth, ii) growth rates
and iii) aflatoxin B1 production by strains of Aspergillus
section Flavi under different water availabilities on maize
based medium.

Materials and methods

Fungal strains

Eight Aspergillus section Flavi strains were evaluated: A.
parasiticus (NRRL 2999, APS 43, APS 45 and APS 55);
A. flavus (AFS 54, AFS 56, AFS 57 and AFS 63). All
the strains (except the reference strain, NRRL 2999) were
isolated from soils destined to maize production located
in the south of Córdoba Province (Argentina), and with
long exposure to successive glyphosate applications. The
strains were identified by classic taxonomy according to the
methodology proposed by Klich et al.[53] The AFB1 produc-
tion capacity was assayed on 2% malt extract agar medium
(MEA) (2% malt extract, 2% sucrose, 0.1% peptone).[54]

The strains were maintained in glycerol (15%, Sigma-
Aldrich, St. Louis, MO, USA) at –80◦C and kept in the cul-
ture collection at the Department of Microbiology and Im-
munology, National University of Rı́o Cuarto, Córdoba,
Argentina.

Culture medium

Maize meal extract agar was prepared at 3% (w/v)
(MMEA). The water activity (aW) of the basic medium
was adjusted to 0.980, 0.950 and 0.930 with known
amounts of glycerol.[55] The basic medium was autoclaved
at 120◦C for 20 min before cooling to 50◦C and pouring
into 90-mm sterile Petri dishes. Water activity of repre-
sentative samples of each treatment was checked with an
AquaLab Series 3 (Decagon Devices, Inc., Pullman, WA,
USA). In addition, control plates were prepared and aW
were measured at the end of the experiment in order to
detect any significant deviation of aW.

Glyphosate

Glyphosate, N-phosphonomethylglycine used in this
study was obtained from commercial formulation
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1072 Barberis et al.

(Round-up1 R©), corresponding to a 3.5 M solution of the
active ingredient. Stock solution of glyphosate (0.5 M) was
prepared by dissolving 14.4 mL of the herbicide in 100 mL
of sterile distilled water (v/v), and filter sterilized. The solu-
tion of herbicide was applied to the sterilized culture media
at 45–50◦C to obtain the required concentrations (0.5, 1.0,
1.5, 2.0, 5.0 and 10 mM). Control plates at each aW value
and without glyphosate were also prepared.

Inoculation and incubation conditions

The media for each treatment were needle-inoculated cen-
trally using a sterile loop, with fungal spores from 7-day-
old cultures on malt extract agar (MEA) suspended in soft
agar. Inoculated Petri dishes of the same aW were sealed in
polyethylene bags. Four replicate plates per treatment were
used and incubated at 25◦C for 28 days; all the experiments
were repeated twice.

Growth parameters

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 time, and a
linear regression was applied in order to obtain the growth
rate as the slope of the line to the X-axis. The lag phase
(h) before growth was also determined.[49] The numbers of
growth and lag phase analysis was performed on eight As-
pergillus section Flavi strains, six different concentrations
of glyphosate, the control treatment and three water avail-
ability; every analysis was carried by cuadruplicate and all
experiment was repeated twice.

AFB1 determination

The methodology proposed by Geisen[54] with some mod-
ification was used in this study. A portion of MMEA cul-
tures (1 × 1 cm) at 7, 14, 21 and 28 days was taken and
transferred to a microtube and 500 µL of chloroform was
then added. The mixture was centrifuged at 4000 r.p.m for
20 min. The chloroform extract was collected and dried
under nitrogen gas. The residue was redissolved in ace-
tonitrile/water (9:1) (200 µL) and then derivatized with
trifluoroacetic acid/acetic acid/water (20:10:70) (700 µL).
For AFs detection, the derivatized samples were analyzed
using a reversed-phase HPLC/fluorescence detection sys-
tem.[56] The HPLC system consisted of a Hewlett-Packard
1100 pump (Palo Alto, CA, USA) connected to a Hewlett-
Packard 1046 programmable fluorescence detector, inter-
faced to a Hewlett-Packard Chem Station. Chromato-
graphic separations were performed on a stainless steel
Supelcosil LC-ABZ C18 reversed-phase column (150 ×
4.6 mm i.d., 5 µL particle size; Supelco, Bellefonte, PA,
USA). Water/methanol/acetonitrile (4:4:1) was used as the
mobile phase, at a flow rate of 1.5 mL min−1. Fluorescence
of aflatoxin derivatives was recorded (λexc 330nm; λem
460nm). AFB1 was quantified by correlating peak height

of sample extracts and those of standard curves. The detec-
tion limit of the analytical method was 1 ng g−1 of sample.

Assay of spiking and recovery of AFB1

Stock solutions of AFB1 were prepared in methanol for
recovery determination. MMEA plates were spiked with an
equivalent of 1, 5, 10 and 15 µg AFB1 per gram. Spiking
was carried out in triplicate and a single analysis of the
blank sample was carried out. After leaving it for 16 h to
let the solvent evaporate, extraction solvent was added and
the AFB1 concentration was determined.

Statistical analysis

Data analyses were performed by analysis of variance. All
data were transformed to log10 (x + 1) to obtain the ho-
mogeneity of variance. Means were compared by Fisher’s
protected LSD test to determine the influence of the abiotic
factors assayed (aW and herbicide concentration) among
growth rate, lag phase before growth and AFB1 concentra-
tion by the strains tested. The analysis was conducted using
PROC GLM in SAS (SAS Institute, Cary, NC, USA).[57]

Results

Effect of glyphosate treatments on lag phase
and growth rate

Table 1 shows the effect of six glyphosate concentrations
on lag phase prior to the growth of eight Aspergillus sec-
tion Flavi strains. In relation to the control treatment, an
increase in the lag phase with decreasing aW was observed.
In general, all the strains showed the same behavior pat-
tern at different conditions tested, the lag phase decreased
as glyphosate concentration increased. At 5 and 10 mM,
the shortest lag phases were observed in all strains. The
A. parasiticus strains showed a significant decrease in their
lag phase with 2 mM of pesticide at all water availabil-
ity, while with 1.5 mM the same behavior was observed
only at 0.930 for all strains and at 0.950 for NRRL 2999,
APS 43 and APS 45 strains. Respecting A. flavus strains
a significant decrease in the lag phase was obtained with
1.5 and 2.0 mM, except for AFS56 at 0.98 aW (P <

0.0001).
In control treatments, a parallelism between reductions

of growth rate when aW decreased was observed in all
strains assayed. The different glyphosate concentrations
used increase significantly the micelial growth in all As-
pergillus section Flavi strains in different percentages re-
spect to control depending on pesticide concentration. At
5.0 and 10 mM this fact was more evident at 0.93 aW;
however significant differences between both concentra-
tions were not observed in most strains (Figs. 1 and 2).
At the lowest aW assayed the growth rate of all A. par-
asiticus strains were significantly influenced at 0.5 mM of
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Influence of glyphosate on growth and aflatoxin B1 1073

Table 1. Effect of glyphosate on lag phase of Aspergillus section Flavi strains under different water activity (aW) conditions on maize
based medium.

Lag phase (h)
(Glyphosate) (mM)

Aspergillus
Strains∗ aW 0 0.5 1.0 1.5 2.0 5.0 10

NRRL 2999 0.980 19d 20d 21d 18d 15c 9a 12b

0.950 22e 22e 22e 12b 10b 10b 10b

0.930 28f 17c 17c 17c 15c 12b 12b

APS 43 0.980 18d 18d 22e 17c 15c 14c 14c

0.950 23e 22e 24e 15c 14c 12b 12b

0.930 32g 30g 26f 23e 24e 26f 17c

APS 45 0.980 15c 15c 13b 12b 9a 9a 9a

0.950 24e 23e 20d 20d 11b 13b 9a

0.930 36h 36h 33g 21d 17c 19d 16c

APS 55 0.980 17c 18d 10b 8a 9a 6a 6a

0.950 20d 24e 20d 21d 17c 11b 13b

0.930 38i 33g 25e 20d 23e 23e 18d

AFS 54 0.980 18d 17c 14c 12b 10b 10b 8a

0.950 25e 23e 20d 17c 12b 10b 9a

0.930 29f 26f 26f 22e 19d 17c 11b

AFS 56 0.980 13b 11b 11b 9a 10b 8a 6a

0.950 19d 16c 15c 12b 14c 12b 11b

0.930 27f 25e 22e 22e 19d 15c 12b

AFS 57 0.980 19d 19d 16c 15c 11b 9a 9a

0.950 25e 22e 19d 16c 16c 14c 11b

0.930 33g 31g 30g 27f 24e 19d 17c

AFS 63 0.980 15c 11b 10b 10b 11b 8a 7a

0.950 23e 21d 19d 17c 15c 15c 13b

0.930 33g 30g 26f 24e 20d 17c 15c

Mean values based on quadruplicated data. Mean in a row with a letter in common are not significantly different according to LSD test (P < 0.0001).
∗A. parasiticus (NRRL 2999, APS 43, APS 45 APS 55); A. flavus (AFS 54, AFS 56, AFS 57, AFS 63).

glyphosate. At 0.95 aW, a significant increase in growth rate
respect to control was observed at 0.5 mM in A. parasiticus
NRRL 2999 and APS 45 strains (Fig. 1A and 1C), whereas
for APS 43 and APS 55 it was also significantly differ-
ent and more pronounced at 1.5 mM of pesticide (Fig. 1B
and 1D).

Concerning A. flavus strains, a significant increase in
growth rate respect to control was observed from 0.5 mM
of herbicide only at 0.93 and 0.95 aW; while at highest aW
assayed the significant increase in growth rate was observed
at different concentrations depending on the strains. In
AFS 56 and AFS 63 the significant increase in growth rate
was observed at 0.5 and 1.0 mM, respectively (Fig. 2B and
2D). The same fact was observed in AFS 54 and AFS 57
now at concentrations above 1.5 mM of glyphosate (Fig. 2A
and 2C).

The analysis of variance on the effect of single (strains, aW
and pesticide concentration) two- and three- way interac-
tion showed that all factors alone and all interactions were
statistically significant (P < 0.0001) in relation to lag phase
and growth rates for all Aspergillus section Flavi strains
assayed (Table 2).

Effect of glyphosate treatments on aflatoxin B1 production

Recovery of the method used for AFB1 from MMEA
was 90.4% ± 7.3. The effect of the concentration of
glyphosate/aW treatments on AFB1 production for two of
the most representative strains tested is shown in Figure 3.
In general, AFB1 production did not show a similar pattern
to the one observed with growth rate, when the strains grew
under different glyphosate concentrations and environmen-
tal conditions. In treatments without pesticide, when aW in-
creased, an increase in AFs production was observed in all
strain assayed. At the same aW condition evaluated, AFB1
production did not show noticeable differences among
different pesticide concentrations assayed with respect to
control treatment. The highest AFB1 production in both
species was observed at 7 days except in some conditions as:
10 mM at 0.95 and 0.93 aW for APS 43; 2.0, 5.0 and 10 mM
at lowest aW for AFS 56. A significant stimulation in AFB1
production respect to control was observed in A. parasiti-
cus APS 43 strain with concentrations from 1.5 to 5.0 mM
of glyphosate at 0.95 aW. In A. flavus AFS 56 strain this fact
was more noticeable at the same aW condition at concen-
trations above 1.5 mM only at 7 and 14 days of incubation.
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1074 Barberis et al.

Fig. 1. Effect of glyphosate on growth rate of A. parasiticus NRRL 2999 (A), APS 43 (B), APS 45 (C), APS 55 (D) under different
water activity (aW) conditions on maize based medium. Mean values based on quadruplicated data. Mean in a row with a letter in
common are not significantly different according to LSD test (P < 0.0001).

At 28 days of incubation a reduction in AFB1 production
was observed in the lowest aW condition, except at 2.0 and
5.0 mM in APS 43 strain. The greatest reduction (44.4
%) was observed in A. flavus AFS 56 strain at 10 mM of
glyphosate.

The LSD test of data (Table 2) shows the influence of aW
and glyphosate concentration on AFB1 production. The
statistical analysis of all strains showed that aw and all ana-
lyzed factors influenced significantly on AFB1 production
(P < 0.0001)

Discussion

This study has shown that the eight Aspergillus flavus and
A. parasiticus strains evaluated are able to grow effectively
and produce AFs in natural medium with high nutrient
status over a range of glyphosate concentrations under dif-
ferent aW conditions. We found that lag phase, mycelial
growth rate and AFB1 production by Aspergillus section
Flavi strains are significantly influenced by glyphosate con-
centration, aW level and their interactions. Similar effects
of pesticide on the lag phase were observed in all strains

assayed due to the fact that this parameter decreased when
pesticide concentration increased. As regards growth rate,
with 5.0 and 10 mM of glyphosate at different water avail-
ability conditions the highest increase in this parameter was
observed in all Aspergillus strains. In general the significant
influence of pesticide in growth rate was also observed at
concentrations lower than 5.0 mM but at lower aW con-
ditions. These results do not agree with the finding in a
previous work,[52] where the glyphosate effect on A. flavus
strains using other culture media was evaluated. These au-
thors showed that in potato dextrose agar medium a partial
and temporal inhibition in radial growth was only observed
at the highest concentration tested (10 mM). Whereas on
water agar medium this parameter was reduced by about 50
and 80% at 5 and 10 mM glyphosate, respectively. Similarly
Hasan,[50] found a significant diminution in growth rate re-
spect to control when A. parasiticus avr −1 (w 49) strain
developed on yeast extract and sucrose medium (YES) with
50 to 1000 µg mL−1 of glyphosate (Lancer, commercial
brand).

With other fungal species, Larson et al.[58] examined
in vitro growth of two phytopathogenic fungi, Fusarium
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Influence of glyphosate on growth and aflatoxin B1 1075

Fig. 2. Effect of glyphosate on growth rate of A. flavus AFS 54 (A), AFS 56 (B), AFS 57 (C), AFS 63 (D) under different water activity
(aW) conditions on maize based medium. Mean values based on quadruplicated data. Mean in a row with a letter in common are not
significantly different according to LSD test (P < 0.0001).

oxysporum and Rhizoctonia solani; and they showed a sim-
ilar rate of growth at glyphosate concentrations from 1
to 40 µg mL−1 when compared with the control. While
at 400 µg mL−1 there was a significant inhibition of fungal
growth for all isolates tested. Other authors,[40] showed that

Fusarium strains isolated from soils possessed high toler-
ance to the applied doses of glyphosate (0.5 to 2.0 mM) on
Czapek medium. In the presence of glyphosate (as a sole
source of phosphorus) when applied in concentrations of
1.0 and1.5 mM the increase in dry mass of the tested fungi

Table 2. Analysis of variance of water activity (aW) effect of pesticide concentration (C), different strains (I) and their interactions on
lag phase, growth rate and AFB1 production of Aspergillus section Flavi strains.

Lag phase Growth rate AFB1 production

Source of variation Df # MS§ F� MS§ F� MS§ F�

I 7 118663.01 10.03∗ 46.72 15467.59∗ 27.99 6648.66∗
C 6 17236623.97 1472.62∗ 395.46 99999.99∗ 6.78 1577.79∗
aW 2 1266893.00 109.76∗ 39.57 13367.33∗ 9.45 2121.61∗
I × C 20 60143.68 5.27∗ 33.09 10558.64∗ 1.63 334.11∗
I × C × aW 102 103999.19 8.62∗ 0.62 165.79∗ 1.78 372.19∗

#Degrees of freedom.
§Mean square.
�F-Snedecor.
∗Significant P < 0.0001.
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1076 Barberis et al.

Fig. 3. Effect of glyphosate on aflatoxin B1 production by A. parasiticus APS 43 and Aspergillus flavus AFS 56 under different water
activity (aW) conditions on maize based medium at 7 (�), 14 ( ), 21 ( ) and 28 days ( ). Mean values based on triplicate data.
Detection limit: 1 ng g−1 (ppb). Mean values based on triplicate data. Mean values with a letter in common in figures corresponding
to each strain are not significantly different according to LSD test (P < 0.0001).

was highly significant. Likewise, Wardle and Parkinson,[59]

Hanson and Fernandez[60] found that rust fungi and blight
fungi, showed enhanced growth on glyphosate-amended
medium. Despite the fact that these results were obtained
with other fungal species, they are similar to those found
in the present study.

Responses of individual fungal species can vary depend-
ing on susceptibility to the herbicide; for example some
fungal species express glyphosate-sensitive forms of EP-

SPS.[61,62] Several studies have demonstrated that micro-
bial activity and/or biomass can be stimulated follow-
ing application of some glyphosate formulation to field
soil. Glyphosate-tolerant species of fungi may metabolize
glyphosate, an amino acid-analogue, if they are able to uti-
lize available phosphate or amine structures.[63]

Regarding AFB1, in the present work the production
did not show a similar pattern to what was observed
with growth rate. In A. parasiticus strains a significant
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stimulation in toxin production was observed with con-
centration between 1.5 and 5.0 mM of glyphosate at 0.95
aW. In A. flavus AFS 56 strain this fact was more noticeable
at the same aW condition at concentrations above 1.5 mM
at 7 and 14 days of incubation. Few studies in the literature
were focused on the effect of this pesticide on AFs produc-
tion. Similar results were reported by Hasan,[50] who found
that A. parasiticus avr −1 (w 49) strain in YES medium sup-
plies with glyphosate decreased the synthesis of aflatoxin
B2; however aflatoxins B1, G1 and G2 production increased.
AFB1 accumulation was significant respect to control only
in levels of 500 and 1000 µg mL−1 of glyphosate. In addi-
tion, it has been reported that in A. parasiticus ver-l strain
the herbicide interferes between versicolorin A and ver-
siconal hemiacetal acetate (precursor metabolites of AFB1
synthesis). Previously, Bennett et al.[64] found that phosdrin
(phosphonic acid derivative) inhibited AFs production by
toxigenic strains and this was concomitant with excretion
of versiconal acetate.

The AFs results obtained in the present work do not
agree with those previously published by Reddy et al.[52]

who reported that no production of AFs was detected on
water agar regardless of strain or glyphosate treatment.
While on potato dextrose medium a diminution of 23 and
19% in AFs production with respect to control was ob-
served in treatment with 5 and 10 mM, respectively.

On the other hand, Hasan[50] observed that the most
of organophosphate derivatives may competitively increase
or decrease the fungal oxidase enzymes. An explanation
of the influence of glyphosate on AFB1 production by A.
flavus has been done. A phosphonic acid (lancer) promoted
averufin and versicolorin A conversion into AFB1. They
may be utilized by A. flavus as phosphorus sources and
thus the oxidases activity increased.

Synergism between glyphosate and some soil-borne
pathogens, including Fusarium spp., has been observed
and can be expressed as increased disease severity when
glyphosate treatment is combined with pathogen pres-
ence.[58,65] Regarding the levels detected in the crop soil,
a direct relationship between the glyphosate application
and its detection in soils is observed, in which the levels of
the herbicide increase proportionally to the dosage of the
applications. Little information is available in our region re-
porting pesticide concentrations in the environment where
intensive cultivation activities predominate in this large re-
gion. A study located in an agricultural area belonging to
another Province (Buenos Aires) showed levels from 0.5 to
4.5 mg kg−1 of soil in sites near the cultivation area.[66] The
levels used in culture medium in the present study are lower
than the range generally detected in soils destined to crop
production. However these natural values can be modified
mainly depending on the fumigation regimens applied and
abundance of precipitation in the exposed area.

The results of the present in vitro study showed that
all strains of Aspergillus section Flavi assayed were tol-
erant to glyphosate and the used levels stimulate the fungal

growth rate; and the AFB1 production under determined
glyphosate and aw conditions. In previous assays, it has
been learned that fungal species can utilize this pesticide
as nutriment and also as energetic substrate.[38–40,67] The
medium used (MMEA) contains high levels of carbohy-
drates that can act as a carbon and/or energetic source. The
stimulation of growth rate suggests that the pesticide may
act either as a nitrogen or a phosphorous. The effects of this
pesticide on the development and AFs production of As-
pergillus section Flavi strains require further investigation.
In addition, the results showed the existence of interactions
between Aspergillus flavus- parasiticus, aw and herbicide.
This situation suggests that quantitative changes could oc-
cur in these fungi population in the soil exposed to long-
time action of this xenobiotic. The survival of these mi-
croorganisms, capable to adapt to different glyphosate con-
centration represents a toxicological risk; only if favorable
environmental conditions for the development of toxigenic
species in agricultural soils are given. Due to the fact that
these systems contain significant biotic and abiotic hetero-
geneity, further studies will allow determination of the stim-
ulatory effect of glyphosate on aflatoxigenic species in soils.
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