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Abstract

The Ivinhema River Basin is affected by the expansion of sugarcane cultivation areas, which impacts the water quality of
its streams. The aim of this study was to evaluate the cytotoxic, genotoxic, and mutagenic potential of water samples from
three streams of the Ivinhema River Basin using the Allium cepa test. Sampling was conducted in March 2017. Surface
water samples collected from the Piravevé, Vitdria, and Rosario streams induced cytotoxic and genotoxic effects in 4. cepa.
Reductions in both germination and cell division were observed, which may have been related to the flow of toxic residues
from the sugarcane monoculture into the stream’s waters. Therefore, there is an urgent need to develop restoration projects
aimed at conserving the water quality and biodiversity in these aquatic environments.
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INTRODUCTION

Agriculture is considered one of the main anthropogenic
activities that negatively impacts water quality worldwide
(Martini et al., 2021). The increase in agricultural activities
in Brazil has caused concern because of its negative
environmental impacts, including deforestation and the
destruction of natural habitats (Gonino et al., 2019; Benvindo-
Souza et al., 2022). Brazil is one of the largest producers
of sugarcane and ethanol (FAO, 2020; Tomei et al., 2020).
Despite providing raw materials for the production of
biofuels, which are an important renewable source of energy,
sugarcane cultivation is considered one of the main sources
of pollution in Brazil (Gonino et al., 2019; Kumar et al.,
2022). The application of pesticides such as atrazine, fipronil,
thiamethoxam, sulfentrazone, simazine, ametrine, clomazone,
diuron, hexazinone, metribuzin, and pendimethalin is common
in agricultural areas occupied by sugarcane monocultures
(Correia et al, 2013; Araldi et al, 2015; Fontanetti &
Bueno, 2017; Trovato et al., 2020). The high consumption
of pesticides in sugarcane crops can affect several non-target
organisms, including native plants and animals, in addition
to negatively affecting the structure and dynamics of natural
ecosystems (Ogura et al., 2022). In the Midwestern region
of Brazil, the State of Mato Grosso do Sul is considered an
epicenter of sugarcane production, a crop for which high
amounts of pesticides and fertilizers are used (Tomei et al.,
2020; Ogura et al., 2022). In 2016, sugarcane production
accounted for approximately 2% of the total production in the
State of Mato Grosso do Sul (Tomei et al., 2020).

The Parana River Basin, considered the second largest and
most important hydrographic basin in South America, has recently
undergone a significant expansion of sugarcane cultivation,
causing fragmentation and loss of habitats, in addition to the
degradation of water quality (Gonino ef al., 2019). In particular,
the Ivinhema River Basin is one of the regions with the greatest
expansion in sugarcane cultivation, in addition to the installation
of new industrial plants for the production of sugar, ethanol, and
bioenergy (Ferreira & Silva, 2016).

The contamination of several water bodies in the Upper
Parana River Basin by metals and pesticides resulting from
the runoff of agricultural activities and industrial and urban
effluents has damaged aquatic life (Peluso et al., 2021).
Investigation of water toxicity in the aquatic environments of
the Parana River Basin is essential to assess its environmental
quality, as its water resources are used for various purposes,
especially irrigation (Mato Grosso do Sul, 2015). When
agricultural crops are irrigated with water contaminated by
pesticides, including those used in sugarcane production,
phytotoxic effects such as reduced germination and growth
can occur in numerous plant species of economic interest
(Ogura et al., 2022). In addition, aquatic ecosystems near
sugarcane cultivation areas are becoming increasingly fragile
and degraded because of the runoff of various types of toxic
contaminants, which can lead to the loss of local biodiversity
(Jayawardena et al., 2021).
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The A. cepa test is widely used and is recommended by
several environmental regulatory agencies for the assessment
of phytotoxicity and genotoxicity in aquatic environments
monitoring studies (Leme & Marin-Moraes, 2009; Garcia-
Mediana et al., 2020; Kumar et al., 2022). This test allows
the evaluation of phytotoxic and genotoxic endpoints, such
as alterations in seed germination, root development, and cell
cycle interference, in addition to alterations in the genome of
plant cells (Gameiro ef al., 2020). Furthermore, the 4. cepa
test has a high sensitivity for a wide range of pure chemicals or
mixtures of chemicals (Leme & Marin-Moraes, 2009; Kumar
et al, 2022). Leme & Marin-Morales (2009) and Gallego
et al. (2021) demonstrated that a test using A. cepa yielded
satisfactory results in the evaluation of various pollutants.

Thus, the objective of this study was to evaluate the
cytotoxic, genotoxic, and mutagenic potential of water
samples from three streams under the strong influence of
sugarcane cultures belonging to the Ivinhema River Basin,
which is located in the Upper Parana River Basin, using the
A. cepa test. The hypothesis of this study is that the increase
in areas occupied by sugarcane monoculture caused an
increase in cytotoxic, genotoxic, and mutagenic potential in
A. cepa exposed to water samples from streams located in the
surroundings of these agricultural areas.

MATERIALS AND METHODS

Sampling sites

The Ivinhema River Basin, the second largest hydrographic
basin in the State of Mato Grosso do Sul, covers an area of
approximately 46,688 km? (Fortes et al., 2005; Mato Grosso
do Sul, 2015). This has ecological significance because the
Ivinhema River floodplains are located in priority areas for
environmental conservation and are part of the ecological
corridor that connects the Pantanal and Serra da Bodoquena
with the Parana River (Pott et al., 2014). This basin is
located in the Varzeas do Rio Ivinhema State Park (PEVRI),
an important integral conservation unit (Dos Santos et al.,
2020). However, although the Ivinhema River Basin provides
important ecosystem services, it is located in a region with
intense agricultural activities, especially cattle ranching and
sugarcane monoculture, which are the most predominant
crops in the basin (Mato Grosso do Sul, 2015; Dos Santos et
al., 2020). Water samples were collected during March 2017
from the Piravevé, Vitoria, and Rosario streams, all belonging
to the lower portion of the Ivinhema River Basin, which is
located in the Upper Parané River Basin, in the Brazilian State
of Mato Grosso do Sul (Mato Grosso do Sul, 2015) (Figure
1). It is important to highlight that all streams had reduced
native riparian vegetation. The banks of the Rosario and
Vitoria streams are predominantly agricultural areas with an
emphasis on sugarcane monoculture cultivation. The banks of
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the Piravevé stream are predominantly occupied by pasture
areas. The Rosario stream is approximately 1.5 m wide and
the Vitoria stream is approximately 5.5 m wide, characterizing
both as second order streams, whereas the width of the
sampled section in Piravevé ranges 7—15 m, characterizing it
as a third order stream.
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Physicochemical parameters

The physicochemical parameters dissolved oxygen (mg
L"), hydrogen ionic potential (pH), electrical conductivity (1S
cm™), and temperature (°C), were determined using a Horiba
multiparameter probe previously calibrated directly in the waters
from sampling sites at Piravevé, Vitoria, and Rosario streams.
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Figure 1. Location of the sampling sites in Piravevé, Vitoria, and Rosario streams, Ivinhema River Basin, Mato Grosso do Sul, Brazil.

Allium cepa test

Aliquots (50 mL) of water were collected in previously
decontaminated and sterilized polyethylene bottles to a depth
of approximately 5 cm below the surface, transported, stored at
room temperature, and then taken to the laboratory for assays.

Seeds of the 4. cepa were sown in approximately 3 mL of
each water sample. The herbicide trifluralin (0.84 mg L) was
used as positive control (PC), and distilled water was used as
negative control (NC). All tests were performed with 30 seeds
per plate in triplicate. These seeds were left to germinate in
temperature of 23 + 3 °C for a period of 96 h, according to
the procedure adapted from Leme & Marin-Morales (2009).
After germination, the seeds were counted manually, and
the roots were measured with digital calipers (DigMess).
The roots were collected and fixed in Carnoy’s solution (3:1
absolute ethanol:glacial acetic acid, v/v). Then, the roots
were hydrolyzed using HCI (1 mol L"), washed with distilled
water, and stained with Schiff’s reagent overnight. After
staining, the root meristems were covered with a coverslip and
slightly crushed in a drop of 45% acetic carmine. Ten slides
of the root meristem were prepared for each treatment, and

500 cells per slide were analyzed using an optical microscope
(Nikon Eclipse, E200) at a magnification of 400x%, totaling
5000 cells per treatment. Cytotoxicity was determined based
on the percentage germination (GR), relative mean root
growth (RRG), mitotic index (MI), and cell death rate (CDR).
Genotoxicity was investigated by evaluating chromosomal
alterations in 4. cepa root meristematic cells and determined
using the chromosomal alteration index (CAI). Specifically,
mutagenicity was evaluated by counting the micronuclei in the
meristematic cells to determine the mutagenicity index (MTI).
The indices were calculated using the formulae described by
Francisco et al. (2018).

Statistical analysis

Normality was verified using the Shapiro-Wilk test. Kruskal-
Wallis nonparametric test was applied with Dunn’s post hoc test
(p < 0.05) was used to evaluate the cytotoxicity, genotoxicity,
and mutagenicity in A. cepa cells. A heat map was generated
using the “pheatmap” package, being a grouping color-coded by
specific streams, in relation to the cytotoxicity, genotoxicity, and
mutagenicity endpoints obtained in the 4. cepa tests. The greater
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the color intensity of the squares, the greater the cytotoxicity and
genotoxicity. All analyses were performed using the R platform
(R Development Core Team, 2021).

RESULTS AND DISCUSSION

Physicochemical parameters

Among the physicochemical parameters evaluated in
the three streams, only the pH showed values that did not
comply with the Brazilian legislation (Brasil, 2005), for
Class 1II freshwater bodies, at sampling sites Vitoria (5.08 +
0.72) and Rosario (5.00 £+ 0.47). The acidic pH observed in
both streams may be related to intense agricultural activities
in their surroundings. In sugarcane monocultures, different
types of fertilizers are widely used for soil preparation in
addition to fertigation with vinasse. Some of these products
can be transported to streams, causing severe risks and
damage to aquatic life (Christofoletti et al., 2013). Notably,
the indiscriminate use of vinasse in the fertigation process has
been identified as the cause of acidity in aquatic environments,
which has had a serious impact on the maintenance of local
biodiversity (Ogura et al., 2022). In the three streams, the
dissolved oxygen values ranged 6.09-8.00 mg L, the
electrical conductivity of the water ranged 18.50—44.00 puS
cm’!, and the temperature ranged 26.14-27.11 °C.
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Allium cepa test

The water samples collected from the three streams
significantly inhibited the germination of A. cepa seeds
compared to the NC (p < 0.05) (Table 1 and Figure 2). The
lowest germination percentage (GR) was induced by the
water sample collected in the Piravevé and Rosario streams
(Table 1 and Figure 2). The mean relative root growth (RRG)
parameters did not differ significantly for any of the samples
or the NC group (p > 0.05) (Table 1 and Figure 2).

Considering the MI, the water samples from the three
streams caused a decrease in cell division in 4. cepa root
meristem cells, with significant differences (p < 0.05) in
NC. No difference in the CDR was found between streams,
and low frequencies of cell death were observed in all water
samples. Regarding the CAI, the water samples from all
streams differed from the NC (p < 0.05). The CAI did not
differ between the Piravevé and Vitoria streams (p > 0.05). No
significant differences (p > 0.05) were observed in the MTI
(Table 1 and Figure 2).

All the water samples significantly inhibited the
germination of A. cepa seeds. Mitosis was negatively affected
in samples collected at all sampling sites. The water sample
from the Rosario stream induced a significant increase (p <
0.05) in CAI compared with the NC. These results demonstrate
that the waters of these three streams were cytotoxic and
genotoxic to A. cepa. However, none of the water samples
exhibited mutagenic effects (Table 1 and Figure 2). The
inhibition of germination, decrease in MI, and increase in
CAI values indicate the presence of cytotoxic and genotoxic
chemicals in the water from the three sampling sites. The MI
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Figure 2. Hierarchical clustering of mean cytotoxicity and genotoxicity values obtained in tests with 4. cepa induced by water samples collected from
Rosario, Piravevé, and Vitoria streams, belonging to the Ivinhema River Basin, Mato Grosso do Sul, Brazil.
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Table 1. Cytotoxicity and genotoxicity in A. cepa (median|interquartile shift) induced by water samples collected in Rosario,
Piravevé, and Vitoria streams, belonging to the Ivinhema River Basin, Mato Grosso do Sul, Brazil.

Effects Parameter NC Rosario Piravevé Vitéria PC
GR (%) 100.00/0.00a 57.14|2.68b 57.14/9.82b 75.00]7.14c 71.43|14.46
. . RRG (cm) 5.28|1.36a 6.072.34a 3.19|1.05a 6.17|1.59a 2.83]0.86

Citotoxicity

MI (%) 80.09|5.66a 11.17]10.45b 15.08|4.44b 20.84(3.03b 17.9016.76
CDR (%) 0.00[0.02a 0.00]0.00a 0.00/0.00a 0.00/0.00a 0.00]0.03
Genotoxicity CAI (%) 0.29]0.29a 5.42|5.05bc 2.73|0.82b 2.23|1.25b 5.83]2.02
Mutagenicity ~ MTI (%) 0.00/0.00a 0.34/0.07a 0.14/0.07a 0.00/0.00a 0.17]0.00

% GR: germination; RRG: relative mean root growth; MI: mitotic index; CDR: cell death rate; CAI: Chromosomal alteration index; MTI: mutagenicity
index; NC: negative control; PC: positive control. Different letters represent statistically significant difference.

is an indicator of the cytotoxic potential of several substances
that can inhibit or increase cell proliferation (Leme &
Marin-Morales, 2009; Francisco et al., 2018). In contrast,
chromosomal alterations measured using CAI indicate the
presence of clastogenic and aneugenic agents responsible for
genotoxicity (Athanasio et al., 2014). Athanasio et al. (2014)
reported a decrease in MI and an increase in CAl in 4. cepa
cells after exposure to water samples from urban streams that
received mixed industrial and urban wastewater discharge
and runoff from contaminated agricultural areas. Ogura et al.
(2022) highlighted the importance of phytotoxic effects on
several plant species resulting from pesticide residues used
in agricultural crops. Garcia et al. (2017) observed that the
agricultural residues of sugarcane, mainly vinasse, cause
genotoxicity in 4. cepa by inducing the formation of nuclear
buds, anaphasic bridges, micronuclei, chromosome loss, and
chromosome breakage.

In addition, chemical contaminants present in aquatic
environments that inhibit plant growth can cause impairment in
relation to the use of these waters for irrigation of agricultural
crops (Yadav et al., 2019; Ebo Yahans Amuah ef al., 2022).
Ebo Yahans Amuah et al. (2022) reported that the use of
contaminated water for the irrigation of agricultural crops is a
major problem worldwide, as it affects both productivity and
public health. Alberti et al. (2022) reported that approximately
70% of the world’s freshwater is used for agriculture and
that its contamination is a significant global problem. It is
important to highlight that approximately 97% of the water
extraction in the Ivinhema River Basin, where the streams of
the study are located, is used for irrigation activities, mainly
for the cultivation of sugarcane (Mato Grosso do Sul, 2015).
Thus, the cytotoxic and genotoxic alterations induced by
chemical contaminants observed in the test with 4. cepa may
be associated with the flow of toxic waste resulting from the
expansion of agricultural activities in its surroundings. These
chemicals can enter and contaminate water through direct
application, runoff, and atmospheric deposition.

CONCLUSION

Water samples from the three streams induced cytotoxicity
and genotoxicity in the meristematic cells of 4. cepa, as
indicated by a decrease in cell division and an increase in
chromosomal alterations. This damage may be associated
with the ingress of chemical residues into streams, resulting
from the expansion of agricultural areas intended mainly for
sugarcane monoculture. The surroundings of the sampling
sites were not influenced by urban areas, supporting the
initial hypothesis of the study. Water pollution with toxic and
genotoxic chemicals can make its use for the irrigation of
agricultural areas unfeasible, in addition to compromising the
safety of the native biota. Therefore, we emphasize the need to
develop environmental monitoring programs for water bodies
to conserve these important water resources.
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