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ABSTRACT

The objective of this study was to verify the richness and density of aquatic benthic macroinvertebrates
after exposure to fungicides and insecticides of the rice paddy fields. In the crop seasons of 2012/13 and
2013/14, field experiments were performed, which consisted of single-dose applications of the fungicides
trifloxystrobin + tebuconazole and tricyclazole, and the insecticides lambda-cyhalothrin + thiamethoxam
and diflubenzuron, in 10 m* experimental plots, over rice plants in the R3 stage. Control plots with and
without rice plants were maintained in order to simulate a natural environment. Soil samples were collected
during rice cultivation for assessment of the macroinvertebrate fauna. Chemical-physical parameters
assessed in the experiments included temperature, pH and oxygen dissolved in the water and pesticide
persistence in the water and in the soil. The application of a single dose of the pesticides and fungicides
in the recommended period does not cause significant negative effects over the richness and density of
the macroinvertebrates. Tebuconazole, tricyclazole and thiamethoxam showed high persistence in the
irrigation water of rice paddy fields. Thus, the doses and number of applications of these products in crops
should be carefully handled in order to avoid contamination of the environment.

Key words: aquatic invertebrates, lowlands, Oryza sativa L., pesticides.

INTRODUCTION

Rice fields are environments with high biologic
diversity compared to other agricultural areas
(Stenert et al. 2012) and conservation of species
in these areas may be an important alternative for
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biodiversity conservation in wetlands (Maltchik et
al. 2011). However, the intense use of pesticides
in rice crop management may cause major
impacts over non-target organisms, as rice fields
are considered temporary aquatic environments
which favor the development of many species
(Bambaradeniya et al. 2004).
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The use of pesticides modifies food webs
and the development of communities (Mesléard
et al. 2005). Traditionally, the assessment of
environmental aspects in aquatic ecosystems is
performed by means of measurements of changes
in the concentration of physical and chemical
variables. However, this technique is little efficient
in detecting diversity changes in habitats and
microhabitats and insufficient for determining
consequences of changes in the water quality in
biological communities, which suggests biologic
monitoring as the mostreliable tool in the assessment
of responses of the biologic communities to changes
in the environment (Goulart and Callisto 2003).

Characterization of a community is a good in-
dicator for environmental changes, as a result of
exposure to pesticides (Liess et al. 2008). In this
sense, the assessment of a bioindicator commu-
nity is recommended for assessing the impact in
an agroecosystem (Gamboa et al. 2008). Benthic
macroinvertebrates are among the most indicated
organisms, because they present population abun-
dance and easy identification, broad distribution in
freshwater ecosystems and sensibility to perturba-
tion factors. In addition, these organisms live in the
sediments that tend to accumulate pesticide resi-
dues, which potentiate the effects of such products
(Gamboa et al. 2008).

Many fungicides and insecticides are currently
used for pest and disease control in rice paddy fields,
and, the most common fungicides and pesticides
belong to the groups of strobilurins, triazoles,
benzothiazoles, pyrethroids, neonicotinoids, and
benzoylureas. In this context, the objective of
this study was to verify the richness and density
of aquatic benthic macroinvertebrates community
after exposure to fungicides and insecticides
(trifloxystrobin, tebuconazole, tricyclazole, lambda-
cyhalothrin, thiamethoxam, and diflubenzuron) in
rice paddy fields. These pesticides were chosen
because of their broad use in rice paddy fields in
the south of Brazil.
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MATERIALS AND METHODS

The study was performed in an experimental
area of wetlands of the Universidade Federal de
Santa Maria (UFSM) (latitude -29.7000, longitude
-53.7000 and altitude - 95 m), in Santa Maria, in
Rio Grande do Sul state, in the south of Brazil, one
of the biggest rice production areas in the world,
for two crop seasons, 2012/13 and 2013/14, with a
rice paddy field.

In each crop season, a field experiment was
setup, consisting of six experimental plots with a
total area of 10 m’ each (4 x 2.5 m), whereas five
plots had rice plants and one plot did not have rice
plants, simulating the natural environment. Each
experimental plot consisted of a treatment: T1:
applicationofthecommercial formulationcontaining
the active principles of fungicides trifloxystrobin +
tebuconazole (50 + 100 g a.i. ha, respectively); T2:
application of the commercial product containing
the active principle of the fungicide tricyclazole
(225 g a.i. ha); T3: application of the commercial
formulation containing the lambda-cyhalothrin +
thiamethoxam insecticides (15.9 +21.15 g a.i. ha™,
respectively); T4: application of the commercial
product containing the active principle of the
physiological insecticide diflubenzuron (19.2 g
a.i. ha™); TS: control with rice plants; T6: control
without rice plants. The pesticides were applied
only once in the plots over the shoot of the plants
during the R3 reproductive stage (panicle exertion)
of rice, according to the scale proposed by Counce
et al. 2000, and also over the water layer in the
plot without rice plants. The applications were
performed with a CO, backpack sprayer (40 lbs
pol” pressure) with 150 L ha™" spray volume, and a
bar with four hollow cone nozzle tips (Jacto JA-2),
spaced at 0.50 m and operating at 276 kPa.

The experimental plots were isolated by bunds
and were irrigated and drained individually in order
to avoid contamination with the different pesticides
to be assessed. Sampling of macroinvertebrates
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inside each experimental plot was performed as
repetitions, which were defined by the sampling
sufficiency analysis, performed prior to the first
collection (Wandscheer et al. 2016), whereas the
minimum value found was 10 samples per plot.

For rice cultivation, the PUITA INTA CL
cultivar was seeded at the density of 85 kg ha’'
seed, in the minimum cultivation system. Basal
fertilization, topdressing nitrogen, start of irrigation
of the plots and other cropping features were
performed in accordance with the soil analysis and
technical recommendations for crops in rice paddy
fields (SOSBAI 2012). When the experimental
plots were irrigated, they remained with a water
depth of 0.10 m. In addition, a large, round bund
was built in order to avoid water loss by lateral
infiltration, maintaining the hydraulic load of the
plots.

Soil collections were performed with the
support of a cylindrical PVC Corer, with 0.1
m diameter, at a depth of 0.1 m from the soil, at
four moments during the first year (1 day before
pesticide application (day 0), 1 day after pesticide
application (day 1), 15 and 30 days after pesticide
application (days 15 and 30, respectively)). For the
second year, an additional collection was performed
within 7 days after pesticide application (day 7).
These sample days were chosen in order to include
the entire period of rice cultivation.

In the field, the soil samples were stored in
labeled plastic bags, and then taken to the laboratory
to be washed in running water, by means of a 0.5
mm mesh sieve (Kuhlmann et al. 2012). After
washing, the samples were placed in 1 L plastic
containers, in which 70 °GL ethyl alcohol and Rose
Bengal stain (1 L of 70 °GL ethyl alcohol: 1 g of
stain) were added, so that the final ratio was 1:2
(soil sample: stain + 70 °GL ethyl alcohol).

The analyses of the samples were performed
in two steps: trial and identification; count of
existing taxa. In the trial step, the samples were
washed once again in running water to clean off

excess stain. Then, the samples were placed in
white-bottom trays, and with the aid of a lamp,
the thicker materials and bigger specimens were
removed with the naked eye. Later, an analysis with
a stereomicroscope was performed for removal of
smaller individuals from the samples. The collected
individuals were identified under stereomicroscopy
up to the smallest possible taxonomic level, based
on references in the literature (Fernandez and
Dominguez 2001, Costa et al. 2006, Mugnai et al.
2010).

The assessed parameters were richness (num-
ber of taxa) and density (number of specimens per
square meter). Physical-chemical parameters of the
water were assessed during the sampling days, such
as temperature, pH, dissolved oxygen and pesticide
persistence. Pesticide concentration in the water
was assessed 5 min after the first application (day
0) and 1 day later (day 1), 7 days later (day 7 — for
the second year), 15 and 30 days after pesticide ap-
plications (days 15 and 30). Pesticide concentration
in the soil was assessed 1 day later (day 1), 7 days
later (day 7 — for the second year), 15 and 30 days
after pesticide applications (days 15 and 30).

For water collection within 5 min after pesticide
application (day 0), glass containers with 250 mL
of ultra-pure water were used. They were put inside
the plots immediately prior to the applications and
removed 5 min later. For the other water samples
(days 1, 7, 15 and 30), glass containers were used;
they were cleaned with cleaning solution (Extran®)
and with the water to be sampled. The soil samples
were collected with the support of core soil at a
depth of 0.1 m. The water and soil collected during
the conduction of the experiments were assessed
by the Pesticide Residue Analysis Laboratory
(Laboratorio de Analise de Residuos de Pesticidas,
LARP) at UFSM.

For the determination of pesticide persistence
in the water, the samples were filtered in nylon
membranes of 0.45 pm. Later, they were submitted
to the pre-concentration process in Solid Phase
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Extraction (SPE) cartridges, containing 500 mg of
C,, followed by the elution with solvent (Donato
et al. 2015). Pesticide analysis was performed by
high-performance liquid chromatography with
diode array detection (HPLC-DAD) (Caldas et al.
2011, Gongalves et al. 2013).

The soil samples were extracted by employing
the modified QuUEChERS method, where 5 g of soil
was extracted using 10 mL of acetonitrile acidified
with 1% (v/v) acetic acid followed by 1 - min
agitation. Partition was performed using 3 g of
anhydrous magnesium sulfate and sodium acetate
followed by agitation and subsequent centrifugation.
The extract was cleaned with anhydrous magnesium
sulfate and PSA, with agitation and centrifugation.
Pesticide determination was performed with ultra-
high-performance liquid chromatography and
serial mass spectrometry (UHPLC-MS/MS) with
electrospray ionization (ESI) sources (Prestes et al.
2009, Martins et al. 2014).

The data collected from the water physical-
chemical parameters and density of the organisms
was assessed for normality with the Shapiro-Wilk
test, and with the Bartlett test for equal variances.
For non-normal data, the data was transformed (Vx)
for adequacy to the two-way analysis of variance
(ANOVA two-way), which compared the variables
(density and physical-chemical parameters of water)
in the treatments and during the sampling days (1%
factor = treatments and 2™ factor = sampling days).
To complement the analysis, the Tukey’s test was
used at 5% level of error probability. The data on
density, water physical-chemical parameters and
pesticide persistence in the water were correlated by
means of linear correlation analysis. The statistical
software used for making the analysis was BioEstat
(5.0) (Ayres et al. 2007).

RESULTS

WATER PHYSICAL-CHEMICAL PARAMETERS

The means of dissolved oxygen in water showed
little variation among the sampling days in both
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crop seasons. For the first year, the means ranged
from 8.9 to 6.4 mg L' (Table I), and the highest
values were found on the 15" day after pesticide
application. For the second year, the means ranged
from 7.9 to 5.6 mg L', whereas the highest values
were found on the 7" day after pesticide application.
There were no effects of the treatments on the
dissolved oxygen in water in the experimental plots
in either year of the study.

Water temperature ranged from 26.2 to
35.6 °C in the first year, and it was significantly
higher on the days of pesticide application. In
the second year, it ranged from 26.6 to 38.5 °C,
whereas the highest temperature was found on the
30™ day after pesticide application, compared to
the other sampling days. Water temperature was
also significantly higher in the control treatment
without the presence of rice plants (T6) because
in this environment, the absence of the rice plant
canopy allowed higher light incidence, favoring the
increase in water temperature.

Water pH ranged from 6.2 to 8.7 in the first year
and from 6.1 to 6.9 in the second year, and there
was no statistic difference among the treatments
and sampling days for both study years.

There was a significant negative correlation
between dissolved oxygen and water temperature,
which was verified in T3 and T6 in the first year of
study, and in T2, T3 and T4, in the second year. The
pH value was also positively correlated with tem-
perature in T1, T3 and TS, in the second study year.

PESTICIDE PERSISTENCE IN WATER AND SOIL

Trifloxystrobin was detected in the water until
1 day after pesticide applications, but it was not
detected in the soil, for both crop seasons (Table
II). On the other hand, tebuconazole was found in
the water until 30 days after the applications, in
both years, and at a low concentration (0.01 mg
kg) in the soil in the second year, 1 day after
the applications. There was a positive correlation
between water temperature and the concentrations
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TABLE I

Physical-chemical parameters in the water. DO: dissolved oxygen; pH: potential hydrogen; T:
temperature; T1 — trifloxystrobin + tebuconazole; T2 — tricyclazole; T3 — lambda-cyhalothrin +

thiamethoxam; T4 — diflubenzuron; T5 — control with rice plants; T6 — control without rice plants; day 0:
1 day before pesticide applications; day 1: 1 day after pesticide applications; day 7: 7 days after pesticide
applications; day 15: 15 days after pesticide applications; day 30: 30 days after pesticide applications.

DO (mg L)
Crop season 2012/13
Day T1 (ns) T2 (ns) T3 (ns) T4 (ns) TS5 (ns) T6 (ns)
0 (ab)* 7.2 7.4 6.9 7.1 7.2 6.9
1 (b) 6.9 6.8 6.4 6.7 7.2 7
15 (a) 7.1 6.6 8.9 8.6 8.2 7.5
30 (ab) 7.4 8.1 7.4 7.4 7.5 7.1
Crop season 2013/14
Day T1 (ns) T2 (ns) T3 (ns) T4 (ns) T5 (ns) T6 (ns)
0 (ab) 7.3 7.2 7.6 7.3 7.6 7.7
1 (b) 6.4 6.7 6.7 6.5 7.1 6.7
7 (a) 7.7 7.7 7.9 7.7 7.7 7.4
15 (b) 6.9 6.3 6.7 6.6 7.3 6.2
30 (c) 6.2 5.6 6.3 6.2 6 6.4
pH
Crop season 2012/13
Day T1 (ns) T2 (ns) T3 (ns) T4 (ns) TS (ns) T6 (ns)
0 (ns) 7.1 6.9 6.8 6.9 6.9 7.2
1 (ns) 6.3 6.8 6.8 6.6 6.4 8.7
15 (ns) 6.7 6.2 6.4 6.5 6.6 6.8
30 (ns) 6.3 6.8 6.4 6.6 6.5 6.7
Crop season 2013/14
Day T1 (ns) T2 (ns) T3 (ns) T4 (ns) T5 (ns) T6 (ns)
0 (ns) 6.4 6.7 6.2 6.5 6.1 6.7
1 (ns) 6.6 6.9 6.4 6.2 6.3 6.3
7 (ns) 6.3 6.8 6.4 6.5 6.2 6.2
15 (ns) 6.9 6.7 6.8 6.6 6.4 6.7
30 (ns) 6.8 6.3 6.9 6.1 6.4 6.2
T (°C)
Crop season 2012/13
Day T1 (B) T2 (B) T3 (B) T4 (B) T5 (B) T6 (A)
0 (a) 35 32.8 313 314 32 35.6
1 (b) 27.2 31.2 28.1 28.3 28.6 35.2
15 (b) 26.2 29.2 29 29 28.5 33
30 (b) 28 27.5 29.4 29.5 29.7 34.6
Crop season 2013/14
Day T1 (B) T2 (B) T3 (B) T4 (B) T5 (B) T6 (A)
0(c) 272 27.7 27.1 27.2 26.6 31.6
1 (b) 31.2 31.1 31.2 31 30.8 359
7 (c) 27.5 27.6 27.5 27.7 27.6 313
15 (b) 31.8 323 323 324 32.6 34.4
30 (a) 34.6 34.9 34.3 34.8 33.8 38.5

* Means followed by the same letters do not statistically differ among themselves (capital letters in the column

and lower case in the line) according to Tukey’s test with 5% of error probability. Ns: non-significant.
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TABLE 11
Pesticide concentration in the water (ug L) and in the soil (mg kg). Day 0: 5 min after pesticide applications; day 1: 1
day after pesticide applications; day 7: 7 days after pesticide applications; day 15: 15 days after pesticide applications;
day 30: 30 days after pesticide applications. LOQ: limit of quantification of the method; nd: non-detected.
Crop season 2012/13
Concentration in water (ug L)

Concentration in the soil (mg kg™")

Sampling days Sampling days
Treatment  Active Principle 0 1 7 15 30 0 1 7 15 30
T1 Trifloxystrobin 22.6 1.4 - n.d n.d - n.d - n.d n.d
T1 Tebuconazole 78.4 16.4 - 42 3.8 - 0.01 - n.d n.d
T2 Tricyclazole 192.9 36.7 - 4.1 34 - n.d - n.d n.d
T3 Lambda-cyhalothrin 1.6 n.d - n.d n.d - n.d - n.d n.d
T3 Thiamethoxam 21.2 <LOQ - n.d n.d - n.d - n.d n.d
T4 Diflubenzuron 109.4 n.d - n.d n.d - n.d - n.d n.d
Crop season 2013/14
Concentration in water (ug L™) Concentration in the soil (mg kg™)
Sampling days Sampling days
Treatment  Active Principle 0 1 7 15 30 0 1 7 15 30
T1 Trifloxystrobin <LOQ <LOQ nd n.d n.d - n.d n.d n.d n.d
T1 Tebuconazole 747 <LOQ 9.5 2.5 0.8 - n.d n.d n.d n.d
T2 Tricyclazole 48.9 40.3 16 6.1 6 - n.d n.d n.d n.d
T3 Lambda-cyhalothrin 261.2 n.d n.d n.d n.d - n.d n.d n.d n.d
T3 Thiamethoxam 31.7 12 6.6 1.5 0.2 - n.d n.d n.d n.d
T4 Diflubenzuron 9.1 7.8 0.6 n.d n.d - 5.9 n.d n.d n.d

of trifloxystrobin and tebuconazole, and also
between the pesticides themselves.

Tricyclazole presented the same behavior as
tebuconazole; it was detected in the water until 30
days after the applications. However, it was not
found in the soil in both sampling years.

Lambda-cyhalothrin was detected in the
water only in the first assessment, 5 min after the
applications, and it was not found in the soil in
both study years. Residues of the active principle
thiamethoxam were detected in the water in
the first year until 1 day after the applications.
However, they were detected until the 30" day after
the applications in the second year, and they were
not found in the soil in both years. There was a
significant positive correlation between lambda-
cyhalothrin and thiamethoxam in the water in both
years (Tables V and VI).

Similarly to lambda-cyhalothrin, difluben-
zuron was detected in the water only in the first
evaluation at 5 min after the applications, in the
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first year. In the second year, it was detected until
the 15" day after the applications, and it was also
found in the soil 1 day after the applications, at a
5.9 mg kg concentration. In the first year, there
was a significant positive correlation between
diflubenzuron concentration and water pH.

AQUATIC BENTHIC MACROINVERTEBRATES

Four phyla were identified in the samples:
Arthropoda, Annelida, Nematoda and Mollusca.
The Arthropoda phylum was composed of the
Insecta class, Diptera order (Chironomidae,
Ceratopogonidae and Tipulidae families), Odonata
(Libellulidae and Coenagrionidae families),
Coleoptera (Dryopidae, Noteridae, Curculionidae
— larvae and adults, Ditiscidae — larvae and adults,
Gyrinidae and Hidrophilidae families), Tricoptera
(Hydroptilidae family), Lepidoptera, Hemiptera
(Veliidae family); Entognatha class (Collembola
order) and of the Crustacea sub-phylum, Ostracoda
class. The Annelida phylum was composed of



two classes: Oligochaeta and Hirudinea, and the
Mollusca phylum was composed of the Gastropoda
class, Mesogastropoda order (Ampularidae
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TABLE III

family, Pomacea sp. genus) and Basommatophora
(Planorbidae family, Biomphalaria sp. genus)
(Table III).

Density (organisms/m’) of benthic macroinvertebrates in each treatment, in both years of study. T1 — trifloxystrobin +

tebuconazole; T2 — tricyclazole; T3 — lambda-cyhalothrin + thiamethoxam; T4 — diflubenzuron; TS — control with rice

plants; T6 — control without rice plants. CV: coefficient of variation.

Crop season 2012/13 Crop season 2013/14
Taxa Treatments Treatments
T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6

ARTHROPODA
INSECTA
Diptera
Chironomidae 758 3258 458 461.2 567.7 15064 153 53.8  46.1 23 256 69.2
Ceratopogonidae 354 548 1419 419 1451 11935 23 282 128  46.1 12.8 4179
Tipulidae 3.2 3.2 9.6 6.4 6.4 25.8 2.5 7.6 2.5 5.1 7.6 0
Odonata
Libellulidae 32 0 32 3.2 0 80.6 0 2.5 0 0 0 153
Coenagrionidae 16.1 0 0 0 0 6.4 2.5 2.5 2.5 0 2.5 17.9
Coleoptera
Dryopidae 193 129 129 258 129 6.4 0 0 0 0 0 0
Noteridae 0 32 0 6.4 3.2 0 0 0 0 0 0 0
Curculionidae (larvas) 6.4 3.2 6.4 0 9.6 80.6 30.7 435 615 564 359 2256
Curculionidae (adultos) 0 0 0 0 0 0 0 7.6 7.6 5.1 5.1 0
Ditiscidae (larvas) 32 0 0 0 0 0 0 0 0 0 0 0
Ditiscidae (adultos) 0 0 0 6.4 6.4 16.1 0 0 0 0 0 0
Gyrinidae 6.4 9.6 0 32 6.4 322 0 0 0 0 0 0
Hidrophilidae 0 0 0 3.2 0 19.3 2.5 0 0 0 0 0
Tricoptera
Hydroptilidae 0 3.2 0 0 0 0 2.5 10.2 7.6 128 179 2.5
Lepidoptera 0 0 0 0 3.2 0 0 0 2.5 0 0 0
Hemiptera
Veliidae 0 6.4 3.2 0 0 0 0 0 0 5.1 0 0
Collembola 0 32 0 0 0 0 0 2.5 0 0 0 0
CRUSTACEA
OSTRACODA 0 9.6 0 0 0 6.4 0 0 0 0 0 0
ANNELIDA
OLIGOCHAETA 451 80.6 1387 83.8 1193 1354 948 87.1 512 100 282 523
HIRUDINEA 0 193 419 6.4 3.2 0 0 0 0 0 0 0
NEMATODA 67.7 2064 164.5 351.6 251.6 1451 128 2.5 7.6 5.1 0 56.4
MOLLUSCA
GASTROPODA
Mesogastropoda
Ampularidae
Pomacea sp. 354 161 451 387 32 129 12.8 7.6 358 205 0 5.1
Basommatophora
Planorbidae
Biomphalaria sp. 29 1032 96.7 2774 838 9.6 0 0 12.8 0 0 0
Total 1029 861.2 1122 1316 1222 3277 200 2564 251.2 279.4 1359 1333

CV (%) 9.3 16.6 24 8.9 1.1 287 241 141 165 252 128 11
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In the first crop season, a total density of
8.827 organisms/m’ was found for all treatments
and sampling days, compared to 2.454 organisms/
m’ found in the second crop season. There was
a significant difference for density among the
treatments; however, there was no difference for
sampling days, in both crop seasons (Table IV).

Inboth crop seasons, there was higher density of
benthic organisms in the control treatment without
rice plants (T6), compared to the other treatments,
with rice plants. For the first year, density was
lower in treatments T1, T2 and T3; however, it

was not different from T4 and T5 (control), which
presented a similar average density. In the second
year, all treatments, except for the control without
rice plants (T6), presented similar density among
themselves.

There was no significant correlation between
the density of the organisms and pesticide
concentrations in water, for both crop seasons. In
the first year, there was a significant correlation
between the organisms in T1 and oxygen dissolved
in water. The contrary was observed for TS5
(control), in which the density showed a significant

TABLE 1V
Variance analysis of two criteria for the density of benthic macroinvertebrates in both crop
seasons. T1 — trifloxystrobin + tebuconazole; T2 — tricyclazole; T3 — lambda-cyhalothrin +
thiamethoxam; T4 — diflubenzuron; T5 — control with rice plants; T6 — control without rice plants.

Density (org/m®)
Treatments
Crop season 2012/13 Crop season 2013/14
T1 1.029 b* 200 b
T2 861 b 256 b
T3 1.122b 251b
T4 1.316 ab 279 b
T5 1.222 ab 135b
T6 3277 a 1.333 a
Total 8.827 2.454
F treatment 3.68 31.66
p treatment 0.02 <0.0001
F sampling days 1 1.62
p sampling days 0.41 0.2073

* Lower case letters compare the treatments among themselves in each crop season. Means followed by
the same letters do not statistically differ among themselves according to Tukey’s test with 5% of error

probability.

TABLE V
Correlation matrix for density (org/m”) of benthic macroinvertebrates, physical-chemical parameters and pesticide
concentration in water, at crop season 2012/13. T1 — trifloxystrobin + tebuconazole; T2 — tricyclazole; T3 — lambda-
cyhalothrin + thiamethoxam; T4 — diflubenzuron; T5 — control with rice plants; T6 — control without rice plants. DO:
dissolved oxygen; pH: potential hydrogen; T: temperature; Tfx: trifloxystrobin; Tbec: tebuconazole; Tcc: tricyclazole; A:
lambda-cyhalothrin; Tmx: thiamethoxam; Dfb: diflubenzuron. Numbers in bold represent p<0.05.

Crop season 2012/13 Density T1 DO (mg L") pH T (°C) Tfx (ug L")  The (ugL™)
Density T1 1 - - - - -—-

DO (mg L") 0.98 1 --- --- - ---

pH -0.06 0.08 1 --- --- ---

T (°C) 0.11 0.25 0.77 1 --- ---

Tfx (ug L") -0.03 0.11 0.85 0.98 1 ---

Tbe (pg L) -0.12 0.02 0.82 0.97 0.99 1
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TABLE V (continuation)

Density T2 DO (mg L) pH T (°C) Tec (ug L)
Density T2 1 - --- -—- ---
DO (mg L) -0.31 1 --- - ---
pH -0.77 0.60 1 --- ---
T (°C) -0.10 -0.36 0.38 1 ---
Tee (ug L) 0.01 0.10 0.53 0.84 1

Density T3 DO (mg L) pH T (°C) L(ug L™ Tmx (ug L)
Density T3 1 - -—- - - -—-
DO (mgL™) -0.82 1
pH 0.74 -0.98 1 - --- ---
T (°C) 0.25 -0.64 0.60 1 --- ---
A(ugL™h -0.11 -0.45 0.57 0.55 1 -
Tmx (ug L) -0.11 -0.45 0.57 0.55 1 1

Density T4 DO (mg L) pH T (°C) Dfb (ug L)
Density T4 1 - -—- - -
DO (mgL™) -0.06 1 - --- -
pH -0.58 -0.50 1 --- ---
T (°C) -0.47 -0.72 0.41 1 ---
Dfb (ug L") -0.77 -0.44 0.96 0.55 1

Density TS DO (mgL™") pH T (°C)
Density T5 1 - -—- -
DO (mg L) -0.99 1
pH 0.32 -0.30 1 ---
T (°C) 0.89 -0.84 0.55 1

Density T6 DO (mgL™") pH T (°C)
Density T6 1 - -—- -
DO (mgL™) -0.60 1
pH 0.71 -0.57 1 -
T (°C) 0.51 -0.99 0.54 1

TABLE VI

Correlation matrix for density (org/m’) of benthic macroinvertebrates, physical-chemical parameters and pesticide
concentration in water, at crop season 2013/14. T1 — trifloxystrobin + tebuconazole; T2 — tricyclazole; T3 — lambda-
cyhalothrin + thiamethoxam; T4 — diflubenzuron; T5 — control with rice plants; T6 — control without rice plants. DO:
dissolved oxygen; pH: potential hydrogen; T: temperature; Thc: tebuconazole; Tcc: tricyclazole; A: lambda-cyhalothrin;
Tmx: thiamethoxam; Dfb: diflubenzuron. Numbers in bold represent p<0.05.

Crop season 2013/14  Density T~ OD (mgL™) pH T (°C) Tbe (ug L)

Density T1 1 - — — —

DO (mg L) -0.01 1 - - —

pH 0.47 -0.72 1 - -

T (°C) 0.06 -0.89 0.87 1 -

Tbe (ug L) 0.43 0.46 -0.51 -0.66 1
Density T2 DO (mgL™) pH T (°C) Tee (ug L)

Density T2 1 - _— - —

DO (mg L) -0.43 1 - - —

pH -0.19 0.73 1 - -

T (°C) 0.45 -0.97 -0.65 1 -

Tee (ug L) 0.24 0.48 0.52 -0.59 1
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TABLE VI (continuation)

Density T3 DO (mg L") pH T (°C) AMugLl"h  Tmx(ugL™")
Density T3 1 - — — — -
DO (mgL™") -0.33 1
pH 0.45 -0.76 1
T (°C) 0.39 -0.96 0.89 1
A(ugL™h 0.10 0.46 -0.64 -0.60 1
Tmx (ug L) -0.14 0.54 -0.85 -0.72 0.93 1
Density T4 DO (mgL™) pH T (°C) Dfb (ug L")
Density T4 1 - — - —
DO (mg L™ 0.25 1
pH 0.21 0.64 1
T (°C) -0.46 -0.94 -0.57 1
Dfb (ug L™ 0.63 0.15 -0.06 -0.47 1
Density TS DO (mgL™") pH T (°C)
Density TS 1 -—- - -
DO (mg L™ 0.37 1
pH -0.33 -0.69 1
T (°C) -0.28 -0.80 0.97 1
Density T6 DO (mg L) pH T (°C)
Density T6 1 - — —
DO (mg L) 0.81 1
pH -0.22 0.07 1
T (°C) -0.48 -0.78 -0.37 1

negative correlation with oxygen, which may have
occurred as a result of the rise in water temperature,
favoring the increase in density and causing a
reduction in the dissolved oxygen. Such reduction,
however, was not drastic, with adequate levels to
the development of the organisms.

DISCUSSION

Pesticide application did not change the physical-
chemical properties of water in the experimental
plots, since all assessed parameters were main-
tained at adequate levels for the development of
the organisms. There was a significant negative
correlation between dissolved oxygen in water and
temperature due to the fact that the solubility of
gases in water decreases with increased tempera-
ture (Fiorucci and Benedetti Filho 2005).

Previous studies in the same experimental
area resulted in smaller rates of dissolved oxygen,
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whereas Golombieski et al. (2008) found values of
0.6 — 2.2 mg L and Reimche et al. (2008) found
values of 2.4 — 4.6 mg L™, which indicated good
conditions of oxygen in water in the current studied
years. The pH values of water were maintained
adequate for this type of environment, according
to Resolution 357/2005 by CONAMA (National
Environment Council), which must not be below
6.0 (Brasil 2005).

Although there were not any significant
effects of the pesticides over the density of
benthic organisms, considering the dosages in
use and frequency, tebuconazole, tricyclazole and
thiamethoxam presented water persistence up to 30
days after their application. Photodegrading is an
unlikely degradation route of tebuconazole in the
environment, because it occurs very slowly due to
the fact that absorption is very low at wavelengths
above 290 nm (FAO 1994). Recent studies have
identified approximately 22 known transformation
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products and 12 still unknown transformation
products of degradation of tebuconazole in the soil
(Storck et al. 2015). Similarly, enantioselectivity is
a process that has been recently studied, and it may
contribute to toxicity in the natural environment.
The enantioselectivity of tebuconazole was
assessed over Scenedesmus obliquus, Daphnia
magna and Danio rerio, whereas R - (-) —
tebuconazole was 1.4 to 5.9 times more toxic
than S - (+) — tebuconazole (Li et al. 2015). This
process, however, seems to be related to soil
properties (Li et al. 2015) and so far there was
no significant enantioselective degradation for
tebuconazole in sterilized conditions (Zhang et al.
2015), showing the importance of organic matter in
the enantioselective degradation of the fungicide.

Tricyclazole is considered to be a persistent
fungicide in the environment, with high risk
of environmental contamination (Padovani
et al. 2006). The dissipation of penoxsulam,
tricyclazole and profoxydim in rice fields was
verified in laboratory and field conditions, whereas
tricyclazole was the most resistant pesticide with
DT50 of 44.5 — 84.6 days in the field and 197 days
in the laboratory (Tsochatzis et al. 2013). Garcia-
Jaramillo et al. (2014) observed that organic
matter plays an important role in the adsorption
of tricyclazole to the soil particles. There was
maximum adsorption and minimum desorption
of tricyclazole in soils with high content of clay
and organic carbon, showing that the phreatic zone
contamination may be minimized when tricyclazole
is applied in rice cultivation areas whose soils have
these characteristics (Kumar et al. 2015).

The thiamethoxam active principle belongs
to the neonicotinoid class, which is considered
to be persistent in the environment, with high
leaching capacity and high toxicity for several
invertebrate species (Morrissey et al. 2015). In
this study, thiamethoxam presented elevated
water persistence. It was detected until 30 days
after application, whereas soil residues were not

detected. These results corroborate with those
found by Scorza Jr and Rigitano (2012), who stated
that thiamethoxam presents high solubility in water
and low sorption to the soil. Results obtained in
the same experimental area show the presence of
thiamethoxam in the irrigation water of rice up to
40 days after application (Telo et al. 2015).

More than 75% of the total density of the
benthic organisms collected during both sampling
years, was found within the first year of the
study. Little soil disturbance in the rice paddy
crop prior to the first year may have favored the
establishment of species in this period, while in
the second year of the experiment, the construction
of bunds, destruction of bunds and soil leveling
for fallow purposes and the construction of new
bunds in the second year of the experiment may
have contributed to a decrease in floodplains for
the establishment of organisms. In addition, the
climate may have favored the colonization in the
first year, because in this period, the average water
temperature was lower when compared to the
second year (1°C approximately) and there was a
higher rate of dissolved oxygen in water (7.3 mg
L overall mean for the first year and 6.9 mg L
in the second year). According to Willming et al.
(2013), fluctuations in temperature may influence
the ability of the organisms to detoxify xenobiotics,
thus changing the absorption of contaminants, the
rates of elimination and biotransformation, resulting
in changes in the toxicity and in the toxicodynamic
processes of pesticides in the organisms. Camargo
(2010) cites that daily oscillations in temperature
may not pose stress to benthic organisms in
larger and more stable habitats than in rice fields.
However, for this ecosystem, such changes may be
sufficiently drastic to hinder the establishment of
K-strategists and, thus, prevent the advance in the
successional process.

The richness of the macroinvertebrate fauna
found in this research was similar to the one found
by other authors in Brazilian rice paddy fields
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(Molozzi et al. 2007, Baumart and Santos 2011), in
which dipteran insects of the Chironomidae family
were dominant compared to other taxa. A signifi-
cant abundance of insects from the Chironomidae
and Ceratopogonidae families is associated with
the fact that such organisms are considered resis-
tant to the environment conditions of oxygen de-
pletion and disturbances associated with rice crop
management (Molozzi et al. 2007). Extremely tol-
erant organisms, represented by Chironomidae lar-
vae, by other Diptera and by the entire Oligochaeta
class, are capable of living under anoxic conditions
for several hours. Moreover, they are detritivores,
i.e. they feed from organic matter deposited in the
sediment, which favor their adaptation to several
environments. Suhling et al. (2000) highlight that
high densities of Chironomidae, Oligochaeta and
Mollusca are common in rice paddy fields and the
low density of Ephemeroptera, Plecoptera and Tri-
choptera (EPT) is due to the application of insecti-
cides and high concentration of nitrogen and phos-
phorus in the soil.

The highest total density of organisms in the
control treatment without rice plants (T6), com-
pared to the other treatments, was due to the el-
evated density of dipteran from the Chironomidae
and Ceratopogonidae families, odonates and Cur-
culionidae larvae in this treatment. In this treat-
ment, given the absence of rice plants, there was
a higher incidence of aquatic macrophytes, which
created an adequate environment for those macro-
invertebrates. The presence of aquatic macrophytes
favors the high density of Chironomidae in len-
tic environments (Dornfeld and Fonseca-Gessner
2005, Rosin and Takeda 2007), and, for odonates,
it may favor an adequate habitat for the nymphs.
Importantly, caddisflies of the Hydroptilidae family
were present in the second year, with higher den-
sity in the control treatment with rice plants, which
are considered sensible to environmental pollution
(Molozzi et al. 2007).
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Under the conditions in the study, the pesticides
did not significantly reduce the density of the
organisms compared to the control treatments.
This may have occurred due to the fact that only
one application of the fungicide or insecticide
occurred in each plot in both experimental years,
whereas some of the tested pesticides presented
low persistence in the water and soil, and those
with higher persistence (tebuconazole, tricyclazole,
and thiamethoxam) may not have reached a
concentration high enough to cause negative
impact over the individuals or they quickly
degraded because of environmental conditions.
Similar to this study, Rossaro et al. (2014) did not
find significant negative effects of the tricyclazole
fungicide over the aquatic macroinvertebrate
community. However, the authors observed low
diversity, which was attributed to the short period
of rice submersion, as well as to the low content
of oxygen and high water temperature during the
experiment. Mesléard et al. (2005) compared the
macroinvertebrate communities in rice fields of
conventional and organic cultivation in France, and
they did not find statistic differences in richness, but
rather in the abundance of the species, which was
correlated with the use of the insecticide fipronil,
previously used for the control of Chironomidae
larvae.

The present study was aimed at comparing, in
experimental plots, a rice management approach
with and without pesticides, and without the
presence of rice plants, thus simulating a natural
environment. The results were the same, although
to a lesser extent, as those found by Dalzochio
et al. (2016) in a recent study in natural lakes
and rice fields with organic and conventional
cultivation. The authors registered higher richness
and abundance of macroinvertebrates in the natural
lakes compared to the rice fields; however, the
fields with organic and conventional rice cultivation
showed similar taxonomic richness and abundance.
They also observed that many taxa only occurred in
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lakes and organic crops, which demonstrates that
the organic management of rice fields favors the
establishment of some taxa that are only found in
natural environments.

In this study, the establishment of a benthic
macroinvertebrate community is favored when
it is in a natural environment, free of pesticides
and without rice plants. However, the application
of a single dose of the fungicides trifloxystrobin
+ tebuconazole and tricyclazole; and of the
insecticides lambda-cyhalothrin + thiamethoxam
and diflubenzuron, does not cause significant
effects over the richness and density of the
macroinvertebrates. Tebuconazole, tricyclazole
and thiamethoxam presented high persistence in
the water of rice paddy fields, and the doses and
number of applications of these products in the
field should be carefully controlled in order to
avoid environmental contamination.
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