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Abstract

Macrophytes cause damage to water bodies, requiring ecotoxicological studies to understand their effects on the
aquatic environment for chemical control purposes. This study aimed to assess the efficiency of electrostatic spraying
of imazamox with and without adjuvants for controlling Eichhornia crassipes, Myriophyllum aquaticum, and Salvinia
molesta, as well as the acute toxicity (LC50;7d) for the bioindicators Lemna minor, Azolla caroliniana, and Wolffia
brasiliensis. For efficacy, 800, 900, and 1000 g a.i. ha-1 of imazamox without and with 0.5% Dash® HC and 0.5%
Aterbane® BR were used with one control and ten replicates. For LC50;7d, six concentrations ranging from 0.1 mg L-1
to 383.5 mg L-1 of imazamox with and without adjuvants and the adjuvants alone were used. For E. crassipes, 100%
control was achieved 30 days after application (DAA) at 900 and 1000 g a.i. ha-1. For Myriophyllum aquaticum,
90% control was achieved at 1000 g a.i. ha-1 + 0.5% Aterbane®BR at 60 DAA. For Salvinia molesta, no control was
achieved at any dose tested. L. minor was most sensitive to imazamox+0.5% Dash with an LC50;7d of 1.66 mg L-1,
W. brasiliensis to imazamox+0.5% Dash with an LC50;7d of 5.52 mg L-1, and A. caroliniana was most sensitive
to imazamox+0.5% Aterbane with an LC50;7d of 5.99 mg L-1. The electrostatic application of imazamox with and
without adjuvants was effective in controlling the aquatic plants water hyacinth and water pine, but ineffective in
controlling giant salvinia (S. molesta). The test plant, duckweed, was more sensitive to the herbicide, adjuvants, and
their addition to the spray mixture, and could be applied as a bioindicator for environmental biomonitoring.

Keywords: Chemical control, aquatic macrophytes, bioindication, sensitivity, herbicide.

Resumo

As macrofitas causam prejuizos aos corpos hidricos e seu controle quimico exige estudos ecotoxicoldgicos para
compreender seus efeitos no ambiente aquatico. O objetivo deste estudo foi avaliar a eficiéncia da pulverizagao
eletrostatica de imazamox com e sem adjuvantes para controle de Eichhornia crassipes, Myriophyllum aquaticum e
Salvinia molesta e a toxicidade aguda (CL50;7d) para os bioindicadores Lemna minor, Azolla caroliniana e Wolffia
brasiliensis. Para eficacia foram utilizados 800, 900 ¢ 1000 g i.a. ha™ de imazamox sem ¢ com 0,5% de Dash®
HC ¢ 0,5% Aterbane® BR com um controle e dez repetigdes. Para CL50;7d foram utilizadas seis concentracoes de
0,1 mg L "a383,5mgL" de imazamox sem e com adjuvantes e os adjuvantes isolados. Para E. crassipes ocorreu
100% de controle em 30 dias apos a aplicagdo (DAA) em 900 ¢ 1000 g i.a ha™'. Para Myriophyllum aquaticum
ocorreu 90% em 1000 gi.a ha™' +0,5% de Aterbane®BR em 60 DAA. Para Salvinia molesta néo ocorreu controle
em nenhuma dose testada. A L. minor foi mais sensivel ao imazamox+0,5% de Dash com CL50;7d de 1,66 mg L™,
W. brasiliensis ao imazamox+0,5% de Dash com CL50;7d de 5,52 mg L' e A. caroliniana mais sensivel ao
imazamox+0,5% Aterbane com CL50;7d de 5,99 mg L. A aplicagdo eletrostatica de imazamox com e sem
adjuvantes foi eficaz no controle das plantas aquaticas aguapé e pinheirinho d’agua, mas ineficaz no controle da
salvinia gigante (S. molesta). A planta de teste, lentilha-d’agua, foi mais sensivel ao herbicida, aos adjuvantes e a
sua adigdo a calda de pulverizagao, podendo ser utilizada como bioindicador para biomonitoramento ambiental.
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Introduction

Aquatic plants have phenotypic differences and
vegetative reproduction capacity, allowing them
to adapt to a wide variety of aquatic environments
(Henry-Silva et al., 2008). Notable among these
are Eichhornia crassipes, Salvinia molesta, and
Myriophyllum aquaticum. These plants cause
serious damage to aquatic environments due to their
rapid proliferation and are favored by the absence
of natural enemies, resulting in eutrophication of
water bodies and hindering the multiple uses of
water (Gettys et al., 2014; Pitelli et al., 2018).

Chemical control of aquatic plants has been
evaluated due to its high efficacy, good benefit/
cost ratio, and historical success in other countries
(Gettys et al., 2014). In the United States, the
herbicides bispyribac-sodium, carfentrazone-
ethyl, and flumioxazin are registered for floating,
submerged, and emergent aquatic plants by the
United States Environmental Protection Agency
(USEPA) (Glomski & Mudge, 2013), as are
copper ethylenediamine, diquat, florpyrauxifen-
benzyl, fluridone, glyphosate, imazapyr, triclopry,
tropamezone, and 2,4-D (Sepro Corporation, 2024).
In Brazil, only the herbicide fluridone is registered
for the control of the submerged aquatic plants
Egeria densa and E. najas, but it is not commercially
available (Instituto Brasileiro do Meio Ambiente
Recursos Naturais Renovaveis, 2024).

In Brazil, CONAMA resolution n. 467 of July
16, 2015, was published, which allows the use
of chemical products to control aquatic plants
and algae. Therefore, it is necessary to develop
studies on application technology and herbicides
to control aquatic plants in Brazilian water bodies.
The herbicide diquat was used to control water
hyacinth (E. crassipes) (Almeida et al., 2016),
imazapyr for E. crassipes, Pistia stratiotes, and
Salvinia molesta (Cruz et al., 2015a), glyphosate for
E. crassipes, P. stratiotes, S. molesta, S. herzogii,
and Urochloa subquadripara (Cruz et al., 2015b),
for S. molesta mixtures of glyphosate with
carfentrazone, diquat, endothall, flumioxazine
in combinations with adjuvants (Mudge et al.,
2016) imazapyr and mixtures of imazapyr +
carfentrazone and 2,4-D + carfentrazone for
M. aquaticum (Kuehne et al., 2018), the 2,4-D,
florpyrauxifen-benzyl, flumioxazin, glyphosate,
imazamox, imazapyr and triclopyr for Limnobium
spongia (Turnage et al., 2023) and glyphosate,
imazamox and florpyrauxifen-benzyl for American
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lotus (Nelumbo lutea), water lily (Nymphaea
odorata) and water shield (Brasenia schreberi)
(Léazaro-Lobo et al., 2024).

Imazamox ((RS)-2-(4-isopropyl-4-methyl-5-
oxo-2-imidazolin-2-yl)-5-methoxymethylnicotinic
acid) is a systemic herbicide of the imidazolinone
group that results in the reduction of the synthesis
of three branched-chain aliphatic amino acids:
valine, leucine, and isoleucine. This inhibition
inhibits the synthesis of acetohydroxy acid (AHA),
a common enzyme in the biosynthetic pathway
of these amino acids. This inhibition interrupts
protein synthesis, which interferes with DNA
synthesis and cell growth in plants. This herbicide
can be used to control aquatic plants and is
used to control annual, perennial grasses, and
eudicotyledonous. An important characteristic
for use in aquatic plant control is its slow target
control rate, which favors the slow release of
nutrients from the degradation of dead plants into
the water, limiting the eutrophication effect. The
application of 900 g a.i. ha™' of imazamox was
effective in controlling 94% of S. molesta, with
a 95% reduction in fresh biomass and 92% in
dry weight. It caused an increase in biochemical
oxygen demand (BOD) but did not change water
temperature, pH, dissolved oxygen, or electrical
conductivity (Garlich et al., 2021).

Electrostatic spraying is a technological
innovation that can be used in weed control. It is
a system that electrically charges the droplets
generated in the spray nozzles, causing them
to be attracted to the oppositely charged target
(Schroder & Loeck, 2006; Campos et al., 2020).
This spraying provides better target coverage
compared to uncharged spraying, minimizing
waste and environmental impact due to excess
product application and off-target spray drift
(Patel et al., 2017).

To improve herbicide performance, the use
of adjuvants is recommended: substances that
improve leaf surface moisture, retention, and product
penetration into the plant (Mirgorodskaya et al.,
2020). Furthermore, the use of electrostatic spraying
combined with adjuvants can reduce droplet diameter
(Sasaki et al., 2015). Spraying with electrostatic
equipment can reduce the spray volume applied,
increase product deposition on the target, decrease
drift losses, and consequently reduce the negative
impacts these molecules can have on the aquatic
environment and non-target organisms.
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Therefore, environmental monitoring of herbicides
in aquatic environments using bioindicator organisms
from different levels of the food chain is necessary
to understand the environmental dynamics of these
molecules. Among the bioindicators that can be
used are the aquatic plants Lemna minor for copper
and diquat sources (Garlich et al., 2016), Azolla
caroliniana for 2,4-D, glyphosate, clomazone,
oxyfluorfen, and imazapyr (Silva et al., 2012;
Cruz et al., 2015b), and Wolffia brasiliensis for
glyphosate, diquat, paraquat, imazapyr, 2,4-D,
saflufenacil, imazamox, penoxsulam, metsulfuron-
methyl, and atrazine (Pereira et al., 2019).

Thus, the objective of the study was to evaluate
the efficiency of electrostatic spraying in the
application of imazamox without and with the
addition of adjuvant for the control of Eichhornia
crassipes, Salvinia molesta and Myriophyllum
aquaticum under greenhouse conditions and to
determine the acute toxicity LC50;7d of imazamox
and adjuvants for the aquatic plants A. caroliniana,
L. minor and W. brasiliensis.

Material and Methods

The herbicide used was imazamox, in the
Raptor® formulation, at 700.0 g L', and the
adjuvants were a mixture of methyl esters, aromatic
hydrocarbon, unsaturated fatty acid, and surfactant
at 933.0 g L' (Dash® HC) and nonylphenol
ethoxylate at 309.0 g L' (Aterbane® BR).

Agquatic weed control efficacy

For the efficacy tests, 2.5-L plastic containers
containing water and a substrate composed of
coarse sand, organic substrate, and red latosoil
(1:1:1 vv') were used. Three young plants were
used for the experiments with S. molesta, four shoots
of 20 cm long for M. aquaticum, and one plant per
experimental unit for E. crassipes. After growth
and 80% surface area coverage of the experimental
units, applications were made using doses of 800,
900, and 1000 g a.i. ha ' of imazamox, equivalent
to 1.14; 1.28; and 1.42 kg p.c. ha™', without or
with the addition of the adjuvants Dash® HC
0.5% and Aterbane® BR 0.5%. All experiments
were conducted in a completely randomized
experimental design (CRD) with ten replicates
and a control (no application).

The applications were carried out with an
electrostatic sprayer, containing an induction
device for electrifying jets of drops from hydraulic
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nozzles adapted to a manual backpack sprayer
equipped with a spray bar and a BD80.005 fan
nozzle developed by Magnojet Ltda., with a
pressure of 200 KPa, application rate of 200 L ha™
at a speed of 1.0 ms™.

Efficacy assessments were performed at 7,
15, 21, 30, 45, and 60 days after application
(DAA), according to control scores, which were
assigned based on visual signs of toxicity, growth
inhibition, and plant regrowth, according to the
scale proposed by Velini et al. (1995).

At the end of the experimental period, fresh
biomass (g) and dry mass (g) of the plants were
evaluated. To obtain dry mass, the plants were
placed in a forced-air circulation oven at 65°C
until they reached constant mass.

The dry and fresh mass results were subjected
to logl10 for normal distribution, and after this
transformation, they were subjected to analysis of
variance (ANOVA) using the AgroEstat® statistical
software (Barbosa & Maldonado Junior, 2014).
After this verification, the means were compared
using the Tukey 5% test.

Acute toxicity to aquatic plants

For acute toxicity tests, the bioindicator
plants were acclimated in a bioassay room with
constant lighting of 1,000 Ix for 7 days. After
the acclimation period, four colonies with three
L. minor fronds, five A. caroliniana plants, and
the test plant W. brasiliensis were collected using
a syringe and plunger, measuring 19 mm in size.
The selected plants were transferred to a glass
container with a maximum capacity of 100 mL
containing 50 mL of Hoagland’s culture medium
for an additional 24 h. After this period, 50 mL
of Hoagland’s culture medium was added with
the test products.

Concentrations 0f 0.1; 1.07; 3.5; 11.2; 36.5 and
118.0 mg L' of imazamox alone, of the adjuvant
Dash® HC and of the mixtures of imazamox
with 0.5% Dash® HC and 0.5% Aterbane® BR
were applied to L. minor and A. caroliniana. Of
Aterbane® BR alone, the concentrations 21.16;
43.73; 66.30; 96.40; 202.15;293.10 mg L' were
applied to L. minor and 1.15; 1.61; 5.19; 16.82;
55.04 and 177.94 mg L' to A. caroliniana.

In the trials with W. brasiliensis, the applied
concentrations of imazamox alone were 3.5;
7.7;16.94; 37.27; 81.99 and 180.38 mg L', the
applied concentrations of the adjuvant Dash®
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HC were 20.28; 36.5; 65.7; 118.26; 212.87 and
383.16 mg L! and the applied concentrations of
the adjuvant Aterbane® BR alone and the mixtures
of imazamox with 0.5% Dash® HC and 0.5%
Aterbane® BR were 0.1; 1.07; 3.5; 11.2; 36.5 and
118.0 mg L.

After seven days of exposure, L. minor mortality
was assessed by counting the number of fronds,
chlorosis, and total frond necrosis (Organization
for Economic Co-operation and Development,
2002). For A. caroliniana and W. brasiliensis, the
assessment was based on the percentage of plant
mortality using a grading scale (E to A), with
the grades converted to mortality percentages as
recommended by Silva et al. (2012).

Using the percentage mortality data for the
test plants, the LC50;7d was estimated using
the Trimmed Spearman-Karber statistical
method (Hamilton et al., 1977), and the toxicity
classification was performed according to the
USEPA ecotoxicological classification (United
States Environmental Protection Agency, 2023).

Results and Discussion

Efficacy for water hyacinth (E. crassipes)

Imazamox without and with the addition of
adjuvants showed unsatisfactory control 7 and
15 days after application (DAA) for water hyacinth
(Table 1). At21 DAA, moderate control occurred
at all tested concentrations of the herbicide alone
and in mixture with adjuvants, with 58 to 75%

control (Table 1), differing from the application of
1250 gi.a. ha-1 of imazapyr with 95% control of
water hyacinth at 28 DAA (Foloni & Pitelli, 2005).

After 30 DAA, excellent control of water
hyacinth was observed at all tested doses (100%,
Table 1), except for the 800 g a.i. ha-1 dose,
which achieved 90%. At 45 and 60 DAA, the
same control pattern was observed, similar to that
achieved by imazapyr for E. crassipes, with 875
and 1000 g a.i. ha™, achieving 90% to 100% control
(Cruz et al., 2015b). The use of imazamox for the
control of aquatic plants is interesting because, in
addition to its excellent efficacy, its mechanism of
action promotes slower death of the control targets,
avoiding the effect of rapid nutrient release into
the water body through plant degradation. The
application of 0.1 to 0.4 kg ha™' of diquat showed
water hyacinth control between 66.06% and 84.88%
injust 5 days after application (Pitelli et al., 2011).

In the reduction of E. crassipes biomass,
there was a significant difference between the
control and all tested treatments (Table 2). At
doses of 900 and 1000 g a.i. ha™', there was a
100% reduction in fresh and dry mass at all tested
doses. With 70.1 g a.i. ha™! of imazamox alone and
70.1 ga.i. ha™' + 1.0% methylated and organosilicone
vegetable oil, there was a 30 to 69% reduction in
the dry mass of E. crassipes plants at 60 DAA
(Mudge & Netherland, 2014). With the dose of
560 g a.i. ha™! of imazamox + 0.25% surfactant,
there was a 61.10% reduction in the biomass of
E. crassipes plants (Emerine et al., 2010).

Table 1. Percentage of control of the herbicide imazamox alone and in mixture with adjuvants for the control

of Eichhornia crassipes.

Days after application (DAA)

Doses (g i.a. ha™)

7 15 21 30 45 60
Imazamox 800 17a 25¢cd 58b 90b 95b 95b
Imazamox 900 10b 42a 75a 100a 100a 100a
Imazamox 1000 10b 40ab 75a 100a 100a 100a
Imazamox 800 +Dash 10b 37ab 70ab 100a 100a 100a
Imazamox 900 +Dash 7b 32bc 72ab 100a 100a 100a
Imazamox 1000+Dash 7b 32bc 75a 100a 100a 100a
Imazamox 800 + At 10b 28cd 75a 100a 100a 100a
Imazamox 900 + At 7b 22d 70ab 100a 100a 100a
Imazamox 1000 + At 8b 22d 70ab 100a 100a 100a
F value 25,10%* 56,78** 50,55%* 1185,33**  1189,67** 29741,67**
CvV 16,66 10,11 8,78 1,78 1,77 0,35
DMS 4,19 8,13 16,33 4,57 4,57 0,91

**Significant at 5% probability. Means followed by the same letter in the column do not differ statistically from each other
by Tukey’s test (p < 0.05). CV = coefficient of variation; DMS = least significant difference. At = Aterbane® BR
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Efficacy for watermilfoil control (M. aquaticum)

Imazamox alone and with adjuvants showed
unsatisfactory control of watermilfoil at 7 and 15
DAA. At 21 DAA, significant control occurred
only with the addition of adjuvants, with 40%
to 55% control. At 30 DAA, imazamox with
and without adjuvant did not show satisfactory
efficacy at any of the doses tested, except at
900 g a.i. ha! de imazamox + Dash®, with 70%
efficacy (Table 3), differing from 1250 g a.i. ha™
of imazapyr, at 28 DAA, which controlled 100%
of watermilfoil (Foloni & Pitelli, 2005) and 29.4

vol. 20, 242005, 2024

to 58.8% of florpyrauxifen-benzyl with control
between 92.3% and 100%, within 30 days after
application (Howell et al., 2022).

At60 DAA, the efficacy was satisfactory only in
the treatments with imazamox plus adjuvants, with
control from 72.5% to 90%, with the best results
occurring at doses of 900 and 1000 g a.i. ha™ of
imazamox plus Aterbane® BR, with 85% and 90%,
respectively (Table 3). The Eurasian watermilfoil
(Myriophyllum spicatum) and hybrid watermilfoil
(Myriophyllum spicatum x Myriophyllum sibiricum)
are plants considered difficult to control, as they

Table 2. Average values and percentage of reduction in fresh mass and dry mass of E. crassipes.

Treataments Dose Fresh mass Reduction Dry mass Reduction
(gi.a. ha') ©@ (%) ® (%)
Control 0 184,0a 0 14,5a 0
Imazamox 800 6,5b 96,4 0,5b 96,5
900 0,0b 100 0,0b 100
1000 0,0b 100 0,0b 100
Imazamox +Dash® 800 0,0b 100 0,0b 100
900 0,0b 100 0,0b 100
1000 0,0b 100 0,0b 100
Imazamox + Aterbane® 800 0,0b 100 0,0b 100
900 0,0b 100 0,0b 100
1000 0,0b 100 0,0b 100
Valor F - 148,31** - 132,82%* -
CvV - 75,56 - 81,26 -
DMS - 0,26 - 0,14 -

**Significant at 5% probability. Means followed by the same letter in the column do not differ statistically from each other
by Tukey’s test (p < 0.05). CV = coefficient of variation; DMS = least significant difference.

Table 3. Percentage of control of the herbicide imazamox alone and with adjuvants for the control of

Myriophyllum aquaticum.

Dose Days after application (DAA)
Treataments (gi.a. ha') 7 5 o1 30 45 60
Imazamox 800 5b 7b 18a 20d 30c 35e
900 5b 7b 18a 22d 35¢ 45de
1000 5b 7b 18a 22d 38c 50d
Imazamox + Dash® HC 800 18a 30a 50a 65ab 70ab 80abc
900 15a 30a 55a 70a 72ab 80abc
1000 12a 28a 48a 65ab 70ab 75bc
Imazamox + Aterbane® BR 800 12a 28a 45ab 55¢ 65b 72¢
900 12a 30a 50* 60bc 68b 85ab
1000 12a 32a 40b 68ab 78a 90a
Valor F - 17,19%*  70,42%* 101,56** 229,35** 179,58** 136,92**
(6)% - 24,21 13,29 9,52 6,60 6,25 6,85
DMS - 6,72 7,65 9,41 8,53 9,50 12,13

**Significant at 5% probability. Means followed by the same letter in the column do not differ statistically from each other
by Tukey’s test (p < 0.05). CV = coefficient of variation; DMS = least significant difference.
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present genotypes with differential sensitivity to
herbicides, such as 2,4-D (Chorak et al. 2023). Ata
dose 0of 800 g a.i. ha™ + 0.5% of Aterbane® BR, in
60 DAA, lateral shoots of plants appeared, similar to
Wersal & Madsen (2007), in 42 DAA the herbicide
imazamox at a concentration of 561 g a.i. ha™!
presented 76.7% control, with the emergence of
lateral shoots for Myriophyllum aquaticum.

For the fresh biomass and dry mass of
M. aquaticum, there was a significant difference
between the control and the tested doses (Table 4).
The reductions in dry mass occurred at all tested
doses of imazamox + Aterbane® BR from 91.63%
to 92.44% and imazamox + Dash® HC with a

reduction of 88.08% to 90.54%. Imazamox alone
caused reductions of 77.97% to 87.72% (Table 4),
these values differed from 561 g a.i. ha™! of
imazamox with 39% reduction in dry mass for
M. aquaticum, while imazapyr showed a 100%
reduction in biomass with 584 g a.i. ha™..

Efficacy for Giant salvinia

For Giant salvinia (S. molesta), imazamox
alone and with the addition of adjuvants showed
unsatisfactory or fair control throughout the
evaluation period, ranging from 2 to 48% (Table 5),
similar to the 560 g a.i. ha™! imazamox dose at
35 DAA, with 18% (Emerine et al., 2010).

Table 4. Average values and percentage of reduction in fresh biomass and dry mass of M. aquaticum.

Treataments Dose Fresh mass Reduction Dry mass Reduction
(gi.a. ha) ® (%) 63) (%)
Control 0 39,99a 0 10,99a 0
Imazamox 800 8,45b 78,87 2,24b 77,97
900 7,35b 81,62 1,48bc 86,53
1000 6,83b 82,92 1,35bc 87,72
Imazamox+Dash 800 6,57b 83,57 1,31bc 88,08
900 6,17b 84,57 1,23bc 88,81
1000 6,16b 84,60 1,04bc 90,54
Imazamox+Aterbane 800 5,85b 85,37 0,97bc 91,17
900 4,80b 88,00 0,92¢ 91,63
1000 4,79b 88,02 0,83c 92,44
Valor F - 8,40%* - 14,53** -
CV - 25,48 - 49,18 -
DMS - 0,47 - 0,43 -

**Significant at 5% probability. Means followed by the same letter in the column do not differ statistically from each other
by Tukey’s test (p < 0.05). CV = coefficient of variation; DMS = least significant difference.

Table 5. Percentage of control of the herbicide imazamox alone and with adjuvants for the control of Salvinia

molesta.
Doses Days after application (DAA)
Treatments (gia. ha’) 7 15 21 30 45 60
Imazamox 800 2a 3a 10a 15a 30ab 40ab
900 2a 3a 10a 15a 25ab 25bc
1000 2a 3a 8a 20° 20b 25bc
Imazamox + Dash® HC 800 2a 2a 10a 18a 20b 23¢
900 2a S5a 10a 18a 28ab 38abc
1000 2a Sa 10a 18a 32ab 48a
Imazamox + Aterbane® BR 800 2a Sa 15a 20a 25ab 25bc
900 2a Sa 12a 25a 25ab 25bc
1000 2a S5a 12a 25a 25ab 25bc
Valor F - 2,00NS  9,22%%* 2,68%  11,39** 16,74** 16,17**
CV - 43,03 24,32 41,27 20,72 16,44 20,25
DMS - 2,24 2,74 6,75 10,42 10,93 16,04

**Significant at 5% probability. Means followed by the same letter in the column do not differ statistically from each other
by Tukey’s test (p < 0.05). CV = coefficient of variation; DMS = least significant difference.
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The imazapyr was more effective than
imazamox for controlling S. molesta at doses of
875 and 1000 g a.i. ha™!, with 70 and 90% control
after 60 days of application (Cruz et al., 2015a).
Glyphosate for S. molesta and S. herzogii showed
control effectiveness 0of 90 to 95% in 3840 gha™!,
respectively (Cruz et al., 2015b).

For the reduction in fresh mass of S. molesta,
there was a significant difference between the
control and all treatments tested, but no difference
between treatments (Table 6). For dry matter,
there was a significant difference between the
control and 800 g a.i. ha-1, with a reduction
of 54.52%. Imazamox + Dash® HC showed a
difference between the concentrations and the
control, and for imazamox + Aterbane® BR,
there was a difference at the doses of 800 and
1000 g a.i. ha-1, with reductions of 45% and 48%,
respectively (Table 6). For Nelson et al. (2001),
imazapyr at a dose of 1680 g a.i. ha™ did not
significantly reduce the dry mass of S. molesta,
while the mixture of imazapyr + glyphosate
(1680 +987 g a.i. ha™') reduced the biomass by
98.7% compared to untreated plants.

Acute ecotoxicity of imazamox and adjuvants

In the evaluation of the acute toxicity of
imazamox for L. minor, the 50% lethal concentration
(LC50;7d) was 1.89 mg L' (Table 7). Based
on the USEPA classification (United States
Environmental Protection Agency, 2023),
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imazamox was considered moderately effective
for this bioindicator plant, with a coefficient of
determination of 92% (Table 7). The 50% lethal
concentration (LC50;7d) of imazamox for water
fern (A. caroliniana) was >118.0 mg L', and the
LC50;7d for W. brasiliensis was 27.63 mg L'
(Table 7). The bioindicator plant of acute toxicity
for imazamox was L. minor, being less sensitive
than Azolla caroliniana to a mixture of 50%
atrazine and 35% isoproturon with an EC50;21d
of 0.03 mg L' (Coutris et al., 2011), that
the alga Rhodomonas salina with EC50 of
6.27 pg L' for diuron, 13.40 pg L™ for metribuzin,
8.50 pg L' for hexazinone, 19.30 pg L' for
bromacil, 112.0 ug L' for tebuthiuron, 118.0 pg L™
propazine, 790.0 ug L™ for imazapic,>3.70 ug L™!
for haloxyfop and > 279.0 pg L' for 2,4-D
(Thomas et al., 2020).

The 50% lethal concentration (LC50;7d) of the
Dash® HC adjuvant for duckweed (L. minor) was
6.17 mg L', for water fern (4. caroliniana) it was
383.5 mg L " and for water flour (W. brasiliensis) it
was 164.60 mg L' The toxicity of the Aterbane®
BR adjuvant for L. minor was 7.36 mg L™ (Table 7)
and considered moderately toxic according to
USEPA (United States Environmental Protection
Agency, 2023). For A. caroliniana the LC50;7d
was 56.18 mg L™ and for W. brasiliensis it was
32.39 mg L' (Table 7) considered little toxic
according to USEPA (United States Environmental
Protection Agency, 2023). Duckweed (L. minor)

Table 6. Average values and percentage of reduction in fresh biomass and dry mass of S. molesta.

Treatment Dose Fresh mass Reduction Dry mass Reduction
(gi.a. ha) 63) (%) 63) (%)
Controle 0 103,27a 0 9,72a 0
Imazamox 800 49,20b 52,36 4,42b 54,52
900 65,27b 36,80 5,50ab 43,42
1000 59,69b 42,20 6,10ab 37,24
Imazamox+Dash HC® 800 58,94b 42,93 5,00b 48,56
900 55,14b 46,61 4,74b 51,23
1000 59,16b 42,71 4,78b 50,82
Imazamox-+Aterbane® BR 800 68,49b 33,68 5,28b 45,67
900 63,57b 38,44 5,66ab 41,77
1000 66,34b 35,76 4,970 48,87
Valor F - 1,0 - 3,56%* -
CvV - 17,58 - 23,20 -
DMS - 0,47 - 0,24 -

**Significant at 5% probability. Means followed by the same letter in the column do not differ statistically from each other
by Tukey’s test (p < 0.05). CV = coefficient of variation; DMS = least significant difference.
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Table 7. Acute ecotoxicity of the herbicide and adjuvants for bioindicator plants.

Duckweed (L. minor)

Concentration (mg L) LI CL50;7d LS R? Linear equation
Imazamox 1,22 1,89 2,94 92 y=13,874x + 11,307
Dash® HC 5,17 6,17 7,32 88 y =23,571x — 33,667
Imazamox + Dash® HC 1,01 1,66 2,73 93 y =16,543x + 10,6
Aterbane® BR 5,60 7,36 9,67 95 y=18,057x - 17,2
Imazamox + Aterbane® BR 1,28 2,32 4,20 93 y =15,457x +9,7333
Water fern (A. caroliniana)

Imazamox - >118.,0 - 68 y =3,8286x — 7,4
Dash® HC - 383,5 - 50 y=9.8x-184
Imazamox + Dash® HC 8,49 9,82 11,37 89 y=23,771x — 39,867
Aterbane® BR 52,88 56,18 59,69 87 y=22,171x — 13,933
Imazamox + Aterbane® BR 5,30 5,99 6,77 89 y =24,8x — 36,467
Water flour (W. brasiliensis)

Imazamox 25,47 27,63 29,97 82 y =22,086x — 25,8
Dash® HC 148,65 164,60 182,28 79 y=17,914x — 28,2
Imazamox + Dash® HC 4,88 5,52 6,23 84 y =24,686x — 35,067
Aterbane® BR 27,88 32,39 37,63 72 y =18,229x — 35,467
Imazamox + Aterbane® BR 13,83 15,47 17,30 76 y =22,886x — 43,267

LC50;7d = 50% lethal concentration (mg L'); LI = lower limit; UL = upper limit.

was the most sensitive bioindicator to the adjuvant
compared to the two aquatic plants evaluated,
similar to LC(50;96h) of the adjuvants Agral®
with 3.29 mg L', Aterbane® BR with 8.21 mgL™;
Energic® with 2.34 mg L', Gotafix® with 4.37 mg L™
and Fixade® with 3.38 mg L' for the mato-grosso
fish (H. eques) (Carraschi et al., 2011) and for
Aterbane® BR for the pacu, mato-grosso, guaru
and zebrafish fish with LC(50;96h) ranging from
5.811t09.45 mg L' (Cruz et al., 2016).

Para duckweed the LC50;7d of imazamox +
0.5% Dash® HC was 1.66 mg L' and imazamox +
Aterbane® BR foi de 2.32 mg L™ (Table 7), differing
from the acute toxicity for 4 bioindicator fish
(pacu, mato-grosso, guaru and zebrafish) with
LC50;96h with values higher than 900 mg L™ for
glyphosate + 0.5% Aterbane® BR and higher than
400.0 mg L' for glyphosate + 1.0% Aterbane®
BR (Cruz et al., 2016).

The LC50;7d of imazamox+ Dash® HC was
9.82 mg L' (Table 7), which indicates that the
addition of the adjuvant increases the acute
toxicity of the herbicide for 4. caroliniana, and
with the addition of the adjuvants the classification
was changed to moderately toxic according to
USEPA (United States Environmental Protection
Agency, 2023).

Ciéncia e Cultura

Conclusion

The electrostatic application of imazamox with
and without adjuvants was effective in controlling
the aquatic plants water hyacinth and watermilfoil,
but was ineffective in controlling Giant Salvinia
(S. molesta). The duckweed test plant was more
sensitive to the herbicide, adjuvants, and their
addition to the spray solution and can be used as
a bioindicator for environmental biomonitoring.

Acknowledgments

The authors would like to thank Magnojet Industria
Ltda. for providing the electrostatic application
equipment used in this study.

References

Almeida, D. P., Agostini, A. R., Yamauchi, A. K.,
Decaro Junior, S. T., & Ferreira, M. D. C. (2016).
Application volumes and sizes of droplets for the
application of diquat herbicide in the control of
Eichhornia crassipes. Planta Daninha, 34(1),171-179.
https://doi.org/10.1590/S0100-83582016340100018

Barbosa, J. C., & Maldonado Janior, W. (2014).
AgroEstat - Sistema para analises estatisticas de ensaios
agronomicos - versdo 1.1. 0.711 (Experimentagdo
Agrondmica & AgroEstat). Jaboticabal: Multipress.

811



https://doi.org/10.1590/S0100-83582016340100018

CIENCIA E CULTURA - Revista Cientifica Multidisciplinar do Centro Universitario da FEB

Campos, S. F. B., Cunha, J. P. A. R., Assuncao,
H. H. T., Alves, T. C., Zandonadi, C. H. S., &
Lemes, E. M. (2020). Efficacy of glyphosate
applied using an electrostatic sprayer as affected
by adjuvant and carrier volumes. Planta Daninha,
38, €020228417. https://doi.org/10.1590/s0100-
83582020380100092

Carraschi, S. P., Cubo, P., Schiavetti, B. L.,
Shiogiri, N. S., Cruz, C., & Pitelli, R. A. (2011).
Efeitos toxicos de surfactantes fitossanitarios para
0 peixe mato grosso (Hyphessobrycon eques). Acta
Scientiarum. Biological Sciences, 33(2), 191-196.
https://doi.org/10.4025/actascibiolsci.v33i2.6252

Chorak, G. M., Correr, F. H., Lachowiec, J.,
Reynolds, G., & Thum, R. A. (2023). Transcriptional
responses to 2, 4-D herbicide treatment of a
Eurasian (Myriophyllum spicatum) and a hybrid
(M. spicatum x M. sibiricum) genotype of watermilfoil
that differ in their sensitivity to 2, 4-D. Aquatic
Botany, 186, 103631. https://doi.org/10.1016/].
aquabot.2023.103631

Coutris, C., Merlina, G., Silvestre, J., Pinelli, E.,
& Elger, A. (2011). Can we predict community-
wide effects of herbicides from toxicity tests on
macrophyte species? Aquatic Toxicology, 101(1),
49-56. https://doi.org/10.1016/j.aquatox.2010.08.017

Cruz, C., Silva, A. F., Shiogiri, N. S., Garlich,
N., & Pitelli, R. A. (2015a). Imazapyr herbicide
efficacy on floating macrophyte control and
ecotoxicology for non-target organisms. Planta
Daninha, 33(1), 103-108. https://doi.org/10.1590/
S0100-83582015000100012

Cruz, C., Silva, A. F., Luna, L. V., Yamauchi, A. K.
F., Garlich, N., & Pitelli, R. A. (2015b). Glyphosate
effectiveness in the control of macrophytes
under a greenhouse condition. Planta Daninha,
33(2), 241-247. https://doi.org/10.1590/0100-
83582015000200009

Cruz, C., Carraschi, S. P., Shiogiri, N. A., Silva,
A.F., Pitelli, R. A., & Machado, M. R. F. (2016).
Sensitivity, ecotoxicity and histopathological
effects on neotropical fish exposed to glyphosate
alone and associated to surfactant. Journal of
Environmental Chemistry and Ecotoxicology, §(3),
25-33. http://dx.doi.org/10.5897/JECE

Ciéncia e Cultura

vol. 20, 242005, 2024

Emerine, S. E., Richardson, R. J., True, S. L.,
West, A. M., & Roten, R. L. (2010). Greenhouse
response of six aquatic invasive weeds to imazamox.
Journal of Aquatic Plant Management, 48, 105.

Foloni, L. L., & Pitelli, R. A. (2005). Avaliagao
da sensibilidade de diversas espécies de plantas
daninhas aquaticas ao carfentrazone-ethyl, em
ambiente controlado. Planta Daninha, 23(2), 329-334.
https://doi.org/10.1590/S0100-83582005000200021

Garlich, N., Garcia, G. L., Santos, K. P, Oliveira,
A. C., Pitelli, R. A., da Costa Ferreira, M., &
Cruz, C. (2021). Control of Salvinia molesta
with imazamox and analysis of environmental
indicators in microcosms. Journal of Environmental
Science and Health. Part B, Pesticides, Food
Contaminants, and Agricultural Wastes, 56(11),
941-947. https://doi.org/10.1080/03601234.202
1.1981101

Garlich, N., Cruz, C., Silva, A. F., Carraschi, S.
P., Malaspina, 1. C., Pitelli, R. A., & Bianco, S.
(2016). Diquat associated with copper sources for
algae control: efficacy and ecotoxicology. Journal
of Environmental Science and Health. Part B,
Pesticides, Food Contaminants, and Agricultural
Wastes, 51(4), 215-221. https://doi.org/10.1080/
03601234.2015.1120611

Gettys, L. A., Haller, W. T., & Petty, D. G. (2014).
Biology and control of aquatic plants: a best
management practices handbook (3rd ed., 214 p.).
Marietta, GA: Aquatic Ecosystem Restoration
Foundation.

Glomski, L. M., & Mudge, C. R. (2013). Effect of
subsurface and foliar applications of bispyribacsodium
on water hyacinth, water lettuce, and giant salvinia.
Journal of Aquatic Plant Management, 51, 62-65.

Hamilton, M. A., Russo, R. C., & Thurston, R. V.
(1977). Trimmed Spearman-Karber method for
estimating median lethal concentrations in toxicity
bioassays. Environmental Science & Technology,
11(7),714-719. https://doi.org/10.1021/es60130a004

Henry-Silva, G. G., Camargo, A. F. M., &
Pezzato, M. M. (2008). Growth of free-floating
aquatic macrophytes in different concentrations
of nutrients. Hydrobiologia, 610(1), 153-160.
https://doi.org/10.1007/s10750-008-9430-0

911



https://doi.org/10.1590/s0100-83582020380100092
https://doi.org/10.1590/s0100-83582020380100092
https://doi.org/10.4025/actascibiolsci.v33i2.6252
https://doi.org/10.1016/j.aquabot.2023.103631
https://doi.org/10.1016/j.aquabot.2023.103631
https://doi.org/10.1016/j.aquatox.2010.08.017
https://doi.org/10.1590/S0100-83582015000100012
https://doi.org/10.1590/S0100-83582015000100012
https://doi.org/10.1590/0100-83582015000200009
https://doi.org/10.1590/0100-83582015000200009
http://dx.doi.org/10.5897/JECE
https://doi.org/10.1590/S0100-83582005000200021
https://doi.org/10.1080/03601234.2021.1981101
https://doi.org/10.1080/03601234.2021.1981101
https://doi.org/10.1080/03601234.2015.1120611
https://doi.org/10.1080/03601234.2015.1120611
https://doi.org/10.1021/es60130a004
https://doi.org/10.1007/s10750-008-9430-0

Efficiency of electrostatic application of imazamox with and without adjuvants for the

Santos et al.

control of aquatic plants and acute toxicity to aquatic bioindicator organisms

Howell, A. W., Hofstra, D. E., Heilman, M.
A., & Richardson, R. J. (2022). Response of
parrotfeather watermilfoil and alligatorweed to
foliar florpyrauxifen-benzyl applications. Journal
of Aquatic Plant Management, 60(2), 53-61.
https://doi.org/10.57257/japm-20226053

Instituto Brasileiro do Meio Ambiente Recursos
Naturais Renovaveis — IBAMA. (2024). Registro
de agrotoxicos de uso ndo agricola. Retrieved
in 2024, December 12, from https://www.gov.br/
ibama/pt-br/assuntos/quimicos-e biologicos/
agrotoxicos/registros/registro-de-agrotoxicos-
de-uso-nao-agricola

Kuehne, L. M., Adey, A. K., Brownlee, T. M., &
Olden, J. D. (2018). Field-based comparison of
herbicides for control of parrotfeather (Myriophyllum
aquaticum). Journal of Aquatic Plant Management,
56, 18-23.

Lazaro-Lobo, A., Turnage, G., Calhoun, K., &
Ervin, G. N. (2024). Effects of select herbicides
for management of American lotus, white waterlily,
and watershield. Journal of Aquatic Plant
Management, 62(1), 15-22. https://doi.org/10.57257/
JAPM-D-21-00021

Mirgorodskaya, A. B., Kushnazarova, R. A.,
Lukashenko, S. S., Nikitin, E. N., Sinyashin, K.
0., Nesterova, L. M., & Zakharova, L. Y. (2020).
Carbamate-bearing surfactants as effective adjuvants
promoted the penetration of the herbicide into the
plant. Colloids and Surfaces. A, Physicochemical
and Engineering Aspects, 586, 124252.
https://doi.org/10.1016/j.colsurfa.2019.124252

Mudge, C. R., & Netherland, M. D. (2014).
Response of invasive floating plants and nontarget
emergent plants to foliar applications of imazamox
and penoxsulam. Journal of Aquatic Plant
Management, 52, 75-80.

Mudge, C. R., Perret, A. J., & Winslow, J. R.
(2016). Evaluation of foliar herbicide and surfactant
combinations for control of giant salvinia at three
application timings. Journal of Aquatic Plant
Management, 54, 32-36.

Nelson, L. S., Skogerboe, J. G., & Getsinger, K.
D. (2001). Herbicide evaluation against giant
salvinia. Journal of Aquatic Plant Management,
39, 48-53.

Ciéncia e Cultura

Organization for Economic Co-operation and
Development— OECD. (2002). Guidelines for the
Testing of Chemicals, Lemna sp. Growth inhibition
test (22 p.). Paris: OECD.

Patel, M. K., Praveen, B., Sahoo, H. K., Patel, B.,
Kumar, A., Singh, M., Nayak, M. K., & Rajan,
P. (2017). An advance air-induced air-assisted
electrostatic nozzle with enhanced performance.
Computers and Electronics in Agriculture, 135,280-
288. https://doi.org/10.1016/j.compag.2017.02.010

Pereira, P., Brunetti, 1., Castro, K., Chiarotti,
L., Santos, B., Moraes, J., & Cruz, C. (2019).
Toxicidade aguda de herbicidas e sensibilidade da
planta aquatica Wolffia brasiliensis como organismo
bioindicador. Planta Daninha, 37, €019201636.
https://doi.org/10.1590/s0100-83582019370100092

Pitelli, R. A., Bisigatto, A. T., Kawaguchi, ., &
Pitelli, R. L. C. M. (2011). Doses e horario de
aplicagdo do diquat no controle de Eichhornia
crassipes. Planta Daninha, 29(2), 269-277.
https://doi.org/10.1590/S0100-83582011000200004

Pitelli, R. A., Pitelli, R. L. C. M., Cerveira Filho,
W.R.,Rocha,R.J. S, Cruz, C., & Jacob Neto, J. J.
(2018). Avaliagdo das concentragdes de nutrientes e
metais pesados nas principais macrofitas aquaticas
do reservatério de santana—RJ no periodo de trés
anos. Semioses, 12(2), 112-126. https://doi.org/1
0.15202/1981996x.2018v12n2p112

Sasaki, R. S., Teixeira, M. M., Santiago, H.,
Madureira, R. P., Maciel, C. F S., & Fernandes,
H. C. (2015). Adjuvantes nas propriedades fisicas
da calda, espectro e eficiéncia de eletrificacao das
gotas utilizando a pulverizagdo eletrostatica. Ciéncia
Rural, 45(2),274-279. https://doi.org/10.1590/0103-
8478cr20131604

Schroder, E. P., & Loeck, A. E. (2006). Avaliagao do
sistema de pulverizagao eletrostatica aérea na redugio
do volume de calda e dosagem do herbicida glifosate.
Current Agricultural Science and Technology, 12(3)

Sepro Corporation. (2024). Aquatics Solutions (11 p.).
Retrieved in 2024, January 15, from https://www.sepro.
com/aquatics/sculpin-g

Silva, A. F., Cruz, C., Nader-Neto, A., & Pitelli,
R. A. (2012). Ecotoxicity of herbicides for the
aquatic macrophyte (Azolla caroliniana). Planta
Daninha, 30(3), 541-546.

10/11



https://doi.org/10.57257/japm-20226053
https://doi.org/10.57257/JAPM-D-21-00021
https://doi.org/10.57257/JAPM-D-21-00021
https://doi.org/10.1016/j.colsurfa.2019.124252
https://doi.org/10.1016/j.compag.2017.02.010
https://doi.org/10.1590/s0100-83582019370100092
https://doi.org/10.1590/S0100-83582011000200004
https://doi.org/10.15202/1981996x.2018v12n2p112
https://doi.org/10.15202/1981996x.2018v12n2p112
https://doi.org/10.1590/0103-8478cr20131604
https://doi.org/10.1590/0103-8478cr20131604

CIENCIA E CULTURA - Revista Cientifica Multidisciplinar do Centro Universitario da FEB

Thomas, M. C., Flores, F., Kaserzon, S., Fisher,
R., & Negri, A. P. (2020). Toxicity of ten
herbicides to the tropical marine microalgae
Rhodomonas salina. Scientific Reports, 10(1),
7612. https://doi.org/10.1038/s41598-020-64116-y

Turnage, G., Lazaro-Lobo, A., Blassingame, B.,
Robinson, O., Calhoun, K., & Ervin, G. N. (2023).
American frogbit response to herbicides. Journal
of Aquatic Plant Management, 61(1), 11-14.

United States Environmental Protection Agency —
USEPA. (2023, September 15). Technical overview of

Ciéncia e Cultura

vol. 20, 242005, 2024

ecological risk assessment - analysis phase: ecological
effects characterization (9 p.). Washington: USEPA.

Velini, E. D., Osipe, R., & Gazziero, D. L. P.
(1995). Procedimentos para instalagdo, avaliagdo
e analise de experimentos com herbicidas (42 p.).
Londrina: Sociedade Brasileira da Ciéncia de
Plantas Daninhas.

Wersal, R. M., & Madsen, J. D. (2007). Comparison
of imazapyr and imazamox for control of parrotfeather
(Myriophyllum aquaticum (Vell.) Verdc.). Journal
of Aquatic Plant Management, 45, 132-136.

1111



https://doi.org/10.1038/s41598-020-64116-y

