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O

Aspersao e Inundagéo

ABSTRACT - Herbicides of the imidazolinone group have been used in irrigated rice
and presented a long persistence in the soil, especially in floodplain areas with a low
drainage, and could cause environmental contamination. This study aims to evaluate
the leaching and residual of herbicides belonging to the imidazolinone group in
sprinkler and flood irrigation systems. The experiment was carried out under
greenhouse conditions, with the application of the herbicides imazethapyr,
imazethapyr + imazapic, and imazapyr + imazapic in soil irrigated by flooding and
sprinkling. Subsequently, the soil was collected from the layers of 0-5, 5-10, 10-15,
15-20, and 20-25 cm and packed in 500 mL capacity plastic pots in order to sow
tomato as a bioindicator plant of the presence of the herbicides belonging to the
imidazolinones. Phytotoxicity, length, and shoot dry matter mass of tomato plants
were evaluated at 10 and 20 days after emergence. The herbicides of the imidazolinone
chemical group presented a high potential for leaching and persistence with effects
for more than 180 days after application. Based on the symptoms presented by the
sensitive crop, the degradation of imazethapyr, imazethapyr + imazapic, and imazapyr
+ imazapic in the 0-15 cm layers was higher in soil with sprinkler irrigation when
compared to flood irrigation. Thus, non-flooded soils present a greater capacity to
degrade the herbicides belonging to the imidazolinone chemical group.

Keywords: Oryzasativa L., environmental contamination, ALS inhibitors.

RESUMO - Herbicidas do grupo das imidazolinonas tém sido utilizados em arroz
irrigado e apresentado longa persisténcia no solo, principalmente em areas de
varzea, com baixa drenagem, podendo ocasionar contaminacdo ambiental.
Objetivou-se, com este trabalho, avaliar a lixiviacdo e o residual dos herbicidas
pertencentes ao grupo das imidazolinonas em sistemas de irrigacdo por aspersédo
e inundagéo. O experimento foi conduzido em casa de vegetacao, sendo realizada
a aplicacdo dos herbicidas imazethapyr, imzethapyr + imazapic e imazapyr +
imazapic em solo irrigado por inundacéo e asperséo. Posteriormente, o solo foi
coletado nas camadas de 0-5, 5-10, 10-15, 15-20 e 20-25 c¢cm e acondicionado em
vasos plasticos com capacidade para 500 mL, para se efetuar a semeadura de
tomate como planta bioindicadora da presenca dos herbicidas pertencentes as
imidazolinonas. Avaliou-se a fitotoxicidade, o comprimento e a massa seca da
parte aérea das plantas de tomate aos 10 e 20 dias ap6s a emergéncia. Os herbicidas
do grupo quimico das imidazolinonas apresentaram alto potencial de lixiviacéo e
persisténcia, cujos efeitos permanecem por mais de 180 dias ap6s a aplicacdo. A
degradacdo do imazethapyr, imazethapyr + imazapic e imazapyr + imazapic, nas
camadas de 0-15 cm, foi superior em solo com irrigacdo por asperséo,
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comparativamente a irrigacao por inundacdo, com base nos sintomas apresentados pela cultura
bioindicadora. Pode-se afirmar que solos ndo inundados apresentam maior capacidade de degradacao
dos herbicidas pertencentes ao grupo quimico das imidazolinonas.

Palavras-chave: Oryza sativa L., contaminagdo ambiental, inibidores da ALS.

INTRODUCTION

To control the rice weed (red and black rice) in cultivated rice fields, herbicide-tolerant
cultivars of the imidazolinone chemical group were developed (SOSBAI, 2012). However, the use
of this herbicide group, which is sometimes inadequate, leads to environmental contamination
risks due to its residual effect, high solubility, and mobility in the soil, thus contaminating
groundwater (Jourdan et al., 1998).

Some herbicides in the imidazolinone chemical group are selective to important crops, such
as soybean and rice, and are broad-spectrum on weeds in these two cultivated species. These
herbicides are usually applied in pre- or post-emergence, controlling magnoliopsid and liliopsid
species (Steele et al., 2002), but can also be used as non-selective herbicides in non-agricultural
areas because of their high persistence in the soil (Masters et al. (1996), which is very important
for this herbicide group (Villa et al., 2006).

The herbicides belonging to the imidazolinone group are generally absorbed by roots and
leaves and transported by the phloem and xylem, being accumulated in the meristems, where
their mechanism of action occurs, with a reduction of the branched-chain aliphatic amino acid
levels valine, leucine, and isoleucine through the inhibition of the enzyme acetolactate synthase
(ALS) or acetohydroxyacid synthase (AHAS) (Kraemer et al., 2009). The main effects are the
decrease of the synthesis of these amino acids and, consequently, the reduction of the synthesis
of proteins, DNA, and a reduction in the transport of photoassimilates from the green leaves.
The symptoms of the action of these herbicides are visible, such as the decrease of plant growth,
elongation, and chlorosis between the ribs of the leaves (Tan et al., 2006).

Microbial and photolytic degradation are the principal means of dissipation of herbicide
molecules of the imidazolinone group (Mallipudi et al., 1991). Hydromorphic soils have a low
microbial activity and this characteristic hinders the degradation of the herbicide molecule
since an anaerobic condition occurs in irrigated rice areas (Mangels, 1991). In addition to this,
there is the maintenance of a water slide during most of the rice cycle, which decreases the
period in which the soil is under favorable conditions for a higher microbial activity. In this
case, with a reduced degradation, the herbicide shows its high persistence in the soil and can
trigger phytotoxic effects for crops grown after rice (Ball et al., 2003).

In plants sensitive to herbicides of the imidazolinone group, phytointoxication (carryover)
has been observed in successor crops after the application of these products (Villa et al., 2006).
In addition to the risk of contaminating surface water through leaching, the persistence of
herbicides of the imidazolinone group for long periods limits the use of sensitive crops sown in
rotation or succession to irrigated rice when conducted under the Clearfield® technology (Roman
et al., 2007).

The behavior of imidazolinones can be influenced by soil properties as these herbicides are
strongly affected by characteristics such as pH, moisture, organic matter, and texture (Goetz et
al., 1990). Imidazolinone molecules may behave both as an acid or base because of the presence
of the carboxylic (acid) and amino (base) functional groups, and the action is dependent on the pH
of the medium in which they are found (Pusino et al., 1997). The higher or lower availability of
these herbicides in the soil solution is related to their ionization coefficient (pKa) and solution
pH.

Imidazolinone degradation is closely related to the characteristics and conditions of soils,
but there is a lack of studies that evaluate the dissipation of these herbicides attributed to
different irrigation systems. This study had as objective to evaluate the leaching and residual of
herbicides of the imidazolinone group in sprinkler and flood irrigation systems.
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MATERIAL AND METHODS

The experiment was carried out in two stages: the first one in the field, at the Terras Baixas
Experimental Station, Embrapa Temperate Agriculture; and the second stage in a greenhouse of
the Eliseu Maciel Agronomy College, Universidade Federal de Pelotas. The research aimed to
evaluate the interaction between irrigation systems (flooding and sprinkling) and the efficiency
and permanence of herbicides with residual activity in the soil used in pre- and post-emergence
in the irrigated rice.

In the field, the experiment was carried out in the 2012/13 season in a completely randomized
design, arranged in a 2 x 9 x 5 factorial scheme, with four replications. In factor A, rice was
cultivated under two irrigation systems (sprinkling and flooding). In factor B, the following herbicide
treatments were applied when rice plants were at the phenological stage V3: T1 - without herbicide;
T2 - imazethapyr + imazapic — 75 + 25; T3 - imazethapyr + imazapic — 150 + 50; T4 - imazapic +
imazapyr — 73.5 + 24.5; TS5 - imazapic + imazapyr — 147 + 49; T6 - imazethapyr — 106; T7 -
imazethapyr — 212; T8 - sequential application of imazethapyr + imazapic — 75 + 25; and T9 -
sequential application of imazapic + imazapyr — 73.5 + 24.5 g ha'l. In factor C, soil samples were
randomly collected from the 0-5, 5-10, 10-15, 15-20, and 20-25 cm layers in the plots that had
previously been applied the herbicide treatments (factor B). Four sub-samples were used for
each treatment and then they were homogenized.

The soil where the experiment was installed is classified as a solodic Eutrophic Haplic Planosol,
Pelotas mapping unit (Embrapa, 2012). The physicochemical characteristics of the soil on which
the experiment was conducted are shown in Table 1.

Table 1 - Soil physicochemical characteristics of the experimental area (solodic Eutrophic Hydromorphic Planosol).
Embrapa/UFPel Agreement — Capéo do Ledo, RS, 2013

pHwater Clay | oM Phosphorus | Potassium Calcium | Magnesium | Aluminum
(1:1) (%) (mg dm) (cmolc dm3)
5.5 16 1.3 6.7 43 43 2.0 0.1

Sprinkler irrigation was performed every time soil water pressure reached a level of 0.2 kPa,
which was monitored by sensors installed in the area. The conventional irrigation was carried
out 24 hours after the application of herbicide treatments and the first nitrogen application,
being maintained an 8 cm water depth until the crop physiological maturation.

Subsequently, in the first semester of 2013, the second stage of the study was conducted in
a greenhouse. The homogenized soil samples were conditioned in S00 mL capacity plastic pots,
where eight tomato seeds were sown. This species is considered as a bioindicator plant because
it is sensitive to the herbicides of the imidazolinone group. Each soil layer had four replications,
totaling 360 experimental units. To perform the bioassay, the excess of plants was thinned,
maintaining five tomato plants per pot. Thus, in this stage, the experimental design was a
completely randomized design arranged in a 2 x 9 x 5 factorial scheme with four replications,
with the same treatments already described in the experiment of the first stage.

Herbicide phytotoxicity to tomato plants was evaluated at 10 and 20 DAE (days after
emergence), being performed visually, assigning percentage values from O to 100 for the absence
of symptoms and the complete death of plants, respectively (SBCPD, 1995). Shoot length (SL) was
determined with a millimeter ruler at 10 and 20 DAE by measuring the distance from the ground
up to the end of the last fully developed leaf. Shoot dry matter (SDM) was determined by cutting
the five tomato plants close to the soil, drying them in a forced air circulation oven at 60 °C until
constant weight, and weighing them in a precision balance. Herbicide leaching was estimated
by a bioassay, using the previously described evaluations.

The data were analyzed for homoscedasticity and normality. Subsequently, the data were
submitted to the analysis of variance (p<0.05). In case of statistical significance, the treatments
corresponding to the residual of herbicides, as well as their effects at different depths (soil layers),
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were compared by the Tukey’s test (p<0.05), and the irrigation systems (flooding and sprinkling)
were compared by the Student t test (p<0.05).

RESULTS AND DISCUSSION

The interactions were irrigation systems with soil layers and herbicides with irrigation
system for all the analyzed variables. The data of phytotoxicity, shoot length, and shoot dry matter
showed leaching of the herbicide treatments and its phytotoxic effects were detected up to a
depth of 20-25 cm. A difference was observed between irrigation systems, in which the herbicides
had the highest effect on tomato plants in the flooded system in the surface layers of the soil
profile.

A difference was observed in the phytotoxicity of tomato plants between soil layers, as well as
irrigation systems, with the highest effects of herbicide residual activity observed in the flooded
system and more pronounced in the 0-15 cm layer (Table 2). This result indicates that even
imidazolinones have presented a high leaching potential, these herbicides tend to be concentrated
in the layers closest to the soil surface, which is in accordance with the results obtained by
Kraemer et al. (2009) and Martini et al. (2011), who obtained similar results when working in a
soil classified as an arenic Eutrophic Hydromorphic Planosol.

Table 2 - Estimate of imidazolinone leaching at different soil
layers observed by phytotoxicity at 10 days after emergence
of tomato plants sown at 180 days after herbicide application
as a function of two irrigation systems. Embrapa/UFPel
Agreement — Capao do Ledo, RS, 2013

The phytotoxicity evaluations showed for
the sprinkler irrigation system that the highest
values occurred in the 15-20 and 20-25 cm
layers (Table 2). The difference of phytotoxicity
for the irrigation systems is mainly because
of the high microbial activity in the soil surface

(M Days after emergence of tomato plants. @ Means followed by
different lowercase letters in the column differ from each other by
the Tukey’s test (p<0.05). ® Means followed by different uppercase

Phytotoxicity (%) layers, which is favored in the sprinkler
Layer (cm) 10 DAE® irrigation system, resulting in a higher
Sprinkling Flooding degradation of herbicides when compared to

0-5 5.19 b®B® 12.55 abA the flood irrigation system.
15(;_1105 1(2)3i EZA ii'igzzA In the interaction between herbicide
: : treatments and irrigation systems, differences
1520 1294 aA 7.33 beB were observed in the herbicide activity
20:25 10.75 abA 347 ¢B regarding phytotoxicity (Table 3). For the
Mean 10.39 10.56 sprinkler irrigation system, a difference was
CV (%) 25.08 3171 observed only in the formulated mixture of

imazethapyr + imazapic (T2), which presented
the lowest phytotoxicity value, with the same
occurring in the flooded system.

letters in the row differ from each other by the Student t test
(p=0.05). Regarding the phytotoxicity evaluations,

more than 50% difference was observed
between the sprinkler and the flooded irrigation systems in the surface soil layer (0-5 cm), but
in the intermediate layers (5-10 and 10-15 cm), the values were equivalent. However, in the
15-20 and 20-25 cm layers, a reduction in the herbicide effects was observed in the flooded
system (Figure 1). Therefore, in general, a difference was observed in the residual distribution
of herbicides of the imidazolinone group in the soil layers as a function of the irrigation system,
which contributes differently to the herbicide degradation and, consequently, to its persistence
in the soil (Table 4).

However, in the flooded system, the treatments that had the most expressive phytotoxicity
values were T3 and TS5, a behavior already expected since it was twice the commercial dose of
imazethapyr + imazapic and imazapic + imazapyr, respectively. This characteristic was
maintained for both phytotoxicity evaluations. However, these treatments did not maintain the
same behavior in the sprinkler irrigation system (Figure 2), not differing from the others (Table 5).

For the variable shoot length, the behavior of values remained similar to that of phytotoxicity.
A reduction was observed in the height of tomato plants in the flooded system when compared to
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Table 3 - Phytotoxicity in tomato plants at 10 days after emergence observed in different herbicide treatments sown at 180 days
after herbicide application as a function of two irrigation systems. Embrapa/UFPel Agreement — Capao do Ledo, RS, 2013

Phytotoxicity (%)
Herbicide Pose 10 DAE®
(ga.e. ha') — -
Sprinkling Flooding
T1 - control - 0c® Oc
T2 - imazethapyr + imazapic(" 75+ 25 3.70 Bc 4.95 be
T3 - imazethapyr + imazapic) 150 + 50 10.60 Ab 21.8a
T4 - imazapyr + imazapic" 73.5+24.5 11.90 Ab 8.20 bc
T5 - imazapyr + imazapic(!) 147 + 49 10.05 Ab 19.35a
T6 - imazethapyr() 106 11.65 Ab 8.95 bc
T7 - imazethapyr() 212 16.00 A 9.40 be
T8 - imazethapyr + imazapic(!-? 75+ 25 11.45 Ab 7.90 be
T9 - imazapyr + imazapic(!-? 73.5+24.5 17.25 A 13.55 ab
Mean - 10.40 10.56
CV (%) - 29.53 32.87

() Applied in post-emergence in 3 to 4 leaf rice plants. @ Applied in pre-emergence after sowing the irrigated rice. ® Days after herbicide
application. @ Means followed by different lowercase letters in the column differ from each other by the Tukey’s test (p<0.05).

(A) (B)
0-5 0-5
F———
N Sprinkling
[ Flooding
5-10 5-10 I Sprinking
[ Flooding

Layer (cm)

Phytotoxicity at 10 DAE (%) Phytotoxicity at 20 DAE (%)

* The confidence interval (95%) compares the irrigation systems at each soil layer. Embrapa/UFPel Agreement — Capao do Ledo, RS, 2013.

Figure 1 - Estimate of leaching of imidazolinones from the phytotoxicity observed at different soil layers at 10 (A) and 20 (B)
days after emergence in tomato plants sown 180 days after herbicide application as a function of two irrigation systems.

the sprinkler irrigation system, which occurred up to the 10-15 cm layer (Figure 3). This would
be the breakeven point between both systems. From this point on, the scenario reverses and so
does the phytotoxicity and shoot dry matter.

The reduction in plant height is one of the characteristics that has been sensitive to the
action of herbicides of the imidazolinone group (Silva et al., 1999; Pinto et al., 2009). Studying
the herbicide behavior of the imidazolinone chemical group, Briguenti et al. (2002) demonstrated
that imazaquin and imazethapyr present long residual effects, which may negatively alter crops
in succession or rotation.

For the variable shoot dry matter (SDM), an interaction was observed between herbicide
treatments and irrigation systems, as well as between soil layers and irrigation systems. As
previously observed, all herbicide treatments had a similar behavior as a function of irrigation
systems. The difference in herbicide leaching was demonstrated by the values, in grams, obtained
from the dry matter of tomato plants.

In the sprinkler irrigation system, the herbicides remain at a higher concentration at layers
below 15 cm. For the herbicide imazethapyr + imazapic (T3), SDM values were around 50% lower
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W Sprinking

Table 4 - Estimate of imidazolinone leaching at different soil 307
(A) [ Flooding

layers observed by phytotoxicity at 20 days after emergence

of tomato plants sown at 180 days after herbicide application 254

as a function of two irrigation systems. Embrapa/UFPel
Agreement — Capao do Ledo, RS, 2013

20

Phytotoxicity (%)
20 DAE®

Layer (cm)

Phytotoxicity at 10 DAE (%)
>
|

Sprinkling
0-5 6.44 b@B®
5-10 9.17 abA
10-15 9.27 abA
15-20 12.33 aA 7.52 bB 0

20-25 11.08 abA 6.64 bB
Mean 9.65 9.91
CV (%) 22.68 2451

(M Days after emergence of tomato plants. ® Means followed by
different lowercase letters in the column differ from each other by 209
the Tukey’s test (p<0.05). ® Means followed by different uppercase
letters in the row differ from each other by the Student t test
(p=0.05).

Flooding
14.13 aA

9.36 abA 5
11.91 abA

1 2 3 4 5 6 7 8 9

Herbicide

25 (B)

_ I Sprinkiing
[ Flooding

in the flooded system when compared to the
sprinkler system (Table 6). However, for the
sprinkler system, the lowest SDM values were 5
concentrated at lower layers (15-20 and 20-
25 cm) (Table 7).

Phytotoxicity at 20 DAE (%)

The results of our study are in accordance Rt e e R

with those obtained by Silva et al. (1999), who
observed a high inhibition in shoot and root
dry matter production of sorghum sown at
60 days after imazethapyr application. Alister
and Kogan (2005) evaluated 11 crops sown at

Herbicide

* The confidence interval (95%) compares the irrigation systems
at each soil layer. Embrapa/UFPel Agreement — Capao do Ledo, RS,
2013.

Figure 2 - Estimate of the herbicide leaching control (1),

300 days after herbicide application and nine
of them presented a biomass production
reduced by the residual action of imazapyr +
imazapic or imazapyr + imazethapyr.

For SDM, the same breakeven point
between the carryover effects in the
intermediate layer (10-15 cm) (Figure 4) is

imazethapyr + imazapic (2), imazethapyr + imazapic — dose x
2 (3), imazapyr + imazapic (4), imazapyr + imazapic — dose x
2 (5), imazethapyr - dose x 2 (7), imazethapyr + imazapic —
sequential application (8), and imazapyr + imazapic —
sequential application (9) from the phytotoxicity observed at
different soil layers at 10 (A) and 20 (B) days after emergence
in tomato plants sown 180 days after herbicide application as
a function of two irrigation systems.

confirmed, which corroborates the hypothesis

that there is a difference in the degradation

dynamics and leaching of imidazolinones in areas of irrigated rice cultivation as a function of
the irrigation system.

Renner et al. (1988) verified that herbicides from the imidazolinone chemical group might
present a residual effect in the soil for up to two years and cause phytotoxicity depending on the
successor crop (Ball et al., 2003). Johnson et al. (1993) verified injuries in corn, cotton, sorghum,
and rice up to 52 weeks after imazethapyr application. Curran et al. (1992) also observed injury
in corn due to residues of imazethapyr applied to soybean in the previous year. These injuries
may be characterized by symptoms such as internodes shortening and yellowing of leaves (York
et al., 2000), reduction in plant height and increased lateral branching (Ball et al., 2003), and
reduction in plant stand or productivity (Loux and Reese, 1993).

Analyzing all the parameters evaluated in this study, the dynamics of residual distribution
of herbicides of the imidazolinone group in soils with the characteristics evaluated in these
surveys (low clay and organic matter contents) for the sprinkler irrigation system is inversely
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Table 5 - Phytotoxicity in tomato plants at 20 days after emergence observed in different herbicide treatments sown at 180 days
after herbicide application as a function of two irrigation systems. Embrapa/UFPel Agreement — Capao do Ledo, RS, 2013

Phytotoxicity (%)
.. Dose 3
Herbicide 4 20 DAE®
(ga.e.ha') — -
Sprinkling Flooding
T1 - control - 0d® 0d
T2 - imazethapyr + imazapic() 75 +25 3.85¢cd 4.65 cd
T3 - imazethapyr + imazapic(" 150 + 50 8.2 bed 23.65a
T4 - imazapyr + imazapic(!) 73.5+24.5 10.20 abc 11.65 be
T5 - imazapyr + imazapic" 147 + 49 8.35 bed 14.10 b
T6 - imazethapyr(!) 106 11.10 abe 9.15 bed
T7 - imazethapyr() 212 17.15a 8.65 bed
T8 - imazethapyr + imazapic(!?) 75 +25 12.85 ab 7.20 bed
T9 - imazapyr + imazapic(!-? 73.5+24.5 15.35ab 9.20 bed
Mean - 9.78 9.91
CV (%) ; 45.20 39.12

() Applied in post-emergence in 3 to 4 leaf rice plants. @ Applied in pre-emergence after sowing the irrigated rice. ® Days after herbicide
application. ® Means followed by different lowercase letters in the column differ from each other by the Tukey’s test (p<0.05).

os (A) s (B)
5-10 5-10
B £
s 10-15 S 10-15
3 Wl sprinkiing —
[ Flooding I sprinking
[ Fooding
15-20 15-20
20-25
20-25

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0
SL at 10 DAE (cm) SL at 20 DAE (cm)

* The confidence interval (95%) compares the irrigation systems at each soil layer. Embrapa/UFPel Agreement — Capao do Ledo, RS, 2013.

Figure 3 - Estimate of leaching of imidazolinones from the shoot length observed at different soil layers at 10 (A) and 20 (B) days
after emergence in tomato plants sown 180 days after herbicide application as a function of two irrigation systems.

related to the results obtained for the flood irrigation system observed in this study and in the
literature. Thus, we attempted to fit a linear equation that demonstrates, for the conditions
under which this research was carried out, the residual dynamics of herbicides used in Clearfield®
technology (imidazolinones) as a function of both irrigation systems, through two straight lines
that represent each system, with an intersection point located in the 10-15 cm layer (Figure 5).

Considering that the experiments were conducted on a sandy clay loam soil with a low
percentage of organic matter and that the adsorption of imazethapyr and imazapic to soil colloids
is relatively weak (Senseman, 2007), the difference in the behavior of the studied imidazolinones
in both irrigation systems is due not only to the irrigation method but also to the soil management.
In fact, in the flood irrigation system the soil is managed in a conventional way, being disturbed
up to the 15-20 cm layer, while in the sprinkler irrigation system it is cultivated under no-
tillage, in which soil structure and microorganisms are preserved.

According to Zablotowicz et al. (2000), the adoption of no-tillage can affect the destination of
herbicides through interactions with the organic carbon dissolved in the soil surface, microbial
degradation, and sorption of these products and their metabolites. Herbicide sorption in soil
affects to a lesser or greater degree its destination, activity, and persistence in the soil. For
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Table 6 - Shoot dry matter of tomato plants at 20 days after emergence observed in different herbicide treatments sown at 180
days after herbicide application as a function of two irrigation systems. Embrapa/UFPel Agreement — Capao do Ledo, RS, 2013

SDM (g)
Herbicide @ ;.)zslfa-l) __ 20DAEY .

Sprinkling Flooding
T1 - control - 0.25 a®WA® 0.23 aA
T2 - imazethapyr + imazapic!) 75+ 25 0.22 abcA 0.20 abA
T3 - imazethapyr + imazapic(") 150 + 50 0.22 abcA 0.11 ¢cB
T4 - imazapyr + imazapic(") 73.5+24.5 0.24 abA 0.20 abB
T5 - imazapyr + imazapic(") 147 + 49 0.23 abA 0.16 bB
T6 - Imazethapyr® 106 0.23 abcA 0.19 abB
T7 - Imazethapyr" 212 0.22 abcA 0.18 abB
T8 - imazethapyr + imazapic!? 75+ 25 0.24 aA 0.23 aA
T9 - imazapyr + imazapic(!-? 73.5+24.5 0.18 aA 0.17 abA
CV (%) - 223 19.78

() Applied in post-emergence in 3 to 4 leaf rice plants. @ Applied in pre-emergence after sowing the irrigated rice. ® Days after herbicide
application. @ Means followed by different uppercase letters in the row differ from each other by the Student t test (p<0.05). © Means

followed by different lowercase letters in the column differ from each other by the Tukey’s test (p<0.05).

Table 7 - Shoot dry matter of tomato plants observed at
different soil layers at 20 days after emergence sown at 180
days after herbicide application as a function of two irrigation
systems. Embrapa/UFPel Agreement — Capao do Ledo, RS,

(M Days after emergence of tomato plants. @ Means followed by
different lowercase letters in the column differ from each other by
the Tukey’s test (p<0.05). ® Means followed by different uppercase
letters in the row differ from each other by the Student t test
(p<0.05).

most herbicides (anionic or cationic), a direct
correlation is observed between sorption and
the organic and mineral content of soils.

The leaching process and residual of the

2013
herbicide imazethapyr were observed by
SDM (g) Kraemer et al. (2009), who evaluated two soil
Layer (cm) 20 DAE(D man.agement systems and .observe.d the
— , herbicide leaching up to 20 cm in the soil. The
Sprinkling Flooding . .. .

imazethapyr concentration in the conventional

0-5 0.2814 a@A®) 0.1717 bB .
system was concentrated in the 0-5 cm layer
5-10 0.2628 aA 0.1975 aB when compared to the no-tillage system. In
10-15 0.2058 abA 0.2061 aA contrast, the total amount of herbicide
15-20 0.1736 bA 0.1964 aA remaining in the soil 540 days after the last
20-25 0.1900 bA 0.1792 bA application was not affected by the soil tillage

CV (%) 17.85 19.25 system.

The degradation rate and herbicide
persistence of the imidazolinone chemical
group, for example, are influenced by
temperature, moisture, soil organic matter,

and herbicide adsorption to the soil (Goetz et al.,

1990). Imazethapyr can be released by
volatilization, photodecomposition, microbial degradation, chemical degradation or plant
absorption rate (Goetz et al., 1990). However, this herbicide dissipates mainly by biodegradation,
with a half-life ranging from 53 to 122 days in aerobic soil (Flint and Witt, 1997). On the other
hand, Mangels (1991) states that, under anaerobic conditions, as in irrigated rice crops, no
significant degradation occurred in a period of two months.

Studies indicate that, with an increased soil pH, imazethapyr adsorption to soil decreases,
while its adsorption increases with an increase in soil organic matter (Goetz et al., 1990). This
is due to the anionic nature of the herbicide molecules (Loux and Reese, 1993), leading to the
reduced availability of imazethapyr for microbial degradation. This can be observed in the
difference of values of phytotoxicity and SDM between both irrigation systems in the soil surface
layers. The area related to the flood irrigation system remained with the soil saturated after
harvest due to a poor drainage, a situation in which the availability of herbicides in the soil
solution occurs and makes its degradation by microbial action difficult, unlike the sprinkler
system.
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In contrast, the high solubility of
herbicides used in the soil with a low organic
matter and clay contents, better structural
5-10 conditions that facilitate the gravitational
drainage, and precipitations in the period may
have facilitated their percolation, providing
higher concentrations of the herbicide in
deeper soil layers, where microbial degradation
is not so efficient. Studies indicate that
imazethapyr in undisturbed soils moves in the
soil column up to 30 cm (O’Dell et al., 1992).
I The sorption has a strong impact on the
distribution, bioavailability, and persistence of

SOM(9) herbicides in the environment.

* The confidence interval (95%) compares the irrigation

systems at each soil layer. Embrapa/UFPel Agreement — Capdo
do Ledo, RS, 2013.

0-5

10-15

Layer (cm)

15-20

I Sprinkling
[ Flooding

Thus, the herbicides used in the Clearfield®
technology (imazethapyr and the formulated
mixtures imazethapyr + imazapic and imazapyr
+ imazapic) has a high leaching potential,
reaching depths of up to 25 cm in irrigated
rice soil at six months after application.
The herbicides of the imidazolinone group,
recommended for rice weed control in
o5 Clearfield® rice, have a high persistence in the
soil and their phytotoxic effects can be observed
up to 180 days after application. According to
Pinto et al. (2009), the presence of
imidazolinones negatively interferes with
ryegrass growth up to six months after
application and the use of these Clearfield®

Figure 4 - Estimate of leaching of imidazolinones from the
shoot dry matter observed at different soil layers at 20 days
after emergence in tomato plants sown 180 days after
herbicide application as a function of two irrigation systems.

5-10

1520 herbicides in consecutive seasons may
increase the persistence of these molecules in
I Sprinking 3

The behavior of herbicides belonging to the
imidazolinone chemical group has a relative
variation depending on edaphoclimatic
factors and molecule’s own characteristics

Phytotoxicity (%)

Figure 5 - Linear demonstration of the interaction of

imidazolinone leaching in tomato plants sown 180 days after
application of the herbicides in five soil layers as a function of
the flood irrigation system. Capao do Ledo, RS, 2013.

(Senseman, 2007). This makes the results
found in the literature sometimes divergent
when trying to compare the behaviors of the

same herbicide. These divergences are related
to the different environmental, soil, and management conditions found at each growing site.

The main soil-related variables that interfere with the dynamics of these herbicides are pH
(Loux and Reese, 1993), organic matter content (Stougaard et al., 1990), texture (Loux and Reese,
1993), management Kraemer et al., 2009), and soil moisture (Baughman and Shaw, 1996).
Regarding the molecules, characteristics such as solubility (Avila, 2005), ionization capacity
(Inoue et al., 2007), soil adsorption coefficient, and type of degradation are the ones that most
interfere with this behavior.

Leaching, drainage, and surface runoff are the main routes responsible for the movement of
herbicides in the soil. The processes that occur between soil and herbicides that determine
losses are also variable in time and space. Thus, it is necessary to understand the spatial
characteristics of soils, their hydrology, and associated herbicide use patterns (Carter, 2000).

Therefore, the sprinkler irrigation system contributes to a higher degradation of
imidazolinones located up to 15 cm deep, whose residual effect is detected with tomato plants.
The herbicides of the imidazolinone chemical group present a high leaching potential and
persistence for the conditions under which this research was carried out, whose effects remain
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for more than 180 days after application and can be observed by sensitive species. With the
increased degradation in the upper soil layers, the risk of environmental contamination caused
by surface runoff is lower. The degradation of the herbicides imazethapyr, imazethapyr + imazapic,
and imazapyr + imazapic in the 0-15 cm layers is higher in the sprinkler irrigation when compared
to the flood irrigation in the irrigated rice crop.
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