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Persistência no Solo de Herbicidas Utilizados no Sistema Clearfield®
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 ABSTRACT - The commercial mixture of imazethapyr and imazapic herbicides has been used
for the control of red rice and several other species of weeds found in rice crops; this system
called Clearfield. However, its use may limit the succession of non-tolerant crops for long
residual activity. The research objective with this work was to determine the persistence of
imazethapyr, imazapic and their mixture in three soils in the Brazilian state of Tocantins.
Three experiments were conducted in a completely randomized design with four replications,
each corresponding to the evaluated soil (Haplic Plinthosol (FX), red-yellow Latosol (LVA) and
Haplic Gleysol (GX)). The treatments were arranged in a split plot design, with the allocated
plots herbicides (imazethapyr and imazapic alone and commercial mixture) and the plots
allocated the 11 evaluation times (1, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150 days after
treatment (DAT)), and a control without application. Contacted up long residual effect of
imazethapyr and commercial mixture of imazethapyr and imazapic, regardless of assessed soil.
After 150 days of applying herbicides or the commercial mixture, their residues in the soil
also inhibited approximately 94% of the mass of the dry matter accumulation of the indicator
plants. When imazapic was applied alone, there was a higher dry matter accumulation of the
indicator plants, indicating less residual effect of this herbicide in the soil and this was
attributed to the lower dose of this herbicide applied. The attributes of the soil pH, texture
and iron oxides were what most affected the persistence of the herbicides. It can be concluded
that the persistence of imazethapyr and imazapic is too long in the Brazilian state of Tocantins
soils and the use of these herbicides in the region should be avoided due to the high risk of
the occurrence of carryover,or be well planned, as land use in rotation for susceptible crops.

Keywords:  carryover, imazapic, imazethapyr, only®.

RESUMO - O sistema de cultivo Clearfield® utiliza os herbicidas imazethapyr e imazapic
no controle de plantas daninhas. Um dos principais problemas relacionados ao uso desse
sistema é a restrição ao cultivo de outras culturas, causada pelo efeito residual dos
herbicidas. Três experimentos foram realizados para avaliar a persistência do imazethapyr
e imazapic em solos utilizados no sistema Clearfield®. Cada experimento correspondeu a
um solo avaliado: Plintossolo Háplico, Latossolo Vermelho-Amarelo ou Gleissolo Háplico.
O imazethapyr e o imazapic isolados e em mistura comercial foram aplicados no solo, e
seu residual foi avaliado em 11 épocas (1, 15, 30, 45, 60, 75, 90, 105, 120, 135 e 150 dias
após o tratamento). A planta indicadora utilizada foi o sorgo (Sorghum vulgare). O
imazethapyr e sua mistura com o imazapic causaram reduções da matéria seca das plantas
indicadoras superiores a 94%, mesmo após 150 dias da aplicação, independentemente
do solo avaliado. O imazapic causou menor inibição do crescimento do sorgo, indicando
menor efeito residual desse herbicida nos solos. A mistura comercial teve maior persistência,
comparada à aplicação isolada dos herbicidas. Independentemente do tipo de solo, a
persistência do imazethapyr foi maior que a do imazapic.
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INTRODUCTION

Imazethapyr and imazapic are herbicides
from the imidazolinones chemical group that
act in the inhibition of the acetolactate
synthase (ALS) enzyme and have an action in
the control of weeds in postemergence in
soybean crops and in preemergence and
postemergence in peanut and sugarcane
crops, respectively (Rodrigues & Almeida,
2011). The commercial mixture of these
herbicides has been widely used in crops
resistant to imidazolinone cultivated in the
Clearfield® Production System due mainly to
the excellent control of troublesome
weeds such as weedy rice (also known as red
rice).

Although used in low doses, imazethapyr
and imazapic can remain for long periods in
the soil, which can cause agronomic and
environmental problems (Kraemer et al.,
2009). Herbicides with long residual effect
exercise a prolonged weed control, but can
cause poisoning in crops sown in succession
and contaminate groundwater and water
sources, either by leaching or surface runoff
(Oliveira & Brighenti, 2011).

Factors such as sorption, leaching,
degradation, and/or biological transformation
regulate the concentration and flow of
herbicides in the soil, determining the
persistence of these molecules (Oliveira
Junior & Regitano, 2009). Furthermore, the
soil physical and chemical properties and
the nature of the compound also directly
influence the persistence of pesticides in
the environment (Prata et al., 2003). The
persistence of imidazolinones in the soil
influences the pH (Aichele & Penner, 2005),
moisture (Baughman & Shaw, 1996) and the
soil organic matter content (Stougaard et al.,
1990; Jourdan & Ayeni, 1998). Overall,
imazethapyr and imazapic suffer from limited
biodegradation under anaerobic conditions
(Senseman, 2007), which increases the
persistence in hidromorphic soils and a
residual effect on the susceptible rice may
occur even after 12 months of application (Villa
et al., 2006).

Knowledge of the persistence of
imazethapyr and imazapic in tropical soils is

important to improve the agronomic efficiency
of herbicides and reduce the risk of
environmental contamination. Thus, the
objective of this study was to evaluate
the persistence of herbicides imazethapyr
and imazapic applied alone or in a
commercial mixture in soils cultivated in
the Clearfield®system.

MATERIAL AND METHODS

Three experiments were carried out in a
greenhouse at the public, federal university
of the state of Tocantins, in Brazil,
Universidade Federal do Tocantins – UFT
campus from November 2012 to January 2013.
Each experiment corresponded to a type of soil
studied: Haplic Plinthosol (FX), red-yellow
Latosol (LVA) and Haplic Gleysol (GX), collected
in the cities of Formoso do Araguaia,
Gurupi and Lagoa da Confusão, respectively.
All soil samples were collected at 0-20 cm
depth, sieved through 4 mm meshes and
subsequently characterized, chemically and
physically, according to Empresa Brasileira de
Pesquisa Agropecuária – Embrapa (1997)
(Tables 1 and 2). Soil liming was not
performed. To maintain good growth of the
indicator plants, these were irrigated with a
complete nutrient solution of Hoagland &
Arnon (1950).

The experiments were conducted in a
completely randomized design with four
replications. The treatments were arranged
in a split plot design. The plot consisted of
herbicides imazethapyr, imazapic and the
commercial mixture (imazethapyr + imazapic)
and the subplots by 11 sowing seasons of
the bioindicator species – 1, 15, 30, 45, 60, 75,
90, 105, 120, 135 and 150 days after the
treatment (DAT). A control without herbicide
application was added. The accumulation of
dry matter of the treatments was converted to
a percentage relative to the control dry matter
accumulation.

Plastic pots with a capacity of 0.33 dm3

were filled with soil. Imazethapyr and
imazapic, alone and in a commercial mixture
in doses of 75 and 25 g ha-1, respectively, were
applied in the pots surface.

 A pressurized sprayer at compressed CO2
was used, equipped with two nozzles TT11002,
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spaced 0.50 m, kept in pressure of 25 lb pol-2,
with spray volume of 150 L ha-1.

Sorghum (Sorghum vulgare), cultivar
BRS 655, was used as an indicator plant of the
herbicides. Soil moisture was maintained by
means of daily watering, keeping the soil at
field capacity. At 21 days after emergence
(DAE) of sorghum, intoxication evaluations
were held – visual scale ranging from 0 to 100,
where 0 means no symptom and 100 means
plant death. Subsequently, the plants were
cut close to the ground and wrapped in
paper bags. These were taken to dry in an
oven and then the plants dry matter was
determined.

For interpretation of results, data were
submitted to analysis of variance. For
quantitative data, regression curves were
generated, and for the qualitative data, the
values of Significant Mean Difference (SMD)
by the Tukey’s test at 5% were introduced.

Table 1 - Chemical, physicochemical, and physical characteristics and sample texture of Haplic Plinthosol (FX), red-yellow Latosol
(LVA) and Haplic Gleysol (GX) soils

P K Ca2+ Mg2+ Al3+ H+Al (t) V m Soil pH 
(H20) (mg dm-3) (cmolc dm-3) (%) 

FX 6.1 3.5 27 3.39 1.35 0.00 3.0 4.8 61.6 0.0 
LVA 5.7 0.8 79 0.99 0.52 0.00 4.7 1.7 26.7 0.0 
GX 5.2 1.3 82 1.69 0.75 0.57 5.2 3.2 33.8 17.7 

Ferrioxalate Ferrous dithionite OM  
(dag kg-1) 

FX 0.10 1.29 2.22 
LVA 0.14 2.19 3.00 
GX 0.56 0.83 2.35 

 Analyses carried out according to the methodology of Empresa Brasileira de Pesquisa Agropecuária (Brazilian Corporation of Agricultural
Research) – Embrapa (1997).

Table 2 - Results of the physical analyses and texture classification of the Haplic Plinthosol (FX), red-yellow Latosol (LVA) and
Haplic Gleysol (GX) soil samples

Coarse sand Fine sand Silt Clay Soil 
(dag kg-1) 

Textural class 

FX 17 30 16 37 Clayey-sandy 
LVA 32 23   6 39 Clayey-sandy 
GX   0 32 45 23 Loam 

 Analyses carried out according to the methodology of Empresa Brasileira de Pesquisa Agropecuária (Brazilian Corporation of Agricultural
Research) – Embrapa (1997).

RESULTS

Haplic Plinthosol (FX)

The largest dry matter accumulation when
applying imazapic from 75 DAA in relation to
imazethapyr and the mixture is due to the
decrease of the herbicide concentration in the
soil solution (Figure 1, Table 3). This fact is
probably related to the lower rate of application
in relation to the commercial mixture and
imazethapyr alone since the physicochemical
characteristics of these molecules are
similar. Research involving the persistence of
imazapic with different application doses in a
(clayey textured) Distroferric Red Latosol
showed a high residual effect for this herbicide
(Ulbrich et al., 2005).

The lower dry matter of sorghum at 135
and 150 DAA, when applied to the commercial
mixture of imazethapyr and imazapic
(Figure 1), is due to the low degradation of the
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The vertical bar in each point represents the SMD (significant
mean difference) of the Tukey’s test, p < 0.05.

Figure 1 - Percentage of the shoots dry matter (SDM) of
sorghum plants at 21 days after emergence of seedlings sown
at different times after the application of imazethapyr and
imazapic alone and in a commercial mixture, in a Haplic
Plinthosol (FX).

Table 3 - Sorghum plant poisoning evaluated at 21 days after
emergence (DAE) of seedlings sown at different times after
the application of imazethapyr and imazapic alone and in a
commercial mixture, in a Haplic Plinthosol (FX)

Herbicide 
Imazethapyr 
+ imazapic 

(75 + 25 g ha-1) 

Imazethapyr 
(75 g ha-1) 

Imazapic 
(25 g ha-1) DAE 

Intoxication (%) 
1 100.0 100.0 100.0 

15 100.0 100.0 100.0 
30 100.0 100.0 100.0 
45 100.0 100.0 100.0 
60 100.0 100.0 91.2 
75 98.7 98.7 80.0 
90 96.0 94.7 62.2 

105 93.2 88.2 53.5 
120 88.2 85.0 33.2 
135 87.0 83.2 26.7 
150 84.7 82.2 23.2 

 

photolytic decomposition (Wang et al., 2006;
Espy et al., 2011).

The persistence of imazethapyr alone and
in a commercial mixture is higher than the
persistence of imazapic due to the fact that
the persistence of the imidazolinone chemical
group of herbicides is variable, depending on
physical and chemical characteristics of
the molecules, soil and climate conditions in
the period between its use and sowing of
non-tolerant plants (Kraemer et al., 2009). In
addition, other factors such as dose increase
(Silva et al., 1999), reduced pH (Tracy &
Penner, 2005) and the management adopted
in the area (Sudo et al., 2002; Añasco et al.,
2010) can also contribute to prolong the
residual activity of imidazolinone group of
herbicides. The dissipation of imazaquin,
imazethapyr and imazamox decreases when
the soil pH is reduced from 7.0 to 5.0 due to
sorption increase, with consequent reduced
bioavailability (Aichele & Penner, 2005). Even
in conditions of low sorption of the herbicide,
its low degradation may occur due to the low
microbial activity.

 Imazapyr degradation in low microbial
activity conditions may be 4.4 times slower in
sterile soils compared to soils under natural
conditions (Wang et al., 2005). Also, photolysis
rates are slower due to the low penetration of
light in the soil profile, especially in clayey
textured soils (Balmer et al., 2000; Frank et al.,
2002).

Red-yellow Latosol (LVA)

The lower dry matter values of sorghum
from 90 DAA in the presence of imazapic alone
is due to the higher persistence of the
herbicide in LVA in relation to FX (Figures 1
and 2). This phenomenon may be associated
with the lower pH value found in LVA when
compared to FX. The weak acid character of
the imazapic molecule coupled to soils with
lower pH values increases the sorption of
this herbicide in the soil. This fact is related
to the greater presence of the herbicide
molecules in the undissociated state, thus
suffering less repulsion of the soil negative
charges. Moreover, soils in more acidic pH
acquire anion exchange capacity (AEC),
increasing the interaction between the soil

herbicides in the soil. The degradation of the
imidazolinones is characterized by being slow
and continuous (Mangels, 1991). In addition
to the characteristics of the molecule, another
factor that may have contributed to the low
degradation of these herbicides in the
environment is their way of dissipation, which
is associated with microbial degradation and
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The vertical bar in each point represents the SMD (significant
mean difference) of the Tukey’s test, p < 0.05.

Figure 2 - Percentage of the shoots dry matter (SDM) of
sorghum plants in relation to the control, assessed at 21
days after emergence of seedlings sown at different times
after the application of imazethapyr and imazapic alone
and in a commercial mixture, in a red-yellow Latosol (LVA).

Table 4 - Sorghum plant poisoning evaluated at 21 days
after emergence (DAE) of seedlings sown at different
times after the application of imazethapyr and imazapic
alone and in a commercial mixture, in a red-yellow Latosol
(LVA)

Herbicide 
Imazethapyr 
+ imazapic 

(75 + 25 g ha-1) 

Imazethapyr 
(75 g ha-1) 

Imazapic 
(25 g ha-1) DAE 

Intoxication (%) 
1 100.0 100.0 100.0 

15 100.0 100.0 100.0 
30 100.0 100.0 100.0 
45 100.0 100.0 100.0 
60 100.0 98.7 97.5 
75 99.0 97.7 95.5 
90 97.2 96.2 86.2 

105 96.2 95.0 84.5 
120 96.0 85.7 69.7 
135 95.5 85.0 60.5 
150 90.0 83.0 57.0 

 

and the dissociated molecules of the herbicide.
Once sorbed in the soil, the concentration of
the herbicides in the solution thereof is lower,
reducing the molecule degradation rate.

The reduction of dry matter (DM) of the
sorghum plants and the high intoxication up
to 75 days after application of herbicides
imazethapyr and imazapic alone and in
a mixture (Table 4, Figure 2 ) are due to the
high persistence of these herbicides: above
150 DAA (Kraemer et al., 2009).

The residual effect in the soil of the
imidazolinone group of herbicides can last
up to two years (Renner et al., 1998) and,
depending on the successor culture, cause
phytotoxicity (Ball et al., 2003). Losses
associated with residual imazethapyr and
imazapic, alone or in a mixture, were reported
in different cultures: alfalfa, cotton, rice, oats,
rye, potato, canola, onions, sunflower, melon,
maize, peppers, radishes, cabbage, sorghum,
wheat and tomatoes (Bovey & Senseman,
1998; Alister & Kogan, 2005). These herbicides
in the planting of non-resistant rice can
reduce plant stand by residual effect from the
application of the imazethapyr and imazapic
mixture in previous harvests, but without
effect on yield (Villa et al., 2006). A time
interval of at least 18 months between the
application and conventional rice sowing is
suggested (Williams et al., 2002).

Haplic Gleysol (GX)

The reduction in sorghum dry matter
accumulation along the sowing times over 60%
by imazethapyr and imazapic, alone or in a
commercial mixture (Table 5, Figure 3 ), is due
to the residual activity of the commercial
mixture of these herbicides, which can
reach 1100 days after application, reducing
the DM of shoots in maize, cucumber, radish
and tomato planted in soils containing residues
of this mixture (Sousa et al., 2012). The
imidazolinones, at pH greater than their pKa,
have a predominance of negative charges;
imazethapyr and imazapic in highly weathered
soils can interact with the positive portions of
the organic matter, with metal cations and iron
oxides, so as to remain sorbed by not returning
easily to the soil solution, which would increase
their persistence (Firmino et al., 2008). In
clayey soils, sorption is attributed to the
concentration of ferrioxalate and ferrous
dithionite. In this circumstance, these
features may also have contributed to the
persistence of the imidazolinone group of
herbicides in Haplic Gleysol (GX) in view of their
relevant concentrations of ferrioxalate and
ferrous dithionite.
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The high concentrations of the herbicides
in soil at 45 days after application are due to
factors associated with the sorption of the
imidazolinone group of herbicides and how
they affect the persistence of these molecules
in the soil. Initially, the degradation of a
molecule occurs when it is in the soil solution,
and increased sorption of the herbicides to the

colloids reduces its concentration. This could
reduce the possibility of degradation of the
molecule via microbial and/or photolytic
decomposition (Tracy & Penner, 2005).

Imazethapyr, in a mixture or alone, has
kept a high reduction of the sorghum dry
matter up to 150 DAA (Figure 3), while that for
imazapic alone was only up to 60 DAA, which
is due to the product lower dose effect: the
imazapic applied dose is one fourth of the
imazethapyr + imazapic dose. The persistence
of imazethapyr and imazaquin in field
conditions has a consistent effect of the dose
on the half-life of the herbicides (Inoue et al.,
2000). As for the dose effect on the persistence
of imazethapyr, the application of 60 g ha-1 was
not sufficient to promote negative effects on
the accumulation of DM of maize cultivated
in succession with soybeans. However, the
100 g ha-1 dose promoted a significant residual
effect on maize (Dan et al., 2012). However,
imidazolinones exhibit an amphoteric
chemical nature, with two ionizable functional
groups: a carboxylic group (acid) and an amino
(basic); imazethapyr had an electrolytic
dissociation capacity (pKA) of 3.9 in the
carboxylic and 2.1 in the amino (Senseman,
2007). Imazethapyr and imazapic are
predominantly found in the ionic form and the
repulsion promoted by the soil negative
charges increases the bioavailability of these
herbicides in the soil solution (Loux et al.,
1993).

This study has proven that herbicides
imazethapyr and imazapic have long
persistence in Haplic Gleysol (GX) and may
remain in sufficient concentration to have a
negative effect on dry matter accumulation of
sensitive crop plants grown in succession to
the main crop in the a time interval longer
than 150 days after its application. Moreover,
the results obtained in experiments with
different soils – Haplic Plinthosol (FX), red-
yellow Latosol (LVA) and Haplic Gleysol (GX) –
show that the residual period of imazapic and
imazethapyr in a commercial mixture is
higher than when these herbicides are applied
alone. It was also found that the persistence
of these herbicides is dependent on the
physical and chemical characteristics of each
soil. In soils with lower pH values, imazethapyr
and imazapic had higher persistence. The

Table 5 - Sorghum plant poisoning evaluated at 21 days
after emergence (DAE) of seedlings sown at different
times after the application of imazethapyr and imazapic
alone and in a commercial mixture, in a Haplic Gleysol
(GX)

Herbicide 
Imazethapyr 
+ imazapic 

(75 + 25 g ha-1) 

Imazethapyr 
(75 g ha-1) 

Imazapic 
(25 g ha-1) DAE 

Intoxication (%) 
1 100.0 100.0  100.0  

15 100.0 100.0  100.0  
30 100.0 100.0  100.0  
45 100.0 100.0  100.0  
60 100.0 100.0  100.0  
75 100.0 100.0  97.0 
90 100.0 100.0  95.0 

105 100.0 100.0 90.0 
120 100.0 100.0 85.0 
135 100.0 100.0  80.0 
150 100.0 95.0  65.0 
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The vertical bar in each point represents the SMD (significant
mean difference) of the Tukey’s test, p<0.05.

Figure 3 - Percentage of the shoots dry matter (SDM) of
sorghum plants in relation to the control, assessed at 21
days after emergence of seedlings sown at different times
after the application of imazethapyr and imazapic alone
and in a commercial mixture, in a Haplic Gleysol (GX).
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lower residual soil period of imazapic used
alone in an application can be attributed to
the lower dose of this herbicide.

It follows, from the results of experiments
with different soils, that the residual period of
the commercial mixture was greater than the
herbicide application alone in all soils, followed
by imazethapyr and imazapic. It was also found
that the persistence of these herbicides is
dependent on the physical and chemical
characteristics of each soil. In soils with lower
pH values, imazethapyr and imazapic had
higher persistence. The lower residual soil
period of imazapic used alone in an application
can be attributed to the lower dose of this
herbicide.

The application of imazethapyr and
imazapic herbicides, alone or in combination,
in the evaluated soils resulted in long
residual effect. In addition, due to showing low
sorption in the soils studied, coupled with long
persistence in the conditions evaluated,
applications of these herbicides represent a
high risk of environmental contamination of
soil and surface and groundwater, as well as
the occurrence of carryover.
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