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Abstract 
The occurrence of volunteer corn (Zea mays L.) has been common in Brazilian crops due to the adoption of 
a succession of soybean (Glycine max (L.) Merrill) and corn resistant to glyphosate. The aim of this work was 
to evaluate the control of volunteer corn using different rates of acetyl-CoA carboxylase (ACCase) inhibitors 
herbicides at different phenological stages. The experiment was carried out in a greenhouse in a completely 
randomized design. The experiment was organized in a factorial scheme (3x7x2) with three herbicides 
(clethodim, quizalofop-P-tefuryl and clethodim + quizalofop-P-ethyl) applied at seven rates [0; 25; 50; 100; 
200; 400 and 800 mL of commercial product (C.P.) ha-1], and at two corn phenological stages (V3 and V6). 
Visual control (%) assessments were carried out at 14, 21 and 28 days after application of treatments (DAT) 
and shoot dry mass (SDM) at 28 DAT. The data were submitted to analysis of variance and to 
complementary analysis by logistic regression adjustment. For all herbicides, the control of volunteer corn 
was greater at V3 stage, requiring lower rates compared to V6. Complete visual control of volunteer corn 
plants at V3 was obtained with rates of 25 mL C.P. ha-1 for all herbicides evaluated, corresponding to 6, 3 
and 6 + 3 g a.i. ha-1 of clethodim, quizalofop-P-tefuryl and clethodim + quizalofop-P-ethyl, respectively. For 
V6 application, 400 mL C.P. ha-1 of clethodim (equivalent to 96 g a.i. ha-1) and 100 mL C.P. ha-1 of 
quizalofop-P-tefuryl (equivalent to 12 g a.i. ha-1) and clethodim + quizalofop-P-ethyl (equivalent to 24 + 12 g 
a.i. ha-1) were necessary to achieve 100% of plant mortality. Thus, the efficiency of clethodim was more 
dependent on the stage of application compared to others herbicides, requiring higher rates to achieve 
complete control of volunteer corn at V6. 
Keywords: clethodim; graminicides; quizalofop-P; Zea mays; weed control.  

 
 

Controle de milho voluntário com doses de inibidores da ACCase pós-emergentes aplicados em 
diferentes estádios fenológicos 

 
 

Resumo 
A ocorrência de milho (Zea mays L.) voluntário tem sido comum nas lavouras brasileiras devido à adoção da 
sucessão de soja (Glycine max (L.) Merrill) e milho resistentes ao glyphosate. O objetivo deste trabalho foi 
avaliar o controle de milho voluntário com diferentes doses de herbicidas inibidores da acetil-CoA 
carboxilase (ACCase) em diferentes estádios fenológicos. O experimento foi conduzido em casa de 
vegetação, em delineamento inteiramente casualizado. O experimento foi organizado em esquema fatorial 
(3x7x2), sendo três herbicidas (clethodim, quizalofop-P-tefuryl e clethodim + quizalofop-P-ethyl), aplicados 
em sete doses [0; 25; 50; 100; 200; 400 e 800 mL do produto comercial (P.C.) ha-1], em dois estádios 
fenológicos do milho (V3 e V6). Foram avaliados o controle aos 14, 21 e 28 dias após a aplicação dos 
tratamentos (DAT) e a massa seca da parte aérea (MSPA) aos 28 DAT. Os dados foram submetidos à análise 
de variância e à análise complementar por meio do ajuste de regressões logísticas. Para todos os 
herbicidas, o controle de milho voluntário foi maior em V3, demandando doses menores em comparação 
ao estádio V6. O controle total de plantas de milho voluntário em V3 foi obtido com doses de 25 mL P.C. ha-

1 para todos os herbicidas avaliados, correspondendo a 3, 6 e 3 + 6 g i.a. ha-1 de clethodim, quizalofop-P-
tefuryl e clethodim + quizalofop-P-ethyl, respectivamente. Para a aplicação em V6, foram necessários 400 
mL P.C. ha-1 de clethodim (equivalente a 96 g i.a. ha-1) e 100 mL P.C. ha-1 de quizalofop-P-tefuryl 
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(equivalente a 12 g i.a. ha-1) e clethodim + quizalofop-P-ethyl (equivalente a 24 + 12 g i.a. ha-1) para se 
atingir 100% de controle. Assim, a eficiência do clethodim foi mais dependente do estádio fenológico de 
aplicação em comparação aos demais herbicidas, requerendo doses maiores para atingir o controle total de 
milho voluntário em V6. 
Palavras-chave: Clethodim; controle de plantas daninhas; graminicidas; quizalofop-P; Zea mays. 

 
 
 
 

Introduction 
The introduction of Roundup Ready® (RR) 

corn (Zea mays L.) technology on the market has 
brought benefits to crop management in relation 
to weed control because it allows the use of 
glyphosate in post-emergence, which was quickly 
adopted by most brazilian farmers (ALBRECHT et 
al., 2014). However, the intensification of these 
hybrids adoption in the succession system with 
RR soybean (Glycine max (L.) Merrill) also favored 
the occurrence of volunteer RR corn plants into 
soybean crops (MARCA et al., 2015). 

Volunteer corn plants originate from the 
loss of grains during harvest. These losses can 
occur in the form of individual grains, which 
originate individual plants, or in the form of 
whole ears or ear fragments containing several 
grains, which give rise to several corn plants in 
the same point, called clump (PIASECKI et al., 
2018). About 1.34% of the grains produced by 
corn are lost during the harvest, which will 
germinate and cause interference in the next 
crop (TABILE et al., 2008). 

Corn is a plant with C4 metabolism, highly 
competitive for water, nutrients and light 
compared to soybean, which has C3 metabolism 
(SAGE, 2004). Thus, even at low densities, 
volunteer corn can significantly reduce soybean 
yield through the reduction in the number of 
pods per plant, grains per pod and average grain 
mass (SILVA et al., 2008). As they contain more 
plants clustered, ear clumps can cause greater 
losses in soybean compared to individual plants 
(LÓPEZ-OVEJERO et al., 2016; PIASECKI et al., 
2018). Soybean grain yield was reduced in 46% 
and 100% at densities of 0.5 and 12 clumps m-2, 
respectively, while the losses caused by the 
respective densities of individual plants were 22% 
and 89.6% (PIASECKI; RIZZARDI, 2016). In addition 
to the competition, the presence of volunteer 
corn in soybean affects harvest operations, 
increases the impurity and moisture of soybean 
grains and serves as hosts for pests and diseases 
(CHAHAL; JHALA, 2015). 

Among the alternatives to control 
volunteer RR corn in soybean crops, the 
application of acetyl-CoA carboxylase (ACCase) 
inhibitors in post-emergence is predominant 
(LÓPEZ-OVEJERO et al., 2016). ACCase is a key 
enzyme in the production of fatty acids in plants 
(COBB; READE, 2010). These herbicides are 
divided into three chemical groups: 
cyclohexanediones (DIMs), 
aryloxyphenoxypropanoates (FOPs) and 
phenylpyrazolines (DENs), the first two of which 
are recommended for the control of poaceae in 
soybean crops (COBB; READE, 2010; AGROFIT, 
2020). For DIMs, commercial products based on 
clethodim or sethoxydim are the most used. For 
the chemical group of FOPs, quizalofop-P-tefuryl 
and haloxyfop-P-methyl are widely known by 
producers. In addition to the availability of these 
isolated products, industry has commercialized 
mixtures of DIMs with FOPs for use in soybean 
crops, such as clethodim + quizalofop-P-ethyl and 
clethodim + haloxyfop-P-methyl (AGROFIT, 2020). 

The efficiency of these herbicides on the 
control of volunteer corn can be altered due to 
several factors, such as rate, mixture with other 
herbicides, hybrid corn, environmental conditions 
and plant growth stage, the latter being one of 
the most determining factors (MACIEL et al., 
2013; CARVALHO et al., 2019). In general, 
applications in early growth stages of corn result 
in greater efficiency, because young plants have a 
greater capacity for absorption and translocation 
of herbicides, due to the smaller leaf area and 
cuticle thickness (BLAKER; GREYSON, 1988; 
MARQUARDT; JOHNSON, 2013). However, the 
herbicides used can also be decisive in the 
control, and evaluations of new mixtures such as 
those recently available on the market should be 
conducted. Therefore, the objective of this work 
was to evaluate the control of volunteer RR corn 
in response to ACCase inhibitors applied at 
different phenological stages. 
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Material and Methods 
Experimental design and treatments 

The experiment was conducted in a 
greenhouse located at the Center for Agricultural 
Sciences of the State University of Londrina (UEL), 
Londrina- PR, from September 2018 to February 
2019, at natural conditions of light and 
temperature and periodic irrigation, keeping the 
soil close to field capacity. The experiment was 
carried out in a completely randomized design, 
and the treatments were organized in factorial 
(3x7x2) with three replications. The experiment 
was conducted in two experimental runs. The 
herbicides (factor A) used were clethodim 
(Select® 240 EC, 0.24 kg L-1, UPL), quizalofop-P-
tefuryl (Panther® 120 EC, 0.12 kg L-1, UPL) and 
clethodim + quizalofop-P-ethyl (Kroll®, 0.24 kg L-1 
of clethodim + 0.12 kg L-1 of quizalofop-P-ethyl, 
UPL). Each herbicide was applied at rates (factor 
B) of zero, 25; 50; 100; 200; 400 and 800 mL of 
the commercial product (C.P.) ha-1. According to 
the manufacturers, the recommended rates for 
the control of volunteer corn are: 72 to 108 g a.i. 
ha-1 for clethodim (equivalent to 300 to 450 mL 
C.P. ha-1); 36 to 48 g a.i. ha-1 for quizalofop-P-
ethyl (equivalent to 300 to 400 mL C.P. ha-1); and 
72 to 96 g a.i. ha-1 + 36 to 48 g a.i. ha-1 for 
clethodim + quizalofop-P-tefuryl (equivalent to 
300 to 400 mL C.P. ha-1). Applications were 
carried out at two phenological stages of the corn 
(factor C), at V3 and V6 stages (FANCELLI; 
DOURADO-NETO, 1997).  

 
Plant material 

The genetic material used was the hybrid 
corn Dekalb 265-Pro3, of super-early cycle, 
widely used in the second harvest of corn in 
Brazil. Six seeds were sown per 1 L pot containing 
a mixture of fine sand and oxysoil (1:1), 
previously fertilized with NPK 05-20-20 fertilizer 
at 300 kg ha-1. One week after sowing, thinning 
was carried out keeping three homogeneous 
plants per pot. To obtain the two stages of 
application, the operation was repeated when 
the first batch of plants had three developed 
leaves (phenological stage V3). Thus, on the day 
of application there were corn plants at stages V3 
and V6. 

 
Treatment application 

Herbicides application was carried out with 
a pressurized backpack sprayer (CO2) calibrated 
to deliver 200 L ha-1 using two TJ11002 nozzles 

spaced 0.5 m. The application was performed at 1 
m s-1 and 207 kPa, keeping the nozzles at 0.5 m in 
relation to the plant canopy.  As recommended 
by the herbicide manufacturer, Lanzar® (UPL) 
adjuvant (0.5% v/v) was added to the spray 
solution. During the application, the conditions of 
temperature, wind speed and relative humidity 
were adequate. 

 
Evaluations and data analysis 

The control of volunteer corn plants was 
evaluated at 14, 21 and 28 days after the 
application of treatments (DAT) using a 
percentage scale from zero to 100, with zero the 
absence of control and 100% total control. At 28 
DAT, plants shoot dry mass (SDM) were 
measured. For this, the three plants of each 
experimental unit were cut close to the ground 
and packed in paper bags. Then the samples were 
placed in an oven with air circulation at a 
temperature of 65 °C until reached constant 
mass. The samples were weighed on an analytical 
scale and the values were converted to 
percentage of SDM in relation to the respective 
untreated controls according to the stage of 
application. 

The data were submitted to analysis of 
variance with the support of the R software 
(version 3.5.3) in RStudio package (R CORE TEAM, 
2019). After the significance was verified, 
complementary analyzes were performed for 
qualitative treatments (herbicides and 
application stages) using the Tukey means 
comparison test (p <0.05), and for quantitative 
treatments (herbicide rates), the three-
parameter logistic regression was adjusted, 
according to Equation 1.  

 
y=a/1 +(x/x0)

b         Equation 1 
 
Where: 
 y = the percentage of control or SDM; 
a = the difference between the maximum 

and minimum points on the curve; 
x = the herbicide rate (in mL C.P. ha-1) that 

generates the y control; 
x0 = the herbicide rate (in mL C.P. ha-1) that 

causes 50% of the control or reduction of SDM 
obtained.  

 
From the values of x0, the values of C50 

(rate that causes 50% control) and GR50 (rate that 
reduces SDM by 50%) were estimated, by 
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replacing the y in the equation with 50 (RITZ et 
al., 2015). From these parameters, the tolerance 
factors (TF) were calculated for each herbicide 
obtained by dividing C50 at V6 by C50 at V3. The 
same was done for the GR50. 

 
Results and Discussion 

The joint analysis showed that there were 
no differences between the repetitions of the 
experiment. Therefore, the averages of the two 
evaluation periods were used for each treatment. 
Control at 14 days was greater in corn plants at 
stage V3 compared to V6 for all herbicides and 
rates evaluated (Figure 1). When applied at V3, 
the herbicides clethodim and quizalofop-P-tefuryl 
provided control greater than 80% at 100 mL C.P. 

ha-1 (Figures 1A and 1B). For the herbicide 
clethodim + quizalofop-P-ethyl, at the same 
application stage, the control was greater than 
90% from the lowest rate evaluated (25 mL C.P. 
ha-1) (Figure 1C). At V6 stage all herbicides 
provided low control, even at the highest rates 
tested (800 mL C.P. ha-1). Clethodim and 
quizalofop-P-tefuryl applied at 800 mL C.P. ha-1 
had less than 45% control on V6 plants, while for 
the mixture of clethodim + quizalofop-P-ethyl 
applied at the same rate the control reached 
60%. Thus, it was observed that at 14 DAT, the 
application of graminicides at V6 had higher C50 
values compared to the values obtained for the 
V3 stage (Table 1). 

 
 
 

Figure 1. Control of volunteer RR corn at 14 DAT in response to the application of rates of clethodim (A), 
quizalofop-P-tefuryl (B) and clethodim + quizalofop-P-ethyl (C) at V3 and V6 stages. * indicates significance 
by the Tukey test (p <0.05) between stages within the same herbicide rate. 
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Table 1. Parameters of the Log-logistic equation, correlation coefficient (R2), estimated C50 and GR50, and 
tolerance factor (TF) of volunteer RR corn according to the phenological stage (V3 or V6) of ACCase 
inhibitors application. 

Herbicide Stage 
a    b    x0      R2      C50     TF 

14 DAT 

Clethodim V3 101.43 -1.68 22.18 0.99 21.81 
> 36.68 

Clethodim V6 44.93 -0.83 79.49 0.99 > 800.00 

Quizalofop V3 99.95 -2.67 18.72 1.00 18.73 
> 42.73 

Quizalofop V6 40.50 -0.69 20.93 0.97 > 800.00 

Clethodim + Quizalofop V3 100.78 -0.95 1.68 0.99 1.65 
91.89 

Clethodim + Quizalofop V6 66.03 -1.22 59.78 0.97 151.88 

    21 DAT 

Clethodim V3 100.78 -1.77 13.78 0.99 13.66 
7.01 

Clethodim V6 100.92 -0.61 98.71 0.99 95.80 

Quizalofop V3 100.21 -1.30 2.23 0.99 2.22 
13.49 

Quizalofop V6 106.42 -1.03 33.72 0.99 29.99 

Clethodim + Quizalofop V3 99.36 -1.67 3.02 0.99 3.04 
2.76 

Clethodim + Quizalofop V6 102.13 -0.98 8.63 0.99 8.39 

    28 DAT 

Clethodim V3 100.57 -1.27 0.81 1.00 0.81 
31.42 

Clethodim V6 101.05 -1.48 25.79 0.99 25.43 

Quizalofop V3 100.10 -1.27 0.80 1.00 0.79 
6.86 

Quizalofop V6 100.11 -1.40 5.45 0.99 5.44 

Clethodim + Quizalofop V3 100.11 -1.28 0.80 1.00 0.80 
1.62 

Clethodim + Quizalofop V6 100.68 -0.88 1.31 1.00 1.29 
a: maximum value of y; b: slope of the curve at x0; x0: herbicide rate (in mL C.P. ha

-1
) that causes 50% of the maximum 

control observed; C50: estimated herbicide rate (in mL C.P. ha
-1

) that causes 50% control; TF: tolerance factor obtained 
by dividing the C50 at V6 by their respective values at V3. 

 
 
At 21 DAT, control increased for all 

herbicides and application stages (Figure 2) 
compared to the previous evaluation. As well as 
for 14 DAT, the application at V3 stage resulted in 
better controls than the application at V6. For the 
herbicide clethodim, the control was 100% with 
100 mL C.P. ha-1 applied at V3. However, control 
was only 60% when the same rate was applied at 
V6 plants (Figure 2A). These results can be 
confirmed by the C50 values, which were 13.66 
mL C.P. ha-1 for application at V3 and 95.80 mL 
C.P. ha-1 for application at V6, resulting in a 
tolerance factor 7.01 higher for application at V6 
(Table 1). 

For quizalofop-P-tefuryl, the control at 21 
DAT was superior in both stages of application 
reaching 100% in rates equal to or greater than 
400 mL C.P. ha-1. Similar control was obtained 

with 25% of this rate (100 mL C.P. ha-1) when the 
application was carried out at V3 (Figure 2B). The 
C50 values were 2.22 mL C.P. ha-1 for application 
at V3 and 29.99 mL C.P. ha-1 for application at V6, 
resulting in tolerance factor of 13.49 (Table 1).  

For the mixture of clethodim + quizalofop-
P-ethyl 100% control was achieved at 21 DAT for 
200 mL C.P. ha-1, regardless of the stage of 
application (Figure 2C). For lower rates, control at 
V3 as well as for the other herbicides was 
superior in comparison to the application at V6. 
For application at V3 the C50 obtained was 3.04 
mL C.P. ha-1, whereas for application at V6 this 
value was 2.76-fold higher (8.39 mL C.P. ha-1) 
(Table 1). 
 
 

 
 



40 
 

Colloquium Agrariae, v. 16, n.5, Set-Out, 2020, p. 35-46 

Figure 2. Control of volunteer RR corn at 21 DAT in response to the application of rates of clethodim (A), 
quizalofop-P-tefuryl (B) and clethodim + quizalofop-P-ethyl (C) at V3 and V6 stages. * indicates significance 
by the Tukey test (p <0.05) between stages within the same herbicide rate. 

   
 
 
 In the final evaluation performed at 28 

DAT, applications at V3 stage were more efficient 
compared to those in V6 for clethodim rates 
equal to or less than 200 mL C.P. ha-1 (Figure 3A). 
At V3 stage, all tested rates had 100% volunteer 
corn control (Figures 3A and 4A). However, 
control at V6 reached 100% only at rates starting 
from 400 mL C.P. ha-1 (Figures 3A and 4B). The 

400 mL C.P. ha-1 rate had 100% volunteer corn 
control regardless of the phenological stage at 
the time of application. At V6, C50 was equivalent 
to 25.43 mL C.P. ha-1, approximately 31-fold 
greater than that obtained in the applications at 
V3 (Table 1). 

 
 

 
 

Figure 3. Control of volunteer RR corn at 28 DAT in response to the application of rates of clethodim (A), 
quizalofop-P-tefuryl (B) and clethodim + quizalofop-P-ethyl (C) at V3 and V6 stages. * indicates significance 
by the Tukey test (p <0.05) between stages within the same herbicide rate. 
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Figure 4. Control of volunteer RR corn at 28 DAT in response to rates of clethodim applied at V3 (A) and V6 
(B), quizalofop-P-tefuryl applied at V3 (C) and V6 (D), and clethodim + quizalofop-P-ethyl applied at V3 (E) 
and V6 (F). 

 
 
 
For the herbicides quizalofop-P-tefuryl 

(Figure 3B) and clethodim + quizalofop-P-ethyl 
(Figure 3C), the control was superior at V3 only 
for the lowest rates of the herbicides, equivalent 
to 25 and 50 mL C.P. ha-1. At V3, control was total 
for both herbicides and rates. However, at V6 
stage, the control was total from 100 mL C.P. ha-1, 
as can be seen in figure 4. It is observed, 
therefore, that clethodim was the herbicide most 
responsive to the application stage, followed by 
quizalofop-P-tefuryl and clethodim + quizalofop-
P-ethyl, with tolerance factors of 31.42; 6.86 and 
1.62, respectively (Table 1). 

The results of shoot dry mass (SDM) (Figure 
5) confirm the control observed at 28 DAT. As 
expected, the SDM was higher in V6 for all 

herbicides and rates evaluated. For clethodim 
(Figure 5A), the GR50 for application at V3 was 
11.09 mL C.P. ha-1, whereas for application at V6 
this value was 1.73-fold higher, 19.23 mL C.P. ha-1 

(Table 2). For quizalofop-P-tefuryl (Figure 5B), the 
GR50 were equal to 4.04 mL C.P. ha-1 and 13.82 
mL C.P. ha-1 for stages V3 and V6, respectively, 
resulting in a tolerance factor of 3.42. For the 
mixture of clethodim + quizalofop-P-ethyl (Figure 
5C), the GR50 for application at V3 was 3.36 mL 
C.P. ha-1 for application at V3, and 4.99 mL C.P. 
ha-1 for application at V6, resulting in a tolerance 
factor of 1.48 (Table 2). 
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Figure 5. Shoot dry mass (SDM) relative of volunteer RR corn in response to the application of rates of 
clethodim (A), quizalofop-P-tefuryl (B) and clethodim + quizalofop-P-ethyl (C) at V3 and V6 stages. * 
indicates significance by the Tukey test (p <0.05) between stages within the same herbicide rate. 

   
 
 
Table 2. Parameters of the Log-logistic equation, correlation coefficient (R2), estimated GR50, and tolerance 
factor (TF) of volunteer RR corn according to the phenological stage (V3 or V6) of ACCase inhibitors 
application. 

Herbicide Stage a     b      x0     R2         GR50        TF 

Clethodim V3 100.00 2.52 11.09 0.99 11.09 1.73 

Clethodim V6 100.11 1.45 19.20 0.99 19.23 
 

Quizalofop V3 101.66 1.20 3.93 1.00 4.04 3.42 

Quizalofop V6 100.00 2.85 13.82 1.00 13.82 
 

Clethodim + Quizalofop V3 101.82 1.25 3.27 1.00 3.36 1.48 

Clethodim + Quizalofop V6 103.67 0.90 4.61 0.99 4.99 
 

a: maximum value of y; b: slope of the curve at x0; x0: herbicide rate (in mL C.P. ha
-1

)  that causes 50% of reduction in 
shoot dry mass; GR50: estimated herbicide rate (in mL C.P. ha

-1
) that causes 50% of reduction in shoot dry mass; TF: 

tolerance factor obtained by dividing the GR50 at V6 by their respective values at V3. 

 
 
 

In general, the application of the evaluated 
graminicides resulted in better control when 
performed on corn at V3 stage compared to 
applications at V6. In addition, it was observed 
that clethodim efficacy was more influenced by 
the corn phenological stage than quizalofop-P-
tefuryl and clethodim + quizalofop-P-ethyl 
(Figures 3, 4, and Table 1). Generally, late 
applications of graminicides, mainly DIMs, result 
in less control of volunteer corn. The herbicide 
clethodim had its efficiency reduced from 99% 
when applied to corn at stage V3 to 88% when 
applied at V6 (CHAHAL; JHALA, 2015). However, 
the same authors observed that for the herbicide 
quizalofop-P-ethyl, the efficiency was less 
impaired with the advance in the application 
stage, going from 99% to 97%. Similarly, Pertile et 
al. (2018) observed that haloxyfop-P-methyl 
efficiency was 100% when the herbicide was 

applied at V2-V3, and reduced to 98% when 
performed at V6-V8. However, the same authors 
observed that for clethodim control efficiency 
was reduced from 100% to just 23% with the 
delay in the application. 

The higher sensitivity of volunteer corn to 
graminicides when applied to plants in early 
stages of development (Figures 3, 4, and Table 1) 
is justified by some factors, such as less wax in 
the cuticle, which facilitates the absorption of 
herbicides (BLAKER; GREYSON, 1988). In contrast, 
plants at stages from V6, in addition to having a 
higher content of waxes and thicker cuticle, have 
greater lignification of cell walls, which can result 
in less absorption of herbicides (MARQUARDT; 
JOHNSON, 2013). In addition to these factors, the 
activity of the ACCase enzyme is greater in young 
tissues, in which the demand for lipids is greater 
due to the growth of the expanding leaves 
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(MOTEL et al., 1993). Also, in taller plants, the 
distance between the absorption points and the 
meristems of the corn plants is greater, requiring 
greater translocation of the herbicides for an 
effective control. Finally, although at low levels, 
older plants have higher herbicide metabolism 
activity, making them more tolerant (CARVALHO 
et al., 2009). 

The greater effectiveness of the 
quizalofop-P in late applications (Figures 3, 4, and 
Table 1) is due in part to its greater affinity with 
the cuticle compared to the herbicide clethodim. 
In general, FOPs have greater affinity with the 
cuticle, since they have higher octanol/water 
partition coefficient (log kow) compared to 
clethodim (COBB; READE, 2010). For quizalofop-
P, the Log Kow is 4.66, while for clethodim, it is 
1.6 (SHANER, 2014). In addition, quizalofop-P has 
a greater inhibitory capacity for the enzyme 
ACCase compared to clethodim (BURTON et al., 
1989). According to the authors, in a solution 
containing 1µM of quizalofop ACCase inhibition 
reaches 97%, whereas for clethodim the 
inhibition is only 60%. For these reasons, the 
control of volunteer corn was lower with the 
isolated application of clethodim, especially when 
applied at V6 (Figures 3, 4, and Table 1). 

Although volunteer corn control was 
satisfactory in early growth stages for all the 
herbicides tested (Figure 3), the occurrence of 
several volunteer corn emergence flows from 
ears or pieces of ears (clumps) poses a challenge 
for herbicide application timing. It is economically 
unfeasible and technically not recommended to 
conduct repeated applications of ACCase 
inhibitors since these herbicides have no residual 
effect (LANCASTER et al., 2018). However, when 
the plants come only from threshed and lost 
grains after harvest, the emergence occurs right 
after the first rains, making it possible to control 
in stages close to those with greater sensitivity to 
graminicides (SILVA et al., 2018). An alternative is 
the use of pre-emergents in soybean crops, such 
as imazapic + imazapyr, diclosulam, chlorimuron 
+ sulfometuron. Although these herbicides do not 
control clumps by 100%, these applications can 
reduce the development of corn plants and favor 
post-emergent control with ACCase inhibitors 
(PIASECKI; RIZZARDI, 2016). 

In general, quizalofop-P-tefuryl and the 
mixture of clethodim + quizalofop-P-ethyl 
showed the best results and were less influenced 
by corn phenological stage during applications 

(Figures 3, 4, and Table 1). These results 
corroborate previous research reporting that 
FOPs were more efficient than DIMS in 
controlling volunteer corn even at later growth 
stages (COSTA et al., 2014). However, genetically 
modified corn hybrids with the insertion of the 
aad-1 gene are being developed to confer 
tolerance to FOPs (NANDULA, 2019). Therefore, 
the control of volunteer corn from these hybrids 
should be carried out with other herbicides, 
mainly by DIMs. In addition to the lower 
efficiency of clethodim for the control of 
volunteer corn, the continued use of this 
herbicide may lead to the selection of resistant 
weeds (POWLES; YU, 2010). Although they belong 
to the same site of action, the binding of FOPs 
and DIMs to the catalytic site of the ACCase 
enzyme shares only a few amino acids (LIU et al., 
2007). Thus, resistance is not always crossed, that 
is, plants resistant to FOPs can be controlled by 
DIMs and vice versa, depending on the 
mechanism of resistance. An example of this is 
the resistance of sourgrass (Digitaria insularis) to 
FOPs due to the Trp2027Cys mutation, which 
does not confer resistance to DIMs (TAKANO et 
al., 2020). 

In this work, commercial rates of each 
product were considered since both herbicides 
are recommended in the same rate range of 
commercial product for the control of volunteer 
corn (AGROFIT, 2020). However, as described in 
the material and methods section, the 
concentration of active ingredients in these 
products is not proportional. The mixture of 
clethodim + quizalofop-P-ethyl used in this 
experiment contains the same concentration of 
each active ingredient in their respective 
commercial products. Even so, the control 
provided by the mixture was very similar to the 
isolated application of quizalofop-P-tefuryl. This 
can be explained by the fact that the binding of a 
FOP or DIM herbicide to the ACCase enzyme 
action site shares some amino acids, making it 
impossible for a quizalofop-P molecule and a 
clethodim molecule to bind at the same time (LIU 
et al., 2007). 

 
Conclusion 

The control of volunteer RR corn with 
ACCase inhibitors was more efficient when 
performed in early phenological stage (V3) 
compared to the late stage (V6). The herbicide 
quizalofop-P-tefuryl was more effective than 
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clethodim isolated. When combined, clethodim + 
quizalofop-P-ethyl achieved control close to 100% 
at both V3 and V6 stages. The efficiency of 
clethodim is highly influenced by the volunteer 
corn growth stage. At V3, 100% control was 
achieved with a rate of 25 mL C.P. ha-1 (equivalent 
to 6 g a.i. ha-1), while for application at V6 were 
necessary 400 mL C.P. ha-1 (equivalent to 96 g a.i. 
ha-1) for complete control. However, only 100 mL 
C.P. ha-1 of quizalofop-P-tefuryl (equivalent to 12 
g a.i. ha-1) and 100 mL C.P. ha-1 of clethodim + 
quizalofop-P-ethyl (equivalent to 24 + 12 g a.i. ha-

1) were necessary to achieve 100% of plant 
mortality at V6 stage. 
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