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INTRODUCTION

Ryegrass (Lolium multiflorum) is an 
annual weed that has natural reseeding capacity, and 

it is present in wheat, maize, oats, and barley crops 
(KASPARY et al., 2014). The control of this weed 
was mainly conducted with the use of glyphosate 
herbicide that inhibits the EPSPS enzyme. However, 
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ABSTRACT: This study aimed to evaluate the antagonistic effect of the mixture ofacetyl coenzyme-A carboxylase (ACCase) enzyme inhibiting 
herbicides and auxin herbicides in Lolium multiflorum and to determine mechanisms to mitigate this possible effect. The first experiments 
were conducted by associating the herbicide clethodim (108 g a.i. ha−1), quizalofop-p-ethyl (54 g a.i. ha−1), and clethodim + quizalofop-
p-ethyl (108+54 g a.i. ha−1) with 2,4-D (1005 g a.e. ha−1) or triclopyr (720 g a.e. ha−1), in addition to the sole application of the respective 
graminicides. Another experiment included clethodim (54; 81; 108; 162; 216 g a.i. ha−1), quizalofop-p-ethyl (27; 40.5; 54; 81; 108 g a.i. 
ha−1), and clethodim + quizalofop-p-ethyl (54+27; 81+40.5; 108+54; 162+81; 216+108 g a.i. ha−1) mixed with 2,4-D (1005 g a.e. ha−1), or 
triclopyr (720 g a.e. ha−1), in addition to the control treatments without herbicide application. In the second experiment, herbicides clethodim 
(108 g a.i. ha−1), quizalofop-p-ethyl (54 g a.i. ha−1), and clethodim + quizalofop-p-ethyl (108+54 g a.i. ha−1) in combination with the herbicides 
2,4-D (1005 g a.e. ha−1) or triclopyr (720 g a.e. ha−1)had malathion (1000 g a.i. ha−1) or glyphosate (720 g a.e. ha−1) mixed, in addition to the 
sole applications of the graminicides. The herbicide clethodim + quizalofop-p-ethyl did not present an antagonistic interaction with the auxin 
herbicides, and obtained 85% weed control. To obtain control similar to the sole application of this graminicide, the dose of the herbicide 
clethodim needs to be increased by 20%. However, the mixture of the herbicide quizalofop-p-ethyl with 2,4-D and triclopyr affects the ryegrass 
control. The use of strategies that increase the absorption of ACCase herbicides or the inhibition of P450 enzymes are ways to mitigate the 
antagonistic effect caused by the association of the two auxin herbicides.
Key words: Lolium multiflorum; clethodim; quizalofop-p-ethyl; synergism; antagonism.

RESUMO: O objetivo do trabalho foi avaliar o efeito antagônico da mistura de herbicidas inibidores da enzima ACCase e herbicidas 
auxínicos em Lolium multiflorum e determinar mecanismos de mitigação deste possível efeito. No primeiro momento foram conduzidos 
experimentos associando o herbicida clethodim (108 g i.a. ha-1), quizalofop-p-ethyl (54 g i.a. ha-1) e clethodim + quizalofop-p-ethyl (108 + 54 g 
i.a. ha-1) com 2,4-D (1005 g e.a. ha-1) ou triclopyr (720 g e.a. ha-1), além da aplicação isolada dos respectivos graminicidas. Outro experimento 
contou com clethodim (54; 81; 108; 162; 216  g i.a ha-1), quizalofop-p-ethyl (27; 40,50; 54; 81; 108 g i.a ha-1) e clethodim + quizalofop-p-
ethyl (54 + 27; 81 + 40,50; 108 +54; 162 +81; 216 + 108 g i.a ha-1) em mistura com 2,4-D (1005 g e.a ha-1) ou triclopyr (720 g e.a. ha-1), 
além das testemunhas sem aplicação herbicida. No segundo momento os herbicidas clethodim (108 g i.a. ha-1), quizalofop-p-ethyl (54 g i.a. 
ha-1) e clethodim + quizalofop-p-ethyl (108 + 54 g i.a. ha-1) em associação com os herbicidas 2,4-D (1005 g e.a ha-1) ou triclopyr (720 g e.a. 
ha-1), contaram com adição de malathion (1000 g i.a. ha-1) ou glyphosate (720 g e.a. ha-1), além das aplicações isoladas dos graminicidas. 
O herbicida clethodim + quizalofop-p-ethyl não apresentou interação antagônica com os herbicidas auxínicos, obtendo controle de 85%.  Já 
para o herbicida clethodim é necessário o aumento de dose em 20 % é capaz de obter controle similar a aplicação isolada deste graminicida. 
Porém para o herbicida quizalofop-p-ethyl a mistura com os herbicidas 2,4-D e triclopyr repercute na diminuição do controle do azevém. O 
uso de estratégias que aumente a absorção do herbicida inibidor de ACCase ou a inibição das enzimas P450 são formas de mitigar o efeito 
antagônico causado pela associação destes dois tipos de herbicidas.
Palavras-chave: Lolium multiflorum; clethodim; quizalofop-p-ethyl; sinergismo; antagonismo.
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in 2003, the first case of L. multiflorum resistance to 
this herbicide was recorded in orchards and soybean 
fields in the state of Rio Grande do Sul (HEAP, 
2020). Thus, the use of herbicides inhibiting the 
enzyme acetyl coenzyme-A carboxylase (ACCase) 
has become the best option.

ACCase enzyme inhibiting herbicides 
show selectivity in Magnoliopsida plants (VIDAL 
& MEROTTO JR., 2001). Three chemical 
groups belong to this mechanism of action: 
aryloxyphenoxypropionate (FOP), cyclohexanedione 
(DIM), and phenylpyrazoline (DEN) (AHMAD-
HAMDANI et al., 2012; IWAKAMI et al., 2018). 
The death of the plant occurs because these herbicides 
inhibit the action of the ACCase, which participates 
in the biosynthesis of fatty acids, thus blocking 
the production of phospholipids that act on plant 
growth constituting the formation of membranes (DE 
OLIVEIRA Jr., 2011).

The tank mixture between ACCase 
enzyme inhibiting herbicides and auxin herbicides 
impair the performance of the former (ABIT et 
al., 2011; COX & ASKEW, 2014; WEBSTER et 
al., 2019). However, the existence and intensity 
of the antagonistic effect depend on the target 
species. Auxin herbicides are selective to Poaceae 
and their presence stimulates the expression of 
P450 monooxygenase genes that can metabolize 
herbicides (YU & POWLES, 2014). The hypotheses 
of this study are as follows: a) the mixture of ACCase 
enzyme inhibiting herbicides and auxin herbicides 
causes an antagonistic effect over ryegrass control; b) 
increasing the dose of the ACCase enzyme inhibiting 
herbicide may mitigate the antagonistic effect 
caused by the addition of the auxin herbicide; c) the 
mechanism of antagonism is caused by the expression 
of P450 monooxygenase enzymes stimulated by the 
auxin herbicide; and d) the antagonistic effect may 
be mitigated by increasing the absorption of the 
ACCase herbicide orby inhibiting the P450 enzymes. 
Thus, this study aimed to evaluate the antagonistic 
effect of the mixture of ACCase inhibiting herbicides 
and auxin herbicides in L. multiflorum, determining 
mechanisms to mitigate this effect.

MATERIALS   AND   METHODS

The experiments were conducted in the 
municipality of Sertão, Rio Grande do Sul in 2018, 
under field conditions. The climate of the region 
is characterized as Cfa, according to the Köppen 
classification, while the soil is classified as typical 
dystroferric Red Nitosol (STRECK et al., 2018). The 

application of the herbicides in the experiments was 
performed with a backpack sprayer pressurized with 
CO2, equipped with nozzles of the 110.02 air fan 
type, calibrated to a spray volume of 150 L ha−1. The 
experimental design used was randomized blocks 
(RBD) with four replications.

Evaluation of the mixture and dose-response curves 
of ACCase enzyme inhibiting herbicides associated 
with 2,4-D or triclopyr 

The experiments included the sole 
application of the herbicides clethodim (108 g 
a.i. ha−1), quizalofop-p-ethyl (54 g a.i. ha−1), and 
clethodim + quizalofop-p-ethyl (108+54 g a.i. ha−1), 
which were the recommended doses for ryegrass 
control, and these were associated with the herbicides 
2,4-D (1005 g a.e. ha−1) or triclopyr (720 g a.e. ha−1). 
Three experiments were conducted, totaling six dose-
response curves with the herbicides clethodim (54; 
81; 108; 162; 216 g a.i. ha−1), quizalofop-p-ethyl 
(27; 40.5; 54; 81; 108 g a.i. ha−1) and clethodim 
+ quizalofop-p-ethyl (54+27; 81+40.5; 108+54; 
162+81; 216+108 g a.i. ha−1). All doses in all curves 
were associated with 2,4-D (1005 g a.e. ha−1) or 
triclopyr (720 g a.e. ha−1).

The ryegrass density in the experimental 
area was 64 plants m−2. The weather conditions 
during the trials are shown in figure 1. At the time 
of application on July 5, 2018,  plants were at the 
beginning of flowering.

Determination of the mechanism of antagonism
The hypothesis is that auxin herbicides 

stimulate the expression of genes encoding cytochrome 
P450 monooxygenase enzymes that are responsible 
for the metabolism of the ACCase enzyme inhibiting 
herbicides. In this experiment to mitigate the 
antagonistic effect, the insecticide malathion, which 
is known to inhibit enzymes of the complex P450 
monooxygenase, was used. Treatments are described in 
table 1. The density of ryegrass was 37 plants m−2,and 
the plants were between stages of flowering and grain 
filling at the time of application. The application took 
place on September 11, 2018. Weather conditions 
during the trial are shown in figure 1. 

Data assessments and analytics
The ryegrass control evaluations were 

performed at 14, 21, 28, and 35 days after application 
(DAA), where 0% represents no herbicide effect 
and 100% corresponds to the death of the plants. 
In the experiment to determine the mechanism of 
antagonism, regrowth evaluation was also performed 
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with the aid of a square frame placed in the center of 
the plot and measuring 0.5 × 0.5 m2. The dry matter 
of the plants (DM) was collected at 35 DAA and the 
material was packed in paper bags and heated in an 
oven at ±65 °C until it reached a constant weight. The 
mathematical model proposed by COLBY (1967) was 
followed to determine the antagonistic effect. The 
data were also submitted to the analysis of variance 
using the F-test and the means were compared using 

the ASSISTAT software, version 7.7. The dose ratio 
of graminicides associated with 2,4-D and triclopyr 
in the control of L. multiflorum and DM was adjusted 
through asigmoidal regression of three parameters:

where y = ryegrass control/DM; a = difference 
between the maximum and the minimum points; x = 
dose of the graminicide; x0 = dose for 50% control; 

Figure 1 - Climatic conditions from 07/05/2018 to 10/16/2018. The first experiments correspond to the period of the dose-
response curve experiments of graminicides associated with 2,4-D or triclopyr and the sole application of clethodim 
(108 g a.i. ha−1), quizalofop-p-ethyl (54 g a.i. ha−1), and clethodim + quizalofop-p-ethyl (108+54 g a.i. ha−1). The 
second experiment refers to the experiment period for determining the antagonism mechanism.

Source: IFRS meteorological station - Campus Sertão.

 

Table 1 - Treatments to mitigate the antagonistic effect of auxin herbicides associated with graminicides. 
 

Treatments Dosages g a.i. ha−1 or g a.e. ha−1 

Control - 
Glyphosate1 720 
ACCase234 ACCase234 
Glyphosate + ACCase234 720 + ACCase234 
Glyphosate + 2,4-D + ACCase234 720 + 1005 + ACCase234 
Malathion + 2,4-D + ACCase234 1000 + 1005 + ACCase234 
Glyphosate + triclopyr + ACCase234 720 + 720 + ACCase234 
Malathion + triclopyr + ACCase234 1000 + 720 + ACCase234 

 
1glyphosate ammonium salt;2clethodim (108 g a.i.L−1);3quizalofop-p-ethyl (54 g a.i.L−1);4clethodim + quizalofop-p-ethyl (108+54 g 
a.i.L−1). Addition of alkyl ester ethoxylated adjuvant to phosphoric acid 0.5% v/v. 
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and b = slopeof the curve. The calculations were 
made using the SIGMAPLOT software, version 12.5.

RESULTS   AND   DISCUSSION

Is there an antagonistic effect?
Considering that 2,4-D and triclopyr 

herbicides do not have control over ryegrass, since 
plants of this family have a tolerance to them, the 
expected control of the mixture is the same as 
the observed control of the graminicide in a sole 
application (GUERRA et al., 2013). The COLBY’s 
mathematical model does not conside  the statistical 
comparison, but considers an antagonistic effect 

when the observed value (control) is lower than 
expected; thus, the values were compared using the 
t-test (MATZENBACHER et al., 2015; TREZZI et 
al., 2016; DIESEL et al., 2018). 

The association of synthetic auxins with 
clethodim resulted in a reduction of ryegrass control 
(Figures 2B and 2C), with no difference between 
the auxins. Concerning quizalofop-p-ethyl, the 
antagonism was only evident in the evaluations 
conducted at 28 and 35 DAA (Figures 2B and 2C). 
Herbicides clethodim and quizalofop-p-ethyl when 
mixed with dicamba had reduced control over 
volunteer corn (UNDERWOOD et al., 2016). For the 
herbicide quizalofop-p-ethyl, the antagonistic effect of 

Figure 2 - Visual control (%) at 21 (A), 28 (B), 35 (C) DAA, and DM (D) of L. multiflorum on the effect 
clethodim, quizalofop-p-ethyl, and clethodim + quizalofop-p-ethyl, associated with 2,4-D or 
triclopyr. The concentration of clethodim, quizalofop-p-ethyl, and clethodim + quizalofop-
p-ethyl corresponds to 108, 54, and 108+54 g a.i. ha−1, respectively. Significance of the t-test 
at 5% (*) and 1% (**) probability levels, and when not significant (ns).Addition of alkyl ester 
ethoxylated adjuvant to phosphoric acid at 0.5% v/v.
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triclopyr was higher than that of 2,4-D (Figures 2C 
and 2D). With respect to the formulated mixture of 
clethodim + quizalofop-p-ethyl, the auxin herbicides 
had a negative effect only at 21 and 28 DAA 
(Figures 2A and 2B), with no differences between 
the auxins corresponding to the level of antagonism. 
Regarding DM, the combination of quizalofop-p-ethyl 
with triclopyr resulted in high accumulation when 
compared to the sole application of quizalofop-p-
ethyl (Figure 2D).

The mixture of synthetic auxins with the 
ACCase enzyme inhibiting herbicides caused an 
antagonistic effect over ryegrass control, considering 
COLBY’s mathematical model (1967). For clethodim 
and clethodim + quizalofop-p-ethyl, the level of 
antagonism between 2,4-D and triclopyr was the same. 
However, for quizalofop-p-ethyl, the antagonistic effect 
of triclopyr was higher than that of 2,4-D. Triclopyr 
applied five days earlier or mixed with cyhalofop 
reduced control by more than 25% over two 
populations of ricegrass (SCHERDER et al., 2005).

Is it possible to compensate for the antagonistic effect 
by increasing the dose of the graminicide?

The herbicide quizalofop-p-ethyl presented 
the lowest controls of ryegrass in the booting stage 
(Figures 3B and 3E). Moreover, an antagonistic effect 
was present with the recommended doses (Figures 
3A–3F), and for quizalofop-p-ethyl, the antagonism 
level of triclopyr was higher than that of 2,4-D 
(Figures 3B and 3E). However, in some studies, the 
association of this auxin herbicide to quizalofop did 
not lead to a loss of efficiency (LEWIS et al., 2010; 
DOROH et al., 2011; LANCASTER et al., 2019). 

The sole dose of clethodim (108 g a.i. 
ha−1) obtained 21% and 91% control at 14 and 35 
DAA, respectively (Figures 3A and 3D). Not even 
the doubling of the clethodim dose could compensate 
for the antagonistic effect of the synthetic auxins 
at 14 DAA (Figure 3A). At 35 DAA, an increase 
of approximately 20% of the clethodim dose was 
sufficient to compensate for the antagonistic effect, 
when considering the standard deviation generated by 
the curve (Figure 3D). The sole dose of quizalofop-
p-ethyl (54 g a.i. ha−1) obtained 9% and 82% control 
over ryegrass at 14 and 35 DAA, respectively 
(Figures 3B and 3E). The antagonistic effect 
on quizalofop-p-ethyl was only observed in the 
evaluation performed at 35 DAA, where not even 
twice the recommended dose could compensate the 
antagonistic effect of 2,4-D and triclopyr (Figure 3E). 
The dose of the formulated mixture of clethodim + 
quizalofop-p-ethyl (108+54 g a.i. ha−1) without the 

presence of synthetic auxins obtained 19% and 92% 
ryegrass control at 14 and 35 DAA, respectively 
(Figures 3C and 3F). No antagonistic effect was 
observed on clethodim + quizalofop-p-ethyl in any 
of the evaluations (Figures 3C and 3F), considering 
the standard deviation of the curve.

The parameters of the mathematical model 
generated from visual control data at 35 DAA showed 
that the dose needed to control 50% of the population 
(C50) when sprayed with clethodim associated 
with 2,4-D or triclopyr was 43.68 or 44.64 g ha−1, 
respectively (Table 2). As for quizalofop-p-ethyl, doses 
of 33.97 and 41.58 g ha−1 are needed, when mixed with 
2,4-D and triclopyr, respectively. The C50 values of 
the formulated mixture of ACCases were the lowest, 
requiring 35.76 + 7.45 g ha−1 when mixed with 2,4-D 
and 37.20 + 7.75 g ha−1when mixed with triclopyr. 

Considering that the minimum acceptable 
control of an herbicide is 80%, the values of C80 
were generated to compare with the recommended 
dose of each herbicide. For clethodim associated with 
2,4-D or triclopyr, the dose required to control 80% of 
the population was 79.20 or 86.16 g ha−1, respectively 
(Table 2). Due to the low efficiency of quizalofop-
p-ethyl when in combination with synthetic auxins, 
the calculation of C80 values was not possible using 
the mathematical model. For clethodim + quizalofop-
p-ethyl mixed with 2,4-D or triclopyr, the dose 
required to control 80% of the population was 53.04 
+ 11.05 or 58.56 + 12.20 g ha−1, respectively (Table 
2). Considering the standard deviation generated by 
the mathematical model for the values of C50 and C80, 
only a difference in the level of antagonism between 
2,4-D and triclopyr existed for the herbicide 
quizalofop-p-ethyl, where the antagonism caused 
by triclopyr was more intense than that by2,4-D 
(Table 2). 

In associations of clodinafop–propargyl 
with the herbicide 2,4-D, to achieve a result similar 
to 50% of the application of the sole graminicide over 
the same weed, an increase of 151% of the dose was 
required to compensate  the association (TREZZI et 
al., 2007). In a previous study, differences between 
mimic herbicides were noted in association with 
haloxifop in the control of sourgrass, where dicamba 
and 2,4-D significantly decreased, in contrast to 
halauxifen-methyl (PEREIRA et al., 2018).

As the graminicide dose increased, lower 
DM accumulated, especially with the herbicides 
clethodim and clethodim + quizalofop-p-ethyl 
(Figures 4A and 4C). For these two, the recommended 
dose in association with the auxinic ones presented 
lower DM values compared to the recommended sole 
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Figure 3 - Visual control of L. multiflorum with clethodim (A, D), quizalofop-p-ethyl (B, E), and clethodim + quizalofop-p-
ethyl (C, F) associated with 2,4-D or triclopyr at 14 (A, B, and C) and 35 DAA (D, E, and F). The dashed line refers to 
the sole control of the graminicides at their recommended doses of 108, 54, and 108+54 g ha−1 (100%), respectively. 
Concentrations of the herbicides clethodim, quizalofop-p-ethyl, and clethodim + quizalofop-p-ethyl are 240, 50, and 
240+120 g a.i. L−1. Addition of alkyl ester ethoxylated adjuvant to phosphoric acid at 0.5% v/v.
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dose (not combined with auxin herbicides), showing 
synergism and no longer showing antagonism. In 
this sense, a contradiction is present between visual 
assessments and DM evaluations. 

Visual control evaluations are subjective, 
and they consider the symptoms caused by the 
herbicides and the survival level of the plant, with 
regards to the control treatment. DM assessment is 
quantitative and considers the mass acquired during 
plant development. The effect of auxin herbicides 
may be similar to endogenous plant auxins and 
affects the growth (GAZOLA et al., 2019), but it 
allows ryegrass to survive the application of ACCase 
inhibiting herbicides. This fact was also observed 
in the previous experiment; although, antagonism 
or synergism was not significant for clethodim and 
clethodim + quizalofop-p-ethyl (Figure 2B). Biotypes 
of ryegrass resistant to diclofop-methyl, due to the 
metabolism of P450 enzymes, have slower growth 
and lower carbon fixation and liquid photosynthesis 
rates, compared to the sensitive biotype (VILA-
AIUB et al., 2005). Thus, the DM variable does 
not seem to be an adequate evaluation for studies of 
mixtures of synthetic auxin herbicides and ACCase 
inhibiting herbicides to control ryegrass in the early 
flowering phase. 

Regarding the herbicide clethodim, a 20% 
dose increase compensated for the antagonistic effect 
caused by the auxin herbicides. Determining the dose 
needed to compensate for the antagonistic effect on 
the herbicide quizalofop-p-ethyl was not possible as 
the effect was not overcome even the recommended 
dose was doubled. However, for the formulated 
mixture of clethodim + quizalofop-p-ethyl, no 
antagonistic effect was present. 

What is the mechanism that generates antagonism 
and how to mitigate it?

The herbicide 2,4-D can induce the 
expression of genes encoding enzymes of the type 
P450 (HIROSE et al., 2007), as observed for Lolium 
rigidum (HAN et al., 2013). In some Poaceae species, 
the tolerance to ACCase herbicides is provided by 
the action of enzymes of the P450 monooxygenase 
complex. The selectivity of clodinafop in wheat, 
barley, and maize (KREUZ et al., 1991) and 
phenoxaprop-p-ethyl in barley (ROMANO et al., 
1993) occurs due to the action of enzymes of the 
P450 type. Furthermore, ryegrass biotypes resistant 
to diclofop-methyl occur in South Australia due to 
metabolism by P450 type enzymes (VILA-AIUB et 
al., 2005). However, for herbicides belonging to the 
cyclohexanedione group, resistance reports are more 
linked to mutations at the site of action (WHITE et al., 
2005). The detection of the occurrence of herbicide 
detoxification by P450 enzymes can be performed 
through the use of enzyme inhibitors (YASOUR et 
al., 2009), such as the organophosphate insecticide 
malathion (SIMINSZKY, 2006). Hence, a possible 
way to verify the mechanism of incompatibility orto 
mitigate the antagonistic effect of synthetic auxins 
would be the combination of malathion to inhibit 
P450 type enzymes generated from the application of 
auxin herbicides. 

Moreover, another way of mitigating 
the antagonistic effect would be the combination 
of glyphosate herbicide in the mixture of ACCase 
+ synthetic auxin. In glyphosate-resistant Poaceae 
biotypes, its sole application has a low control effect. 
If glyphosate herbicide is associated with ACCase 
enzyme inhibiting herbicide, the level of control 

 

Table 2 - Parameters of the equations of the control variable (35 DAA) referring to the dose-response curves with the herbicides 
clethodim, quizalofop-p-ethyl, and clethodim + quizalofop-p-ethyl in association with 2,4-D or triclopyr in ml. 

 

ACCase Herbicide Auxin mimic a b C50 C80 R2 P 

Clethodim 
2,4-D 89.9 71.3 182 (211 - 152) 330 0.9701 0.0052 

Triclopyr 88.8 78.3 186 (221 - 151) 359 0.9596 0.0081 

Quizalofop-p-ethyl 
2,4-D 78.3 119.8 629 (661 - 597) >2160 0.9868 0.0015 

Triclopyr 75.3 156.6 778 (793 - 762) >2160 0.9978 0.0001 
Clethodim + 
Quizalofop-p-ethyl 

2,4-D 88.7 32.5 149 (206 - 91) 221 0.9903 0.0010 
Triclopyr 88.9 40.5 155 (199 - 112) 244 0.9823 0.0024 

 
(a) corresponds to the difference between the maximum and minimum points of the curve; (b) slope of the curve; (C50) dose of herbicide 
capable of controlling 50% of the population; (C80) dose of herbicide capable of controlling 80% of the population; (R2) coefficient of 
determination; (P) significance; values in parenthesis are the error range. The concentrations of the herbicides clethodim, quizalofop-p-
ethyl, and clethodim + quizalofop-p-ethyl are 240, 50, and 240+120 g a.i. L−1, respectively. 
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shows synergism, which is probably due to greater 
absorption and translocation of the ACCase inhibiting 
herbicide (BARROSO et al., 2014). With a larger 
number of molecules reaching the site of action, the 
efficiency of P450 type enzymes would be reduced. 

For the herbicide clethodim mixed with 
2,4-D or triclopyr, the addition of either glyphosate or 
malathion showed levels of control similar to the sole 
application of clethodim (Table 3). For 2,4-D, malathion 
presented greater ability to mitigate antagonistic 
effects, compared to glyphosate. In contrast, for 
triclopyr, glyphosate had a higher capacity to mitigate 
antagonistic effects, compared to malathion (Table 3). 
Therefore, reducing the antagonistic effect of 2,4-D 

and triclopyr in the control of ryegrass with clethodim 
associating malathion or glyphosate was possible.  

For the herbicide quizalofop-p-ethyl mixed 
with 2,4-D, both glyphosate and malathion did not 
present levels of control similar to the sole application 
of quizalofop-p-ethyl in the final control evaluations 
(Table 3). As for triclopyr, glyphosate alone showed 
the ability to reduce antagonistic effects (Table 3). 
Thus, mitigation of the antagonistic effect of 2,4-D on 
quizalofop-p-ethyl was not possible, and mitigation of 
the antagonistic effect of triclopyr was only possible 
through the combination of glyphosate (Table 3).  

For the formulated mixture of clethodim + 
quizalofop-p-ethyl associated with 2,4-D or triclopyr, 

Figure 4 - DM of L. multiflorum on the effect of clethodim (A), quizalofop-p-ethyl (B), and clethodim + quizalofop-p-
ethyl (C) associated with 2,4-D and triclopyr. The dashed line refers to the sole control of the graminicides at 
their recommended doses of 108, 54, and 108+54 g ha−1 (100%), respectively. Concentrations of the herbicides 
clethodim, quizalofop-p-ethyl, and clethodim + quizalofop-p-ethyl are 240, 50, and 240+120 g a.i. L−1. Addition 
of alkyl ester ethoxylated adjuvant to phosphoric acid at 0.5% v/v.
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the addition of both glyphosate and malathion showed 
levels of control similar to the sole application 
of clethodim + quizalofop-p-ethyl (Table 3). The 
association of these graminicides leads to better 

control when compared to their sole application 
(BARROSO et al., 2010). For 2,4-D and triclopyr, 
the herbicide glyphosate presented greater control in 
the initial evaluations in comparison to malathion. 

Table 3 - Percentage of control and dry matter of L. multiflorum by clethodim, quizalofop-p-ethyl, and clethodim + quizalofop-p-ethyl 
associated with 2,4-D or triclopyr and/or glyphosate or malathion. 

 

Treatment 
Association 

with 2,4-D or 
triclopyr 

-----------------------------% Control12---------------------------- 
Dry matter 

( g m-2) 
Regrowth 

  14 DAA 21 DAA 28 DAA 35 DAA   
-----------------------------------------------------------------------------clethodim----------------------------------------------------------------------------- 
Control - 0 c 0 d 0 e 0 e 517.3 a - Yes 
glyphosate - 22 b 37 c 47 d 51 d 263.7 bc - Yes 
Clethodim - 19 b 42 bc 77 bc 91 ab 244.0 bc No 
glyphosate + clethodim - 32 a 62 a 89 a 92 a 161.9 bc No 
glyphosate + clethodim 2,4-D 22 b 37 c 72 c 82 c 284.3 bc - Yes 
malathion + clethodim 2,4-D 17 b 47 b 72 c 86 abc 301.4 bc - Yes 
glyphosate + clethodim Triclopyr 24 b 57 a 82 ab 87 abc 135.5 c - Yes 
malathion + clethodim Triclopyr 17 b 47 b 75 c 85 bc 322.2 b - Yes 
-----------------------CV%--------------------- -----16.7----- -----8.9------ -----4.7----- -----4.0------ ------26.9------  
-------------------------------------------------------------------------quizalofop-p-ethyl----------------------------------------------------------------------- 
Control - 0 d 0 d 0 d 0 e 517.3 a - Yes 
glyphosate - 22 a 37 abc 47 c 51 d 263.7 ab - Yes 
quizalofop-p-ethyl - 9 bc 41 ab 57 ab 69 ab 296.4 ab - Yes 
glyphosate + 
quizalofop-p-ethyl - 24 a 44 a 61 a 71 a 237.0 b - Yes 

glyphosate + 
quizalofop-p-ethyl 2,4-D 12 b 35 bc 49 c 60 c 317.0 ab - Yes 

malathion + 
quizalofop-p-ethyl 2,4-D 5 cd 31 c 47 c 57 cd 248.0 b - Yes 

glyphosate + 
quizalofop-p-ethyl Triclopyr 29 a 48 a 51 bc 62 bc 265.0 ab - Yes 

malathion + 
quizalofop-p-ethyl Triclopyr 5 cd 30 c 51 bc 59 cd 279.4 ab - Yes 

----------------------CV%---------------------- -----20.8----- -----10.3---- -----7.5----- -----6.8------ ------37.0------  
---------------------------------------------------------------------clethodim + quizalofop-p-ethyl------------------------------------------------------------ 
Control - 0 f 0 d 0 d 0 d 517.3 a - Yes 
glyphosate - 22 bc 37 bc 47 c 51 c 263.7 ab - Yes 
 clethodim + 
quizalofop-p-ethyl - 18 cd 40 bc 76 ab 86 ab 366.5 ab - Yes 

glyphosate + clethodim 
+ quizalofop-p-ethyl - 33 a 60 a 82 a 91 a 208.1 b - Yes 

glyphosate + clethodim 
+ quizalofop-p-ethyl 2,4-D 26 b 56 a 74 b 82 b 222.0 b - Yes 

malathion + clethodim 
+ quizalofop-p-ethyl 2,4-D 11 e 34 c 74 b 85 ab 288.2 ab - Yes 

glyphosate + clethodim 
+ quizalofop-p-ethyl Triclopyr 40 a 60 a 82 a 85 ab 188.3 b - Yes 

malathion + clethodim 
+ quizalofop-p-ethyl Triclopyr 15 de 42 b 81 a 89 ab 371.2 ab - Yes 

-----------------------CV%--------------------- -----13.7----- ------8.9----- -----4.9----- -----3.8------ ------40.2------  

 
1Means followed by the same letter in the columns are not significantly different. 2Significant at the 1% probability level by the Tukey 
test.  
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In the final evaluations, glyphosate and malathion 
showed the same mitigation capacity of the 2,4-D and 
triclopyr antagonism (Table 3).  

Overall, the herbicides clethodim and 
clethodim + quizalofop-p-ethyl were more efficient in 
the control of ryegrass than quizalofop-p-ethyl. The 
antagonistic effect of 2,4-D was superior to triclopyr 
in some cases. Moreover, glyphosate presented a 
greater capacity to mitigate the antagonistic effect 
than malathion. The association of glyphosate 
with graminicide improves control over Digitaria 
insularis (BARROSO et al., 2014; CASSOL et 
al., 2019). The formulated mixture of clethodim + 
quizalofop-p-ethyl suffered less interference from 
synthetic auxins in ryegrass control than clethodim 
and quizalofop-p-ethyl. The fact that the insecticide 
malathion mitigates the antagonistic effect of the 
mixture, suggesting that the possible mechanism of 
antagonism is the expression of P450 monooxygenase 
enzymes triggered by the auxin herbicides. However, 
this insecticide can lead to greater absorption and 
translocation of the herbicides, improving their 
efficiency (MINTON et al., 2008). 

Note that the association of ACCase 
enzyme inhibiting herbicides with 2,4-D and triclopyr 
causes a small reduction over ryegrass control. A 
separate application can result in higher operation 
cost, more weather dependence for applications 
and, in crops with tolerance, can generate greater 
trampling. In addition to these factors, the economic 
aspect must be considered (TREZZI et al., 2007). 
Sequential applications of herbicides would improve 
performance, as in Digitaria insularis and Conyza 
bonariensis, where excellent controls are obtained 
(LAMEGO et al., 2013; CORREIA et al., 2015). 
The adoption of weed control planning allows the 
association of herbicides to be conducted without 
hindrance, providing a broad spectrum mixture 
controlling both narrow- and wide-leaf weeds, which 
already have resistance to glyphosate; conversely, 
when it is conducted in a single way, the association 
should be assessed. 

CONCLUSION

The formulated mixture of clethodim 
+ quizalofop-p-ethyl obtained better performance 
over ryegrass control when associated with auxin 
herbicidesthan other graminicides. The increase of the 
dose of the ACCase enzyme inhibiting herbicide is an 
alternative for compensating the antagonistic effect. 
As for the herbicide clethodim, the increase of around 
20% compensates for the association with 2,4-D and 

triclopyr. Other ways to mitigate the antagonistic 
effect of auxin herbicides is the application of 
glyphosate or malathion. One of the possible causes 
of the antagonism caused by 2,4-D and triclopyr may 
be related to the expression of genes encoding P450 
monooxygenases enzymes and to the absorption and 
translocation problems.
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