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1. Introduction

Digitaria insularis L. (sourgrass.) and Conyza spp. L. (fleabane) are considered 
the main weeds in areas of grain production in Brazil, causing serious losses due to 
competition with the crops of interest for essential resources (Blainski et al., 2015; Hao 
et al., 2009). The problem is worsened when both species are resistant to glyphosate 
and present in the same cropping area, which difficult the management and increases 
the costs to control them.

The control of both species concurrently requires the combined use of herbicides 
with different modes of action. The control of these species can be more effective 
by applying acetyl-coenzyme carboxylase (ACCase)-inhibiting herbicides to control 
glyphosate-resistant sourgrass (Barroso et al., 2014; Leal et al., 2020; Melo et al., 2012), 
and acetolactate synthase (ALS)-inhibiting herbicides to control fleabane (Blainski 
et al., 2015; Bressanin et al., 2014), mainly when there are weed resistance cases to 
glyphosate in glyphosate-resistant soybean (Glycine max (L.) Merr) areas. However, 
not all herbicides can be used in tank-mix combinations, due to incompatibility or 
antagonism between herbicides (Colby, 1967; Zhang et al., 1995). The effects of 
herbicide tank-mix application or sequential application depend on plant species, 
phenological stage and environmental conditions (Damalas et al., 2004). 

Antagonistic effects often occur when herbicides used for grass control are applied 
at the same time or after the application of herbicides used for dicotyledonous control 
(Leal et al., 2020; Ottis et al., 2005; Rustom et al., 2018; Webster et al., 2019; Zhang 
et al., 1995). About 80% of antagonistic interactions occur in species of the family 
Poaceae (grasses) (Damalas et al., 2004; Zhang et al., 1995). Glyphosate previously 
provided excellent control of fleabane and sourgrass; however, with the evolution 
of glyphosate-resistant weeds in Brazil, alternative herbicides must be identified to 
provide effective control of these weeds in soybean. As reported by our group, fleabane 
and sourgrass can be controlled with herbicides by applying haloxyfop > 6 d before 
2,4-D (Leal et al., 2020). However, there are few options to control weeds, when 
present concurrently in the post-emergence soybean system.

ALS-inhibiting herbicides are reported to antagonize ACCase-inhibiting herbicides, 
causing a decrease in grass control (Bhullar et al., 2016; Myers and Coble, 1992; Ottis 
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et al., 2005; Rustom et al., 2018). Negative interactions 
between herbicides in tank-mix or sequential applications 
can be attributed to changes in the amount of herbicide that 
reaches the site of action within plants through changes 
in its absorption, translocation or metabolism due to the 
presence of other herbicide (Barnes and Oliver, 2004). 
The effect of herbicide combination can be maximized or 
minimized depending on the interval between applications 
that are adopted in the management system (Burke et al., 
2002; Leal et al., 2020). 

Haloxyfop-P-methyl and cloransulam are the main 
post-emergence herbicides recommended controlling 
sourgrass and fleabane, respectively, especially in 
glyphosate-tolerant soybean systems. However, there 
is little technical information about the interval and 
sequential herbicides application and how this may impair 
weed control when they are present concurrently in the crop 
system. This work aimed to evaluate the use of different 
sequences and intervals of application of the herbicides 
haloxyfop-P-methyl and cloransulam-methyl to effectively 
control both sourgrass (from 3- to 4-tillers to flowering 
stages) and fleabane (at 12- to 15-cm tall). 

2. Materials and methods

2.1 Plant materials and growth conditions 

Digitaria insularis L. (sourgrass.) and Conyza spp. 
L. (fleabane), collected in 2015 from a soybean field in 
Mogi Mirim City, were used to carry out an experiment 
(performed twice). Plants previously germinated from 
seeds in a 1-L polyethylene pot with Planosol soil (Santos 
et al., 2013) filled with sandy loam soil (18% clay, 5% silt, 
77% sand), were transplanted to 1 L pot (one plant per 
pot), containing soil as substrate. According to soybean 
crop management (Freire, 2013), the soil was amended 
with 1.5 t ha-1 dolomitic calcareous (relative power of total 
neutralization = 80%) and fertilized with 80 kg ha-1 of P2O5 
and 60 kg ha-1 of K2O. Afterward, the soil presented the 
chemical characteristics: pH (water) = 5.8; organic matter 
= 0.25 dag kg-1 (0.25%); P (37.2 mg dm-3) and K (77 mg 
dm-3). Besides the amendment, the soil was fertilized with 
nitrogen, phosphorus, and potassium (NPK, 5-20-20), once 
per week and irrigated daily at field capacity.

The experiment was conducted with fleabane at 12- to 
15-cm tall and with sourgrass at 3- to 4- tillers and flowering 
stages, respectively, arranged in a randomized complete 
block design with four biological replicates and conducted 
twice temporally (two runs). The treatments consisted 
of the application of two herbicides in different order of 
application: haloxyfop-P-methyl (62 g ea. ha-1) (Verdict®, 120 
g e.a. L-1, EC, Corteva Agriscience) and cloransulam-methyl 
(40 g ai. ha-1) (Pacto®, 840 g a.i. L-1, WG, Corteva Agriscience) 
and sequential applications made at 3, 6 and 12 days after 
the first application. Besides, haloxyfop-P-methyl and 
cloransulam-methyl applied sequentially, stand-alone and 
an untreated check treatment were also included (Table 1). 

When plants reached the above-mentioned growth stage, 
the plants were sprayed using a CO2-pressurized backpack 
sprayer equipped with four TeeJet XR110015 flat-fan nozzles 
(TeeJet Technologies), which delivered 150 L ha-1 of spray 
solution at 280 kPa and a ground speed of 4.53 km hr−1. 

2.2 Visual control analysis

Weed control was performed by visual assessments 
using a scale of 0 to 100% [where 0% represents the absence 
of symptoms and 100% represents the death of the plant 
(Frans et al., 1986). The analysis was performed at 14 and 
35 days after the last application (DALA) for sourgrass and 
at 7 and 35 DALA for fleabane (Leal et al., 2020).

2.3 Analysis of chlorophyll a fluorescence

Measurements of Chl a fluorescence transient were 
taken in intact young leaves with a fully expanded first 
leaf of sourgrass plants at 3- to 4- tiller in two periods 
(14 and 35 DALA), in dark-adapted (at least 20 min in 
specially provided clips) leaves attached to the plant by 
using a Handy-PEA fluorimeter (Plant Efficiency Analyzer, 
Hansatech Instruments Ltd, UK). The fluorescence was 
induced by one saturating red-light flash (peak at 650 
nm) with 3.000 μmol photons m-2 s-1, to measure the 
polyphasic fluorescence rise (OJIP) during the first second 
of illumination (10 μs to 1 s) as described in Strasser 
et al. (2004). Among the parameters selected by the 
highlighted JIP-test: jRo - Quantum yield for reduction 
of end electron acceptors at the PSI acceptor side (RE); 
jEo - Quantum yield for electron transport (ET); 
jDo - Maximum quantum yield of non-photochemical 
de-excitation; PIABS - Performance index (potential) for 
energy conservation from exciton to the reduction of 

Table 1 - Treatment structure for Digitaria insularis 
(sourgrass) and Conyza spp (fleabane) control evaluation of 

greenhouse experiments.

Herbicide programa

Application 
sequence

1st 2nd
Application 

interval 
(Days)

Untreated Untreated - -
Cloransulam Cloransulam - -
Haloxyfop Haloxyfop - -

Halox+cloran 1 Haloxyfop+-
Cloransulam - -

Cloran / halox (3)2 Cloransulam Haloxyfop 3
Cloran / halox (6) 2 Cloransulam Haloxyfop 6
Cloran / halox (12)2 Cloransulam Haloxyfop 12
Halox / cloran (3)2 Haloxyfop Cloransulam 3
Halox / cloran (6)2 Haloxyfop Cloransulam 6
Halox / cloran (12)2 Haloxyfop Cloransulam 12

aAbbreviations: 1Sequential haloxyfop-P-methyl and cloransulam herbici-
des; 2interval between the first and second application (3, 6 and 12 days).
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Haloxyfop-P-methyl applied ≥ 6 days before 
cloransulam-methyl controlled sourgrass at 3- to 4-tillers 
and flowering stage equivalently to haloxyfop-P-methyl 
alone (Table 3 and 4). At 3- to 4-tiller these treatments 
controlled ≥ 60% sourgrass at 14 DALA and 100% at 35 
DALA, regarding the reduction of 100% in dry mass when 
compared to untreated plants (Table 3). All other treatments 
at 35 DALA controlled 3- to 4-tiller sourgrass about 35 to 
56% (Table 3). Haloxyfop-P-methyl applied ≥ 6 days before 
cloransulam-methyl at the flowering stage controlled ≥ 
35% at 14 DALA and 60% at 35 DALA, equivalently to 
haloxyfop-P-methyl alone. Furthermore, at 35 DALA, other 
treatments controlled sourgrass at the flowering stage in 
about ≤ 40% (Table 4).

Chl a fluorescence analysis presented an increase in the 
relative variable fluorescence (Wt) (Figure 1a) and increase 
in the flux of energy dissipated (heat) per active reaction 
center (DI0/RC) and quantum yield of energy dissipation 
(φDo) in sourgrass plants at 3- to 4- tillers stage, treated with 
haloxyfop-P-methyl at 14 DALA (Figure 2a). There was an 
increase in the sequence of events from exciton trapping 
by PSII up to plastoquinone (PQ) reduction, shown in the 
OI-phase (Figure 1c) and the parameter TR0/RC [energy 
trapping flux per RC which can lead a reduction of quinone 
(QA)] (Figure 2a). However, there was a decline of the electron 
transfer from PQH2 to the end electron acceptor of the PSI 
acceptor side, as highlighted in the IP-phase (Figure 1e). 
Also, decreases occurred in φEo (quantum yield for electron 

intersystem electron acceptors; PItotal - Performance index 
(potential) for energy conservation from exciton to the 
reduction of PSI end acceptors. DI0/RC - Dissipation of an 
active RC; ABS/RC- a measure of the apparent size of the 
antenna system; TR0/RC - Maximum trapping rate per RC.

The OJIP-steps (relative variable fluorescence) were 
analyzed using the JIP-test parameters [see Strasser et 
al. (2004) and Tsimilli-Michael and Strasser (2008)]. 
Normalizations and subtractions of the JIP-test were 
employed to show events reflected in the OJ-, OI-, and 
IP-phases according to Yusuf et al. (2010).

2.4 Dry mass analysis

Shoot and roots of plants (at 35 DALA) were carefully 
separated and placed in a paper bag. For drying, they were 
placed in an oven (60 ± 5 ºC) with forced air circulation. 
When plants reached constant mass (~72 h), they were 
weighed to determine the shoot dry mass (SDM) and root 
dry mass (RDM).

2.5 Statistical analysis

The data of both experiments were checked for normality 
(Shapiro-Wilk) and homogeneity (Bartlett) of variance 
and then analysis of variance (ANOVA) was performed 
considering run as a fixed factor. Since no significant effect 
(p > 0.05) was verified, data from both experiments were 
combined. Data were analyzed using the GLM procedure 
to evaluate the differences between treatments. When F 
was significant, the treatment means were separated at p ≤ 
0.05 and adjusted using Fisher’s Protected LSD. Statistical 
analyses were performed using the SAS 9.0 statistical 
software program (SAS Institute Inc., Cary, NC).

3. Results and discussion

Interaction of change to run-by-treatment was 
not significant (p > 0.05) for visual weed control, SDM 
and RDM. Therefore, data were pooled across runs. 
Haloxyfop-P-methyl and cloransulam-methyl applied in 
sequential, regardless of application order and interval, 
and cloransulam-methyl alone provided 100% control of 
fleabane (Table 2). This result confirms the sensitivity of 
fleabane to inhibitory herbicides of ALS mode of action 
(Blainski et al., 2015; Bressanin et al., 2014) and the 
absence of antagonism in the association between the 
herbicides haloxyfop-P-methyl and cloransulam-methyl to 
control fleabane. 

As expected, haloxyfop-p-methyl alone did not affect 
fleabane. Haloxyfop-P-methyl alone did not control 
fleabane, since ACCase-inhibiting herbicides have no 
effects in dicotyledonous (Table 2), due to the presence of 
the herbicide-tolerant prokaryotic form of ACCase enzyme, 
compared to grasses which have the herbicide-sensitive 
eukaryotic form (Sasaki and Nagano, 2004). 

Table 2 - Conyza spp (fleabane) control at 7 and 35 days 
after last application (DALA), shoot dry mass (SDM) and 
root dry mass (RDM) of fleabane plants at 12 cm stage 

subjected to the sequential use of the haloxyfop-P-methyl 
and cloransulam, and cloransulam and haloxyfop-P-methyl 

at 3, 6 and 12-day intervals between applications.

Treatmentsa ----Control (%)b---- ---- Dry mass (g)
c----

7DALA 35DALA SDM RDM

Untreated - - 1.47 b 2.72 b

Cloransulam 47 bc 100 a 0 c 0 c

Haloxyfop 0 e 0 b 1.72 a 3.15 a

Halox+cloran 1 68 a 100 a 0 c 0 c

Cloran / halox (3)2 65 a 100 a 0 c 0 c

Cloran / halox (6) 2 70 a 100 a 0 c 0 c

Cloran / halox (12)2 56 ab 100 a 0 c 0 c

Halox / cloran (3)2 35 cd 100 a 0 c 0 c

Halox / cloran (6)2 65 a 100 a 0 c 0 c

Halox / cloran (12)2 25 d 100 a 0 c 0 c

LSD 14.47 0.58 0.1784 0.284
aAbbreviations: 1Sequential haloxyfop-P-methyl and cloransulam herbici-
des; 2interval between the first and second application (3, 6 and 12 days).
bVisual control estimates of sourgrass were made 7 and 35 after last 
application DALA.
cDry mass- SDM, shoot dry mass (g plant-1                                ) and RDM, root dry mass 
(g plant-1                                ) were made 35 after last application DALA.
Values are given as means (n = 8).
Within a column, means followed by the same letter are not significantly 
different at p < 0.05, using the Fisher’s Protected LSD.
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transport moves further than QA
-) in about 40% and φRo 

(quantum yield for reduction of end electron acceptors at the 
PSI acceptor side) in about 20% (Figure 2a), besides a decline 
in 70% the photosynthetic performance index [(PItotal) 
performance index for energy conservation from exciton 
to the reduction of PSI end acceptor] (Figure 2a). Sourgrass 
plants increased about 40% of the parameter ABS/RC (a 
measure of the apparent antenna size of an active PSII) with 
haloxyfop-P-methyl treatment (Figure 2a).

When haloxyfop-P-methyl was applied 6 and 12 days 
before cloransulam-methyl, there was an increase in 
the photosynthetic performance by more than 80 and 
15%, respectively, at 14 DALA (Figure 2a). However, it is 
noteworthy that the interval of 6 days between applications 
induced dissipation of energy as non-photochemical 

Table 3 - Digitaria insularis (sourgrass) control at 14 and 
35 days after last application (DALA), shoot dry mass 

(SDM) and root dry mass (RDM) of sourgrass plants at the 
stage of 3-4 tillers subjected to the sequential use of the 

haloxyfop-P-methyl and cloransulam, and cloransulam 
and haloxyfop-P-methyl at 3, 6 and 12-day intervals 

between applications.
3-4 tillers stage

Treatmentsa ----Control (%)b---- ---- Dry mass (g)c----

14DALA 35DALA SDM RDM
Untreated - - 4.1 a 1.14 a
Cloransulam 0 f 0 d 4.31 a 1.09 ab
Haloxyfop 60 b 100 a 0 e 0 d
Halox+cloran 1 40 d 55 b 1.23 d 0.59 c
Cloran / halox (3)2 20 e 35 c 3 b 0.99 b

Cloran / halox (6) 2 25 e 36 c 2.17 c 0.6 c

Cloran / halox (12)2 24 e 39 c 1.88 c 0.56 c

Halox / cloran (3)2 50 c 56 b 2.13 c 0.56 c

Halox / cloran (6)2 70 a 100 a 0 e 0 d

Halox / cloran (12)2 71 a 100 a 0 e 0 d
LSD 7.57 7.13 0.5422 0.14

aAbbreviations: 1Sequential haloxyfop-P-metyl and cloransulam herbicides; 
2interval between the first and second application (3, 6 and 12 days).
bVisual control estimates of sourgrass were made 14 and 35 after last 
application DALA.
cDry mass- SDM, shoot dry mass (g plant-1                                ) and RDM, root dry mass 
(g plant-1                                ) were made 35 after last application DALA.
Values are given as means (n = 8).
Within a column, means followed by the same letter are not significantly 
different at p < 0.05, using the Fisher’s Protected LSD.

Table 4 - Digitaria insularis (sourgrass) control at 14 and 35 
days after last application (DALA), shoot dry mass (SDM) 
and root dry mass (RDM) of sourgrass plants at flowering 

subjected to the sequential use of the haloxyfop-P-methyl 
and cloransulam, and cloransulam and haloxyfop-P-methyl 

at 3, 6 and 12-day intervals between applications.
Flowering stage

Treatmentsa
----Control (%)b---- ----Dry mass (g)c----
14DALA 35DALA SDM RDM

Untreated - - 6.41 c 2.5 b
Cloransulam 0 e 0 e 5.79 cd 2.02 c
Haloxyfop 41 a 61 a 4.14 ef 1.82 c
Halox+cloransul 1 11 d 21 d 10.7 a 2.78 b
Clorans / halox (3)2 8 d 30 c 8.52 b 3.75 a

Clorans / halox (6) 2 8 d 35 bc 4.8 de 2.47 b

Clorans / halox (12)2 8 d 40 b 4.74 de 1.96 c

Halox / clorans (3)2 25 c 35 bc 4.07 ef 1.62 cd

Halox / clorans (6)2 36 b 63 a 3.43 ef 1.37 d

Halox / clorans (12)2 35 b 63 a 3.24 f 1.79 c
LSD 3.66 6.93 1.49 0.41

aAbbreviations: 1Sequential haloxyfop-P-methyl and cloransulam herbici-
des; 2interval between the first and second application (3, 6 and 12 days).
bVisual control estimates of sourgrass were made 14 and 35 after last 
application DALA.
cDry mass- SDM, shoot dry mass (g plant-1                                ) and RDM, root dry mass 
(g plant-1                                ) were made 35 after last application DALA
Values are given as means (n = 8).
Within a column, means followed by the same letter are not significantly 
different at p < 0.05, using the Fisher’s Protected LSD.

Abbreviations: 1Sequential haloxyfop and cloransulam herbicides; 
2interval between the first and second application (3, 6 and 12 days).
Figure 1 - Chl a fluorescence transient of dark-adapted 
leaves for haloxyfop-P-methyl and cloransulam treatments 
applied at different intervals to control sourgrass at 3-4 
tillers stages. Data correspond to the relative variable 
fluorescence between the steps O and P (Wt)  (A and B);  
between the steps O and I (WOI) (C and D) and between the 
steps I and P (WIP) (E and F) on a logarithmic time scale at 
14DALA and 35 DALA. ms = milliseconds. (n = 8).  
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quenching (heat and fluorescence) in about 20% (DI0/RC 
and φDo) (Figure 2a). On the other hand, cloransulam-methyl 
showed no effect on sourgrass plants. Other treatments 
showed a reduction in performance indexes and an increase 
in energy dissipation as heat. Besides, there was an increase 
in the excitation captured by the RC (reaction center) until 
the reduction of PQ (OI-phase) (Figure1c) and a decrease in 
the electron transfer from PQ to the final electron acceptor 
of the PSI as highlighted in the IP-phase (Figure 1d).

At 35 DALA, sourgrass plants (3- to 4-tillers) died when 
treated with haloxyfop-P-methyl applied 6 and 12 days 
before cloransulam-methyl and haloxyfop-P-methyl alone. 
The sequential haloxyfop-P-methyl and cloransulam-methyl 
applied without an interval of application induced an 
increase in the electron transfer from PQ to the final 
electron acceptor of the PSI as highlighted in the IP-phase 
(Figure 1f), and declined photosynthetic performance by 
20% while increased energy dissipation as heat in about 
40% in sourgrass plants (Figure 2b). Other treatments 
did not affect the photosynthetic process (Figure 1 and 2). 
The decrease in the photosynthetic process may induce a 
reduction in dry mass, even if the stress was not enough to 
kill the plant.

The ACCase-inhibiting herbicides, such as haloxyfop-P-
methyl affect photosynthesis by inhibiting the fatty acid 
biosynthesis (Dayan and Zaccaro, 2012). Lipids are essential 
components of photosynthetic electron transport chain 
(chloroplast membrane) and phytol chain of chlorophylls. 
Decreases in lipid production affect the stability of 
photosynthesis which increases chlorophyll fluorescence 
(Dayan and Zaccaro, 2012).  Fluorescence is a potential 
stress indicator that can be indicative of physiological 
disturbances before the appearance of visible symptoms of 
stress. This effect was observed in sourgrass by an increase 
in the relative variable fluorescence (Wt; Figure 1a), energy 
dissipation as heat (DI0/RC and φDo), and the decline in 
70% in the photosynthetic performance (PIabs and PItotal), 
when plants were treated with haloxyfop-P-methyl at 3- to 
4-tillers stage at 14 DALA (Figure 2a). The decrease in the 
performance indexes indicates the loss of photochemical 
efficiency in plants (Thach et al., 2007). At 35 DALA, 
sourgrass plants did not withstand the stress induced by 
haloxyfop-P-methyl and died, showing the sensitivity of 
these plants to this herbicide.

On the other hand, as sourgrass plants are tolerant 
to cloransulam-methyl, the effects of this herbicide on 
the chlorophyll a fluorescence are not observed in any 
of the evaluations (Figure 1 and 2),what may explain the 
biomass stabilization of treated plants when compared to 
the control. 

Sourgrass plants that received cloransulam before 
haloxyfop-P-methyl, regardless of the application interval, 
as well as plants that received the treatment haloxyfop 
interval 3 days cloransulam, were not effectively controlled. 
Antagonistic effects between ACCase- and ALS-inhibiting 
herbicides were reported in italian ryegrass (Lolium perenne 

L. ssp. multiflorum (Lam.) Husnot), goosegrass (Eleusine 
indica (L.) Gaertn), Sprangletop (Leptochloa chinensis (L.) 
Nees) and rice (Oryza sativa L.) (Bhullar et al., 2016; Burke 
et al., 2002, 2003). 

The antagonistic effect between inhibitors of ACCase 
and ALS depends on the plant species and herbicides used 

Abbreviations: 1Sequential haloxyfop and cloransulam herbicides; 
2interval between the first and second application (3, 6 and 12 days). 
Figure 2 - Chlorophyll a fluorescence transient of 
dark-adapted leaves for haloxyfop-P-methyl (H) and 
cloransulam treatments applied to control sourgrass at 
3-4 tillers and stage at 14 DALA (A) and 35 DALA (B). Data 
correspond to the photosynthetic parameters deduced 
by the JIP-test analysis of the fluorescence transients 
normalized using the reference the control. (n = 8). 



6

 Leal JFL, Borella J, Souza AS, Oliveira GFPB, Langaro AC, Pinho CF

Adv Weed Sci. 2021;39:e21237936 https://doi.org/10.51694/AdvWeedSci/2021;39:00010

(Vieira Junior et al., 2015) and are often correlated with 
reduced absorption, reduced translocation of graminicides 
(Barnes and Oliver, 2004) and alteration in photosynthesis 
(Burke et al., 2003).

Reduction of photosynthetic performance in sourgrass 
of plants at 3- to 4-tillers was observed in treatments 
with unsatisfactory control, suggesting that cloransulam 
influences negatively photosynthesis of sourgrass when 
associated with haloxyfop-P-methyl. Several reports have 
reported that photosynthetic metabolism is impaired 
when herbicides are applied and it can be detected through 
chlorophyll a fluorescence (Dayan and Zaccaro, 2012), such 
as the application herbicides from imidazolinone group on 
rice plants (Sousa et al., 2014). Burke et al. (2003), suggest 
that the antagonism of clethodim by imazapic may be caused 
by imazapic reducing the photosynthetic rate of Eleusine 
indica and therefore the sensitivity of ACCase to clethodim. 
ACCase is located within the chloroplasts and on active 
meristematic tissues.  Plants in fast-growing stages have 
a higher demand for cell membrane constituents, thus the 
ACCase-inhibiting herbicides are more active and efficient 
(Kukorelli et al., 2013). Therefore, the reduction of plant 
growth and photosynthesis caused by ALS inhibition would 
reduce plant demand for lipid biosynthesis by ACCase, 
thus reducing the efficacy of ACCase-inhibiting herbicides 
(Burke et al., 2003). The data showed that reduction in both 
photosynthetic performance and dry mass of sourgrass 
was due to cloransulam applied before haloxyfop-P-methyl, 
independent of the interval of application, haloxyfop-P-
methyl applied 3 days before cloransulam and the sequential 
of herbicides applied at the same day.

Haloxyfop-P-methyl applied ≥ 6 days before cloransulam 
controlled sourgrass. The order and interval of application 
of haloxyfop-P-methyl and cloransulam are crucial to 
effective control sourgrass. The distribution of 7 days 
between graminicides and latifolicides (in this order) did 
not cause an anomaly in the control of broadleaf signalgrass 
(Urochloa platyphylla (Munro ex C. Wright) R.D. Webster), 
fall panicum (Panicum dichotomiflorum Michx), goosegrass 
(Eleusine indica) and crabgrass (Digitaria sanguinalis (L.) 
Scop) (Burke et al., 2002). As here reported, haloxyfop-P-

methyl, when applied ≥ 6 days before cloransulam, did 
not show a difference between the plants that received 
haloxyfop-P-methyl alone in the control of sourgrass. 

At the flowering stage, no control of sourgrass was 
observed and this may be linked to the stage of plant 
development. Studies show that perennial plants have 
their control reduced (Zobiole et al., 2016). This is due to 
the increase in dry mass accumulation, clump formation, 
tissue lignification and the accumulation of starch in the 
rhizome that may hinder the translocation of herbicides 
(Gemelli et al., 2013; Machado et al., 2008). Therefore, the 
knowledge of the phenological stage of weeds is crucial for 
efficient control. Furthermore, haloxyfop-P-methyl should 
be applied at least 6 days before cloransulam in a sequential 
treatment regime to effectively control sourgrass. On the 
other hand, the control of fleabane does not depend on 
the application interval and sequence of cloransulam and 
haloxyfop-P-methyl.

4. Conclusion

Haloxyfop-P-methyl should be applied at least 6 days 
before cloransulam-methyl in a sequential application to 
control fleabane and sourgrass glyphosate-resistant when 
concurrently present. However, it is noteworthy to follow 
the recommendation of the phenological stage of the 3- to 
4- tillers for sourgrass plants to effective control.
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