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ABSTRACT

Sumatran fleabane (Conyza sumatrensis [Retz.] E. Walker) can be found in many different agricultural environments and impact
different crops, such as soybeans and corn. It is believed that the application of burndown and preemergence herbicides in the
off-season are effective in controlling Sumatran fleabane in soybean crops. The objective was to evaluate the effectiveness of
burndown and preemergence herbicides in the off-season, with one or two applications, in the control of Sumatran fleabane in
soybean cultivation. Five field experiments were conducted in Marip3d, state of Parana (PR), Brazil. The treatments consisted
of the application of burndown herbicides in combinations with preemergence ones, with one or two applications. Control of
Sumatran fleabane and soybean yield were evaluated. With the set of experiments, it is highlighted that the strategy combining
more applications, with different herbicides, burndown and preemergence, is more promising in the control of Sumatran fleabane.
When comparing synthetic auxins, dicamba and triclopyr stand out. For sequential application, worse performance was observed
for diquat. Combinations between burndown and preemergence herbicides were effective in controlling Sumatran fleabane, for
pre sowing application in soybean. With emphasis on managements with sequential applications of saflufenacil with glufosinate
or glyphosate. The strategy combining more applications, with different herbicides, burndown and preemergence herbicides, is
more promising in the control of Sumatran fleabane.
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INTRODUCTION

Sumatran fleabane (Conyza sumatrensis [Retz.] E. Walker) is one of the main species of this genus. It has an annual
life cycle, with high seed production, which can be easily dispersed to more than 500,000 m from the mother plant
(SHIELDS et al., 2006). Thus, these plants can be found in many different agricultural environments and impact different
crops, such as soybeans and maize (BAJWA et al., 2016). TREZZI et al. (2015) indicated that 2.7 C. bonariensis plants
per square meter are enough to reduce soybean yield by 50%.

Another point to be highlighted are the cases of Sumatran fleabane with resistance to herbicides, with reports all over
the world. In South America, cases in Brazil, Paraguay and Argentina stand out. There are reports of single and multiple
resistance to several herbicides, especially glyphosate (5-enolpyruvylshikimate-3-phosphate synthase), chlorimuron and
other acetolactate synthase inhibitors, paraquat (photosystem I inhibitors), dicamba (synthetic auxins) (SANTOS et al.,
2014; PINHO et al., 2019; ZOBIOLE et al.,, 2019; ALBRECHT et al., 2020a,b; QUEIROZ et al., 2020).
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Thus, it is necessary to use alternative herbicides, with preemergence activity and different mechanisms of action, for
the effective control of Sumatran fleabane. Studies highlight the effectiveness of herbicides with preemergence action in
controlling Conyza spp. in soybean, for example, flumioxazin (PITTMAN et al., 2019), diclosulam (KRENCHINSKI et al.,
2019), diuron (SANTOS et al,, 2015), sulfentrazone (ALBRECHT et al.,, 2021), imazethapyr (ALBRECHT et al., 2020c)
among others.

In addition to the use of herbicides with preemergence action, for an effective management of Conyza spp. burndown
herbicides should also be applied in situations where these weeds are present before sowing soybean. Among these herbicides,
glufosinate stands out (ALBRECHT et al., 2020c; CANTU et al., 2021). Glyphosate can also be used, but with cases of
resistance and consequent loss of effectiveness, it may be better to use it in post-emergence of soybean.

In this context, it is believed that the application of burndown and preemergence herbicides in the off-season are
effective in controlling Sumatran fleabane in soybean crop. The objective of this study was to evaluate the effectiveness of
burndown and preemergence herbicides in the off-season, with one or two applications, in the control of Sumatran fleabane
in soybean cultivation.

MATERIAL AND METHODS

Location description

Five experiments were carried out with herbicide applications for pre sowing burndown in soybean, located in Maripa,
state of Parand (PR), Brazil (exp. 1: 24°24'28.4”S 53°51°44.4”Wj exp. 2: 24°24’28.3”S 53°51°45.5”Wj exp. 3: 24°24°28.3”S
53°51°45.5”W; exp. 4: 24°24729.17S 53°51°45.3”W; exp. 5: 24°24°29”S 53°51°43.7”W). The climate in the region is Cfa—sub-
tropical with summer rains and dry winters, according to the Koppen-Geiger classification, the meteorological conditions
during the experiment are illustrated in Fig. 1. The soil of the experimental area showed a very clayey texture (65.1% clay,
19.55% silt, and 15.35% sand), and with the following chemical characteristics (0-20 cm): pH (CaCl,) of 5.9; organic matter
of 1.98% and cation exchange capacity of 19.13 cmol -dm™.
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Figure 1. Rainfall, minimum (min) and maximum (max) temperature, during the experiments. Maripa, PR, Brazil, 2020-2021.

Experimental design

Experiments 1 to 4 consisted of two herbicide applications, experiment 5 was composed of a single application. The
first application in experiments 1 to 4 and the application in experiment 5 were made on August 24, 2020, under average
temperature of 24 °C, relative humidity of 78% and wind speed of 1.7 km-h™. The second application was made ten days after
the first application, on September 3, 2020, under average temperature of 27 °C, relative humidity of 62% and wind speed of
2.2 km-h™". For the applications, a CO, pressurized backpack sprayer was used, equipped with a 3-m-long application bar,
with six XR 110 02 flat fan spray nozzles (Teejet), spaced 50 cm apart, bar height of 50 cm from the target, 2 BAR constant
pressure, 0.45 L-min~' flow, and 1 m-s™' speed, thus providing a spray volume of 150 L-ha™'.
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The area was infested with 19.7 plants-m of Sumatran fleabane, with more than 50% plants over 20 cm tall. The soil in
the area had a large seed bank of Sumatran fleabane with new emergence flows after the first application. It should be noted
that the area had a history and frequency of plants with resistance to 2,4-dichlorophenoxyacetic acid (2,4-D), paraquat
and diquat.

Seven treatments were adopted for each experiment (Tables 1 to 5) and a randomized block design with four replications
was used. The experimental units consisted of 5 x 3 m plots. For the evaluations, only the central area (5.4 m?) of each plot
was considered.

Table 1. Herbicide treatments in first application at pre sowing soybean burndown to control Sumatran fleabane (exp. 1).

Treatments'

Rate? (g-ha™')

Nontreated control (without weeding)

Nontreated control (with weeding)

Glyphosate + metsulfuron

1,500 + 7.2

Glyphosate + 2,4-D

1,500 + 1,005

Glyphosate + chlorimuron + 2,4-D

1,500 + 30 + 1,209

Glyphosate + dicamba

1,500 + 288

Glyphosate + triclopyr

1,500 + 720

'Commercial products: Zapp QI 620 (glyphosate), Ally (metsulfuron), Aminol 806 (2,4-D), Classic (chlorimuron), Atectra (dicamba), Triclon
(triclopyr). Sequential application of glufosinate (400 g-ha™' of active ingredient [ai]), 10 days after the first application, except for the nontreated
control. 2Rates at acid equivalent (ae), except for metsulfuron and chlorimuron at ai.

Table 2. Herbicide treatments in first application at presowing soybean burndown to control Sumatran fleabane (exp. 2).

Treatments'

Rate? (g-ha™)

Nontreated control (without weeding)

Nontreated control (with weeding)

Only sequential application

Gly + dicamba + imazethapyr/flumioxazin

1,500 + 288 + 120/60

Gly + dicamba + diclosulam

1,500 + 288 + 20.16

Gly + dicamba + diclosulam

1,500 + 288 + 35.28

Gly + dicamba + sulfentrazone/diuron

1,500 + 288 + 245/490

'Commercial products: Zapp QI 620 (gly: glyphosate), Atectra (dicamba), Zethamaxx (imazethapyr/flumioxazin), Spider 840 WG (diclosulam),
Stone (sulfentrazone/diuron). Sequential application of glufosinate (400 g-ha™' of active ingredient [ai]), 10 days after the first application, except
for the nontreated control. 2Rates at acid equivalent (ae), except for flumioxazin, diclosulam, and sulfentrazone/diuron at ai.

Table 3. Herbicide treatments in sequential application at presowing soybean burndown to control Sumatran fleabane (exp. 3).

Treatments'

Rate? (g-ha™')

Nontreated control (without weeding)

Nontreated control (with weeding)

Without sequential application

Glufosinate

400

Glufosinate + imazethapyr/flumioxazin

400 + 120/60

Glufosinate + diclosulam

400 + 20.16

Glufosinate + sulfentrazone/diuron

400 + 245/490

'Commercial products: Zapp QI 620 (gly: glyphosate), Atectra (dicamba), Zethamaxx (imazethapyr/flumioxazin), Spider 840 WG (diclosulam),
Stone (sulfentrazone/diuron). First application of glyphosate + dicamba, 10 days before of second application, except for the nontreated control.
2Rates at acid equivalent (ae), except for flumioxazin, diclosulam, and sulfentrazone/diuron at a.i.
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Table 4. Herbicide treatments in sequential application at pre sowing soybean burndown to control Sumatran fleabane (exp. 4).

Treatments'

Rate? (g-ha™')

Nontreated control (without weeding)

Nontreated control (with weeding)

Diquat 400
Glufosinate 400
Glufosinate 600
Glufosinate + saflufenacil 400 + 35
Glyphosate + saflufenacil 1,240 + 35

'Commercial products: Reglone (diquat), Finale (glufosinate), Heat (saflufenacil), Zapp QI 620 (glyphosate). First application of glyphosate
(1,500 g-ha™' of acid equivalent [ae]) + dicamba (Atectra: 288 g ae-ha™'), 10 days before of second application, except for the nontreated control.
2Rates at ae for glyphosate, and at active ingredient (ai) for other herbicides.

Table 5. Herbicide treatments in pre sowing soybean burndown to control Sumatran fleabane (exp. 5).

Treatments'

Rate? (g-ha™')

Nontreated control (without weeding)

Nontreated control (with weeding)

Glufosinate 400
Glufosinate 600
Glufosinate + saflufenacil 400 + 35
Glyphosate + saflufenacil 1,000 + 35

Glyphosate + saflufenacil + diclosulam

1,000 + 35 + 20.16

'Commercial products: Finale (glufosinate), Heat (saflufenacil), Zapp QI 620 (glyphosate), Spider 840 WG (diclosulam). 2Rates at acid equivalent
(ae) for glyphosate, and at active ingredient (ai) for other herbicides.

On September 23, 2020, soybean cultivar ‘M 6210 IPRO’ was directly sown in rows 0.45 cm spaced apart, with
12 seeds-m™’, for all the experiments. In soybean postemergence, weed control was carried out by manual weeding, from
60 days after the first application (DAA) of herbicides, when the soybean was at the V6 stage (FEHR et al., 1971) in a total
area, even in the controls.

Evaluations

Control evaluation of Sumatran fleabane was carried out at 21 and 42 DAA, scores were assigned by visual analysis
of each experimental unit (0 for absence of injuries, up to 100% for plant death), considering, in this case, symptoms
significantly visible in the plants, according to their development (VELINI et al., 1995). For soybean yield, the useful area
of each plot was harvested, the weight of harvested grains was corrected to 13% moisture, with results expressed in kg-ha™'.

Statistical analysis

Data were tested by analysis of variance (ANOVA) using the F-test (p < 0.05). Treatment means were grouped using
Tukey’s test (p < 0.05). For the analysis, the Sisvar 5.6 software (FERREIRA, 2011) was used.

RESULTS

In experiment 1, the application of dicamba or triclopyr, in combination with glyphosate, showed better performance in the
control of Sumatran fleabane, at 21 and 42 DA A. There was a final control of up to 78%, inferior only to the weeded control (100%).
The effectiveness of herbicide treatments impacted soybean yield, with higher values for the most effective treatments (Fig. 2).
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Figure 2. Sumatran fleabane control at 21 and 42 days after first application (DAA), and soybean yield, of treatment herbicides in
first application at pre sowing soybean burndown (exp. 1). Sequential application of glufosinate at 10 DAA, except for the except
for the nontreated control. Gly: glyphosate. Bars, with same color and letter, do not differ each other by Tukey’s test, by 5% level.

The application of glyphosate + dicamba, in combination with preemergence, was also effective in controlling
Sumatran fleabane, in experiment 2, with emphasis on the combination with the highest rate of diclosulam. For
soybean yield, no differences were detected between the weeded control and glyphosate + dicamba + preemergence,
all superior to that observed for the application of glyphosate + dicamba (Fig. 3). Similar results were observed
in experiment 3, which evaluated the application of glyphosate + dicamba without sequential application of
glufosinate, and had the worst performance among the herbicide treatments. For the others, it is highlighted that

preemergence + glufosinate was effective in the control of Sumatran fleabane, with consistent results observed in
soybean yield (Fig. 4).
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Figure 3. Sumatran fleabane control at 21 and 42 days after first application (DAA), and soybean yield, of treatment herbicides
in first application at pre sowing soybean burndown (exp. 2). Sequential application of glufosinate, at 10 DAA, except for the
nontreated control. Gly: glyphosate Bars, with same color and letter, do not differ each other by Tukey’s test (1949), by 5% level.

For experiment 4, the treatments varied according to the second application, glyphosate + dicamba was used
in the first application in all herbicide treatments. In this sequence, when diquat was applied, a worse performance
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was observed in the control of Sumatran fleabane and in soybean yield. In this sense, the application of glufosinate
is highlighted, especially at the highest rate (600 g-ha™!), or in combination with saflufenacil, in this case at the rate

of 400 g-ha! (Fig. 5).
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Figure 4. Sumatran fleabane control at 21 and 42 days after application (DAA), and soybean yield, of treatment herbicides in
sequential application at pre sowing soybean burndown (exp. 3). First application of glyphosate + dicamba, 10 days before of
second application, except for the nontreated control. Bars, with same color and letter, do not differ each other by Tukey’s test, by

5% level.
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Figure 5. Sumatran fleabane control at 21 and 42 days after first application (DAA), and soybean yield, of treatment herbicides
in sequential application at pre sowing soybean burndown (exp. 4). First application of glyphosate + dicamba, 10 days before of

second application, except for the except for the nontreated control. Bars, with same color and letter, do not differ each other by
Tukey’s test, by 5% level.

In experiment 5, in a single application of herbicides, the efficacy of glufosinate + saflufenacil stands out, with 85%
control at 21 DAA, however at 42 DAA, 52.5% control was observed, even though it was among the most effective treatments.
Therefore, the productivity of all herbicide treatments was lower than that observed in the weeded control (Fig. 6). These

results reinforce the need for more interventions to control Sumatran fleabane in soybean, with the combination of burndown
herbicides with preemergence ones.
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Figure 6. Sumatran fleabane control at 21 and 42 days after application (DAA), and soybean yield, of treatment herbicides at pre
sowing soybean burndown (exp. 5). Bars, with same color and letter, do not differ each other by Tukey’s test, by 5% level.

DISCUSSION

With the set of experiments, the strategy combining more applications, with different herbicides, burndown and
preemergences, is more promising in the control of Sumatran fleabane. In the first application, when in combination with
glyphosate + synthetic auxin, dicamba and triclopyr can be highlighted as partners of glyphosate. Other studies highlight
dicamba (FLESSNER; PITTMAN, 2019; ASKEW et al., 2021) or triclopyr (CANTU et al., 2021), in different combinations,
especially with burndown and preemergences herbicides. Also, dicamba and triclopyr can be used as an alternative to
2,4-D, which were superior in this study. Resistance to 2,4-D has been reported in southern Brazil, due to the rapid necrosis
mechanism (PINHO et al., 2019; QUEIROZ et al., 2020), which helps to explain the results of this study.

Another important tool in the control of Sumatran fleabane is the use of preemergence herbicides, even in advance,
with application 30 days before soybean sowing. preemergence herbicides increase the effectiveness of treatments, and
should be applied for pre sowing soybean desiccation. The application of imazethapyr/flumioxazin, sulfentrazone/diuron
or diclosulam was effective in different combinations. As already pointed out by other studies in different managements,
especially those with more interventions, and with different mechanisms of action (SOLTANI et al., 2017; RIZZARDI
etal., 2020; SCHRAMSKI et al., 2021).

Also, the importance of sequential application, with burndown herbicides, was demonstrated with these results. In
particular, glufosinate proved to be effective when compared to diquat. The application of glufosinate is supported by
other studies in different management situations of Sumatran fleabane (ALBRECHT et al., 2020c; CORREIA, 2020). The
combination of glufosinate with saflufenacil was also effective in controlling the sequential application. This combination
is important in the control of Sumatran fleabane and other weeds, widely used in pre sowing soybean, with studies even
indicating a synergistic effect (JHALA et al., 2013; TAKANO et al., 2020).

Although with lower efficacy compared to glufosinate + saflufenacil, the combination glyphosate + saflufenacil was
also promising in the control of Sumatran fleabane, superior to that observed for diquat. As well as, when in combination
with glufosinate, also with glyphosate, saflufenacil is recommended in this modality of application, and a synergistic effect
is observed in some situations in the control of Conyza spp. (DALAZEN et al., 2015; PIASECKI et al., 2020).

The importance of diversifying chemical control tactics, with better results for treatments combining more herbicides with
different mechanisms of action, is reiterated. Rotation, herbicide combination and use of preemergence herbicides are very important
in preventing the selection of resistant weed biotypes, as well as in their control (KNEZEVIC et al., 2019; BUSI et al., 2020).

Combinations between burndown and preemergence herbicides were effective in the control of Sumatran fleabane,
for pre sowing application in soybean. With emphasis on managements with sequential applications of saflufenacil with
glufosinate or glyphosate. It is highlighted that the strategy combining more applications, with different herbicides, burndown
and preemergence, is more promising in the control of Sumatran fleabane.
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