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Abstract: Background: Hairy fleabane (Conyza bonariensis L.) is a difficult
weed to control in soybean production systems as it presents resistance to
some herbicides; thus, leading to substantial grain yield losses. Objective:
The objective of this study was to evaluate the efficacy and selectivity of
herbicides applied before and after soybean planting on glyphosate-resistant
C. bonariensis. Methods: Field experiments were conducted over two
soybean growing seasons in 2021/22 and 2022/23 near Erechim, Rio Grande
do Sul, Brazil. Early weed management treatments included terbuthilazine
(1,500 g ha), mesotrione+atrazine (120+1,200 g ha*), metsulfuron-methyl
(6 g ha'), dicamba (720 g ha'), 2,4-D amine (1,612 g ha), flumioxazin
(50gha),diclosulam (35.28 gha) and atrazine+simazine(1,500+1,500gha™)
applied 60 days before soybean planting. For pre-plant burndown, diquat
+ saflufenacil (600+70 g ha™®) were applied three days before soybean

planting. For post-emergence weed control, 2,4-D choline+glyphosate
(971.28+1232.65 g ha™) were applied at the V3 to V4 soybean growth stage.
The C. bonariensis plants present in the experimental area were resistant to
the herbicide glyphosate. Results: The best early hairy fleabane control was
achieved with mesotrione+atrazine, dicamba, and 2,4-D amine, providing
more than 90% efficacy. Diquat+saflufenacil applied pre-plant burndown
provided excellent level of control, particularly following dicamba in early
management, reaching 100% control. Post-emergence application of
2,4-D choline+glyphosate after early treatments with mesotrione+atrazine
or dicamba resulted in 100% control. Conclusions: The combination of
atrazine + simazine for early management, diquat + saflufenacil for pre-
plant burndown, and 2,4-D choline+glyphosate post-emergence effectively
controlled hairy fleabane and contributed to higher grain yield.
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1. Introduction

Among the biotic factors that can negatively impact soybean yield and grain
quality, weed interference is particularly significant. Weeds compete for resources
(water, light, and nutrients), release allelopathic substances, or serve as hosts for
pests, resulting in substantial yield losses (Soltani et al., 2017; Galon et al., 2022;
Miller et al., 2025). Inadequate weed management is a major constraint to achieving
high soybean yields (Koehler-Cole et al., 2021; Miller et al., 2025), with potential
losses exceeding 52% in the absence of control measures (Soltani et al., 2017,
Galon et al., 2022).

Among the weeds affecting soybean production, species from the genus Conyza
(hairy fleabane) are of particular concern. Native to South America, Conyza spp. such as
hairy fleabane (C. bonariensis) and Sumatran fleabane (C. sumatrensis) are characterized
by simple or branched stems, alternate or sessile leaves, and inflorescences with
pedunculate capitula (Ulzurrun et al., 2020). Germination mainly occurs in the fall,
with emergence extending into late spring, causing significant damage during fallow
periods and to subsequent crops such as soybean, corn, and beans.

Hairy fleabane infests approximately 11.8 million hectares across all Brazilian
states (Adegas et al., 2017). In soybean fields, infestations ranging from 16 to 18
hairy fleabane plants per square meter can lead to grain yield reductions of 1,17 to
1,47 t ha™ (Adegas et al., 2017). A single hairy fleabane plant per square meter can
reduce soybean yield by more than 20% (Agostinetto et al., 2017), while uncontrolled
infestations can cause losses of up to 36% (Trezzi et al., 2015). Moreover, the cost of
controlling glyphosate-resistant hairy fleabane can be up to five times higher than
that for susceptible populations (Adegas et al., 2017), imposing significant economic
burden on soybean growers.

In soybean-corn rotation systems, hairy fleabane emergence typically occurs
between corn harvest and soybean planting. Optimal management should be
implemented in the fall, during the fallow period, and complemented by strategic
pre- and post-emergence herbicide applications to control established plants and
prevent new flushes. This approach helps reduce competition during the summer
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crop (Schneider et al., 2022). Hairy fleabane has evolved
resistance to glyphosate (Heap, 2025) and can produce over
800,000 seeds per plant, underscoring its high potential
for resistance spread and soil seedbank replenishment
(Kaspary et al., 2017).

Given the widespread occurrence of glyphosate-
resistant weeds such as hairy fleabane, there is a growing
need for diversified herbicide programs. The adoption
of glyphosate-resistant soybeans (Roundup Ready™)
contributed to increased glyphosate use, which in
turn accelerated the selection of resistant populations
(International Service for the Acquisition of Agri-biotech
Applications, 2021). To address this challenge, recent
research has focused on alternative herbicide-tolerant
traits in genetically modified crops. The Conkesta Enlist
E3™ soybean, for example, is resistant to 2,4-D choline,
glyphosate, and glufosinate-ammonium (International
Service for the Acquisition of Agri-biotech Applications,
2021), enabling effective weed control across multiple
modes of action without crop injury (Foles et al., 2023).

Since hairy fleabane emergence primarily occursin thefall,
timely management during this period is essential to reduce
infestations in spring-planted crops. Effective hairy fleabane
control in the fall reduces herbicide costs at desiccation
and post-emergence, while also streamlining the planting
process. Sequential herbicide applications are recommended,
particularly for advanced-stage plants, as they broaden the
spectrum of control and enhance efficacy, resulting in cleaner
fields that support optimal crop establishment and yield
(Rossi et al., 2018; Miller et al., 2025).

Early herbicide application, including
herbicides and pre-plant burndown treatments, provides

residual

effective weed control prior to soybean planting
and supports extended hairy fleabane control. This
practice promotes early crop growth and development,
ultimately protecting soybean grain yields. Therefore,
this study aimed to evaluate the efficacy and selectivity

Zamboni GE, Mdller GL, Tedesco L, Dassoler OA, Tonin RJ, lager T, Concengo G, Galon L

of herbicides applied both before and after soybean
planting for controlling hairy fleabane.

2. Material and Methods

21 Site description

Field experiments were conducted at the experimental
area of the Federal University of Fronteira Sul (UFES),
Erechim Campus, RS, Brazil, 27°43'31” S, 52°17'40” W,
650 m a.s.l. during the 2021/22 and 2022/23 soybean
growing seasons. In the experimental area where the
studies were conducted, the presence of hairy fleabane with
confirmed resistance to the herbicide glyphosate had been
previously reported.

The soil of the experimental area is classified as Red
Latosol with aluminum and iron dominance, corresponding
to the Humic Hapludox (Oxisol) according to the USDA
Soil Taxonomy. Soil pH correction and fertilization were
performed according to the results of a physical-chemical
analysis and following technical recommendations for
soybean cultivation. The soil's chemical and physical
properties were as follows: pH(water) 4.8; organic matter
3.3%; P = 6.3 mg dm™>; K = 106.0 mg dm™; Al** = 0.9
cmolc dm™3; Ca** = 5.1 cmolc dm™; Mg* = 3.3 cmolc dm™3;
CEC(effective) = 9.8 cmolc dm™; CEC(pH 7) = 17.6 cmolc
dm™3; H*Al = 8.7 cmolc dm™; base saturation = 51%; clay
content = 62%, sand= 15% and silt= 23%.

The climate of the region is classified as Cfa (Képpen),
characterized as a humid subtropical climate with hot
summers, evenly distributed rainfall, and an average
temperature in the warmest month below 22°C. Annual
precipitation ranges from 1,100 to 2,000 mm, and severe,
frequent frosts occur on average 10 to 25 days per year
(Peel et al.,, 2007). Weather data, including precipitation
(mm) and temperature (°C) recorded during the
experimental period, are presented in Figure 1.
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Figure 1- Monthly average temperature (°C) and accumulated precipitation (mm) during the experimental period from August 2021

to March 2023
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Soybean was seeded on November 22, 2021, and
November 18, 2022, for the first and second growing seasons,
respectively. In both seasons, the Enlist soybean cultivar
(E3 Brasmax Vénus 57K58RSF CE) was used at a seeding
rate of 24 seeds m™. The crop was fertilized at planting with
375 kg ha' of the 05-20-20 (N-PZOS-KZO) fertilizer. In both
growing seasons, the experimental area was left fallow over
the winter, beginning immediately after the harvest of the
preceding soybean crop. This practice allowed for the natural
germination and establishment of hairy fleabane, ensuring a
consistent weed population for evaluating the efficacy of the
applied treatments (Figure 2 A e B).

2.2 Experimental design and herbicide application

The experiments were conducted using a randomized
complete block design with four replications, the treatments

Hairy fleabane management in soybeans

are listed in Table 1. The experimental units were 3 m wide
by 5 m long, with six soybean rows spaced 0.5 m apart. The
harvestable area (6 m?) consisted of the four central rows,
excluding one border row on each side and 1 m at each end
of the plot.

The treatments consisted of eight herbicides applied at
different timings: early weed management (approximately
80-100 days before soybean sowing, depending on the
growing season), followed by a standard pre-plant burndown
application 3 days before sowing, and post-emergence
applications at the V3 to V4 growth stages of soybean. In
addition, weed-free and weedy control treatments were
included for comparison.

The herbicide applications were performed using a
CO,-pressurized backpack sprayer equipped with four
DG 110.02 flat-fan nozzles, 210 kPa operating pressure,

Figure 2 - Experimental site area during the first crop season (2021/22; A) and the second crop season (2022/23; B)

Table 1 - Herbicide treatments applied for hairy fleabane (Conyza bonariensis) management during the 2021/22 and 2022/23

Crop seasons

Tratament Dt.)se Trade name Application timing Adjuvant
(g aiha”) (% v/v)

Weed-free control === === === ===
Weedy control -—- --- --- ---
Terbuthylazine 1500 Click Early (60 days before planting) -
Mesotrione+atrazine 120+1200 Calaris Early (60 days before planting) Assist* (0.5)
Metsulfuron-methyl 6,00 Ally Early (60 days before planting) Assist (0.1)
Dicamba 720 Atectra Early (60 days before planting) Assist (0.5)
24-D amine 1340 Exemplo Early 60 days before planting) -—-
Flumioxazin 50 Flumyzin 500 Early (60 days before planting) Assist (0.5)
Diclosulam 35.28 Spider” 840 WG Early (60 days before planting) -
Atrazine + simazine 1500+1500 Primatop® SC Early (60 days before planting) Assist (0.5)

* Crop oil.
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Adv Weed Sci. 2026;44:e020250111



Advances in Weed Science

at a speed of 3.6 km h, calibrated to deliver 150 L ha™.
Weather conditions during herbicide application are
presented in Table 2.

Hairy fleabane infestations in the soybean crop
originated from the soil seed bank. At the time of early
management herbicide application (Table 1), hairy fleabane
densities were 73 and 67 plants m™ in the 2021/22 and
2022/23 growing seasons, respectively. At the time of the
pre-plant herbicide application, plant heights ranged from
4 to 0.9 m in both seasons.

Three days before soybean planting (November 19,
2021, and November 15, 2022, for the respective seasons;
Figure 3 A e B), all plots except the weedy and weed-free
controls, received an application of diquat + saflufenacil
(600 + 70 g ha™) + crop oil concentrate (0.5% v/v). This
treatment simulated the pre-plant burndown commonly
practiced by growers, particularly to control hairy
fleabane plants that escaped earlier management efforts

Zamboni GE, Mdller GL, Tedesco L, Dassoler OA, Tonin RJ, lager T, Concengo G, Galon L

(Table1). This pre-plant burndown strategy is recommended
for effective management of difficult-to-control weeds
at advanced growth stages, such as glyphosate-resistant
hairy fleabane, by applying systemic herbicides during
early management and follow-up by contact herbicides
closer to planting.

This pre-plant burndown strategy is recommended for
the effective management of difficult-to-control weeds
at advanced growth stages, such as glyphosate-resistant
hairy fleabane. Additionally, early weed management can
be adopted in areas with high weed infestations or a large
soil seed bank, as well as in production systems without
soil cover or winter crops. Under these conditions, early
applications of systemic herbicides, followed by contact
herbicides closer to planting, help reduce weed emergence
and infestation during the spring-summer growing season.

When soybeans reached the V3 to V4 stage (three
to four trifoliate leaves) on December 2, 2021, and

Table 2 - Weather conditions at the time of herbicide applications during early management, pre-plant burndown (three days

before sowing), and post-emergence (V3 to V4 soybean growth stage) in the 2021/22 and 2022/23 crop seasons

Crop season Clou[r;c;over Air[;r:;n P Soi;‘::te]mp Wi[';is::']ed Soil condition ::r}\:ff:/"-z
Agricultural Harvest 2021/22

Early management 100 252 250 10-30 dry 452

Pre-plant burn down 40 26.9 286 30 moist 505

24-D choline+glyphosate at V3-V4 100 318 26.0 50-60 moist 434
Agricultural Harvest 2021/22

Early management 100 16.0 15.0 83 moist 520

Pre-plant burn down 100 309 250 50 moist 270

2,4-D choline+glyphosate at V3-V4 100 423 230 70-9.0 moist 273

Figure 3 - Weed-free control plot (A) and pre-plant burndown application of diquat + saflufenacil (B), three days before
soybean planting

4 Adv Weed Sci. 2026;44:e020250111 https://doi.org/10.51694/AdvWeedSci/2026;44:0016



Advances in Weed Science

November 28, 2022, for the first and second seasons,
respectively, a mixture of 2,4-D choline + glyphosate
(971.28 + 1,232.65 g ha™ or 2.77 + 2.13 L ha™) was
applied. At this stage, surviving hairy fleabane plant
heights ranged from 0.10 to 1.6 m, with average densities
of 24 and 25 plants m™ in the respective seasons.

2.3 Data collection

Hairy fleabane visual control was assessed at 7, 14, 21,
28, and 35 days after treatment (DAT) for early management
and post-emergence herbicide treatments (Table 1), and at
7, 14, 21, and 28 DAT for pre-plant burndown treatments.
Soybean crop injury from early management and
post-emergence treatments was assessed at 7, 14, and
21 days after crop emergence (DAE). Control and
phytotoxicity ratings were assigned on a percentage scale,
with 0% indicating no injury and 100% indicating complete
death of weeds or crop, as described by Velini et al. (1995).

At 45 DAE, gas exchange measurements were taken
using an infrared gas analyzer (IRGA, model LCpro-SD,
ADC BioScientific Ltd). The variables measured
included internal CO, concentration (Ci, pmol mol™),
transpiration rate (E, mol m s™), stomatal conductance
(GS, mol m™ s™), photosynthetic rate (A, pmol m™ s™),
water use efficiency (WUE, mol CO, mol H,0™), and
carboxylation efficiency (CE, mol CO, m™ s™). WUE and
CE were calculated as the ratios A/E and A/Ci, respectively.
Measurements were taken from each block under natural
light between 7:00 and 11:00 a.m. on clear days to ensure
uniform environmental conditions.

At pre-harvest, the number of soybean plants per meter
was recorded. Ten plants were randomly collected from
the harvestable area of each plot, placed in plastic bags,
and taken to the laboratory for yield component analysis,
including the number of pods per plant and the number
of grains per pod. After manual harvest and threshing,
thousand-grain weight (g) and grain yield (kg ha™) were
determined. Thousand-grain weight was calculated
from eight subsamples of 100 seeds each, weighed on an
analytical balance. Grain moisture was standardized to
13%, and yields were converted to kg ha™.

2.4 Statistical analysis

The data were initially subjected to diagnostic analysis
to verify compliance with the assumptions of analysis of
variance (ANOVA). Normality of residuals was assessed
using the Shapiro-Wilk test, and homogeneity of variances
was evaluated using Levene’s test. When necessary, data
transformation was considered to meet these assumptions,
although no transformations were ultimately required.

The experiments were conducted in a randomized
complete block design, and the data were analyzed
considering the effects of herbicide treatments. As no
significant differences were observed between growing

https://doi.org/10.51694/AdvWeedSci/2026;44:0016
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seasons, data were pooled across years for the final analysis.
Analysis of variance (ANOVA) was then performed using
the B-test (p £ 0.05).

When significant treatment effects were detected,
means were grouped using the Scott-Knott clustering
test at the 5% probability level, which is appropriate for
agricultural experiments as it minimizes type I error and
provides clear grouping of treatments.

All statistical analyses were carried out using the R
statistical software (R Core Team, 2018), with appropriate
packages for analysis of variance and mean grouping.

3. Results and Discussion

The ANOVA revealed no significant differences between
the two growing seasons (2021/22 and 2022/23. Therefore,
data from both growing seasons were combined for a
joint analysis. For all evaluated variables, no significant
differences were observed between the two years in which
the experiments were conducted.

Although no significant differences were observed
between growing seasons, climatic conditions are known
to influence herbicide performance. Soil moisture and
rainfall patterns affect both herbicide availability in
the soil and weed physiology, particularly for residual
herbicides applied prior to soybean planting (Ou et al.,
2018; Peruzzo et al., 2020; Schneider et al., 2022). Under
drier conditions, limited soil moisture may reduce
herbicide activation and uptake, potentially decreasing
residual control of species such as hairy fleabane (Conyza
bonariensis). Conversely, rainfall following application
generally enhances the incorporation and activity of soil-
applied herbicides, including terbuthylazine, atrazine,
simazine, flumioxazin, and diclosulam. Temperature and
plant growth conditions may also affect the performance
of post-emergence herbicides, as actively growing
weeds tend to absorb and translocate these compounds
more efficiently. Therefore, despite the similar control
levels observed between seasons in the present study,
variations in rainfall distribution and soil moisture
between dry and wet years may influence herbicide
efficacy under field conditions.

31 Control of hairy fleabane with herbicides

The herbicides mesotrione + atrazine, dicamba,
and 2,4-D amine provided the highest levels of hairy
fleabane control when applied during early management,
consistently outperforming the other herbicides at all
evaluation intervals from 7 to 35 DAT (Table 3). These
treatments maintained the highest average control rates
from 14 DAT onwards, statistically matching the weed-free
control up to 28 DAT. Although control levels declined by
35 DAT, mesotrione + atrazine, dicamba, and 2,4-D amine
herbicides still showed superior performance, second
only to the weed-free control. In contrast, terbuthylazine

Adv Weed Sci. 2026;44:e020250111
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Table 3 - Hairy fleabane (Conyza bonariensis) control (%) during early management after application of all treatments, 2021/22

and 2022/23 crop seasons

Hairy fleabane control (%)

6

freatment 7 DAT' 14 DAT 21DAT 28 DAT 35 DAT
Weed-free control 100.00 &2 100.00 a 100.00 a 100.00 a 100.00 a
Weedy control 000e 0.00d 0.00d 000e 0.00g
Terbuthylazine 10.00e 1163c 1M.38c 1013d 000g
Mesotrione + atrazine 7213b 9263 a 94.88 a 96.25a 86.75¢c
Metsulfuron-methyl 2413d 68.88b 7713 b 58.88¢c 70.00 f
Dicamba 7213b 90.253 92383 95.88 3 9225b
24-D amine 7100b 89503 9225a 93.00a 9150 b
Flumioxazin 3075d 1213 ¢ 2063c 1M.25d 000g
Diclosulam 21.88d 6363b 7913b 60.50c 7125¢e
Atrazine + simazine 5050¢c 64.50b 71.50 b 7725b 75.50d
CV3 (%) 31.82 16.55 16.26 1713 126

"Days after treatment application. 2Means followed by the same lowercase letter in the column do not differ by the Scott-Knott test at p < 0.05.

SCoefficient of variation.

and flumioxazin resulted in the lowest control rates, only
outperforming or equaling the weedy control. The other
herbicides (metsulfuron-methyl, diclosulam, and atrazine
+ simazine) showed intermediate performance for hairy
fleabane control in early management.

According to Velini et al. (1995), a minimum of 80%
control is required for a herbicide to be recommended for
weed management. In this study, mesotrione + atrazine,
dicamba, and 2,4-D amine achieved hairy fleabane
control above 86% from 14 to 35 DAT, surpassing the
recommended threshold.

The differences observed among herbicide treatments in
early management are due to the efficacy of auxin-inhibiting
herbicides, such as dicamba, which are known to control
difficult weeds like Kochia scoparia (Ou et al., 2018) and
glyphosate-resistant hairy fleabane (Gazola et al., 2022). The
combination of atrazine + mesotrione provided over 93%
control of C. bonariensis in previous studies (Matte et al.,
2018), consistent with our results from 14 to 28 DAT.

The use of diquat + saflufenacil for desiccation yielded
the best results when dicamba was applied in early
management, achieving 100% control from 7 to 28 DAT,
matching the weed-free control (Table 4). Similarly,
Ou et al,, (2018) reported that the results of applying
2,4-D + glyphosate, alone or in combination, for managing
hard-to-control species vary depending on the weed,
growth stage, dose, and mode of action, which can result
in synergism, antagonism, or additive effects. In another
study, control of hairy fleabane ranged from 90 to 97% at 28
DAT when combining dicamba, saflufenacil, and glyphosate
(Cantu et al., 2021).

All treatments except atrazine + simazine achieved
the minimum required 80% control. (Velini et al., 1995).

Adv Weed Sci. 2026;44:020250111

However, this threshold is critical, as even a single hairy
fleabane plant per square meter can reduce soybean yield by
up to 36% (Trezzi et al., 2015). The combination of diquat
with pre-emergence or residual herbicides is effective, as the
sequential use of systemic followed by contact herbicides
enhances control, particularly for advanced-stage weeds
(Albrecht et al., 2020). Diquat, a photosystem I inhibitor,
acts rapidly under light, providing quick visible control
(Menegazzo et al., 2021). Saflufenacil at 35 g ha™ can
achieve 80% (Dalazen et al., 2015) to 95% hairy fleabane
control and higher rates or favorable conditions can yield
up to 100% control at the 4-6 leaf stage (Cesco et al., 2019;
Cantu et al., 2021).

Weeds at more advanced growth stages have greater
reserves accumulated in both the aerial parts and the root
system, making them harder to control with herbicides, as
these plants also have more waxes or even hairiness, which
are barriers that hinder herbicide action and increase the
plant’s ability to survive and recover from product effects
(Zobiole et al., 2018).

Applying 2,4-D choline + glyphosate at the V3 to
V4 soybean stage following early management with
mesotrione + atrazine, dicamba, or 2,4-D resulted in hairy
fleabane control above 95% (Table 5). When dicamba was
used in early management, followed by diquat + saflufenacil
for desiccation, and 2,4-D choline + glyphosate for soybean
Enlist (V3-V4 stages) post-emergence cleaning, 100%
control was achieved from 14 DAT, matching the weed-free
control up to 28 DAT (Figure 4 A e B).

Combining glyphosate with other herbicides applied
at pre- and post-emergence stages in soybean resulted in
control levels above 88% from 7 to 28 DAT, reaching up to
82% at crop pre-harvest (Nonemacher et al., 2017). These

https://doi.org/10.51694/AdvWeedSci/2026;44:0016
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Table 4 - Hairy fleabane (Conyza bonariensis) control (%) during desiccation with diquat + saflufenacil applied 3 days before

soybean sowing (Enlist Venus CE cultivar), depending on early management herbicide application, 2021/22 and 2022/23 crop
seasons

Hairy fleabane control (%) - 3 days before soybean sowing

Treatment

7 DAT' 14 DAT 21DAT 28 DAT
Weed-free control 100.00 &2 100.00 a 100.00 a 100.00 a
Weedy control 0.00h 0.00h 0.00g 0.00h
Terbuthylazine 9125f 89.25f 8775d 8375e
Mesotrione+atrazine 96.50d 9150e 9350b 5100b
Metsulfuron-methyl 98.25b 95.00b 90.75¢c 89.75¢
Dicamba 100.00 a 100.00 a 100.00 a 100.00 a
2/4-D amine 9775¢c 9250d 90.50¢ 8725d
Flumioxazin 9375e 92.25d 8375e 8175f
Diclosulam 98.25b 93.00¢c 8750d 8125f
Atrazine + simazine 6575¢g 5700g 6175f 66.00¢g
CV3 (%) 043 073 0.85 0.85

Days after treatment application (diguat + saflufenacil). 2Means followed by the same lowercase letter in the column do not differ by the Scott-Knott test

at p < 0.05. 3Coefficient of variation.

Figure 4 - Weedy control (A), use of dicamba in early management and application of 2,4-D choline + glyphosate (B) when soybean

was at the V3 to V4 growth stage

authors report that this is due to the residual effects of the
mixtures, which favor the control of glyphosate-resistant
or tolerant weeds for a longer period. Thus, it is observed
that the association of herbicides improves the efficiency of
hairy fleabane control.

Even though the use of terbuthylazine, metsulfuron-
methyl, flumioxazin, and diclosulam in early management,
diquat + saflufenacil for desiccation, and 2,4-D choline
+ glyphosate for post-emergence cleaning at V3-V4
did not provide the best hairy fleabane control, the
control percentage exceeded 83% from 7 to 35 DAT
(Table 5), which is above the recommended minimum.

https://doi.org/10.51694/AdvWeedSci/2026;44:0016

Zobiole et al. (2018), using diclosulam + halauxifen-metil
combined with glyphosate in sequential applications of
glufosinate-ammonium, paraquat, and saflufenacil for
Conyza spp.

The use of atrazine + simazine in early management,
followed by diquat + saflufenacil for desiccation and 2,4-
D choline + glyphosate at soybean pos-emergence (V3 a
V4), resulted in a great hairy fleabane control above 89%
from 7 to 21 DAT (Table 5). Control of glyphosate-resistant
hairy fleabane improved with the commercial mixture of
atrazine + mesotrione, alone or combined with glyphosate,
tembotrione, and nicosulfuron, or with tank mixes of
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Table 5 - Hairy fleabane (Conyza bonariensis) control (%) after different early management herbicides and post-emergence

application of 2,4-D choline + glyphosate at the V3-V4 soybean stage, 2021/22 and 2022/23 crop seasons

Hairy fleabane (%) control

8

fretament 7 DAT' 14 DAT 21DAT 28 DAT 35 DAT
Weed-free control 100.00 &2 100.00 a 100.00 a 100.00 a 100.00 a
Weedy control 000e 0.00d 0.00e 0.00d 0.00e
Terbuthylazine 8813d 85.50b 8775c 8575c 85.38¢c
Mesotrione + atrazine 9913 a 99.00 a 99.38 3 9913 a 9963 a
Metsulfuron-methyl 8700d 87.38b 8825c 8913 b 86.88¢c
Dicamba 99.88 3 100.00 a 100.00 a 100.00 a 100.00 a
24-D amine 95.88b 9750 a 95.87b 96.88a 9950 a
Flumioxazin 84.38d 8313b 8325d 8325c 83.38d
Diclosulam 8775d 86.75b 8875c 88.50b 9150b
Atrazine + simazine 91.50¢c 95753 8975¢c 7975c 7700d
CV3 (%) 391 433 4.96 am 547

"Days after treatment application (2,4-D chaline + glyphosate). 2Means followed by the same lowercase letter in the column do not differ by the

Scott-Knott test at p < 0.05. 2 Coefficient of variation.

atrazine + glyphosate and atrazine + nicosulfuron, or even
with atrazine alone (Matte et al., 2018). Thus, there are
alternative herbicides that can be used for hairy fleabane
control, especially in early management, where there is a
longer interval between application and soybean sowing,
reducing the risk of herbicide carryover and subsequent
phytotoxicity in soybeans.

The effects of herbicides applied during early
management were evaluated at 7, 14, and 21 days after
soybean emergence, with no symptoms of phytotoxicity
observed (data not shown). This absence of phytotoxic
effects is likely due to the use of herbicides that are either
recommended and/or registered for soybean cultivation
(Table 1)—whether as pre-sowing desiccants or for pre- or
post-emergence applications—or to the degradation of the
active ingredients over time, which minimized their impact
by the time of sowing.

The application of 2,4-D choline + glyphosate at the
V3-V4 soybean stage caused average phytotoxicity rates
of 10%, 5%, and 0% at 7, 14, and 21 DAT, respectively, in
all plots where this mixture was applied (data not shown).
Observed injuries included cupped leaves, leaf curling,
yellowed edges, and deformation. However, over time, the
plants recovered, and symptoms disappeared completely
by 21 DAT. The 2,4-D choline + glyphosate mixture used
in Enlist® soybeans can cause initial phytotoxicity, such as
chlorosis and leaf curling (Foles et al., 2023). These injuries
are temporary and can be influenced by environmental and
soil conditions, product doses, volatility, foliar absorption,
among other factors (Albrecht et al., 2020). In most cases,
injuries disappear as the plant develops, resulting in full
recovery, as observed in this study.

Adv Weed Sci. 2026;44:020250111

3.2 Effect of herbicides on physiological characteristics of
soybean

The combination of mesotrione + atrazine applied
during early management, followed by pre-sowing
desiccation with diquat + saflufenacil and post-emergence
application of 2,4-D choline + glyphosate, resulted in the
highest values for all evaluated physiological variables,
including internal CO, concentration (Ci), transpiration
rate (E), stomatal conductance (GS), photosynthetic
rate (A), water use efficiency (WUE), and carboxylation
efficiency (CE). These values were statistically similar to
those observed in the weed-free control (Table 6), indicating
that this treatment sequence did not impair soybean
physiological performance.

The remaining treatments generally
lower values compared to mesotrione + atrazine and the
weed-free control, although differences were not always
statistically significant. Previous studies have reported that
atrazine residues may negatively affect chlorophyll content
and soybean growth; however, when an adequate interval
between application and sowing is respected (e.g., 90 days),
no detrimental effects are observed (Novais et al., 2019).
In the present study, mesotrione + atrazine was applied
82 and 96 days before soybean sowing in the 2021/22
and 2022/23 growing seasons, respectively, which likely
minimized potential carryover effects.

WUE was generally not affected by most treatments;
however, higher values were observed for mesotrione +
atrazine and the weed-free control (Table 6). This response
is associated with a reduction in transpiration rate (E),
while maintaining photosynthetic activity (A), resulting
in improved efficiency in water use. Atrazine acts as a

resulted in

https://doi.org/10.51694/AdvWeedSci/2026;44:0016
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Table 6 - CO, concentration (Ci, pmol mmol), transpiration rate (E, mol m2s), stomatal conductance (g5 mol m™'s™),

photosynthetic rate (A pmol m2s™), water use efficiency (WUE, mol CO,, mol H,07), and carboxylation efficiency (CE, mol CO,
mol H,0 in Enlist Vénus CE soybean as influenced by herbicide treatments during the 2021/22 and 2022/23 crop seasons

Physiological variables

Tratament
Ci E g A WUE CE

Weed-free control 28138 ¢’ &Be 038¢c 1663 a 438a 0.06 ™
Weedy control 31875b 488c 0.38c 12.38b 213 b 0.04
Terbuthylazine 29913 c 6.88b 075c 1575a 2.88b 0.06
Mesotrione + atrazine 29538 ¢ 525¢ 050c 15.88 3 4253 0.06
Metsulfuron-methyl 30775¢c S75c 063c 13.88 b 250b 0.05
Dicamba 30063c 563c 063c 1375b 300b 0.05
24-D amine 30175¢c 6.38b 063c 1538 a 2.88b 0.06
Flumioxazin 30138¢c 613b 063c 15633 313b 0.05
Diclosulam 289.88¢c 6.25b 0.88b 18.00 a3 818 0.07
Atrazine + simazine 340758 875a 125a 1475b 200b 0.05
CV2 (%) 6.38 15.55 55.57 1247 3424 4195

"Means followed by the same lowercase letter in the column do not differ by the Scott-Knott test at p < 0.05. 2 Coefficient of variation. Ns= not significant

atp =< 0.05.

photosystem II inhibitor, temporarily affecting electron
transport; however, in tolerant crops such as soybean, this
effect is transient and does not significantly impair carbon
assimilation under adequate environmental conditions
(Battaglino et al., 2021).

Most physiological variables, including CE, A, GS,
and E, were not significantly affected by herbicide
treatments, indicating that soybean plants maintained
stable physiological performance under the evaluated
conditions. An exception was observed for the atrazine
+ simazine treatment, which resulted in higher Ci, E,
and GS values (Table 6). This response may be related
to temporary alterations in photosynthetic activity
caused by PSII inhibition, leading to reduced CO, fixation
immediately after application. In tolerant plants, however,
photosynthetic processes tend to recover over time, which
explains the absence of reductions in overall physiological
performance (Battaglino et al., 2021).

The overall results indicate that the evaluated herbicide
programs do not cause significant physiological stress to
soybean plants when applied at appropriate timings and
intervals, even when including herbicides with known
effects on the photosynthetic apparatus.

3.3 Influence of hairy fleabane management on soybean grain
yield components

Regarding soybean yield components, the results
show that the application of atrazine + simazine in early
management, diquat + saflufenacil for desiccation, and
2,4-D choline + glyphosate in soybean post-emergence (V3

https://doi.org/10.51694/AdvWeedSci/2026;44:0016

to V4) grains per podresulted in the highest thousand-grain
weight and grain yield, while showing intermediate values
for pods per plant and no significant effect on grains per
pod (Table 7). This response may be associated with the
fact that the commercial mixture of atrazine + simazine
was among the treatments that provided hairy fleabane
control above 89% during the initial soybean development
stages (7, 14, and 21 DAT), following the post-emergence
application of 2,4-D choline + glyphosate at V3-V4. This
phase is considered one of the most critical for the crop, as
soybean must be free from weed competition to reach its
full yield potential.

Reduced control of hairy fleabane up to 28 DAT may
have resulted in lower soybean yields, as this period
coincides with grain differentiation and is a critical stage
for crop growth and development. Maintaining the crop
free from weed competition during this phase is essential
to achieve maximum yield potential. The critical period
for weed control in soybean ranges from 14 to 42 DAE
(Galon et al., 2022), which is consistent with the results
observed in this study. Additionally, the atrazine +
simazine mixture has a longer residual effect in the soil,
with average half-lives of 60 and 22 days, respectively
(Peruzzo et al.,, 2020), helping to suppress subsequent
weed emergence, especially hairy fleabane.

It is important to note that in advanced soybean
stages, it can be difficult to identify younger weeds that
have emerged after crop establishment, and even small
plants can compete with the crop, particularly with highly
competitive species like hairy fleabane (Trezzi et al., 2015).
Triazine herbicides are relatively persistent in most soils,

Adv Weed Sci. 2026;44:e020250111
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Table 7 - Number of pods per plant (NPP), number of grains per pod (NGP), thousand-grain weight (TGW) and grain yield (Yield,

kg ha”) in Enlist Veénus CE soybean as influenced by herbicide treatments during the 2021/22 and 2022/23 crop seasons

Componentes de rendimento de grdos da soja

freatment NPP NGP TGW Yield

Weed-free control 3825b" 2003 164.88 b 2776.25¢c
Weedy control 2075c 200a 174.88 b 139750 d
Terbuthylazine 3775b 2133 17113 b 299250 ¢
Mesotrione + atrazine 3713b 22538 161.25b 259025¢
Metsulfuron-methyl 3763b 238a 17163 b 3210.75b
Dicamba 3713b 2383 16375b 355863b
24-D amine 4238 3 1753 160.88 b 283663 c
Flumioxazin 36.50b 2133 168.75b 3280.75b
Diclosulam 4013 3 200a 169.88 b 322950 b
Atrazine + simazine 3850b 2008 197.00 a 435375a
CV2 (%) 8.50 20.52 6.63 14.52

"Means followed by the same lowercase letter in the column do not differ by the Scott-Knott test at p < 0.05. 2 Coefficient of variation.

with residual periods ranging from one month to two
years depending on rainfall and soil characteristics. Their
effectiveness against broadleaf weeds has contributed to
increased soybean yields (Peruzzo et al., 2020).

The presence of weeds during the early stages of soybean
development leads to competition for resources such as
light, water, and nutrients, compromising the crop’s ability
to efficiently produce high-quality grains (Soltani et al.,
2017; Miller et al., 2025). Weed competition during this
critical phase can reduce pod number and seed size, directly
impacting soybean yield.

The results indicate that grain yield was highest in early
management with atrazine + simazine, and was higher than
the weed-free control (Table 7). This treatment increased
yield by 1,253.90 kg ha™ (28.80%) compared to the average
of other herbicides, by 2,956.25 kgha™ (67.9%) compared to
the weedy control, and by 1,577.5 kg ha™ (36.2%) compared
to the weed-free control. Effective weed control, whether
by herbicides or hand weeding, is necessary to avoid yield
losses. Similar results were reported by Carmo et al. (2023),
who found that pre-sowing desiccation with glufosinate-
ammonium allowed for early weed control and significantly
increased grain yield.

The choice of herbicide for hairy fleabane management
in soybean must consider crop selectivity to avoid
phytotoxicity while ensuring effective weed control. Hand
weeding may damage soybean roots or allow weed regrowth,
potentially leading to reduced yields. Moreover, mechanical
control tends to be costly, labor-intensive, and generally
less efficient compared to chemical methods (Miller et al.,
2018; Rossi et al., 2025).

Integrating herbicide rotation with crop rotation and
cover crops allows farmers to adopt more efficient and
cost-effective weed management strategies. Rotating active

Adv Weed Sci. 2026;44:020250111

ingredients with different modes of action helps prevent
the spread of herbicide resistance, particularly in hairy
fleabane, as it reduces selection pressure on weeds and
prolongs the effectiveness of available herbicides.

4. Conclusions

The herbicides mesotrione + atrazine, dicamba, and
2,4-D amine provided the best hairy fleabane control when
applied in early management.

Diquat + saflufenacil applied for desiccation resulted in
satisfactory hairy fleabane control, especially when dicamba
was used in early management.

The wuse of 2,4-D choline + glyphosate at the
V3-V4 stage for post-emergence cleaning
achieved better hairy fleabane control when dicamba,
mesotrione + atrazine, or 2,4-D amine were applied in
early management.

The sequential application of mesotrione + atrazine
before soybean desiccation with diquat + saflufenacil and
post-emergence 2,4-D choline + glyphosate led to the best
physiological performance in soybean.

soybean

The highest grain yield for the Enlist Brasmax Vénus
57K58R5F CE soybean cultivar was obtained with atrazine
+ simazine applied in early management.

Future research can be carried out by evaluating the
best pre-emergent herbicides from the present study in
relation to the control of hairy fleabane and how much they
can reduce the level of economic damage from this weed in
different soybean cultivars.
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