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Selectivity and residual weed control of pre-emergent herbicides
in soybean crop1

The use of pre-emergent herbicides is important for the current agricultural production systems that present weeds
resistant to herbicides. Considering the complexity of using these products, the objective of this work was to evaluate
their selectivity and residual weed control in soybean crops and their effect on the weeds Amaranthus hybridus, Bidens
pilosa, Digitaria insularis, Eleusine indica, and Euphorbia heterophylla. The herbicide selectivity experiments were
conducted under field conditions in the 2017/18 and 2019/20 crop seasons and the herbicide efficacy experiments were
conducted under greenhouse conditions. The herbicides s-metolachlor and flumioxazin can be applied on day of the
soybean sowing without causing significant grain yield losses. Diclosulam and sulfentrazone are safe for soybean
crops when applied at least 14 days before sowing. The herbicides used proved to be good options for weed management
systems for soybean crops; flumioxazin and sulfentrazone were the herbicides that promoted the best control for all
evaluated weed species and ensured a residual effect of at least 30 days.
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INTRODUCTION
The competition of soybean (Glycine max) plants with

weeds for environmental resources (water, light, and
nutrients) is frequently reported as a direct cause of grain
yield losses, especially when they are not adequately
controlled, decreasing grain yield in up to 82% (Silva et
al., 2008).

The most used method for weed manage is the use of
herbicides. Brazilian producers consumed US$ 10.5 billion
in pesticides in 2018; 33% of them were herbicides (Sindiveg,
2018). The resistance of weeds to herbicides has contributed
to this situation; currently, there are 51 reports of herbicide-
resistant weeds in Brazil (Heap, 2020), which have
significantly increased production costs. The estimated
annual cost with herbicide-resistant weeds in soybean crops
may reach US$ 2.7 billion when production losses due this
competition are considered (Adegas et al., 2017).

In this context, two new technologies will be available
in the next years for soybean, Enlist™ (Corteva,
Wilmington, USA) and Intacta 2 Xtend® (Bayer,
Leverkusen, Germany). Soybean plants with Enlist™ are
tolerant to 2,4-D choline salt, glyphosate, and ammonium
glufosinate. Soybean plants with Intacta 2 Xtend® are
tolerant to glyphosate and Dicamba herbicides. However,
these new technologies should be adoption with caution
to mitigate the evolution of weeds resistant to these
herbicides and avoid management errors that have been
made with the use glyphosate in the past.

Rotation of herbicides with different mechanisms of
action is a practice that may preserve these technologies.
Pre-emergent residual herbicides that were once widely
used fit to this system and should be reintroduced;
however, when these products contact the soil, they may
undergo complex retentions, transformations, and transport
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processes that make their activity dependent on the
product physicochemical characteristics, soil attributes,
climate conditions, crop system, and the interaction
between these factors (Oliveira Jr et al., 2011). In addition,
tolerant soybean cultivars may respond differently to stress
caused by herbicides due to genotypic differences (Lima
et al., 2011).

Thus, the selectivity and effectiveness of residual
herbicides need to be better understood in current
production systems, considering mainly the adopted crop
system and the new available soybean cultivars. Therefore,
the objective of the present work was to evaluate the
selectivity and residual weed control of pre-emergent
herbicides applied before and at the sowing of soybean
crops.

MATERIAL AND METHODS
The herbicide selectivity experiments were conducted

under field conditions in Botucatu, state of São Paulo,
Brazil (22º50’31.5'’S, 48º25’26.7'’W, and 785 m altitude). The
soil of the area was a dystrophic red Nitisol (Nitossolo
Vermelho distrófico); its physical and chemical
characteristics are described in Table 1. The herbicide
efficacy experiments were conducted in a greenhouse in
the same location and soil, which was sieved and crushed
to be used as a substrate.

The climate of the region is Cwa, mesothermal, with
rainy summer and dry winter, according to the Köppen
classification, presenting mean temperature in the coldest
month below 17 °C and mean temperature in the warmest
month above 22 °C (Cunha & Martins, 2009). The climatic
conditions throughout the experiments are shown in Figu-
re 1. A sprinkler irrigation system was used according to
the needs of the crops, which occurred only once in the
2018/19 crop season; thus, the crops were conducted
practically in rainfed conditions.

Selectivity and application of pre-emergent
herbicides to the soybean crops

Two experiments were conducted, in the 2017/2018 and
2018/2019 crop seasons. The area was fallow, but was

previously subjected to harrowing and application of
dolomitic limestone (2 Mg ha-1) two months before the
soybean sowing for the first experiment. Twenty days
before the implementation of the experiments, the whole
area was desiccated using glyphosate at 6 L ha-1 of the
commercial product (Roundup DI®, Monsanto, St. Louis,
United States) and 2,4-D at 1.5 L ha-1 of the commercial
product (DMA® 806BR; Dow AgroSciences, Indianapolis,
USA) with a flow rate of 200 L ha-1.

A randomized block experimental design with 4
replications was used, in a 9×3 factorial arrangement,
consisted of 9 treatments with and without herbicides and
3 application times, 14, 7, and 0 days before the soybean
planting (DBSP), the latter was carried out subsequently
to the soybean sowing. The application times were defined
based on agronomical applicability, considering the climate
conditions of the period between crop seasons and the
average residual effect of the herbicides. The rate used for
each herbicide was that recommended in the product label
to assess the dynamics of the products without the need
for adjusts, which explains the different application times
adopted. Each experimental unit consisted of an area of of
15.75 m² (5.00 × 3.15 m). The treatments used are described
in Table 2.

The herbicides were applied using a CO
2
-pressurized

backpack sprayer equipped with six flat jet nozzles (TTI
110 015; Teejet®, Wheaton, USA), spaced 0.50 m apart, set
to a pressure of 300 kPa and a flow rate of 180 L ha-1. The
air temperature, relative air humidity and wind speed at the
time of herbicide applications were, respectively, 26.5 °C,
48%, and 5.4 km h-1 (14 DBSP); 24.5 °C, 52%, and 5.0 km h-

1 (1-7 DBSP); 28 °C, 44%, 4.4. km h-1 (0 DBSP) for Experiment
1; and 24.5 °C, 57%, 6.4. km h-1 (2-14 DBSP); 22.5 °C, 61%,
and 7.0. km h-1 (2-7 DBSP); 23.5 °C, 61%, and 7.2 km h-1 (0
DBSP) for Experiment 2.

The soybean seeds were treated at the sowing days
with products consisted of fipronil (713 g L-1) +
pyraclostrobin (25 g L-1) + thiophanate-methyl (225 g L-1)
(Standak Top®; Basf, Ludwigshafen, Germany) and Cobalt
15.6 g L-1 + Molybdenum 234 g L-1 (Attivare® Multi Top;
AgriVitta, Matão, Brazil), both at the rate of 200 mL of the

Table 1: Physical and chemical characteristics of the 0-20 cm layer of the soil of the experimental area in the 2017/18 soybean crop
season

Organic matter pH P
resin

S Ca Mg K H+Al SB Al+3 CEC BS

g dm-3 CaCl
2                    

mg dm-3                mmol
c
 dm-3

25 4.7 39 11 25 10 2.3 18 38 0 90 66

Granulometry (g Kg-1)

Coarse sand Fine sand Total sand Clay Silt Texture class

51 152 203 507 290 Clayey

SB = sum of bases; CEC = cation exchange capacity; BS = base saturation
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commercial product per 100 kg of seeds. Soybean seeds of
the cultivar M6410IPRO (Monsoy, São Paulo, Brazil) were
sowed on November 1, 2017 for Experiment 1, and on
November 27, 2018 for Experiment 2. The plots were sowed
with 16.4 seeds m-1 in seven 5-meter rows spaced 0.45 m
apart. Soil fertilizers were applied at soybean sowing, using
250 kg ha-1 of the N-P-K formulation 02-20-20; topdressing
consisted of application of 60 kg ha-1 of KCl at 35 days
after sowing.

Weed control at post-emergence of the soybean crops
was carried out in the whole area at 15 days after emergence,
using glyphosate (Roundup DI®, Monsanto, St. Louis,
United States) at 6 L of the commercial product per hecta-
re, clethodim (240 g L-1) (Select 240 EC®; UPL Ltd, Mumbai,
India) at 0.45 L of the commercial product per hectare), and
the adjuvant (Lanzar®; UPL Ltd, Mumbai, India) 0.5% v v-

1, at a flow rate of 200 L ha-1. Pest and disease control were
carried out according to technical recommendations for
the crop in the region. After the crop harvested in the first
experiment, the area was grown with corn to avoid fallow
until the soybean sowing for the second experiment. The
corn crop was grown following the technical
recommendations of fertilization and phytosanitary
management used for the crop in the region. The area was
previously desiccated for the sowing of the second
soybean crop, using glyphosate (Roundup DI®, Monsanto,
St. Louis, United States) at 6 L of the commercial product
per hectare, at 14 DBSP, when the herbicide treatments
were applied.

The heights of the soybean plant at 20 days after
emergence (DAE), and at 120 DAE (harvest time), when
the plant stand, number of pods, 1,000 grain weight
(1000GW) and grain yield were also evaluated. Plant height
was evaluated considering 15 plants per plot, measured
from the stem base to the last trifoliate leaf insertion. The
plant stand was evaluate considering the number of plants

in 4 linear meters choose randomly in each plot. The number
of pods was evaluated considering total number of pods
of 10 randomly chosen plants in each plot. The 1000GW
was evaluated after harvesting; 1,000 seeds from each plot
was measured for moisture content using a moisture meter
(G929; Gehaka, São Paulo, Brazil) and weighed on a
precision (0.0001 g) balance. Grain yield was evaluated
considering the three central rows in the central four meters
of each plot, the seed was corrected to 13% and then
weighed.

The results were subjected to analysis of variance by
the F test and the means compared by the Scott Knott test
at p  <  0.05.

Residual weed control of pre-emergent
herbicides recommended for soybean crops

Two experiments were conducted in a greenhouse in
2018 and 2019. The species Amaranthus hybridus, Bidens
pilosa, Digitaria insularis, Eleusine indica, and
Euphorbia heterophylla were evaluated. The experimen-
tal units consisted of 2-liter pots with a soil, whose physical
and chemical characteristics are described in Table 1. Two
weed species were sown in each pot to avoid competition
between plants. The amount of seeds of each weed was
determined by their weights, based on a previous
germination test, to obtain 15 plants per species.

The residual weed control of the herbicides was
evaluated after herbicide applications at 30, 20, 10, and 0
days before the weed sowing. On day 0, the last herbicide
application was carried out and all plots were sowed with
seeds of each weed to a depth of 1 cm to cause little soil
disturbance. The sowing was carried out before the
application of herbicide to plots with treatments applied at
day 0. The methodology used enabled to assess the resi-
dual weed control period at 0, 10, 20 and 30 days after
application of the herbicide to the soil.

Figure 1: Climate conditions throughout the experiments. Climate data were acquired from a weather station installed in the
experimental area (São Paulo State University, Faculty of Agronomic Sciences, Botucatu, SP, Brazil). Rainfall data include the
irrigations applied.
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A completely randomized experimental design with 4
replications was used, in a 4x4 factorial arrangement
consisted of 4 herbicides and 4 application times. The
herbicides and rates used are described in Table 2.

The treatments were applied using a stationary sprayer
with a metal structure supporting 2-meter a spray boom which
run through 6 meters with the aid of an electric motor with a
frequency modulator that controls the working speed. The
spray boom was equipped with extended range flat spray tips
(XR 11002 VS Teejet®, Wheaton, USA) spaced 0.5 m apart
and positioned at 0.5 m above the experimental units, set to a
working pressure of 196.13 kPa and a speed of 3.6 km h-1,
resulting in a flow rate of 200 L ha-1. The mean air temperatures
and relative air humidity at the time of application were 29.5 °C
and 51%, respectively, for Experiment 1, and 31.4 °C and 49%,
respectively, for Experiment 2.

The plots were subjected to simulated field rainfall
conditions, following the methodology proposed by
Raimondi et al. (2010) with adaptations: the plots were
irrigated with 10 mm water depth at 24 hours before the
application of herbicide in each season (30, 20, 10 and 0
days before weed sowing), and again the plots that had
already received the herbicide application at the time of
application in the next season. At the end of the herbicide
applications and weed sowing, irrigations with 10 mm water
depth were performed whenever necessary.

The number of live plants and shoot dry weight of
each weed species was evaluated at 30 days after weed
sowing. The shoot dry weight was obtained by drying the
plants’ shoots in a forced air-circulation oven at 60 ºC until
constant weight, which was measured in a precision (0.0001
g) balance. The obtained data were transformed into
percentages, using the number of live plants and shoot
dry weight found in control plots not treated with herbicides
as reference. The control percentage was obtained using
the average between the percentage of the number of live
plants and the shoot dry weight.

The results were subjected to analysis of variance by the
F test and the means compared by the Tukey’ test at p < 0.05.

RESULTS AND DISCUSSION
Selectivity and application of pre-emergent

herbicides to the soybean crops

Most soybean farmers are concerned with the use of
herbicides with residual effect at the soybean pre-planting,
mainly due to the slower initial crop start-up caused by
them, which decreases the grain yield. No significant
decreases in soybean plant height was found at 20 and
120 days after emergence (DAE) in the 2017/18 and 2018/
2019 crop seasons, except for the treatment with the
herbicide sulfentrazone applied at the soybean planting
time, 0 days before the soybean planting (DBSP) in the
2017/18 crop season (Table 3).
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Sulfentrazone, diclosulam, and all combinations of
herbicides resulted in the lowest plant heights at 0
DBSP, at 120 DAE, in the 2018/19 crop season,
presenting plants with less than 80 cm, whereas the
soybean plant heights were between 96.88 and 101.28
cm in the control treatments (Table 4).

The treatments had no significant differences for
plant stand at harvest (120 DAE) in the 2017/18 crop
season; however, the application of combinations of
residual herbicides (flumioxazin + diclosulam, s-
metolachlor + diclosulam, and sulfentrazone +
diclosulam), sulfentrazone, and diclosulam herbicides
had mean plant stand of 20% lower than the plants in
the control treatments (Table 3). This difference was
13% in the 2018/19 crop season (Table 4).

Roman et al. (2000) found lower plant heights in
soybean plants treated with diclosulam and
sulfentrazone at 4 days after sowing in a 44% clay soil,
when compared to the control, but no reduction in
grain yield; they explained that the plants may have
metabolized the herbicides and recovered from the
initial stress caused by the herbicides. A rapid
metabolism underlies the soybean tolerance to
sulfentrazone and ALS inhibitor herbicides such as
diclosulam (Kent et al., 1988; Dayan et al., 1997).
However, in the present study, the soybean plants did
not recover from the effects of these herbicides at 0
DBSP and they decreased the grain yield (Table 5 and
6), which may be explained by the different tolerance
of soybean cultivars because of their genotypic
differences (Lima et al., 2011).

Proper cropping results in greater light uptake by
the leaves, faster initial development, increased uptake
and use of soil nutrients and, consequently, more
vigorous plants. This allows crops to be more
competitive and occupy the soil more quickly,
facilitating the closure of spaces between planting
rows, ensuring greater and faster shading of the soil
surface, and thereby limiting the development of weeds
(Oliveira Jr et al., 2011). Therefore, it is essential that
pre-emergence herbicides do not interfere with the
speed and quality of crop establishment, and allow the
plants to express their full production potential. In this
context, the application of diclosulam, sulfentrazone,
s-metolachlor + diclosulam, flumioxazin + diclosulam,
and sulfentrazone + diclosulam at the soybean sowing
day should be avoided.

No significant differences were found in number of
pods when the herbicides were applied at 14, 7, and 0
DBSP in the 2017/18 and 2018/19 crop seasons (Tables
5 and 6). In the 2017/18 crop season, all herbicide
combinations presented lower 1,000 grain weight
(1000GW) than the controls, regardless of theTa
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application time; at 0 DBSP the herbicides diclosulam
and sulfentrazone also presented lower 1000GW than
the controls, which decreased grain yield (Table 5). In
the 2018/19 crop season, no differences in 1000GW
was found at 14 DBSP, and at 7 DBSP and 0 DBSP, only
the s-metolachlor and flumioxazin herbicides did not
significantly decreased 1000GW, which resulted in
higher grain yield when compared to the other herbicide
treatments (Table 6).

In the 2017/18 crop season, the herbicides s-
metolachlor, flumioxazin, diclosulam and sulfentrazone
applied at 14 and 7 DBSP were selective to the soybean
cultivar used, showing no statistical difference in grain
yield when compared to the controls, whereas the
herbicide combinations were not selective to the crop,
regardless of the application time (Table 5). S-metolachlor
and Flumioxazin were the only herbicides selective to
the soybean crop at 0 DBSP, resulting in grain yields of
5.023 and 4.715 kg ha-1, respectively (Table 5).

In the 2018/19 crop season, all treatments were
selective to the soybean crop at 14 DBSP; however,
the herbicide combinations resulted in lower grain
yields than the controls, with mean of 532 kg ha-1 (Table
6). S-metolachlor and flumioxazin were the only
selective herbicides for the soybean crop at 7 and 0
DBSP, resulting in yields of 5.019 and 4.778 kg ha-1 and
4.740 and 4.693 kg ha-1, respectively (Table 6).

No significant difference was found between the
controls and the other treatments (Tables 5 and 6);
therefore, the weeds had no differences in grain yield.
Thus, differences in grain yield were related to the
application of herbicides and their selectivity to the
soybean crops.

The selectivity of the herbicides flumioxazin,
sulfentrazone, s-metolachlor, and diclosulam were also
evaluated in experiments conducted by Sanchotene et
al. (2017), who found that these products were
selective to soybean crops when applied to soils with
12% clay, at one day after sowing. Matte et al. (2019)
reported no soybean grain yield losses after application
of diclosulam at the soybean sowing day in a loamy
soil (68% clay). Walsh et al. (2015) evaluated the effect
of sulfentrazone on soybean crops and found no inju-
ries and grain yield losses after application of
sulfentrazone subsequently to the soybean sowing in
several areas in Canada. Neto et al. (2010) found no
soybean grain yield losses after soil application of s-
metolachlor combined with glyphosate at the Soybean
V1 stage in a 68% clay soil. Mahoney et al. (2014)
evaluated the effects of flumioxazin on soybean crops
in different locations and soil textures in Canada and
found that flumioxazin applied at up to 10 days before
the soybean planting result in grain yield losses.
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The variation in the results found in the present
study under field conditions occurred because of the
correlation between the dynamics of the of pre-
emergent herbicides and the local climatic and edaphic
conditions (Oliveira Jr et al., 2011) and genotype used
(Lima et al., 2011). Considering the safety and efficacy
of these products, the ideal is that continuous local
studies provide information about the use of such
products for soybean crops in different agricultural
regions.

Weed management before the soybean sowing in
no-tillage system is essential for a good crop
development; it provides an early development without
interference by competition with weeds, high
operational yield, and sowing uniformity (Constantin
et al,. 2007). In this context, the adoption of residual
herbicides is essential to eliminate weeds emerging
before the soybean sowing. In addition, the use of
these products enables the rotation of mechanisms of
action—which is essential to prevent the evolution of
weed resistance to herbicides—and improves the
action of post-emergence herbicide by reducing weed
emergence, delaying weed development and,
consequently, allowing these products to act on weeds
at initial developmental stages.

However, this first application between crop season
depends on the onset of rainfall before the soybean
sowing; according to Monquero (2014), soil water
content is related to the the efficiency of virtually all
herbicides. The efficiency of most of them is hindered
when they are applied to dry soils, especially at pre-
emergence, when soil moisture is the main factor for
their activation and dispersal to weed seeds.

The efficiency of these products usually decreases
as the time between application and rainfall or irrigation
increases. For example, according to Carbonari et al.
(2009), the control levels of the herbicide flumioxazin
tend to decrease for some weed species when the time
between application and rainfall is longer than 30 days,
and this can be attributed to the degradation of the
product in the soil.

Control period with recommended pre-
emergent soybean herbicides

Regarding the efficacy of herbicides in the main
weed species in soybean, s-metolachlor was highly
efficient for Digitaria insularis and Eleusine indica,
with almost 100% control and residual effect throughout
a period of at least 30 days (Figure 2a). The control of
Bidens pilosa was also effective, with a residual effect
of 80% control up to 30 days. Although the control of
Amaranthus hybridus was also effective up to 30 days,
the residual effect decreased with time; the control
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was 99% at 0 days before weed sowing (DBS) and
83% at 30 DBS (Figure 2a).

The herbicide Flumioxazin was also highly
effective for the control of D. insularis, B. pilosa, E.
indica, and A. hybridus, with more than 90% control
up to 30 days after application (Figure 2b). Although
this herbicide was also highly effective for Euphorbia
heterophylla, it showed a slight decrease in the
period of residual effect, with approximately 80%
control at 30 DBS (Figure 2b).

The herbicide diclosulam was highly effective
for the control of D. insularis, with periods of resi-
dual effect of up to 10 days after its application. It
showed approximately 80% control of B. pilosa, with
a residual effect of at least 30 days, and was highly
effective for the control of E. indica up to 10 days.
Diclosulam showed efficient control of A. hybridus,
but no significant residual effect was observed.
Diclosulam was not effective for the control of E.
heterophylla (Figure 2c).

The herbicide sulfentrazone was highly effective
for all species evaluated, maintaining approximately
100 % control for at least 30 days after its application
(Figure 2d).

Flumioxazin, s-metolachlor, diclosulam, and
sulfentrazone are commonly used herbicides for
soybean crops. These herbicides have been shown
efficient control of several weeds when applied at
pre-emergence and at commercial rate: Jaremtchuk
et al. (2009) found high control levels of
Alternanthera tenella, Digitaria horizontalis, D.
insularis, E. heterophylla and Sida latifolia for
flumioxazin; Magalhães et al. (2012), Reddy et al.
(2012), and Correia et al. (2013) found efficient
control of Ipomoea hederifolia, Ipomoea quamoclit,
Urochloa decumbens and Amaranthus palmeri for
sulfentrazone; Lopes Ovejero et al. (2013) and
Mancuso et al. (2016) found efficient control of B.
pilosa, Amaranthus viridis, Raphanus
raphanistrum and I. hederifolia for diclosulam; and
Silva et al. (2014) found efficient control of
Amaranthus spinosus, Digitaria bicornis, and
Commellina benghalensis for s-metolachlor.

The time that weeds can coexist with the
soybean crop without reducing grain yield is called
period before interference (PBI) (Pitelli, 1985).
Considering the weed management, this time is the
most important in the crop cycle, since grain yield is
significantly affected after this time (Meschede et
al. 2004).

The use of new cultivars of indeterminate habit
and drought periods at the initial developmental
stages of the crop have decreased the PBI andTa
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increased the time for canopy closure, thus increasing the
total period of prevention and interference (PTPI) and the
period for weeds to grow in the interrows, which decreases
the soybean grain yield.

Therefore, the use of herbicides with residual effect is
effective to minimize weed competition, increase the PBI,
improve the crop canopy closure, and avoid production
losses. The critical period for soybean crops is between 10
and 36 days after emergence, varying according to the
cultivar, soil type, and weed species and infestation level
(Silva et al., 2011). The choosing of herbicides should
prioritize the selectivity to the crop, climate conditions,
and the weed developmental stage. Therefore, the ideal is
that the crop be sowed in a weed-free field, and the weed
management starts in the period between crop seasons,
including the use of residual herbicides.

Monquero et al. (2013) evaluated applications of
diclosulam to a clayey soil and detected the herbicide in
the soil up to 90 days after its application. in Brazilian
soils, sulfentrazone has an average half-life of 180 days
(Rodrigues & Almeida, 2011); s-metolachlor has an average
half-life of 15 to 50 days (Rodrigues & Almeida, 2011); and
flumioxazin has an average half-life in 21 days (Muller et
al., 2017). Thus, the use of these herbicides can, in gene-
ral, decrease weed interference at the initial crop
developmental stages and contribute to a more effective

and earlier canopy closure of soybean crops (Oliveira Neto
et al., 2013).

The herbicides used presented excellent residual weed
control up to 30 days (Figures 2a, 2b, 2c and 2d) and the
crops were free of weeds until at least 16 days after weed
sowing, despite the herbicides were applied at 14 DBSP.
This time would be enough for the crop to develop in a
clear field, requiring only a single post-emergence
application to suppress weed development during the
critical period. According to Velini et al. (1993), herbicide
selectivity is the herbicide’s ability to eliminate weeds in a
crop field without reducing the grain yield and quality of
the crop; thus, the herbicides flumioxazin, s-metolachlor,
sulfentrazone, and diclosulam were selective to soybean
crops of the cultivar M6410 IPRO.

One of the main issues related to weed management in
agricultural crops in the world is the constant emergence of
new cases of herbicide-resistant biotypes (Beckie, 2011). In
this context, the use of residual herbicides is important for
minimizing the evolution of resistant weeds by rotating
mechanisms of action and suppressing the emergence of
various weeds (López-Ovejero et al., 2013).  Moreover, the
herbicides flumioxazin, s-metolachlor, diclosulam, and
sulfentrazone have proved to be excellent tools for the control
of weed species and can be used safely and effectively in
weed managements for soybean crops, when properly used.

ns = not significant; ** = significant at p < 0.01; *significant at p < 0.05 by the F test. MSD = minimum significant difference; CV =
coefficient of variation. Means of the two experiments.

Figure 2: Period of residual effect with efficacy for the herbicides S-metolachlor (A), flumioxazin (B), diclosulam (C), and sulfentrazone
(D) against the weed species Digitaria insularis, Bidens pilosa, Eleusine indica, Amaranthus hybridus, and Euphorbia heterophylla.
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CONCLUSION
The herbicides flumioxazin and s-metolachlor can be

applied on day of the soybean sowing, and diclosulam
and sulfentrazone can be applied at least fourteen days
before the sowing to avoid damages to soybean plants of
the cultivar M6410 IPRO.

All herbicides applied proved to be excellent tools for
the management of difficult-to-control weeds in the period
between crop seasons. Flumioxazin and sulfentrazone were
the most effective herbicides for the control of all weed
species evaluated.
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