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ABSTRACT

Pre-emergent herbicides are key tools in managing herbicide-resistant and hard-to-control weed species in soybean (Glycine max
L.) cultivation. This study aimed to evaluate the effects of pre-emergent herbicides on weed phytosociology, soybean phytotoxicity,
and grain yield under different soil management systems and environmental conditions. Four field experiments were conducted in
Brazil (Santo Angelo and Santa Maria) using a randomized block design across two growing seasons and tillage systems (no-till and
conventional). Herbicide treatments included single and combined active ingredients, applied in the plant-and-apply modality.
Weed surveys were conducted at 25 and 40 days after emergence (DAE) to calculate the relative importance value index (IVIR),
diversity (Simpson and Shannon-Wiener), and similarity indices. Sulfentrazone, trifluralin, and s-metolachlor caused significant
phytotoxicity, especially in conventional systems. Herbicide efficacy varied by species and management system.
Pyroxasulfone + flumioxazin, metribuzin, and chlorimuron-ethyl significantly reduced the IVIR of dominant species like
Raphanus raphanistrum and Euphorbia heterophylla. Despite observed phytotoxicity, some herbicide combinations improved yield
without compromising crop safety. These results underscore the importance of integrating herbicide selection with soil man-
agement to optimize weed control and maintain soybean productivity.

1 | Introduction agroecosystem dynamics can influence phytosociological pa-
rameters [4], and the use of residual pre-emergent herbicides has
the potential to modify the phytosociological characteristics of

arable areas [5].

Pre-emergent herbicides are essential tools in weed management
for agricultural crops. A survey on weed management practices
in Brazil revealed that 53% of respondents use pre-emergent

herbicides in the soybean (Glycine max (L.) Merr.) production
system [1]. This figure highlights the potential for broader
adoption of this management practice, which is crucial for
controlling hard-to-manage weeds and addressing herbicide
resistance [2, 3]. It is important to note that any alterations in

Phytosociology is an essential tool in weed science, as it in-
cludes a range of ecological evaluation methods designed to
provide a comprehensive overview of the composition and
distribution of plant species within a given plant community
[6]. Diversity indices can be used to compare plant dynamics
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under various conditions by analyzing species richness and
evenness in a population, while cluster analysis can identify
patterns among samples [6].

The ability of a management practice to alter the phytosociology
of a given area is crucial for developing integrated weed man-
agement strategies. In addition to herbicide use, soil and crop
management practices can also influence the phytosociology of
an area [7]. For instance, long-term no-tillage systems and the
use of cover crops can alter the phytosociological makeup of an
area by changing the relative importance index (RII) of weeds
and their diversity [8, 9]. Furthermore, soil-disturbing practices
also have the potential to modify the phytosociological dynamics
of weed species [10]. These soil management practices can im-
pact the selectivity, efficiency, and dynamics of pre-emergent
herbicides in the soil.

In rice (Oryza sativa L.) cultivation, the pre-emergent herbi-
cides penoxsulam, imazethapyr + imazapic, and imazapyr +
imazapic reduced the importance value index (IVI) of species in
the Cyperus genus, while clomazone reduced the IVI of species
from the Poaceae family [11]. Notably, all herbicide treatments
formed a similar cluster of phytosociological parameters, dis-
tinct from the control treatment, highlighting the potential
impact of pre-emergent herbicides on weed infestations. In
cassava (Manihot esculenta Crantz) cultivation, S-metolachlor
application reduced the frequency and diversity of weeds
compared to untreated areas [12]. In a study on corn (Zea mays
L.), dissimilarity index analysis formed two clusters of phy-
tosociological parameters: one corresponding to the untreated
control and another comprising all herbicide treatments [13].
The authors also emphasized that glyphosate + atrazine and
atrazine + tembotrione treatments decreased the IVI of weed
species in the area.

Thus, understanding the dynamics of the pre-emergent herbicide
use in soybean cultivation and their subsequent effects is vital.
Few studies integrate soybean cropping systems and different soil
types in the phytosociological analysis of weeds. Understanding
how soil management and herbicide applications affect phyto-
sociology is a critical step in optimizing production systems. This
knowledge can guide management strategies that minimize
phytotoxicity while reducing the prevalence of problematic weed
species. Accordingly, the hypothesis of this study posits that pre-
emergent herbicides influence phytosociology, with effects
varying based on soil management and location. The objective of
this study, therefore, was to assess the impact of pre-emergent
herbicides on weed phytosociology and phytotoxicity in soybean
cultivation, comparing different locations and soil management
practices.

2 | Material and Methods

2.1 | Site Description

The study was conducted in two distinct locations: Santo
Angelo (28°16'27.6”S and 54°16'13.9”W) and Santa Maria (29°
42'56.7"S and 53°43’13.7"W), Rio Grande do Sul, Brazil, under
different field conditions and across two soybean growing
seasons. In the municipality of Santo Angelo, during the
2021-2022 season, the experiments were conducted under two

cultivation systems: no-tillage and conventional tillage. For the
no-tillage system, a cover crop mix was previously cultivated in
the area, consisting of rye (Secale cereale L.), forage radish
(Raphanus sativus L.), annual ryegrass (Lolium multiflorum
Lam.), and common vetch (Vicia sativa L.), with an estimated
final dry biomass of 2.7t-ha™'. For the conventional tillage
system, soil preparation was performed using a disk plow 15
days before soybean sowing. In Santa Maria, two experiments
were also conducted. The first was established during the
2021-2022 season under no-tillage on wheat (Triticum aestivum
L.) straw, with a dry biomass of 1.3 t-ha=L.

The second experiment in Santa Maria was conducted during the
2023-2024 growing season in a no-till system on fallow land in the
winter (spontaneous vegetation), with the residual dry mass es-
timated at approximately 1.0 t-ha™". In Santo Angelo, the soil was
classified as an oxisol, with a pH of 5.7, 2.2% organic matter, and
53% clay content. In Santa Maria, the soil was classified as ultisol
with a pH of 4.6, 2.9% organic matter, and 31% clay content during
the 2021-2022 growing season, whereas in the 2023-2024 season,
the conditions were pH 4.6, 2.2% organic matter, and 24% clay
content. The climate was characterized as humid subtropical [14].

2.2 | Experimental Design

The experimental design used was a randomized complete
block design with four replications, where the experimental
units consisted of plots measuring 3x5m (15m?). In the
2021-2022 growing season, the soybean cultivar used was NA
5909 RR (16 plants m™") at both locations, with sowing in the
first half of December. In Santa Maria, during the 2023-2024
growing season, the chosen cultivar was BMX Vénus CE (16
plants m™'), sown on December 1, both cultivars tolerant to
glyphosate. The row spacing was 0.45 m. The treatment factor
for all experiments consisted of pre-emergence herbicides,
applied using a plant-and-apply system (Table 1). The herbi-
cides used are registered for soybean cultivation, with the
prescribed doses being applied, except for pendimethalin,
which is not registered and whose dose was based on those
used in registered crops. The treatments were applied with
a CO,-pressurized backpack sprayer, equipped with flat fan
nozzles of the XR 110015 model, calibrated for a spray volume
of 150 L-ha™".

2.3 | Data Collection and Analysis

The variables evaluated were herbicide phytotoxicity to the
crop, weed phytosociology, and soybean grain yield. The
phytotoxicity of the herbicides to soybeans was assessed at 25
(V4-V5 approximately) and 40 (V7-V8 approximately) days
after emergence (DAE) using a percentage scale where zero
corresponds to the absence of symptoms, while 100 represents
plant death. For the phytosociology, two weed surveys were
conducted at 25 and 40 DAE of soybean, using random sam-
pling per experimental unit with a metal frame having an
internal area of 0.25m? In each sample, the number of in-
dividuals present was counted, and identification at the genus
and species levels was carried out. Based on the data obtained,
the phytosociological variables were calculated according to the
methodology proposed by Mueller-Dombois and Ellenberg
[15], as described in the equations below:
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TABLE 1 | Pre-emergence herbicides used in the experiments.

Dose (g or L
Treatment Commercial name Brand Dose (gi.a ha™) p.cha™?)
T1 - Untreated check — — — —
T2 - Pyroxasulfone + flumioxazin Kyojin® Tharabras 120 + 80 0.4
T3 - Diclosulam Spider® 840 WG Corteva 35.02 41.7
T4 - Trifluralin Trifluralin Nortox Gold® Nortox 2250 5
T5 - Flumioxazin Flumyzin® 500 SC Sumitomo 75 0.15
T6 - Sulfentrazone + diuron Stone® FMC 240 + 490 1.4
T7 - s-metolachlor Dual Gold® Syngenta 1920 2
T8 — Chlorimuron-ethyl Panzer® 250 WDG Cropchem 20 80
T9 - Sulfentrazone Boral 500 SC® FMC 500 1
T10 - Imazethapyr Zethapir 106 SL® Sumitomo 106
T11 - Pendimenthalin Prowl H,0O® BASF 1820 4
T12 - Imazethapyr + flumioxazin ZethaMaxx® Sumitomo 120" + 60 0.6
T13 - Metribuzin Sencor 480° Bayer 480 1
T14 - s-metolachlor + fomesafen Eddus® Syngenta 1035 4239 2
T15 - s-metolachlor + metribuzin Dual Gold® + Sencor 480° Syngenta + Bayer 965 + 297 1.08 +0.62
!Acid equivalent.
1. Relative frequency (RF):
RE = [(Number of sampleswith the species/T.ota.ll number of samples) X 100]. o
Totalfrequency of all speciesin the treatment
2. Relative density (RD):
RD — [(Numberof plantsof the same speciesin the sample/0.25m?) x 100]. @
Totaldensityof all speciesin the treatment
3. Relative abundance (RA):
AR = [(Number of plants of the same speciesin the sample/Number of samples with the species) X 100]. 3)

Totalabundanceof all speciesin the treatment

4. Relative importance value index (IVIR):

IVIR = RF + RD + RA. 4)

The RF determines the distribution of species in the samples; the
RD represents the number of plants of each species per unit area;
and the RA shows the concentration of species in the area. The
IVIR determines the most important species present in the
survey.

Based on the data from the phytosociological surveys, the effect
of pre-emergence treatment was analyzed at 25 and 40 DAE
using the Simpson (D) and Shannon-Wiener (H') diversity
indices, which express the biodiversity present in the samples
[16]. A dendrogram was constructed to compare the pre-
emergence treatments and study locations in both evalua-
tions, using the Morisita—-Horn similarity index (SI) [17]. This
index considers the number of weed plants of each species to
generate the similarity grouping. The method used to generate
the dendrogram was hierarchical multivariate cluster analysis
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using the unweighted pair method with the arithmetic mean.
The unweighted pair group method with arithmetic mean
(UPGMA) was also applied in the software Past 4.03 [18]. The
critical level for separating groups in the cluster analysis was
defined using the arithmetic mean of the similarities in the
similarity matrix [17].

After the evaluation at 40 DAE, 1040 g a.e of glyphosate (Crucial,
Sumitomo Chemical Latin America) was applied to all treat-
ments using flat fan nozzles of the XR 110015 model, calibrated
for a spray volume of 150 L-ha~’. At soybean maturity, in the
phenological stage R8, grain yield was assessed by harvesting
3 m? per plot, and the grain moisture was adjusted to 13%. Due to
severe drought, it was not possible to harvest the experiments in
Santo Angelo (Figure 1(a)). When significant differences were
found by the F test, the means of the phytotoxicity and grain yield
variables were separated by the Scott-Knott test (p < 0.05). For
statistical analysis, the R software [19] and the Easyanova sta-
tistical package [20] were used.

3 | Results

Results showed the appearance of several weed species. It was
possible to differentiate the patterns of species emergence be-
tween the two locations, soil preparation, and the herbicide
treatments used in the experiments. The results will be presented
below, separated according to the analyzed variables.

3.1 | Phytotoxicity

For the phytotoxicity (%) variable at 25 and 45 days after soybean
emergence (DAE), in the conventional tillage system in Santo
Angelo during the 2021-2022 growing season, two mean
groupings were formed (Table 2). At 25 DAE, the grouping of the
most phytotoxic herbicides consisted of treatments with sul-
fentrazone and sulfentrazone + diuron, with approximately 21%
phytotoxicity, differing from the second grouping, which showed
5.38% phytotoxicity. At 40 DAE, the most phytotoxic grouping
had an average value of 13.50% phytotoxicity, composed of tri-
fluralin, sulfentrazone + diuron, s-metolachlor, sulfentrazone,
metribuzin, and s-metolachlor + fomesafen, while the other
treatments showed an average of 4.56% phytotoxicity.

For the Santo Angelo location in the no-till system during the
2021-2022 growing season, two mean groupings were also
formed in both evaluations. At 25 DAE, the most phytotoxic
grouping, with an average of 13.75%, consisted of trifluralin,
sulfentrazone + diuron, sulfentrazone, and s-
metolachlor + metribuzin, while the other treatments showed
5.45% phytotoxicity in soybeans. At 40 DAE, the most phytotoxic
grouping had an average of 12.20% phytotoxicity and included
the treatments with diclosulam, trifluralin, sulfentrazone +
diuron, sulfentrazone, and s-metolachlor + metribuzin, while
the grouping with lower mean values showed 5.90% phytotoxicity
(Table 2).

In the Santa Maria location during the 2021-2022 growing
season, two mean phytotoxicity groupings were formed at 25
DAE (Table 2). The most phytotoxic grouping consisted of tri-
fluralin, sulfentrazone + diuron, sulfentrazone, pendimethalin,
and s-metolachlor + metribuzin, with an average phytotoxicity of
7.80%, higher than the second grouping, which showed 1.40%
phytotoxicity. This second grouping did not differ from the

control (without herbicide application) (Table 2). At 40 DAE,
there was no difference among treatments, all showing an av-
erage phytotoxicity of 1.40% (Table 2).

For the 2023-2024 growing season at 25 DAE, two mean
groupings were formed, with the highest phytotoxicity grouping
represented by diclosulam, sulfentrazone + diuron, s-
metolachlor, and sulfentrazone, which exhibited an average
phytotoxicity of 10.27%, while the lower phytotoxicity grouping
showed 3.73% (Table 2). At 40 DAE, three mean groupings were
formed. The most phytotoxic grouping was composed only of
sulfentrazone, which caused 18% phytotoxicity, while the second
grouping, which included diclosulam, showed 8.75% phytotox-
icity (Table 2). The third grouping did not differ from the control
and consisted of the other pre-emergence treatments, which
showed an average phytotoxicity of 0.50% (Table 2).

3.2 | Phytosociological Indices

For the conventional cropping system in Santo Angelo, the
families with the highest participation were Brassicaceae, Con-
volvulaceae, and Malvaceae at 25 and 40 DAE. The species
Digitaria ciliaris, Ipomoea spp., Raphanus raphanistrum, and
Sida rhombifolia were observed at 25 DAE (Figure 2(a)). At 40
DAE, in addition to the species mentioned earlier, Bidens pilosa
and  Richardia  brasiliensis  appeared  (Figure  2(b)).
R. raphanistrum had the lowest IVIR in the treatment of s-
metolachlor + fomesafen at 25 DAE (Figure 2(a)), while at 40
DAE, it was not present in the treatments with pyroxasulfone
+ flumioxazin, chlorimuron-ethyl, imazethapyr + flumioxazin,
metribuzin, s-metolachlor + fomesafen, and S-
metolachlor + metribuzin. For Ipomoea spp., at 25 DAE, it
was absent in the treatment with sulfentrazone + diuron, and the
lowest IVIR were observed in the treatments with diclosulam, s-
metolachlor, and sulfentrazone (Figure 2(a)). At 40 DAE, the
lowest IVIR for this weed were in the treatments with diclosu-
lam, sulfentrazone + diuron, and s-metolachlor, with no pres-
ence observed in the sulfentrazone treatment, while in the
applications with s-metolachlor + metribuzin, s-
metolachlor + fomesafen, metribuzin, and flumioxazin, the
highest IVIR for Ipomoea spp. were recorded (Figure 2(b)).

For the no-tillage system in Santo Angelo, at 25 DAE, the families
with the highest participation were Brassicaceae and Poaceae, and at
40 DAE, the most representative families were Asteraceae, Brassi-
caceae, and Commelinaceae. At 25 DAE, the species Conyza spp.,
D. ciliaris, Ipomoea spp., R. raphanistrum, Secale cereale, and
S. rhombifolia appeared (Figure 3(a)). At 40 DAE, in addition to the
previously mentioned species, Commelina benghalensis and
R. brasiliensis were also observed (Figure 3(b)). At 25 DAE, no weed
emergence was recorded in the treatment with chlorimuron-ethyl,
and the weeds with the highest IVIR in most treatments were
R. raphanistrum and S. cereale (Figure 3(a)). No presence of
R raphanistrum was observed in the treatments with
pyroxasulfone + flumioxazin, diclosulam, flumioxazin, imazetha-
pyr, imazethapyr + flumioxazin, and s-metolachlor + metribuzin. In
a study conducted under a condition of 11tha ' of Panicum
maximum mulch, the herbicides pyroxasulfone + flumioxazin and
imazethapyr + diclosulam were effective in controlling di-
cotyledonous  weeds, while for  monocotyledons, S-
metolachlor + fomesafen, s-metolachlor + imazethapyr, and s-
metolachlor + diclosulam were observed to be effective.
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FIGURE 1 | Maximum and minimum temperatures (°C) and precipitation (mm) for Santo Angelo (a) and Santa Maria (b) in 2021-2022 and for

Santa Maria (c) in 2023-2024.

At 40 DAE in the no-tillage system in Santo Angelo, Conyza spp.
appeared, with the highest IVIR in the treatments with sulfen-
trazone and s-metolachlor + fomesafen, while in the treatments
with flumioxazin and metribuzin, this plant was not observed
(Figure 3(b)). In Santa Maria, in the 2021-2022 crop year,
a greater number of species was observed, with Poaceae and
Malvaceae being the most abundant families at both 25 and 40
DAE. At 25 DAE, the species with the highest IVIR in all
treatments, except for sulfentrazone, was an unidentified Poa-
ceae (Figure 4(a)). No Conyza spp. plants were observed in the

treatments with  sulfentrazone + diuron, imazethapyr +
flumioxazin, metribuzin, and s-metolachlor + fomesafen. For
Euphorbia heterophylla, several treatments were effective, in-
cluding flumioxazin, sulfentrazone + diuron, sulfentrazone, and
metribuzin, with no emergence of this weed. Similarly, the
herbicides chlorimuron-ethyl, imazethapyr, pendimethalin, and
imazethapyr prevented the emergence of R. brasiliensis.

At 40 DAE, for most treatments, the highest IVIR were observed
for Urochloa plantaginea and S. rhombifolia (Figure 4(b)). The
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TABLE 2 | Visual evaluation of phytotoxicity (%) of pre-emergence herbicides at 25 and 45 days after emergence (DAE) of soybean in Santo Angelo
under conventional and no-till systems after cover crops and in Santa Maria under no-till system after wheat cultivation, 2021-2022 season, and after

fallow, 2023-2024 season.

Santo Angelo

Santa Maria

Treatment Conventional
tillage No-till system 2021-2022 2023-2024
25 DAE 40 DAE 25 DAE 40 DAE 25 DAE 40 DAE 25 DAE 40 DAE

Testemunha sem aplicacio 0.00b’ 0.00b 0.00b 0.00b 0.00b 0.00™ 0.00b 0.00c
Pyroxasulfone + flumioxazin 10.00b 8.00b 4.00b 7.00b 0.00b 7.00 3.75b 1.25¢
Diclosulam 9.00b 5.00b 8.00b 10.00a 2.00b 7.00 11.25a 8.75b
Trifluralin 9.00b 9.00a 12.00a 12.00a 9.00a 7.00 3.25b 0.00c
Flumioxazin 6.00b 6.00b 4.00b 7.00b 1.00b 0.00 3.75b 0.00c
Sulfentrazone + diuron 23.00a 19.00a 14.00a 14.00a 5.00a 10.00 9.00a 3.76¢
S-metolachlor 5.00b 15.00a 6.00b 7.00b 0.00b 9.00 8.33a 0.00c
Chlorimuron-ethyl 4.00b 6.00b 6.00b 7.00b 0.00b 5.00 5.00b 0.00c
Sulfentrazone 19.00a 15.00a 17.00a 14.00a 12.00a 14.00 12.50a 18.00a
Imazethapyr 4.00b 6.00b 8.00b 7.00b 3.00b 8.00 4.75b 0.75¢
Pendimenthalin 4.00b 4.00b 7.00b 7.00b 7.00a 4.00 5.00b 1.25¢
Imazethapyr + flumioxazin 3.00b 2.00b 5.00b 5.00b 2.00b 4.00 5.00b 0.00c
Metribuzin 3.00b 14.00a 5.00b 5.00b 3.00b 7.00 1.25b 0.00c
S-metolachlor + fomesafen 9.00b 9.00a 7.00b 7.00b 3.00b 9.00 4.50b 1.24c
S-metolachlor + metribuzin 4.00b 4.00b 12.00a 11.00a 6.00a 8.00 4.75b 1.24c
Ccv (%)2 9.44 14.51 7.16 7.8 12.42 14.9 85.39 212.26

Note: "Means did not show significant differences according to the Scott-Knott test (p < 0.05).
'Means followed by different letters in the column indicate statistically significant differences according to the Scott-Knott test (p < 0.05).

2Coefficient of variation (%).

treatment with trifluralin showed the lowest IVIR for
U. plantaginea, with no presence of the weed in the treatments
with sulfentrazone and sulfentrazone + diuron. S. rhombifolia
was observed in all treatments, but with the lowest IVIR in the
treatment with s-metolachlor + metribuzin. No Conyza spp.
plants were observed in the treatments with sulfentrazone +
diuron and s-metolachlor + metribuzin, with low IVIR in the
treatments with metribuzin and s-metolachlor + fomesafen. For
E. heterophylla and R. brasiliensis, at 40 DAE, most pre-
emergence herbicides were effective in reducing IVIR.

In Santa Maria, in the 2023-2024 crop year, at 25 DAE, the most
prominent family was Euphorbiaceae, with the weed species
representing this family having the highest IVIR being
E. heterophylla, which was absent only in the untreated control
(Figure 5(a)). The treatment with the lowest IVIR for this weed
was sulfentrazone, followed by flumioxazin. With the use of
pyroxasulfone + flumioxazin, diclosulam, pendimethalin,
imazethapyr + flumioxazin, and s-metolachlor 4+ metribuzin, no
presence of R. brasiliensis was observed. Similarly, Ipomoea spp.
was not observed with the use of diclosulam and sulfentrazone,
although low IVIR were recorded for all treatments.

At 40 DAE, the main families were Euphorbiaceae and Poaceae,
with the highest IVIR in the treatments divided between Schi-
zachyrium microstachyum and E. heterophylla (Figure 5(b)).
Schizachyrium microstachyum emergence was suppressed in the
treatments  with  trifluralin, s-metolachlor, and s-
metolachlor + fomesafen, with the lowest IVIR in the treat-
ments with s-metolachlor + metribuzin, metribuzin,

imazethapyr + flumioxazin, and pendimethalin. As observed in
the first evaluation, E. heterophylla was absent in the control
treatment, with the lowest IVIR observed with sulfentrazone,
flumioxazin, and sulfentrazone + diuron. Richardia brasiliensis
was not observed with the use of pyroxasulfone + flumioxazin,
diclosulam, confirming the results observed at 25 DAE, and s-
metolachlor + fomesafen. For Ipomoea spp., the results were also
similar to those at 25 DAE.

In Santo Angelo, under conventional soybean cropping system
conditions, 25 DAE, the highest Simpson’s index (D) was ob-
served with the use of chlorimuron-ethyl and pendimenthalin
herbicides (Table 3). For the Shannon-Wiener index (H'), the
highest values were recorded for pyroxasulfone + flumioxazin.
At 40 DAE, the highest values of index D were observed for
diclosulam, the untreated control, imazethapyr, and pendi-
menthalin, while the treatments with the highest diversity for
index H' were diclosulam, imazethapyr, and pendimenthalin
(Table 3). In Santo Angelo, under no-till conditions at 25 DAE,
the highest index D was recorded with chlorimuron-ethyl, as no
weeds were present, resulting in a null diversity index. This was
followed by the s-metolachlor + fomesafen treatment, which also
exhibited the highest diversity index H " (Table 3). At 40 DAE, the
highest index D was observed with diclosulam, the untreated
control, and trifluralin, as well as the highest H' index.

In Santa Maria, under similar cultivation conditions in the
2021-2022 season, the highest diversity for indices D and H " was
observed at 25 DAE in treatments with trifluralin, s-
metolachlor + fomesafen, s-metolachlor + metribuzin,
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Phytosociological analysis of weed species using the relative importance value index (IVIR) at 25 (a) and 40 days after emergence (DAE)

of soybean (b) under conventional tillage system in Santo Angelo during the 2021-2022 season.

pendimenthalin, and the untreated control (Table 3). At 40 DAE,
the treatments with the highest diversity in indices H' and D were
flumioxazin, pyroxasulfone + flumioxazin, chlorimuron-ethyl,
and s-metolachlor + metribuzin. In Santa Maria during the
2023-2024 season, the highest diversity in indices H "and D at 25
DAE was observed for treatments with flumioxazin, the un-
treated control, and sulfentrazone + diuron (Table 3). At 40 DAE,
the highest diversity for index D was obtained from chlorimuron-
ethyl, the untreated control, and diclosulam. These same
treatments also exhibited the highest H' indices, alongside
treatments with pyroxasulfone + flumioxazin and trifluralin.
The dynamics of weed occurrence, as well as their frequency,
density, and abundance, varied according to the location, season,
and soil management. The SI was obtained through the

dendrogram, also known as cluster analysis (Figure 6). The SI
ranges from 0 (zero), where there is no similarity between the
weed species, to the highest value (1.0), which represents high
similarity between the weed species present in the treatments at
each location.

For the SI evaluation at 25 days after sowing (DAS), the critical
level for the separation of groups occurred at an SI of 0.26
(Figure 6(a)). Consequently, five clusters were formed, which, in
general, separated the dendrogram by locations, indicating high
floristic similarity within each repetition of the study and low
floristic similarity between the studied locations. The treatment
with chlorimuron-ethyl in Santo Angelo under conventional
system (T8 SA TILL) formed an isolated group. Thirteen
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treatments from Santa Maria in the 2023-2024 season (SM 23-24)
formed the second group, along with imazethapyr and s-
metolachlor 4+ metribuzin from Santa Maria in the 2021-2022
season (T10 and T15 SM 21-22), except for the untreated control
and flumioxazin from the 2023-2024 season (T1 and T5 SM 23-
24), which predominantly formed the third group, also including
13 treatments from Santa Maria in the 2021-2022 season (SM 21-
22). Finally, the treatments from SA TILL and SA NO-TILL
formed the third and fourth groups, respectively, which were not
as clearly defined as the others. It is worth noting that the critical
separation levels for the groups, with an SI of 0.26 (25 DAS) and

ST of 0.24 (40 DAS), represent a low similarity value, but sub-
groups with higher similarity were present within each cluster.

At the evaluation of SI at 40 DAS, four clusters were formed.
However, unlike the first evaluation, the first cluster contained
11 treatments from Santo Angelo under the conventional tillage
system (SA TILL) and all treatments from Santa Maria in the
2021-2022 season (Figure 6(b)). The second cluster grouped all
treatments from Santo Angelo under no-till system (SA NO-
TILL) and three treatments from SA TILL. The third cluster
contained only the treatment from Santo Angelo with
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Phytosociological analysis of weed species using the relative importance value index (IVIR) at 25 (a) and 40 days after emergence (DAE)

of soybean (b) under no-till system in Santa Maria during the 2021-2022 season.

pyroxasulfone + flumioxazin under the conventional tillage
system (SA TILL). The fourth cluster included all treatments
from Santa Maria in the 2023-2024 season. The response ob-
tained in the first cluster at 40 DAS (Figure 6(b)) may reflect the
soil management employed in the area. For example, in Santo
Angelo, pre-emergence herbicides were applied under a con-
ventional soil preparation system, exposing the soil and leaving
no residue (SA TILL), unlike the other three situations, where
herbicides were applied to the residue (Figure 6(b)). Within this

cluster, two subgroups were formed with an SI close to 0.6,
separating SA TILL and SM (2021-2022) into distinct groups.

3.3 | Grain Yield (kg-ha ')

For the grain yield variable, in Santa Maria, two average clusters
were formed (Table 4). For Santa Maria in the 2021-2022 season,
the lower grain yield cluster consisted of the untreated control

and pendimenthalin, with an average grain yield of 2152 kg-ha*,
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Phytosociological analysis of weed species using the relative importance value index (IVIR) at 25 (a) and 40 days after emergence (DAE)

of soybean (b) under no-till system in Santa Maria during the 2023-2024 season.

which was 819 kg-ha~' lower than the other treatments. In the
2023-2024 season, two average clusters were formed. The lower
average cluster consisted of the untreated control, diclosulam,
trifluralin, flumioxazin, sulfentrazone, pendimenthalin, metri-
buzin, and s-metolachlor + metribuzin (Table 4), with an aver-
age grain yield of 3551 kg-ha ™!, representing a loss of 357 kg-ha ™!
compared to the other treatments. It is noteworthy that the
treatment sulfentrazone + diuron was the most phytotoxic in
both planting systems at the Santo Angelo site (Table 2);

however, it did not cause any loss of grain yield at the Santa Maria
site in both years.

4 | Discussion

4.1 | Phytotoxicity

In general, the sulfentrazone treatment consistently caused the
highest phytotoxicity in all environments tested in this study.
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TABLE 3 | Weed species diversity by treatment with pre-emergence herbicides using Simpson’s (D) and Shannon-Wiener (H') indices at 25 and
40 days after emergence (DAE) of soybean, during the 2021-2022 and 2023-2024 seasons.

Santo Angelo (2021-2022 season)

Santa Maria Santa Maria

Conventional tillage

No-till system

(2021-2022 season) (2023-2024 season)

Treatment

25DAE 40DAE 25DAE 40DAE 25DAE 40 DAE 25DAE 40 DAE

D H D H D H D H D H D H D H D H
Testemunha sem aplicagio  0.29 0.84 0.70 1.87 029 0.67 0.72 2.02 082 261 070 228 0.77 238 0.81 2.72
Pyroxasulfone + flumioxazin 0.37 1.94 0.38 1.81 0.44 0.92 0.64 153 0.77 220 083 2.72 0.65 1.97 0.78 2.46
Diclosulam 0.06 020 0.74 197 044 092 078 225 072 1.91 071 211 0.38 0.96 0.80 2.46
Trifluralin 0.18 0.46 061 147 034 1.01 070 2.04 0.86 2.97 042 1.30 0.58 1.96 0.75 2.46
Flumioxazin 0.32 0.83 054 1.23 0.00 0.00 0.67 1.75 0.77 220 0.84 285 0.87 322 0.57 2.04
Sulfentrazone + diuron 025 0.60 0.26 0.62 038 0.81 0.66 1.76 0.61 1.46 0.57 141 0.72 2.11 0.68 2.17
S-metolachlor 0.06 020 012 035 046 1.16 0.58 1.55 0.85 2.97 0.74 245 0.46 1.52 0.75 242
Chlorimuron-ethyl 0.64 152 067 187 1.00 0.00 0.63 1.50 0.78 2.36 0.79 2.58 0.68 2.38 0.83 3.03
Sulfentrazone 044 115 0.67 1.87 028 0.65 049 135 0.75 2.00 0.52 1.24 0.62 1.77 0.48 1.57
Imazethapyr 046 0.94 0.70 1.94 0.00 0.00 0.57 1.38 0.67 179 0.66 1.86 0.67 1.92 0.73 2.22
Pendimenthalin 0.58 1.55 0.70 1.93 0.11 0.32 0.64 1.68 0.82 262 0.74 235 0.17 061 0.42 1.46
Imazethapyr + flumioxazin 046 0.94 0.61 1.45 044 0.92 0.63 150 0.72 2.06 0.74 235 0.67 1.92 0.67 2.24
Metribuzin 0.50 1.00 0.00 0.00 0.00 0.00 0.38 0.81 0.69 2.00 0.65 1.99 0.57 1.80 0.74 248
S-metolachlor + fomesafen ~ 0.28 0.65 0.52 1.24 0.61 146 044 092 0.84 2.70 0.65 1.99 0.61 1.67 0.53 1.68
S-metolachlor + metribuzin  0.53 1.30 0.00 0.00 0.00 0.00 048 097 0.82 2.75 0.79 2.63 023 0.85 052 1.77

Another treatment that caused phytotoxicity in the 2021-2022
season was trifluralin. A study evaluated the application of pre-
emergence herbicides sulfentrazone + diuron and
imazethapyr + flumioxazin at different doses, with or without
glyphosate, on the cover crop residue [21]. When comparing the
same doses used in our study, the authors observed 7% phyto-
toxicity for sulfentrazone + diuron and 11% for imazethapyr +
flumioxazin at 21 DAE. In a study aimed at the pre-emergence
control of Amaranthus tuberculatus, it was observed that in-
creasing the active ingredient dose of pyroxasulfone +
flumioxazin per hectare increased phytotoxicity in soybeans, but
grain yield was similar to the weeding control [22].

This observation can be explained by the herbicide sulfentrazone,
whose sorption in the soil is influenced by the chemical and
physical characteristics of the soil. The efficacy of this herbicide is
reduced as organic matter content and pH values approach its
pKa, indicating a lower amount of herbicide in the soil solution to
exert its action [23]. Additionally, sulfentrazone has a low
octanol-carbon coefficient (koc), meaning it does not adsorb well
onto carbon present in cover crop residues [24]. Similarly, the
sorption of the herbicide diuron is proportional to the soil organic
matter content, and it is considered less leachable in clayey soils,
with moderate leaching in soils with low organic matter and clay
content [25]. A correlation was also observed between the soil
organic matter and clay content, where higher values resulted in
a higher adsorption coefficient for trifluralin [26] and s-
metolachlor [27].

When evaluating herbicides pyroxasulfone, s-metolachlor, and
trifluralin on different levels of soybean and corn straw,
pyroxasulfone was the most effective herbicide on both types of
straw, followed by s-metolachlor, while trifluralin showed the
greatest reduction in efficacy as the amount of straw increased

[28]. The herbicide-straw-phytotoxicity interaction system can
be complex. A study testing these conditions found that when the
straw was incorporated by sowing after application (apply-plant
system), the control of Amaranthus hybridus (smooth pigweed)
with clomazone, s-metolachlor, and pendimethalin was worse
compared to the plant-apply system [29]. Furthermore, herbicide
movement in the straw is also influenced by moisture, with
herbicides like sulfentrazone and diuron able to move through
both dry and wet straw [30]. This movement is important for
herbicide efficacy, as contact with the straw can result in sorption
and reduced effectiveness [31].

Overall, it is also noteworthy that the highest phytotoxicity of
herbicides to soybeans occurred in the conventional tillage
system and when the area remained in winter fallow. This ob-
servation may be related to the greater exposure of the soil due to
the absence of vegetation cover, which could have favored higher
herbicide concentration in the soil and greater phytotoxicity in
the conventional tillage system and areas previously covered
with spontaneous vegetation. In other conditions, the wheat
straw in Santa Maria and the cover crop mix in Santo Angelo may
have helped retain the spray, limiting its contact with the soil.

4.2 | Phytosociological Indices

A study evaluating cropping systems and soil preparation for
soybean cultivation found that 10 botanical families were
identified in the no-tillage system, while only 7 families were
found in the conventional system [7]. The same study high-
lighted that the family Poaceae predominated in the conventional
cropping system, representing 66% of the species, with Fabaceae,
Malvaceae, and Euphorbiaceae also considered important in both
systems, though in different proportions. These conditions were
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FIGURE 6

coefficient of 0.84 (b). The composition of the treatments is provided in Table 1.

Cyperus esculentus showed control failures, possibly due to dif-

similar to those observed in the experiments conducted in Santo

ferences in susceptibility. It is worth noting that pre-emergence
herbicides altered the phytosociological variables because, most of

lo and corroborate the results found in our study.

Ange

the time, they are limited to a specific group of weed species
related to their control spectrum and also to the susceptibility of
the species [32]. Therefore, understanding the phytosociology of
weed species is essential as a complementary tool to the visual

control analyses commonly performed in research studies.

A study conducted in rice cultivation observed that the treatments
imazethapyr + imazapic and imazapyr + imazapic were effective
in reducing the number of plants m 2 of Echinochloa crusgalli, and

the IVIR was reduced to 0% and 8.60%, respectively, compared to

the control treatment with 22.60% [11].

On the other hand,
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TABLE4 | Soybean grain yield (kg-ha ') in Santa Maria under no-till
system after wheat cultivation, 2021-2022 season, and after fallow,
2023-2024 season.

Grain yield (kg-ha™')

Treatment
2021-2022 2023-2024

Testemunha sem aplicacdo 1945.57b' 3634.04b
Pyroxasulfone + flumioxazin 2960.57a 4030.58a
Diclosulam 3173.09a 3575.07b
Trifluralin 2635.63a 3430.22b
Flumioxazin 2897.52a 3615.47b
Sulfentrazone + diuron 3391.05a 3861.76a
S-metolachlor 2628.02a 3859.93a
Chlorimuron-ethyl 2816.65a 3797.24a
Sulfentrazone 2945.50a 3613.36b
Imazethapyr 3074.15a 3809.16a
Pendimenthalin 2357.98b 3487.90b
Imazethapyr + flumioxazin 3202.67a 4141.51a
Metribuzin 2888.67a 3522.90b
S-metolachlor + fomesafen 3080.35a 3980.49a
S-metolachlor + metribuzin 2926.08a 3527.07b
CV (%) 16.49 8.43

'Means followed by different letters in the column indicate statistically significant
differences according to the Scott-Knott test (p < 0.05).
2Coefficient of variation (%).

A study conducted in rice cultivation with different cropping
systems and management practices over three seasons found that
the management with pendimenthalin effectively controlled
grasses but did not control sedges, leading to population shifts in
plots with the pre-emergence herbicide [33]. The authors also
noted that the diversity, measured by the Shannon-Wiener index,
was higher in the untreated control, indicating greater species
diversity, followed by the direct-seeding rice management and the
use of the pre-emergence herbicide, which occurred due to the
selection of weed species over the study seasons.

In general overview, chlorimuron-ethyl, pendimenthalin, and
diclosulam frequently appeared among the herbicides with the
highest D indices. This suggests that there is a probability that two
randomly collected individuals from the same area belong to the
same species, indicating that these herbicides selected the pop-
ulation. A study conducted in rice cultivation under sprinkler
irrigation observed that the diversity between treatments, as
measured by the D index, was similar, reducing the number of
highly prolific species, except for imazethapyr + imazapic, which
caused an imbalance in the occurrence of the prolific species
Fimbristyllis sp. and Killinga brevifolia [11]. Similarly, a study
conducted in corn cultivation showed similar values for the D
index among treatments, except for the atrazine + glyphosate
treatment, which exhibited the lowest index [32]. In the same
study, the H' index showed similar behavior to the D index, with
the highest diversity observed in the herbicide-free treatment.

The H' index, in turn, is influenced by rare species. The higher the
H' index, the greater the species diversity within the population.
An ideal approach would be to achieve high levels of weed control

while maintaining a high diversity in the system (Concengo et al.,
2013). Thus, considering both control and maintenance of floristic
diversity, these treatments proved to be good options.

Overall, climate is also an important factor influencing the
emergence of each weed species within an agricultural ecosystem.
Each species has a specific base and optimal temperature for
germination [34]. This makes the primary difference in the
emergence flow of weeds, and subsequently their diversity, de-
pendent on climatic conditions. For example, the germination of
species such as S. rhombifolia occurs at a base temperature of 10.0°
C, whereas for Ipomoea triloba, these values are around 12.32°C
[35, 36]. It was observed that in the first year of the trial, the
temperature was similar at both locations, but the 2023-2024
season exhibited milder temperatures, particularly in January,
February, and March, which enhanced the emergence of weeds
with lower base temperatures [34]. The application of pre-
emergence herbicides under conventional tillage facilitates her-
bicide contact with the soil, potentially enhancing control and
increasing phytotoxicity. In residue-covered situations, the her-
bicide may adsorb onto the organic matter and fail to make direct
contact. For this reason, in residue-covered situations, herbicides
should be applied that can move through the residue [30].

4.3 | Grain Yield (kg-ha ')

A study conducted under no-till conditions with winter cover crop
residue, in soils with pH 4.8 and 62% clay, observed that treatments
with sulfentrazone + diuron and imazethapyr + flumioxazin, at
the same doses used in our study, resulted in productivities of 871
and 2676 kg-ha !, respectively [21]. Another study, conducted
under conditions of pH 5.5 and 51% clay, showed no phytotoxicity
in soybean cultivation, and in this case, there was no statistical
difference in grain yield between the weeding control and treat-
ments with sulfentrazone + diuron [25]. Similarly, the use of
higher doses of pyroxasulfone + flumioxazin resulted in pro-
ductivities close to the untreated control, as the observed loss in
grain yield was caused by the interference of Amaranthus tuber-
culatus [22]. In rice (Oryza sativa L.) cultivation, producers who
reported phytotoxicity caused by pre-emergence herbicides did not
experience any average grain yield loss when compared to those
who did not report phytotoxicity [32]. In wheat, the soil played
a role on herbicidal phytotoxicity; the soil with low clay content
showed more injuries than the more clay content one, with this
behavior being shown with several herbicides [37].

Furthermore, although some of the treatments tested resulted in
soybean grain yield losses, this response could be attributed to
the infestation of weeds in the treatment and the competition
they imposed on the crop. A study highlighted that pre-
emergence treatments with metribuzin, sulfentrazone,
metribuzin + alachlor, and alachlor showed high control of
weeds in Vigna unguiculata but caused grain yield losses ex-
ceeding 60% [38]. However, some molecules, such as sulfen-
trazone, have potential phytotoxicity in soybean [24], primarily
when used at doses above 500g-ha™' [39]. Overall,
pyroxasulfone + flumioxazin, chlorimuron-ethyl, imazethapyr
+ flumioxazin, metribuzin, and s-metolachlor 4 fomesafen were
effective in reducing the IVIR of Raphanus raphanistrum. Eu-
phorbia heterophylla showed the lowest IVIR when treated with
sulfentrazone and flumioxazin. The treatments with
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sulfentrazone + diuron, s-metolachlor, imazethapyr +
flumioxazin, and s-metolachlor + fomesafen exhibited phyto-
toxicity but did not negatively affect grain yield.

Author Contributions

Eduarda Griin, Roberto Costa Avila Neto, and André da Rosa Ulguim
contributed to the study conception and design, material preparation,
data collection, and data analysis. The first draft of the manuscript was
written by Eduarda Griin with substantial revisions by Roberto Costa
Avila Neto and André da Rosa Ulguim. Aricia Ritter Corréa, Eduard
Mroginski Leichtweis, Eduardo Streck Bortolin, Kayky Victor Volff Reis,
Natdlia Heinzmann, and Pedro Henrique Folharini contributed to data
collection, literature review, and preparation of figures and tables. All
authors contributed to the interpretation and discussion of results and
commented on previous versions of the manuscript.

Acknowledgments

The authors thank CAPES (Coordination of graduate improvement) for
the author’s scholarship and support. The Article Processing Fee for the
publication of this research was funded by the Coordination for the
Improvement of Higher Education Personnel-CAPES (identifier ROR:
00x0ma614). For open access purposes, the authors have assigned
a Creative Commons CC BY license to any accepted version of the article.
The authors also thank the Integrated University of Alto Uruguai and
Missdes (URI) and Federal University of Santa Maria (UFSM) for the
research sites and trial managements.

Funding

No funding was received for this manuscript.

Disclosure

All authors read and approved the final manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon request.

References

1. M. C. Oliveira, A. Lencina, A. R. Ulguim, and R. Werle, “Assessment of
Crop and Weed Management Strategies Prior to Introduction of Auxin-
Resistant Crops in Brazil,” Weed Technology 35, no. 1 (2021): 155-165,
https://doi.org/10.1017/wet.2020.96.

2. H. J. Beckie, M. B. Ashworth, and K. C. Flower, “Herbicide Resistance
Management: Recent Developments and Trends,” Plants 8, no. 6 (2019):
161, https://doi.org/10.3390/plants8060161.

3. M. A. Rizzardi, A. P. Rockenbach, and T. Schneider, “Residual Her-
bicides Increase the Period Prior to Interference in Soybean Cultivars,”
Planta Daninha 38 (2020): €020222194, https://doi.org/10.1590/S0100-
83582020380100091.

4. R. Nkoa, M. D. Owen, and C. J. Swanton, “Weed Abundance, Dis-
tribution, Diversity, and Community Analyses,” Weed Science 63, no. SP1
(2015): 64-90.

5. S. Kumar, S. S. Rana, and N. Sharma, “Long-Term Tillage and Weed
Management Effects on Weed Shifts, Phytosociology and Crops Pro-
ductivity,” Indian Journal of Weed Science 54, no. 2 (2022): 165-173,
https://doi.org/10.5958/0974-8164.2022.00031.4.

6. G. Concenco, G. Ceccon, I. V. T. Correia, L. F. Leite, and V. B. Alves,
“Ocorréncia de Espécies Daninhas em Funcdo de Sucessoes de Cultivo,”
Planta Daninha 31, no. 2 (2013): 359-368.

7.J. A. A. Albuquerque, T. S. Santos, T. S. Castro, V. F. Melo, and
P. R. R. Rocha, “Weed Incidence After Soybean Harvest in No-Till and
Conventional Tillage Croprotation Systems in Roraima’s Cerrado,”
Planta Daninha 35 (2017): €017162796, https://doi.org/10.1590/S0100-
83582017350100034.

8. L. A. Vargas, A. M. Passos, V. A. Marcilio, F. A. Brugnera, V. P. Leite,
and R. S. Costa, “Soil Seed Bank Phytosociology in No-Tillage Systems in
the Southwestern Amazon Region,” American Journal of Plant Sciences 8,
no. 13 (2017): 3399-3413, https://doi.org/10.4236/ajps.2017.813228.

9. E. Griin, A. F. Alves, A. L. D. Silva, et al., “How Do Off-Season Cover
Crops Affect Soybean Weed Communities?” Agriculture 14, no. 9 (2024):
1509, https://doi.org/10.3390/agriculture14091509.

10. M. B. B. Soares, S. Bianco, E. L. Finoto, D. Bolonhezi,
J. A. A. Albuquerque, and A. A. Silva, “Weed Community in a Raw
Sugarcane Renovation Area Submitted to Different Soil Managements,”
Planta Daninha 34, no. 1 (2016): 91-98, https://doi.org/10.1590/S0100-
83582016340100009.

11. G. Concenco, A. Andres, G. M. Tel6, M. B. Martins, and
I. S. Moisinho, “Phytosociological Characterization of Weeds as
a Function of Residual Herbicides Applied to Rice Grown Under
Sprinkler Irrigation,” Experimental Agriculture 54, no. 2 (2018): 303-314,
https://doi.org/10.1017/S0014479717000059.

12. I. S. Werle, A. J. Zanon, N. A. Streck, et al., “Technology Levels in
Cassava Cultivation Alter Phytosociology of Weeds,” HortScience 56,
no. 7 (2021): 787-794, https://doi.org/10.21273/HORTSCI15643-20.

13. A. F. Silva, V. A. Padrdo, G. Concenco, L. Galon, and I. Aspiazu,
“Control Efficacy and Phytosociological Characterization of Weeds as
a Function of Post-Emergence Herbicides Applied to Maize,” Revista
Brasileira de Milho e Sorgo 21 (2022): https://doi.org/10.18512/
rbms2022v21e1240.

14. C. A. Alvares, J. L. Stape, P. C. Sentelhas, J. D. M. Gongalves, and
G. Sparovek, “Koppen’s Climate Classification Map for Brazil,” Mete-
orologische Zeitschrift 22, no. 6 (2013): 711-728, https://doi.org/10.1127/
0941-2948/2013/0507.

15. D. Mueller-Dombois and D. Ellenberg, Aims and Methods of Vege-
tation Ecology, 547 (Wiley, 1974).

16. M. G. Barbour, J. H. Burk, and W. D. Pitts, Terrestrial Plant Ecology
(Benjamin/Cummings Publishing Company, 1999).

17. A. E. Magurran, Ecological Diversity and Its Measurement (Springer
Science & Business Media, 2013).

18. @. Hammer, “Past: Paleontological Statistics Software Package for
Educaton and Data Anlysis,” Palaeontologia Electronica 4, no. 1 (2001): 1.

19. R Core Team, A Language and Environment for Statistical Computing
(R Foundation for Statistical Computing, 2018).

20. E. Arnhold, “easyanova: Analysis of Variance and Other Important
Complementary Analyzes,” (2014), https://cran.r-project.org/web/pac
kages/easyanova/index.html.

21. L. Galon, D. C. Cavaletti, M. R. da Silva, A. F. da Silva, and
O. D. H. Neto, “Seletividade e Eficacia de Herbicidas Aplicados em Soja
Para o Controle de Plantas Daninhas,” Agrarian 15, no. 55 (2022): e15715,
https://doi.org/10.30612/agrarian.v15i55.15715.

22.J. Ferrier, N. Soltani, D. C. Hooker, D. E. Robinson, and
P. H. Sikkema, “The Interaction of Pyroxasulfone and Flumioxazin
Applied Preemergence for the Control of Multiple-Herbicide-Resistant
Waterhemp (Amaranthus tuberculatus) in Soybean,” Weed Technology
36, no. 2 (2022): 318-323, https://doi.org/10.1017/wet.2022.11.

23. L. A. Faustino, M. A. M. Freitas, A. B. R. J. Passos, et al., “Mobilidade
do Sulfentrazone em Solos com Diferentes Caracteristicas Fisicas e
Quimicas,” Planta Daninha 33, no. 4 (2015): 795-802, https://doi.org/
10.1590/S0100-83582015000400018.

14 of 15

International Journal of Agronomy, 2026


http://doi.org/10.1017/wet.2020.96
http://doi.org/10.3390/plants8060161
http://doi.org/10.1590/S0100-83582020380100091
http://doi.org/10.1590/S0100-83582020380100091
http://doi.org/10.5958/0974-8164.2022.00031.4
http://doi.org/10.1590/S0100-83582017350100034
http://doi.org/10.1590/S0100-83582017350100034
http://doi.org/10.4236/ajps.2017.813228
http://doi.org/10.3390/agriculture14091509
http://doi.org/10.1590/S0100-83582016340100009
http://doi.org/10.1590/S0100-83582016340100009
http://doi.org/10.1017/S0014479717000059
http://doi.org/10.21273/HORTSCI15643-20
http://doi.org/10.18512/rbms2022v21e1240
http://doi.org/10.18512/rbms2022v21e1240
http://doi.org/10.1127/0941-2948/2013/0507
http://doi.org/10.1127/0941-2948/2013/0507
https://cran.r-project.org/web/packages/easyanova/index.html
https://cran.r-project.org/web/packages/easyanova/index.html
http://doi.org/10.30612/agrarian.v15i55.15715
http://doi.org/10.1017/wet.2022.11
http://doi.org/10.1590/S0100-83582015000400018
http://doi.org/10.1590/S0100-83582015000400018

24. V. R. Gehrke, E. R. Camargo, and L. A. Avila, “Sulfentrazone: En-
vironmental Dynamics and Selectivity,” Planta Daninha 38 (2020):
€020215663, https://doi.org/10.1590/S0100-83582020380100032.

25. J. E. Gubiani, R. A. Polito, J. L. Ribas, et al., “Seletividade e Controle
de Plantas Daninhas da Mistura Formulada de Sulfentrazone + Diuron
na Cultura da Soja,” Brazilian Journal of Development 7, no. 6 (2021):
63320-63333, https://doi.org/10.34117/bjdv7n6-623.

26. S. V. Copaja and C. Sepulveda, “Dynamic of Herbicides in Soil and
Soil Modified With Clay and/or Humus,” Journal of the Chilean Chemical
Society 67, no. 3 (2022): 5587-5594, https://doi.org/10.4067/S0717-
97072022000305587.

27. F. Bedmar, P. E. Daniel, J. L. Costa, and D. Giménez, “Sorption of
Acetochlor, S-Metolachlor, and Atrazine in Surface and Subsurface Soil
Horizons of Argentina,” Environmental Toxicology and Chemistry 30,
no. 9 (2011): 1990-1996, https://doi.org/10.1002/etc.602.

28. W. D. Matte, J. Constantin, and R. Mendesa, “Controle de Capim-
Amargoso Apo6s a Aplicagao de Herbicidas em Pré-Emergéncia em Solo
com Niveis Crescentes de Palhada de Soja e Milho,” Weed Control Journal
20 (2021): https://doi.org/10.7824/wcj.2021;20:00729.

29. R. M. Pedroso, R. C. A. Neto, and D. D. Neto, “A Aplicacdo de
Herbicidas Pré-Emergentes na Modalidade Plante-e-Aplique Favorece o
Controle de Caruru e Poaia-Branca na Cultura da Soja,” Revista Brasileira
de Herbicidas 19, no. 1 (2020): https://doi.org/10.7824/rbh.v19i1.717.

30. I. dos Santos, L. P. Brito, A. K. Matos, et al., “Evaluation of a System to
Assess Herbicide Movement in Straw Under Dry and Wet Conditions,”
AgriEngineering 6, no. 1 (2024): 858-868, https://doi.org/10.3390/
agriengineering6010049.

31. G.V.Munhoz-Garcia, V. Takeshita, R. F. Pimpinato, N. G. de Moraes,
D. Nalin, and V. L. Tornisielo, “Cover Crop Straw Interferes in the
Retention and Availability of Diclosulam and Diuron in the Environ-
ment,” Agronomy 13, no. 7 (2023): 1725, https://doi.org/10.3390/
agronomy13071725.

32. A. L. Silva, N. A. Streck, A. J. Zanon, G. G. Ribas, B. L. Fruet, and
A. R. Ulguim, “Surveys of Weed Management on Flooded Rice Yields in
Southern Brazil,” Weed Science 70, no. 2 (2022): 249-258, https://doi.org/
10.1017/wsc.2021.77.

33. K. Hossain, J. Timsina, D. E. Johnson, M. K. Gathala, and
T. J. Krupnik, “Multi-Year Weed Community Dynamics and Rice Yields
as Influenced by Tillage, Crop Establishment, and Weed Control: Im-
plications for Rice-Maize Rotations in the Eastern Gangetic Plains,” Crop
Protection 138 (2020): 105334, https://doi.org/10.1016/
j-cropro.2020.105334.

34. C. A. Marschner, I. Colucci, R. S. Stup, et al., “Modeling Weed
Seedling Emergence for Time-Specific Weed Management: A Systematic
Review,” Weed Science 72, no. 4 (2024): 313-329, https://doi.org/10.1017/
wsc.2024.25.

35. R. R. Zandond, D. Agostinetto, M. F. Schimitz, M. A. Bianchi,
S. Puntel, and A. da Rosa Ulguim, “Emergence Modeling of Three-Lobe
Morning Glory (Ipomoea triloba L.) and Demographic Parameters of Seed
Longevity and Persistence in the Soil,” Weed Biology and Management 24,
no. 1 (2024): 49-61, https://doi.org/10.1111/wbm.12283.

36. R. R. Zandon4, S. Puntel, F. D. A. P. Goulart, et al., “Longevity and
Persistence of Arrowleaf Sida Seeds in Soil and Emergence Modeling
Using Thermal and Hydrothermal Time Models,” International Journal
of Pest Management 71, no. 1 (2025): 42-52, https://doi.org/10.1080/
09670874.2024.2388160.

37. R. Avila Neto, A. Ulguim, E. Leichtweiss, et al., “Italian Ryegrass and
Wild Radish Control With Pre-Emergent Herbicides, and Selectivity to
Imadazolinone-Resistant Wheat,” Journal of Crop Health 77, no. 1 (2025):
1-14, https://doi.org/10.1007/s10343-024-01091-8.

38. G. D. S. Gonzaga, A. B. De Souza Cruz, J. A. A. Albuquerque, et al.,
“Phytosociology of Weed Community in Culture of Cowpea (Vigna
unguiculata L. Walp) and Controlling Possibilities With Pre-Emergent

Herbicides,” Applied Ecology and Environmental Research 16, no. 5
(2018): 5311-5322, https://doi.org/10.15666/aeer/1605_53115322.

39. K. D. Walsh, N. Soltani, D. C. Hooker, R. E. Nurse, and P. H. Sikkema,
“Biologically Effective Rate of Sulfentrazone Applied Pre-Emergence in
Soybean,” Canadian Journal of Plant Science 95, no. 2 (2015): 339-344,
https://doi.org/10.4141/cjps-2014-264.

International Journal of Agronomy, 2026

15 of 15


http://doi.org/10.1590/S0100-83582020380100032
http://doi.org/10.34117/bjdv7n6-623
http://doi.org/10.4067/S0717-97072022000305587
http://doi.org/10.4067/S0717-97072022000305587
http://doi.org/10.1002/etc.602
http://doi.org/10.7824/wcj.2021;20:00729
http://doi.org/10.7824/rbh.v19i1.717
http://doi.org/10.3390/agriengineering6010049
http://doi.org/10.3390/agriengineering6010049
http://doi.org/10.3390/agronomy13071725
http://doi.org/10.3390/agronomy13071725
http://doi.org/10.1017/wsc.2021.77
http://doi.org/10.1017/wsc.2021.77
http://doi.org/10.1016/j.cropro.2020.105334
http://doi.org/10.1016/j.cropro.2020.105334
http://doi.org/10.1017/wsc.2024.25
http://doi.org/10.1017/wsc.2024.25
http://doi.org/10.1111/wbm.12283
http://doi.org/10.1080/09670874.2024.2388160
http://doi.org/10.1080/09670874.2024.2388160
http://doi.org/10.1007/s10343-024-01091-8
http://doi.org/10.15666/aeer/1605_53115322
http://doi.org/10.4141/cjps-2014-264

	Impact of Pre-Emergent Herbicides and Soil Management on Weed Community Dynamics and Soybean Yield
	1. Introduction
	2. Material and Methods
	2.1. Site Description
	2.2. Experimental Design
	2.3. Data Collection and Analysis

	3. Results
	3.1. Phytotoxicity
	3.2. Phytosociological Indices
	3.3. Grain Yield (kg·ha−1)

	4. Discussion
	4.1. Phytotoxicity
	4.2. Phytosociological Indices
	4.3. Grain Yield (kg·ha−1)

	Author Contributions
	Acknowledgments
	Funding
	Disclosure
	Conflicts of Interest
	Data Availability Statement




