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Abstract

The use of pre-emergence herbicides is an important strategy in resistant-weeds management, but its performance can be affected
in no-till systems. This study aimed to analyse weed control from pre-emergence herbicides in no-till soybean system with Panicum
maximum cv. BRS Tamani. The experiment was conducted in randomized block design with eight treatments and five repetitions.
The treatments consisted in no-treatment, S-metolachlor + imazethapyr (1,200.00 g a.i. ha™ + 100.00 g a.e. ha™, respectively), S-
metolachlor + fomesafen (1,035.66 g a.i. hat +227.70 g a.e. ha™, respectively), S-metolachlor + diclosulam (1.200.00 g a.i. hat +
29.40 g a.i. ha’l), imazethapyr + diclosulam (100.00 g a.e. ha™ +29.40 g a.i. ha’l), imazethapyr + flumioxazin (100.00 g a.e. hat +
50.00 g a.i. ha’l), pyroxasulfone + flumioxazin (90.00 g a.i. ha' + 60.00 g a.i. ha’l) and pendimethalin (1,137.50 g a.i. ha’l). We
evaluated weed phytosociological rates, weed control, and soybean growth. We identified 23 weed species distributed in 22 genera
and 15 botanical families, majority of eudicotyledonous botanical class (78.2%), annual life cycle (56.5%), and sexual reproduction
(100%). The integrated weed management, between herbicides and straw, was effective in herbicide-resistant weed control,
except Euphorbia heterophylla. The treatments recommended included S-metolachlor combinations with fomesafen, imazethapyr,
diclosulam, and also, pyroxasulfone + flumioxazin. The Panicum maximum cv. BRS Tamani straw was estimated in 11 t ha® and
influenced negatively herbicides lipophilics and with slower movement, such as pendmethalin.

Introduction

The soybean crop [Glycine max (L.) Merril] is one of the most control, the main herbicide used in the post-emergence of
produced oilseeds worldwide. Currently, Brazil is the world's soybean genetically engineered (Soltani et al., 2017).

largest producer and exporter of soybean, with The integrated weed management in a no-till farming
154,566.3 thousand tons in 44,062.6 thousand hectares in system also contributes to weed control compared to
the 2023 harvest (CONAB, 2023). In Brazil, the no-till system conventional planting systems (Summers et al.,, 2021).
has occupied more than 90% of the soybean production Panicum maximum is a cover crop currently used in Brazilian
area. This production system increases soil carbon and weed integrated cultivation systems. It is a forage species that has
control compared to conventional management, however, it easy establishment, low growth, abundant leaves and tillers,
is extremely herbicides dependent (Patel et al., 2023). spittlebugs resistance, and drought tolerance. It can greatly
The herbicides indiscriminate use can cause resistant weeds contribute to straw increase, water infiltration, soil
selection (Jones et al.,, 2022). Actually, there are 51 decompaction, and glyphosate resistant-weeds
herbicide-resistant weeds reported in Brazil and last decade management (Jank et al., 2021).

has been registered 10 species resistant to glyphosate However, straw can become a barrier to herbicide action in
(Gazola et al.,, 2021). The estimated annual cost with soil consequently increasing the herbicide volatilization or
herbicide-resistant weeds in soybean crops may reach USS photodegradation, depending on the herbicides’
2.7 billion when considering production losses for weed physicochemical properties and also straw origin, straw
competition (Adegas et al., 2017). amount, rainfall event after spraying, and subsequent
The pre-emergence herbicides are indicated to help in the rainfall events (Khalil et al., 2019). The pre-emergent
management of resistant weeds in soybean crops (Silva et herbicides performance is complex and can be altered for
al., 2021a). These herbicides have residual activity in the soil soil properties, terrain, production system, and weed history
and can inhibit weed emergence during the critical (Matte et al., 2019).

interference phase in the crop. It can improve glyphosate The residual herbicides use, such as diclosulam, flumioxazin,

imazethapyr, pendimethalin, pyroxasulfone, and S-
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metolachlor are currently used in Brazilian soybean systems.
These herbicides are AHAS (diclosulam and imazethapyr),
protoporphyrinogen oxidase — Protox (flumioxazin), and cell
division (pendimethalin, pyroxasulfone, and S-metolachlor)
inhibitors. The fomesafen has been used in broadleaves
burned operations and recently increasing control post-
emergent in pre-emergence combinations in soybean
planting. Actually, there are few studies about its reaction in
integrated soybean systems with Panicum maximum
coverage (Ovejero et al., 2019, Carbonari et al., 2016).
Therefore, the aim was to analyse the performance of pre-
emergence herbicides in no-till soybean under Panicum
maximum 'BRS Tamani' coverage.

Results and Discussion

Floristic survey, similarity, and weed distribution

In weed surveys that were identified 22 genera and 16
botanical families. In general, these species were
eudicotyledonous (78.2%) with an annual life cycle (56.5%)
and sexual reproduction (100%) (Table 1). These results
corroborate with Silva et al. (2018) and Furtado et al. (2022)
in weed surveys in the Brazilian northeast, and Albuquerque
et al. (2021) Brazil north region.

Some species identified in post-soybean seeding such as
Amaranthus hybridus, Eleusine indica, and Euphorbia
heterophylla are listed glyphosate-resistant weeds in Brazil
(Heap, 2018; Adegas et al., 2022). Also, Cyperus sp., C.
echinatus, E. hirta, R. braziliensis were reported with
glyphosate-tolerant weeds in Brazilian soybean systems
(Albrecht et al., 2022; Bottcher et al., 2022). Possibly, it
means a low weed control by glyphosate before soybean
seeding. According to Pazuch et al. (2017), glyphosate-
resistant weed occurrence in systems of the same botanical
class can cause problems of competition and herbicide
selectivity in post-emergence.

The C. rotundus, D. tortuosum, E. indica, E. heterophylla, E.
hirta, M. verticillata, R. brasiliensis, S. dulcis, S. verticillata,
and T. subulata occurred in both surveys, before soybean
cultivation and post soybean seeding. Thus, this was
estimated at 60.6% similarity, in accordance with Matte et
al. (2022). Certainly, its weed survival in integrated no-till
management may be associated with its aggressive
mechanisms and competitive ability, especially high
germination, emergence, and growth under low light
conditions, and also herbicide resistance (Nichols et al.,
2015).

The eudicotyledonous weeds were distributed throughout
the soybean field (Fig. 3B), while the monocotyledonous
showed an aggregate behaviour in a few points (Fig. 3A).
According to Ferreira et al., (2013), the eudicotyledonous
weeds predominance may be associated to management
adaptation. Especially lower glyphosate control and few
cultural effects of P. maximum straw on germination and
emergence weeds.

D. tortuosum (117.51), T. subulata (39.30), and E.
heterophylla (33.61) were the most relevant in before
soybean seeding (Fig. 4A), while S. verticillata (58.67), C.
rotundus (51.60) and D. tortuosum (33.72) at soybean post-
seeding (Fig. 4B). These species were also identified by Silva
et al. (2021) and Furtado et al. (2022) in soybean systems on
Maranhdo (Brazil); Albuquerque et al. (2021) in Roraima
(Brazil); Machado et al. (2015) in Parana (Brazil); and Cruz et
al. (2019) in Minas Gerais (Brazil).
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Weed control for botanical class and glyphosate-resistant
weeds

The pre-emergence treatments were more effective than
the no-treatment. Thus, the P. maximum straw control was
effectively complemented for residual herbicides (Fig. 5).
These results are similar to Patel et al. (2023) who observed
persistence increasing in soil with the presence of straw on
the soil surface.

For monocotyledonous control the most effective
treatments were S-metolachlor + fomesafen (92%), S-
metolachlor + imazetapyr (91%) and S-metolachlor +
diclosulam (90%). These results corroborate with Coradin et
al. (2019) and Whalen et al. (2019) who reported the S-
metolachlor control on glyphosate-resistant weeds.
Cornelius et al. (2017) explained that S-metolachlor is a
molecule cell division inhibitor and a strong graminicide,
with low vapour pressure, medium lipophilicity, medium
solubility, and low leaching. Thus, its physicochemical
characteristics associated with rainfall events after spraying
(Fig. 1) may have benefited the carriage of S-metolachlor at
the soil and seed weed bank.

In eudicotyledonous species, pyroxasulfone + flumioxazin
(76%) and imazetapyr + diclosulam (74%) stood out (Fig. 5).
According to Khalil et al. (2019), pyroxasulfone is an
herbicide used mainly for grass control and acts on small-
seeded broadleaves. They stated that even in systems with
large straw amounts, pyroxasulfone can cross the barrier
and reach the soil. Possibly the rainfall events after spraying
also contributed to pyroxasulfone and flumioxazin transport
at the soil and weed seed bank.

The treatments imazetapyr + diclosulam and imazetapyr +
flumioxazin obtained low performance in mono and
eudicotyledonous control, respectively. In contrast to Silva
et al. (2021), Muller et al. (2017) observed excellent
performance from flumioxazin and diclosulam alone on
glyphosate-resistant weeds, but in higher doses and
conventional planting systems.

S-metolachlor + imazetapyr, S-metolachlor + fomesafen and
S-metolachlor + diclosulam showed excellent control on C.
rotundus (Fig. 6A), consonant with Zangoueinejad et al.
(2020), who reported high efficiency of S-metolachlor on
Cyperaceae control. Imazetapyr + diclosulam and imazetapyr
+ flumioxazin obtained a low performance, in contrast to
Kumar et al. (2012) and Sharma et al. (2021) who reported
good efficiency of imazethapyr in Cyperus sp.

Possibly, the prolonged use of imazethapyr on the farm may
have resulted in its low control. D. tortuosum was
satisfactorily controlled for imazethapyr + diclosulam (100%)
and pyroxasulfone + flumioxazin (62%) (Fig. 6B). These
results corroborate with Silva et al. (2021), Kupper et al.
(2017) and Golubev (2021), studying AHAS and Protox
inhibitors herbicides in glyphosate- tolerant weeds. Also,
every treatment showed 100% control on E. indica (Fig. 6C),
this implies it is susceptible to all mechanisms of action
used. Emphasizing the pre-emergence control and herbicide
rotation with efficient strategies in glyphosate-resistant
weeds management, such as E. indica (Lopez- Ovejero et al.,
2013).

In contrast, E. heterophylla showed unsatisfactory control in
all pre-emergent treatments (Fig. 7D), similar to Oliveira et
al. (2013) and Palma- Bautista et al. (2020) testing
imazethapyr, diclosulam and fomesafen, and Gazola et al.
(2021) with diclosulam. But, Gazola et al. (2021) reported
high control with flumioxazin (80%) and sulfentrazone
(100%).



Rainfall (mm)

Table 1. List of weeds identified before soybean seeding and post soybean seeding, for family, genus, scientific nomenclature species, botanical

class, phenological cycle, and reproduction. Brejo, Maranhdo, Brazil.
Family Genus Species Class Cycle Reproduction

Amaranthaceae Amaranthus A. hybridus E A S
Asclepiadaceae Asclepias A. curassavica E P As/S

Asteraceae Jaegeria J. hirta E A S
Commelinaceae Commelina C. benghalensis M P As/S

Convolvulaceae Ipomoea 1. grandifolia E A S
Cypereaceae Cyperus C. rotundus M P As/S

Euphorbiaceae Euphorbia E. hirta E A S

Euphorbia E. heterophylla E A S

Fabaceae Crotalaria C. incana E A S

Desmondium D. tortuosum E A S

Mimosa M. pudica E P S

Lecythidaceae Lecythis L. lurida E P S

Malvaceae Herissantia H. crispa E P S

Malvastrum M. coromandelianumun E A/P S

Molluginaceae Mollugo M. verticillata E A S

Nyctaginaceae Boerhavia B. diffusa E P S

Poaceae Cenchrus C. echinatus M A S

Eleusine E. indica M A S

Richardia R. brasiliensis E A S

Rubiaceae Spermacoce S. verticillata E P S

Scrophulariaceae Scoparia S. dulcis E A S

Turneraceae Turnera T. subulata E P S

Note — E: Eudicotyledonous, M: Monocotyledonous, A: Annual, P: Perennial, As: Asexual, S: Sexual.
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Figure 1. Rainfall events in evaluation phase. 1A: Rainfall database in Brejo, Maranhdo, Brazil. 1B: Rainfall database in experimental
field.

Table 2. Soybean evaluations at 25 DAS, under pre-emergence herbicides effects.

Treatment Phytotoxicity grade Phenology _ NDVI

No-treatment 1.00 416 A 0.67 A
S-me + Ima 1.00 3.62 AB 0.36C
S-me + Fom 1.00 3.64 AB 0.41C
S-me + Dic 1.00 3.59 AB 0.41C
Ima + Dic 1.00 3.21B 0.39C
Ima + Flu 1.00 3.97 AB 0.44 BC
Pir + Flu 1.00 4.33A 0.48 BC
Pendimethalin 1.00 4.11 AB 0.57 AB
CV (%) = 11.70 12.54

Note — Dic: Diclosulam, Flu: Flumioxazin, Fom: Fomesafen, Ima: Imazetaphyr, S-met: S-metolachlor.
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Weed in pre-seeding

Before soybean seeding

Post soybean seeding

Amaranthus hybridus
Asclepias curassavica
Boerhavia diffusa
Cenchrus echinatus
Commelina benghalensis
Crotalaria incana
Herissantia crispa
Ipomoea grandifolia
Jaegeria hirta
Lecythis lurida
Malvastrum coromandelianum
Mimosa pudica

Cyperus rotundus
Desmondium tortuosum
Eleusine indica
Euphorbia heterophylla
Euphorbia hirta
Mollugo verticillata
Richardia brasiliensis
Scoparia dulcis
Spermacoce verticillata
Turnera subulata

1S=60,6%

Figure 2. Species exclusive and shared in two weed survey phases: before soybean seeding and post soybean seeding. Weed
Similarity for Sorensen methods (IS) was estimated in 60.6%.
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Figure 3. Spatial weed distribution on monocotyledonous (A) and eudicotyledonous (B) botanical class before soybean seeding. The
database was expressed in weed density, plants for meter square (pl m™).
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Figure 4. Weed importance value before soybean seeding (4A) and post soybean seeding (4B). Species with bar graph without consists in
death plants in the post soybean seeding.
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Figure 5. Monocotyledonous and eudicotyledonous weeds control in soybean post seeding, under pre-emergent herbicides effects.
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Figure 6. Glyphosate-tolerant and glyphosate-resistant weeds control in post soybean seeding, under pre-emergent herbicides
effects. 6A: Cyperus rotundus. 6B: Desmodium tortuosum. 6C: Eleusine indica. 6D: Euphorbia heterophylla.

Palma-Bautista et al. (2020) and Vargas et al. (2013)
described that E. heterophylla has been biotypes resistant to
EPSPs, ALS, and Protox herbicides inhibitors, in accordance
with our results, whose EPSPs inhibitor got no control before
soybean seeding, even in 2,4-D combination. Likewise,
flumioxazin and fomesafen (Protox inhibitors), imazethapyr,
and diclosulam (AHAS inhibitors) presented low efficiency in
pre-emergence.

Pre-emergent herbicide selectivity on soybean

The treatments were selective of the soybean, expressed for
an average score of 1.0 (no phytotoxicity symptoms) in
visual diagnostics (Table 2). The combination imazethapyr +
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diclosulam showed statistically the lowest phenology
average compared to other treatments, possibly because got
low weed control (Table 2). S-metolachlor + imazethapyr, S-
metolachlor + fomesafen and S-metolachlor + diclosulam a
lower NDVI index, it was a better weed control, because
lower weed coverage in the plots (Table 2).

Materials and Methods

Location

The experiment was performed in a commercial soybean
field located in Brejo, Maranhdo state, Brazil (03°42'11"
South, 42°56'19"' West). It has a climate of hot and humid



tropical, with annual rainfall of 1,600 to 2,000 mm, mean
temperature of 279C, and mean relative humidity of 76%.
The rainy season usually occurs between January and June
2022. The meteorological database is presented in Fig. 1.
During the off-season from May to December 2021, the
forage species Panicum maximum cv. BRS Tamani was
planted in the agricultural plot as ground cover, using 5 kg
ha™ of scarified seeds and sowing in the open field. The
cover crop was thinned with a knife roller in two sequential
operations, carried out between October and December
2021. Then, in December 2021, the plot was burned with
glyphosate + 2,4-D (4,397.10 g a.i. ha™ + 1,000.00 ga.i. ha’l).
After 20 days, the straw amount was estimated in 30
random samplings, with a square of 0.5 m x 0.5 m whose
estimate was 11 t ha™ of straw.

The no-till soybean seeding under Panicum maximum cv.
BRS Tamani was performed in early February 2022, using the
cultivar M8644 IPRO with 16 seeds per meter and an
average cycle of 130 days.

Treatments screening

The experiment was conducted in randomized block design
and striped arrangement, composed of 8 treatments and 5
repetitions. The treatments consisted in no-treatment, S-
metolachlor + imazethapyr (1,200.00 g a.i. ha® + 100.00 g
a.e. ha?, respectively), S-metolachlor + fomesafen (1,035.66
g a.i. ha'+227.70 g a.e. ha™, respectively), S-metolachlor +
diclosulam (1.200.00 g a.i. ha™ + 29.40 g a.. ha™),
imazethapyr + diclosulam (100.00 g a.e. hat +29.40 g a.i.
ha’l), imazethapyr + flumioxazin (100.00 g a.e. ha™ +50.00 g
a.i. ha’l), pyroxasulfone + flumioxazin (90.00 g a.i. ha' +
60.00 g a.i. ha™") and pendimethalin (1,137.50 g a.i. ha™). The
spraying was carried out the day after soybean seeding,
directed to the straw, using a CO, pressurized knapsack
sprayer, equipped with six nozzles and 3 meters in size. The
tips were single fan type, 2 bar pressure, and 150 L ha™
spraying rate.

Weed conventional surveys

The weed survey was performed in two phases: phase 1 —
before soybean seeding (3 days before burn operations);
phase 2 — post soybean seeding (25 days after pre-
emergence herbicides spraying — DAS). In the first phase,
one hundred samplings were performed using a square (1.0
m x 1.0 m), in a 20 m x 20 m transect, in 10 routes and 10
sampling points per route. In post soybean seeding a survey
was made in experimental plots of each treatment, in a
sample subarea of 9 m>.

During the sampling process, we identified the weeds using
specialized literature and quantified them to calculate
phytosociological indices and control using the following
equations:

Eg. 1: Relative density (RD) =

species density x 100
total species density

species frequency x 100

Eg. 2: Relative frequency (RF) =

total species frequency

species abundace x 100
total species abundace

Eq. 3: Relative abundace (RA) =

Eq. 4: Importance Value Index (IVI) = RD + RF + RA

(notreatment density — treatment density)

Eq. 5: Weed control = X 100

notreatment density

The control was categorized in none to poor (0 to 40%), fair
(41 to 60%), sufficient (61 to 70%), good (71 to 80%), very
good (81 to 90%), and excellent (91 to 100%).

Crop evaluations

The soybean herbicide selectivity was analysed at 25 DAS
using a scale model based on visual symptomatology. The
scores ranged from 1 to 9, which grade 1 (none symptoms)
and 9 (crop death). Also, we evaluated plant density,
phenology, and NDVI index with greenseaker. For this, two
central lines of each treatment were used in 2 meters size
and 5 repetitions.

Statistics methods

The phytosociological survey database and weed control
were analysed by descriptive statistics methods. The spatial
weed variability was analysed for goestatisticals methods in
weed density for the botanical class. The Degree of Spatial
Dependence (DSD) was classified, as weak (DSD<25%),
moderate (25<DSD<75%), and strong (DSD>75%). While
soybean growth and phytotoxicity were analysed for F
(p<0.05) and Tukey tests.

Conclusion

We identified 23 weed species distributed in 22 genera and
15 botanical families, majority of eudicotyledonous
botanical class (78.2%), annual life cycle (56.5%), and sexual
reproduction (100%).

The integrated weed management was effective in
herbicide-resistant weed control, except Euphorbia
heterophylla. The treatments recommended included S-
metolachlor combinations with fomesafen, imazethapyr,
and diclosulam; and also pyroxasulfone + flumioxazin.

The Panicum maximum cv. BRS Tamani straw, estimated in
11 t ha'l, may have negatively influenced herbicides most
lipophilics, and slower movement, such as pendmethalin.
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