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______________________________________________________________________________________ 
Abstract. The buttonweed (Spermacoce sp.) management is currently one of the main soybean yield gaps in Brazil. As it 
is a glyphosate-tolerant weed the adoption of early control practices are very important. Given this, the objective this 
study was to evaluate the performance of pre-emergent and post-emergent herbicides, alone or mixed, on the early 
button[eed control in a soybean field. The experiment was conducted in a commercial soybean farm, located in Mata 
Roma, Maranhão, Brazil. The area was selected due to its history of successive glyphosate use and reports of 
broomweed selection for at least 10 years. The experiment was designed in randomized blocks with 10 treatments and 4 
replicates. The treatments consisted of the control (without herbicide), glyphosate, glyphosate + glufosinate, glyphosate 
+ flumioxazine + pyroxasulfone, glyphosate + flumioxazine + imazethapyr, glufosinate + flumioxazine + pyroxasulfone, 
glufosinate + flumioxazine + imazethapyr, flumioxazine + pyroxasulfone, and flumioxazine + imazethapyr. We evaluated 
the buttonweed control, and phytotoxicity, density, plant height, NDVI index, total chlorophyll index, and soybean yield. 
We found buttonweed glyphosate-tolerant populations to the 1,500 (1st application) + 1,620 g a.e. ha⁻¹ (2nd application) 
applications, resulting in 59% yield losses. The combinations of glyphosate with glufosinate and flumioxazine increased 
the buttonweed control compared glyphosate alone. The application of flumioxazin (50 to 60 g a.i. ha⁻¹) in mixture with 
glufosinate (500 g a.i.) is effective for buttonweed control in soybean pre-planting, preserving a range control greater 
than 80% and a safety soybean yield.    
Keywords: Glycine max (L.) Merr, flumioxazin, glufosinate, glyphosate-tolerant weed, herbicide mixture. 

______________________________________________________________________________________ 
 
Introduction  

The soybean crop [Glycine max (L.) Merr.] is 
one of the main sources of protein in world, playing 
an important role in human and animal nutrition. 
There is a wide availability of cultivars adapted to 
different climate and soil conditions, which validates 
Brazil as the world's leading producer, with a planted 
area of 47 million hectares and a production of 169 
million tons of grain in the 2024/2025 harvest 
(CONAB, 2025). 

Weed management is an important gap in 
soybean productivity, because, when not properly 
controlled, weeds compete for physical space, 
water, light, and nutrients, causing significant losses 
(Pereira et al., 2019). In this context, buttonweed 
(Spermacoce sp.) is actually in brazilian soybean 
commercial fields an undesirable weed due to its 

biological characteristics and hard herbicides 
control, especially to glyphosate (Diesel et al., 
2018).  

The buttonweed is a weed belonging to the 
Rubiaceae family, native to America, a rustic 
perennial that spreads easily (Castilho, Forti and 
Monquero, 2022), It can germinate in low light 
conditions (Gallon et al., 2019), adapts well to dry 
periods (Nepomuceno et al., 2018), and is 
glyphosate-tolerant species (Albrecht et al., 2022). 
The glyphosate is main herbicide used for weed 
control in soybean farming worldwide, in this 
context, the exclusive and repetitive glyphosate 
application, sometimes in high doses, has led to an 
increase in the selection of glyphosate-tolerant and 
glyphosate-resistant species in soybean crops in 
Brazil (Adegas et al., 2022).  
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The tolerance of buttonweed to glyphosate 
occurs mainly due to the low translocation capacity 
of this herbicide in plant tissue. Therefore, 
glyphosate does not move efficiently and does not 
cause the expected inhibitory effect on the plant, 
especially in more advanced phenological stages 
(Fadin et al., 2018). Thus, the application of post-
emergence herbicides in the early buttonweed 
phase, or pre-emergence measures targeting the 
seed bank can be effective for this species control 
(Moreira et al., 2024; Furtado et al., 2025;).   

In this regard, glyphosate combinations with 
flumioxazine and glufosinate has been reported as 
an alternative for the chemical control of buttonweed 
in soybean crops (Ponte et al., 2024; Kalsing et al., 
2022). However, there are still few studies on the 
performance of these mixtures and their isolated 
effects in pre-planting soybeans, as a sequential 
spraying method in traditional glyphosate 
management. Thus, the sequential herbicides 
application and early pre-emergence control from 
flumioxazin may allow a higher efficiency.  

In addition, early control can reduce the 
selection pressure of glyphosate in soybeans post-
emergence control, when alternatives for broad 
weed control are scarce, notably in Roundup 
Ready® soybean cultivations (glyphosate-tolerant). 
Given the above, the hypothesis of the present study 

is that early, rotated, combined, and sequential 
herbicides spraying is effective strategy for 
buttonweed control.  

The objective this study was to evaluate the 
pre-emergent and post-emergent herbicides 
performance, alone or mixed, on the early 
buttonweed (Spermacoce sp.) control in soybean 
pre-planting. 

 
Material and Methods 
Study location   

The experiment was conducted during 
January and April 2024 on the commercial soybean 
farm located in Mata Roma, Maranhão, Brazil, at 
geographical coordinates 3º40'38.21“S 43°11'5889” 
W. This city is located in the Cerrado biome, 
C2W2A'a' climate (sub-humid) with an average 
temperature of 27 ºC and annual rainfall of 1,600 to 
2,000 mm.  

The meteorological database during the 
study showed an average monthly rainfall of 338.62 
mm, total accumulated rainfall of 1,140 mm, 
maximum temperature of 33 °C, and minimum 
temperature of 24 °C (INMET, 2024). The Figure 1 
shows the rainfall data measured by a rain gauge 
located in the experimental area during the study 
(Figure 1). 
 

 

 
 

Figure 1. Rainfall data (mm) recorded in the experimental area during the study. Mata Roma, Maranhão, Brazil, 2024. 
 
 

The soil was classified as Yellow Argisol 
typical distrocoesic, according to the Brazilian Soil 
Classification System (Santos et al., 2018). 
Chemical analysis of the 0-20 cm layer showed the 
following results: pH – 5.2; phosphorus (P) – 1.9 mg 
dm⁻³; organic matter (OM) – 1.9%; sum of bases 
(SB) – 2.0 cmol dm⁻³; base saturation (V) – 54%.  

The experimental area was selected due to 
its history of exclusive glyphosate control for at least 
ten years. During the off-season, between May and 
December 2023, the experimental area was 
subsoiled, harrowed, and cultivated with ‘ADR 300’ 

millet, broadcast seeded at a rate of 15 kg of seeds 
per hectare. This cover crop and the remaining 
weeds were initially desiccated with 1,500 g a.e. 
ha⁻¹ of glyphosate (Zapp QI 620®) to fifteen days 
before soybean planting. Planting took place in the 
second week of January 2024, using the Brasmax 
Dominio IPRO cultivar, with a planting density of 25 
seeds per meter. 

 
Statistical analysis 
         The experiment was conducted in a 
randomized block design, with teen treatments and 
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four replicates. The treatments consisted of the 
control (without herbicide), glyphosate (1,620 g a.e. 
ha⁻¹; Templo®), glufosinate (600 g i.a. ha⁻¹; 
Finale®), glyphosate + glufosinate (1,350 g a.e. ha⁻¹ 
+ 500 g a.i. ha⁻¹; Templo® + Finale®), glyphosate + 
flumioxazine + pyroxasulfone (1,350 g a.e. ha⁻¹ + 60 
g a.i. ha⁻¹ + 90 g a.i. ha⁻¹; Templo® + Kyojin®), 
glyphosate + flumioxazine + imazethapyr (1,350 g 
a.i. ha⁻¹ + 50 g a.i. ha⁻¹ + 106 g a.i. ha⁻¹; Templo® + 
Zethamaxx®),  glufosinate + flumioxazine + 
pyroxasulfone (500 g i.a. ha⁻¹ + 60 g i.a. ha⁻¹ + 90 g 
i.a. ha⁻¹; Finale® + Kyojin®), glufosinate + 
flumioxazine + imazethapyr (500 g a.i. ha⁻¹ + 50 g 
a.i. ha⁻¹ + 106 g e.a. ha⁻¹; Finale® + Zethamaxx®), 
flumioxazine + pyroxasulfone (60 g a.i. ha⁻¹ + 90 g 
a.i. ha⁻¹; Kyojin®), flumioxazine + imazethapyr (50 g 
a.i. ha⁻¹ + 106 g e.i. ha⁻¹; Zethamaxx®).  

The herbicides were applied four days 
before soybean planting, following a first application 
of 1,500 g a.i. of glyphosate (Zap QI 620®) applied 
to fifteen days before planting. All treatments, 
including the control, received a first glyphosate 
application.   

The treatments were applied with a CO2-
pressurized backpack sprayer equipped with a 3-
meter central bar and six spray nozzles. The spray 
tips were fan-type, with a working pressure of 2 Bar 
and a spray rate of 100 L ha⁻¹. Spraying was carried 
out between 8:30 and 9:30 a.m., at a temperature of 
27 °C, relative moisture of 81%, and average wind 
speed of 5.7 km h⁻¹, in accordance with ISO 5682-
1:1996 guidelines. The buttonweed was arranged at 
a density of 4 pl m⁻², predominantly in the early 
stage, with 2 to 4 leaves. However, there was some 
adult plants and regrown plants. 

 
Variables analyzed  

The buttonweed control was evaluated at 
15, 30, 45, and 75 days after treatments application, 
with visual scores assigned on a scale of 0 to 100% 
control, according to SBCPD (1995) guidelines for 
the installation, evaluation, and analysis of herbicide 
experiments. The results were nominally classified 
as, without or poor (0 to 40%), fair (41 to 60%), 
sufficient (61 to 70%), good (71 to 80%), very good 
(81 to 90%), and excellent control (91 to 100%). Its 
were considered effective to treatments with equal 
or greater than 80% control (Gonese and Weber, 
1998; SBCPD, 1995).   

The treatments selectivity on the Brasmax 
Dominio IPRO soybean cultivar was estimated at 15, 
30, and 45 DAT using a conceptual phytotoxicity 
scale from the European Weed Research 
Community (EWRC, 1964). Visual assessments of 
phytotoxicity symptoms were performed, expressed 
by leaf chlorosis, branch and leaf necrosis, branch 
and leaf curling, over-sprouting, and reduced 
soybean growth. Scores ranged from 0 (no 
symptoms) to 100% (plant death).  

The soybean crop stand was evaluated at 
15, 30, and 45 days after treatments application 
(DAT) for plant height (distance between the soil 
surface and the plant apex, in cm), phenology (count 

of open trifoliates), plant density (number of plants 
per meter), Normalized Difference Vegetation Index 
- NDVI (measured with an active light optical sensor, 
GreenSeeker®), total chlorophyll index (measured 
with a chlorophyll sensor, ClorofiLOG®). The 
experimental plot measured 3 m x 6 m, totaling 72 
m² per treatment.  

Soybean yield was estimated 105 days after 
planting, from the manual harvest in a sample of 7 
m² by replication and 28 m² by treatment. 
Subsequently, the plants were subjected to 
mechanized threshing, cleaning, and weighing. The 
yield results were estimated in kg ha-¹. 

 
Variables analyzed  

The data were submitted to the Shapiro-Wilk 
residual normality test (p ≤ 0.05), variance analysis 
(F test), and when the contrasts between the means 
were significant (p ≤ 0.05), the Duncan test was 
applied for treatment comparations. 

 
Results and discussion  

The use of glyphosate alone ((1,620 g a.e. 
ha⁻¹) showed a low control (20 to 28%) and was 
statistically similar to the control (without herbicide) 
at all evaluation times (15, 40, 45, and 75 DAT) 
(Figure 2). 

The low glyphosate performance alone is 
consistent with the results reported on the tolerance 
of buttonweed to this herbicide (Fadin et al., 2018) 
and, despite being applied sequentially (1,500 g a.i. 
ha⁻¹ + 1,620 g a.e. ha⁻¹). The control percentages 
were less than 30%, therefore, significantly below 
the recommended control in herbicide tests (≥80%).  
In this context, Fadin et al. (2018) explained that the 
tolerance of buttonweed to glyphosate results from 
the low absorption and translocation of the herbicide 
in the plant, especially after the development of the 
fourth leaf, when there is a significant formation of 
leaf trichomes.  

Therefore, glyphosate becomes ineffective 
when used alone to control this species. Even when 
applications of this herbicide are carried out in 
sequence, as in the present study (1,500 + 1,620 g 
a.e. ha⁻¹). On the other hand, the isolated use of 
glufosinate (600 g a.i. ha⁻¹) or combined to 
glyphosate (500 + 1,350 g a.i. or a.e. ha⁻¹) proved to 
be more effective and statistically superior to the 
isolated glyphosate application (1,500 g a.e. ha⁻¹) at 
15 (52 and 56%), 30 (52 and 58%), 45 (50 and 
60%), and 75 (53 and 46) days after treatments 
(Figure 2). However, although these results were 
superior to the use of glyphosate alone (1,620 g a.e. 
ha⁻¹), the control percentages were below the 
recommended range (≥80%). This was possibly due 
to the without pre-emergent action these herbicides 
on the soil seed bank, which increases the 
occurrence of new germination flows and, 
consequently, competition throughout the soybean 
crop.    

The results obtained with glufosinate 
indicated an additive effect on glyphosate 
combination, which may be related to its mode of 
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action on plant tissue, with no or very low absorption 
and translocation in the plant. This results in lesions 
a few days after application. In this context, were 
obtained percentages 30 to 40% higher than the 
glyphosate alone (1,620 g a.e. ha⁻¹), The glyphosate 
is a systemic herbicide and, therefore, needs to 
translocate in the plant to convey its inhibitory 

effects (Ponte et al., 2024). Therefore, as the 
buttonweed has a differential capacity for absorption 
and translocation of systemic herbicides, these 
symptoms do not express themselves as expected 
over time (Diesel et al., 2018).  

 
 

 
 

 
 

Figure 2. Buttonweed control at 15 (Fig. A), 30 (Fig. B), 45 (Fig. C), and 75 (Fig. D) days after treatment application in 
soybean crops. 

 
 

In addition, the glufosinate application in the 
buttonweed early stage resulted in greater 
susceptibility of the target species. This is related to 
the contact action mode, whose damage is faster 
and more effective in young tissues (Fadin and 
Monquero, 2019).  

The glufosinate and flumioxazine 
combinations were the most effective treatments in 
this study (Figure 2). The control percentages for 
the use of glufosinate + flumioxazine + 
pyroxasulfone and glufosinate + flumioxazine + 
imazethapyr were respectively of 84 and 79% (15 
DAT), 84 and 84% (30 DAT), 80 and 83% (45 DAT), 
80 and 81% (75 DAT). These reached the 
recommended control range for herbicide tests 
(≥80%). 

In this context, it is likely that the pre-
emergent and post-emergence control of 
flumioxazin, as well as its synergism with glufosinate 
for the control of buttonweed in post-emergence 
(Santos et al., 2025) were the fundamental aspects 
for this high efficiency obtained in the present study 
(≥80%). These performances were consistent with 

the control reported by Ponte et al. (2024), Silva et 
al. (2025) in study combinations of glufosinate and 
protoporphyrin oxidase (PROTOX) inhibitor 
herbicides.  

The flumioxazine and glufosinate 
combinations remained with a control greater than 
80% until 75 days after treatments application 
(Figure 2). Thus, demonstrating also an efficient 
pre-emergent control. Therefore, the use of 
flumioxazin proves to be a promising alternative for 
the buttonweed control from the seed bank (pre-
emergence) to advanced phenological stages (post-
emergence).  

The performances obtained with glufosinate 
+ flumioxazine (+ imazethapyr or + pyroxasulfone) 
combinations were statistically similar to the 
glyphosate + flumioxazine (+ imazethapyr or + 
pyroxasulfone) and flumioxazine + imazethapyr (or 
+ pyroxasulfone) combinations (Figure 2). However, 
glyphosate combinations obtained results below 
80%, which is not a safe range. This demonstrates 
the buttonweed glyphosate-tolerance even when 

Ftrat = 35.41** 
CV (%) = 15.76 
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this herbicide is applied in combination with other 
mechanisms and modes of action.  

One factor that may have influenced the low 
glyphosate performance mixed to glufosinate and 
flumioxazine is the occurrence of lesions in plant 
tissue caused from contact herbicides ( Brustolin et 
al., 2020). This statistically contrasts with the results 
obtained with glufosinate + flumioxazine, which 
have a contact action mode and expressed a 
synergistic control reaction.   

Regarding soybean population, different 
behaviors were observed, with the control (without 
herbicide) and glyphosate alone, resulting in 
statistically lower averages than the other 
treatments (p<0.05). Notably when compared to 
glufosinate + flumioxazine (+ imazethapyr or + 
pyroxasulfone) (Figure 3A). 

 
 

 
 

 
 

Figure 3. Population (Fig. A) and soybean plant height, 75 days after treatment application, in soybean crops. 
 

 
This can be explained by the differential 

control efficiency of buttonweed, whose best-
performing treatments showed more uniform stands, 
with less plant mortality and, therefore, less 
compromised by competition with buttonweed and 
other weeds. In contrast, the treatments with lower 
control efficiency, such as the control (without 
herbicide) and the use of glyphosate alone (1,620 g 
a.e. ha⁻¹), the opposite occurred.  

However, despite the interference with plant 
density in the stand, competition between 
buttonweed and soybeans did not result in 
statistically significant differences in plant height at 
75 DAT (Figure 3B); phytotoxicity, NDVI, and total 
chlorophyll at 15, 30, and 45 DPA (Figures 4A and 
4B).    

 
 

 
 

Figure 4. NDVI index (Fig. A) and chlorophyll at 15, 30, and 45 days after treatment application in soybean crops. 

 
 

The phytotoxicity rates were estimated to 
0% for all treatments and are not plotted in the 
graph. This result shows a high selectivity of the all 
herbicides analyzed on the soybean crop, cultivar 

Brasmax Dominio IPRO. These results were 
corroborated with others non-significant effects of 
the treatments on the stand variables (height, NDVI, 
and chlorphyll) (Figures 3B, 4A, and 4B). These 
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variables also appeared to be unaffected by 
competition with buttonweed.  

On the other hand, yield showed statistically 
significant differences among the treatments 
analyzed (p<0.05), with the best results being 
compatible with the highest buttonweed control. 

Thus, glufosinate + flumioxazine (+ pyroxasulfone or 
+ imazethapyr) applications resulted in the best 
yield performances, estimated at 2,975 to 3,012 kg 
ha⁻¹ (Figure 5). 

 

 
 

Figure 5. Soybean yield, cultivar Domínio 84I86 IPRO, under different herbicide treatments applied. 

 
 

The glyphosate alone application (1,620 g 
a.e. ha⁻¹) resulted in 59% of yield losses. The 
glufosinate alone application resulted in 24%, while 
glyphosate + glufosinate combination resulted in 
14% of yield losses (Figure 5). For flumioxazine + 
pyroxasulfone and flumioxazine + imazethapyr were 
estimated 9 to 11% of yield losses. Thus, 
buttonweed showed greater susceptibility to the use 
of flumioxazine compared to the use of glyphosate 
and glufosinate, when both are alone or combined.  

The glufosinate alone showed statistically 
superior results to the glyphosate alone (+1,112 kg 
ha⁻¹), and was statistically similar to glyphosate + 
glufosinate (-309 kg ha⁻¹), and glyphosate + 
flumioxazine + imazethapyr (- 41 kg ha⁻¹) (Figure 5). 
Its supports the additive effect of glufosinate on 
glyphosate, as well as the synergistic effect on 
flumioxazine combinations.  

Thus, it is clear that flumioxazin performs 
better in glufosinate combinations for the 
buttonweed early management. This may be related 
to the mode of action (both contact herbicides) and 
synergism of their inhibitory effects on the 
photosynthesis. These results corroborate those of 
Brunetto et al. (2023), who obtained satisfactory 
results when combining PPO-inhibiting herbicides, 
such as flumioxazin and saflufenacil, with 
glufosinate for the broadleaf weed control. 

On the other hand, pyroxasulfone and 
imazethapyr application had very little effect on the 
buttonweed control and yield estimates, possibly 
because it has a more spectrum on 
monocotyledonous weeds, as reported by SILVA et 
al. (2024). Therefore, it is not effective alternatives 
for the alone pre-emergence control of buttonweed. 
For them to act effectively, it is important to combine 
these herbicides with flumioxazine.  

 
Conclusion 

We found buttonweed glyphosate-tolerant 
populations to the 1,500 (1st application) + 1,620 g 
a.e. ha⁻¹ (2nd application) applications, resulting in 
59% yield losses. The combinations of glyphosate 
with glufosinate and flumioxazine increased the 
buttonweed control compared glyphosate alone, but 
is not recommended because obtained a range 
control below 80%.  

The application of flumioxazin (50 to 60 g 
a.i. ha⁻¹) in mixture with glufosinate (500 g a.i.) is 
effective for buttonweed control in soybean pre-
planting preserving a range control greater than 
80% and a safety soybean yield.  
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