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Abstract

This study aimed to evaluate the efficiency and selectivity of the herbicides pyroxasulfone and pyroxasulfone plus 
flumioxazin for transplanted onion, which currently do not have registration for this crop in Brazil. The experiment 
was conducted in two commercial crops in Imbuia and Curitibanos, SC, Brazil, with four replications. The 
herbicides application was carried out pre-emergence of weeds, after onion transplanting in both experiments. 
The Imbuia experiment had eight treatments: T1: diuron (D) + pyroxasulfone (PYR) (500 + 50 g ha-1), T2: D + PYR 
(500 + 75 g ha-1), T3: D + PYR (500 + 100 g ha-1), T4: D + PYR + flumioxazin (FLU) [500 + (60 + 40 g ha-1)], T5: D + PYR 
+ FLU [500 + (75 + 50 g ha-1)], T6: D + PYR + FLU [500 + (90 + 60 g ha-1)], T7: Weed free check, and T8: Control.
In Curitibanos, had an additional treatment, with application of diuron (500 g ha-1). Evaluation consisted of
identification and weed control, crop phytotoxicity, onion stand, and diameter and yield of bulbs. Pyroxasulfone
and pyroxasulfone plus flumioxazin, with diuron, were effective in control of Polygonum persicaria, Galinsoga
parviflora, and Coronopus didymus, regardless of the dose used. Diuron with pyroxasulfone at a dose of 100
g ha-1 and with pyroxasulfone plus flumioxazin (60 + 40.75 + 50, and 90 + 60 g ha-1) were effective in Raphanus
spp. control in boths experiments. The control showed losses in its total yield compared to the weed free check,
decreasing by 81.7% in Imbuia and 90,3% in Curitibanos. The herbicides used were selective and are importante
tools for weed management in transplanted onion.
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Introduction
Due to its slow initial growth and limited ground 

coverage (Resende & Costa, 2007), onion is highly 
susceptible to weed interference. Direct competition for 
resources and space can lead to drastic losses in crop 
yield and the percentage of marketable bulbs (Menezes 
Júnior & Marcuzzo, 2016; Soares et al., 2003), directly 
impacting the market value of onion bulbs.

In an attempt to reduce the culture's susceptibility, 
producers often resort to seedling transplanting system, 
where onions are introduced into the cultivation area 
at an advanced stage of development. Even with this 
advantage, the cultivation still is vulnerable to damage 
when proper control of infestation is not realized (Souza 
et al., 2015).

Onion low competitive capacity results with 
competition, especially in the early stages of crop growth 
being the most critical for production (Jangre et al., 2018), 

with a recommendation to keep the area weed-free for 
at least 60 days after transplanting (DAT), or longer, as 
late infestations interfere with the harvesting and bulbs 
curing (Menezes Júnior & Marcuzzo, 2016).

High weed density can cause yield losses, 
reduced average weight and bulb diameter (Soares et 
al., 2003), depending on the infesting and weed density 
species, and competition period (Qasem, 2006). To solve 
this problem, most producers resort to chemical control by 
applying pre and post-emergence herbicides. However, 
onion growers have been facing difficulties in finding 
efficient herbicides to weed control in production areas 
and selective for the crop. In Brazil, 14 active ingredients 
of herbicides for pre or post-emergence weed control 
in onion crops are registered (MAPA, 2024), but many of 
these are not used by onion producers due to high levels 
of phytotoxicity and low control spectrum.

The use of pre-emergence herbicides is essential 
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for early control of weeds, preventing competition with 
the crop and ensuring that the quality and yield of 
onion bulbs are not affected. A new alternative for pre-
emergence weed control in onions is pyroxasulfone. This 
pre-emergence herbicide is already registerd for crops 
such as soybeans, wheat, corn and cotton, acting on the 
control of narrow-leaf weeds (grasses) and small-seeded 
broadleaf weeds (Nakatani et al., 2016; Tanetani et al., 
2009). Pyroxasulfone can also be used in combination 
with other herbicides, such as flumioxazin. This formulated 
mixture had its initial registration for weed in pre-
emergence for weed control in soybeans (Mcnaughton 
et al., 2014). Currently it is only used experimentally in this 
culture.

Santa Catarina is the largest onion producer in 
Brazil, with significant economic and social importance 
for producers, serving as a source of income mainly in 
small properties. In the 2023/24 crop season, 402 thousand 
tons were produced (Gugel, 2024). In the state, seeding 
followed by transplanting is the most commonly used 
method for implementing the crop (NEC, 2024). 

Due to the importance of this culture for Santa 
Catarina State and given the limited number of molecules 
and the culture's sensitivity to weed interference, studies 
on the efficacy and selectivity of new molecules are 
necessary. Thus, this study aimed to evaluate the efficiency 
and selectivity of the active ingredients pyroxasulfone 
and the mixture of pyroxasulfone plus flumioxazin for 
onion cultivation.

Material and Methods
The experiments were conducted in onion 

commercial areas in the state of Santa Catarina, Brazil. 
The first experimental site, located in the municipality of 
Imbuia (27°29’19’’S latitude, 49°23’12’’W longitude, and 
815 meters altitude), was conducted between August 
and December 2021. The second site, in Curitibanos 
(27°29’52’’S latitude, 50°69’72’’W longitude, and 955 
meters altitude), was conducted between September 
and December 2022.

The soil in the experimental area of Imbuia was 
classified as Haplic Cambisol Typic Hapludox (Santos et 
al., 2018). Soil chemical analysis, sampled in the 0 to 0.2 
meter layer, revealed a pH in water of 5.3; clay content 
of 47%; organic matter (OM) of 0.9%; phosphorus (P) of 
13.1 mg dm-3; potassium (K) of 213.8 mg dm-3; aluminum 
(Al) of 0.5 cmolc dm-3; cation exchange capacity (CTC) 
of 19.03 cmolc dm-3, and base saturation (V%) of 72.70. 
In Curitibanos, the soil was classified as Humic Cambisol 
(Santos et al., 2018). Soil chemical analysis, performed in 
the 0 to 0.2 meter layer, revealed a pH in water of 6,1; 

clay content of 68%; OM of 3.5%; P of 34.7 mg dm-3; K of 
279.2 mg dm-3; Al of 0.5 cmolc dm-3; CTC of 17.4 cmolc 
dm-3, and V% of 84.0.

According to Köppen, the municipality of Imbuia 
was classified as humid subtropical climate (Cfa), with an 
average annual temperature and precipitation of 19.1°C 
and 1,530 mm, respectively (Instituto Cepa/SC, 2003). 
Meanwhile, Curitibanos has a temperate, mesothermal, 
humid climate (Cfb), with mild summers, and an average 
annual precipitation of 1,600 mm and temperature of 
16.5°C (Instituto Cepa/SC, 2003).

For the implementation of both experiments, the 
soil was prepared through plowing, harrowing, and ridging 
operations. In Imbuia, the experiment was conducted 
with the Crioula cultivar, transplanted on August 19, 2021. 
In Curitibanos, the Mulata Calibrada onion cultivar was 
used, with transplantation carried out on September 4, 
2022. Transplanting for both areas occurred when the 
onion seedlings had three leaves.

The experimental plots were arranged in six 
planting rows with a spacing of 0.2 meters between 
rows and a planting density of 10 seedlings per meter. 
Each plot had an area of 3.6 m². In both experiments, 
fertilization, cultural practices, and irrigation were carried 
out following the management practices of the property, 
based on recommendations for onion cultivation in Santa 
Catarina.

The experiments were conducted in randomized 
complete blocks with four replications. The Imbuia 
experiment consisted of eight treatments, consisting of 
the application of the following herbicides and doses: T1: 
diuron (D) + pyroxasulfone (PYR) (500 + 50 g ha-1), T2: D + 
PYR (500 + 75 g ha-1), T3: D + PYR (500 + 100 g ha-1), T4: D 
+ PYR + flumioxazin (FLU) [500 + (60 + 40 g ha-1)], T5: D + 
PYR + FLU [500 + (75 + 50 g ha-1)], T6: D + PYR + FLU [500 
+ (90 + 60 g ha-1)], T7: Weed free check, and T8: Control. 
In Curitibanos, an additional treatment was added, 
consisting of the application of diuron alone (500 g ha-1).

The herbicides were applied after transplanting 
the onion seedlings and before weed emergence. 
In Imbuia, the application occurred at 15 DAT, and 
in Curitibanos, it occurred at seven DAT of the onion 
seedlings. Herbicide application was carried out using a 
pressurized backpack sprayer with CO2, at an application 
rate of 150 L ha-1 in Curitibanos and 200 L ha-1 in Imbuia. The 
weeded free check was maintained by manual weeding 
to promote onion growth without weed interference. In 
the control, no weed management was performed to 
demonstrate the damage caused by weed interference 
to the crop.
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The evaluations were conducted on the central 
rows of the plots, excluding the outer rows. For the 
variables of phytotoxicity and weed control, evaluations 
were carried out at 15 and 30 days after application 
(DAA), using a visual rating scale ranging from 0 to 100%, 
where a score of 0 represents absence of symptoms 
or control and a score of 100 represents death of the 
evaluated plant (Kuva et al., 2016). To identify the weeds 
present in the study area at 15 DAA, the weeds in the 
control plot were identified and counted.

After the onion plants were damping-off, the 
plant stand was determined in two one-meter rows 
in the center of each plot. The bulbs present in these 
two rows were harvested and subjected to curing in a 
protected environment. When they reached the ideal 
curing point, the aerial part and the root system of all 
bulbs were removed for evaluation of diameter (using a 
digital caliper) and weight. The bulbs were classified as 
class three (> 55 mm – commercial bulbs) and smaller 
than class three (< 55 mm – industrial bulbs) (MAPA, 2022), 
extrapolating the weight values per plot to estimate the 
yield of commercial and total bulbs.

The data of the variables studied in the experiment 
were subjected to analysis of variance by the F test (p 
< 0.05). Subsequently, they were subjected to mean 
comparison using the Tukey test (p < 0.05). All statistical 
analyses were performed using the SISVAR program.

Results and Discussion
In the experimental area of Imbuia, during the 

2021 crop season, the most prevalent weeds spotted, at 
15 DAA, in the control plot, were ladysthumb (Polygonum 
persicaria) (16 plants m-2), gallant soldier (Galinsoga 
parviflora) (40 plants m-2), swine cress (Coronopus 
didymus) (16 plants m-2), and wild radish (Raphanus spp.) 
(20 plants m-2). Meanwhile, in Curitibanos, during the 2022 
crop season, at 15 DAA, 12 weed species were identified, 
with wild radish standing out, representing 90% of the 
total, with a density of 46 plants m-2.

In Imbuia, the evaluation of weed control 
percentage at 15 DAA demonstrated excellent control 
(> 99%) of all weed species regardless of herbicide 
treatment. This control was close to or equal to 100%, 
indicating its effectiveness in pre-emergence control of 
Polygonum persicaria, Galinsoga parviflora, Coronopus 
didymus, and Raphanus spp. (Figure 1). At 30 DAA, all 
herbicides provided complete control (100%) of weed 
species infesting the experimental area (data not shown).

In Curitibanos, applications of diuron, and its 
mixture with pyroxasulfone at doses of 50 and 75 g 
ha-1, showed lower efficacy in controlling wild radish 

compared to other treatments (Figure 2). At 15 DAA, in 
the first evaluation, the lower dose of pyroxasulfone (50 
g ha-1) associated with diuron showed unsatisfactory 
control (<80%), while in the second evaluation, at 30 DAA, 
the combination of diuron with pyroxasulfone at a dose 
of 75 g ha-1 and diuron applied alone also demonstrate 
inefficiency, not being satisfactory in reducing the 
emergence of Raphanus spp.

The decrease in the effectiveness of these 
herbicides when applied in the experimental area of 
Curitibanos, during the 2022 crop season, may be directly 
linked to soil characteristics and the high infestation of 
wild radish.

Figure 1. Percentage of control of P. persicaria, G. parviflora, 
C. didymus, and Raphanus spp. at 15 days after application 
(DAA) of pre-emergence herbicides in Imbuia, SC, Brazil, 2021. D 
(diuron); P (pyroxasulfone) and F (flumioxazin).

Figure 2. Percentage of control of Raphanus spp. as a function of 
pre-emergence herbicide application in Curitibanos, SC, Brazil, 
2022. D (diuron); P (pyroxasulfone) and F (flumioxazin); DAA 
(days after application).
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In the experimental area of Imbuia, the soil 
organic matter content was 0.90%, while in Curitibanos it 
was 3.50%. According to Westra et al. (2023), the sorption 
of pyroxasulfone to the soil is correlated with organic 
matter, increasing the molecule retention proportionally 
to the increase in organic matter content in the soil. The 
higher sorption of the herbicide results in lower weed 
control in the area, as it reduces the amount of herbicide 
available in the soil solution and consequently the 
possibility of absorption by weeds. The sorption process 
of diuron is also influenced by organic matter, but mainly 
by the clay content in the soil. Through the analysis of 
Latosol with different textural classes, Rocha et al. (2013) 
observed that for soils with higher clay content, such 
as that of the present study, the sorption and retention 
process of diuron is intensified, decreasing its availability 
in the soil solution.

As for wild radish, it is a species that presents rapid 
growth and high competitive capacity (Franceschetti et 
al., 2019), especially in crops with slow initial growth and 
leaf architecture that does not favor soil coverage, such 
as onions. Furthermore, the low temperatures during 
the onion cultivation period in Curitibanos allow for the 
emergence of new wild radish, as it is a winter annual 
plant. These various plant emergence flows and high 
population density can lead to a decrease in height, 
stem diameter, leaf area, bulb diameter, and dry mass of 
onions (Franceschetti et al., 2019).

On the other hand, the application of the mixture 
of diuron with pyroxasulfone at a higher dose (100 g ha-1) 
and with pyroxasulfone plus flumioxazin at all tested doses, 
in Curitibanos, also showed good performance. Although 
not completely controlling, it reduced the population 
of Raphanus spp. to a low competitive level, with 
satisfactory efficacy. This is because flumioxazin (Protox 
enzyme inhibitor) provides a wider spectrum of control for 
broadleaf weeds with large seeds. As a consequence, 
treatments with this association show better wild radish 
control. Unlike flumioxazin, pyroxasulfone is a grass 
herbicide, with action spectrum on broadleaf weeds with 
small seeds (Presoto et al., 2022) that acts on initial growth 
due to inhibition of the biosynthesis of very long-chain 
fatty acids (VLCFA) (Tanetani et al., 2009).

However, research on the control of pyroxasulfone 
on broadleaf weeds has already been conducted, as 
demonstrated in this study, in which the mixture of diuron 
with pyroxasulfone at 100 g ha-1 obtained good wild radish 
infestation control, being statistically equal to those that 
had the association with flumioxazin. The combination of 
these two molecules has shown synergism and efficacy 

in weed control. Its application has also been efficient in 
controlling weed infestations in crops such as soybeans 
(Ferrier et al., 2022) in pre-emergence, and in post-
emergence of onion itself (Vieira Neto et al., 2023) and 
wheat (Johnson et al., 2018).

Regarding the evaluation of phytotoxicity of 
onion plants, it was observed no visual symptoms of 
phytotoxicity noticeable (data not shown) after herbicide 
application in both experiments, thus indicating the 
selectivity of these treatments to the onion materials 
cultivated in Imbuia and Curitibanos.

The stand of onion plants in treatments with 
herbicide application showed behavior similar to weed 
free check for both experiments. In Imbuia, the values 
ranged from 10 to 11 bulbs m-1, and in Curitibanos from 7 
to 9 bulbs m-1 (Figure 3). In Curitibanos, weed interference 
resulted in a reduction in onion stand, as the tratament 
without control showed only 4 bulbs m--1, while in Imbuia 
it showed 9 bulbs m-1 (Figure 3). This can be justified by 
the significant interference caused by wild radish plants, 
which were present at a high density in Curitibanos (46 
plants m-2). As they are tall and very aggressive plants, 
they caused the death of onion plants in the control.

Figure 3. Stand (plants·m-1) of onions in Imbuia, SC, Brazil, 2021 
(a), and in Curitibanos, SC, Brazil, 2022 (b) as a function of pre-
emergence herbicide application. D (diuron); P (pyroxasulfone) 
and F (flumioxazin).

The results obtained in Curitibanos are in line with 
the work of Khokhar et al. (2006), which found that area 
cleaning and weed control with herbicides promote a 
greater number of bulbs compared to control.

The degree of weed infestation in the area directly 
influenced the onion bulb diameter, as high infestations 
resulted in smaller bulbs. In the Imbuia experiment, all 
treatments with herbicide application and weed free 
check had statistically equal bulb diameters, resulting in 
bulbs with an average diameter ranging from 56 to 60 
mm. Weed infestation throughout the crop cycle had a 
negative effect on onion bulb diameter, as in the control, 
the average diameter was 37 mm (Figure 4a), classified 
as class 1, which represents very low commercial value.
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In Curitibanos, the smallest bulbs were obtained 
in the control, with an average diameter of 25 mm (class 
1). Bulbs resulting from treatments with the combination 
of diuron and pyroxasulfone (50 and 75 g ha-1), and 
diuron alone also showed a reduction compared to the 
weed free check, with an average diameter between 28 
and 45 mm, classified as class 1 and 2 bulbs, respectively 
(Figure 4b). Kalhapure & Shete (2013) observed that 
onions in competition with weeds throughout their cycle 
had their bulb diameter affected, showing a decrease of 
40 mm compared to the hand-weeded control.

The effectiveness of all herbicide mixtures in the 
Imbuia experimentation allowed for the full development 
of onions, resulting in larger diameter and, consequently, 
higher total and commercial bulb yields. Competition 
between transplanted onions and weeds throughout the 
cycle leads to a decrease in bulb diameter, and as a 
consequence, there is a reduction in total crop yield (Al-
Khaz'Ali et al., 2023; Ibrahim et al., 2022).

The total bulb yield of the area in Imbuia obtained 
good results regardless of the herbicide treatment, with 
an average of 36.4 t ha-1. Ferreira (1985) reveals that 
herbicide applications under favorable conditions, doses, 
and timing result in effective control and satisfactory 
onion yield (Figure 5a).

The results regarding the yield of commercial 
bulbs in Imbuia show the same response as total bulbs in 
all treatments (Figure 5b). The production of commercial 
bulbs reached 90.82% of its entirety in the treatment 
involving the application of diuron with pyroxasulfone at 
a dose of 50 g ha-1, and 88.92% for the mixture of diuron 
with pyroxasulfone and flumioxazin at doses of 60 and 40 
g ha-1.

Onions transplanted in competition with weeds 
throughout the cycle have their number of leaves, leaf 
area, plant height, diameter, bulb weight, and stand 

drastically reduced, resulting in low total bulb productivity 
(Islam et al., 2020; Sahoo et al., 2017). The strong influence 
of weed interference on total bulb productivity of onions 
is evidenced in the control in both experiments, showing 
a total productivity of 6.4 t ha-1 in Imbuia (Figure 5a) and 
2.9 t ha-1 in Curitibanos (Figure 6a).

In the Imbuia experiment, there was a decrease 
in total productivity of 81.66%, and in Curitibanos, of 
90.28%, when compared to their weed free check. These 
data corroborate with works by Ferreira (1985), Soares et 
al. (2003), Qasem (2006), and Vieira Neto et al. (2023), 
in which weed competition led to a decrease in onion 
productivity by, respectively, 89%, 92%, 95%, and even 
100%.

For Curitibanos, low total yields were also observed 
in the treatment with diuron applied alone and in its 
association with pyroxasulfone at a lower dose (50 g ha-1), 
with productivities of 6.2 t ha-1 and 9.2 t ha-1, respectively. 
On the other hand, mixtures of diuron, pyroxasulfone, 
and flumioxazin at doses of 75 + 50 and 90 + 60 g ha-1 
were able to achieve a yield of approximately 23.5 t ha-

Figure 4. Bulb diameter (mm) of onions in Imbuia, SC, Brazil, 2021 
(a), and in Curitibanos, SC, Brazil, 2022 (b), as a function of pre-
emergence herbicide application. D (diuron); P (pyroxasulfone) 
and F (flumioxazin).

Figure 5. Total bulb yield (a) and commercial bulb yield (b) (t·ha-1) 
of onions as a function of pre-emergence herbicide application 
in Imbuia, SC, Brazil, 2021. D (diuron); P (pyroxasulfone) and F 
(flumioxazin).

Figure 6. Total bulb yield (a) and commercial bulb yield (b) (t·ha-1) 
of onions as a function of pre-emergence herbicide application 
in Curitibanos, SC, Brazil, 2022. D (diuron); P (pyroxasulfone) and 
F (flumioxazin).
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1, reinforcing the fact that to achieve good productivity 
in onion crops, it is essential to control infesting weeds in 
the field (Figure 6a). This analysis demonstrates that total 
productivity is directly linked to the control of Raphanus 
spp., as treatments with lower infestation control obtain 
lower productivity.

Weed interference, in addition to drastic losses in 
total onion bulb productivity, results in a decrease in the 
yield of marketable bulbs, which can be reduced by up 
to 100% (Soares et al., 2003), especially in the presence of 
weeds such as shepherd's purse and velvetleaf (Souza, 
2016). In other words, the higher the aggressiveness and 
density of the weed species, the greater the proportion of 
bulbs with smaller diameters, and consequently, the lower 
the yield of commercial bulbs (Qasem, 2006), as well as 
the value received at the time of commercialization of 
these bulbs.

The increase in the yield of bulbs classified as 
industrial (class 1 and class 2 – diameter < 55mm) in 
treatments with higher weed infestation can be attributed 
to competition with onions for environmental resources 
such as water, nutrients, and light, resulting in reduced 
bulb size, while the use of herbicides controls infestation 
and provides a more favorable environment for bulb 
development (Khokhar, 2006).

Unlike Imbuia, Curitibanos showed the best result 
of marketable bulbs in the weed free check, with 21.8 t 
ha-1, representing 71.7% of its total productivity. Among 
the herbicide application treatments, once again, the 
combination of pyroxasulfone plus flumioxazin (90 + 
60 g ha-1) with diuron was the best, with a commercial 
bulb yield of 15.4 t ha-1, representing 66.2% of its total 
productivity (Figure 6b).

The effectiveness of this mixture aplied in pre-
emergence of weed and after the transplanting of onion 
seedlings, in both experiments, was crucial for the high 
production of commercial bulbs, as weed control must 
be initiated early in the season to avoid significant losses 
in onion production and maintained until harvest (Islam, 
2020).

In summary, the study of these variables further 
highlights the importance of using pre-emergence 
herbicides and demonstrates that pyroxasulfone and 
pyroxasulfone plus flumioxazin are a new option for 
controlling weed infestations in onion cultivation. Thus, it 
is essential to study these molecules to enable their future 
registration for the crop.

Conclusion
The herbicides pyroxasulfone and pyroxasulfone 

plus flumioxazin, combined with diuron, were effective 

in pre-emergence control of Polygonum persicaria, 
Galinsoga parviflora, and Coronopus didymus. Raphanus 
spp. control was effective with aplication of diuron with 
pyroxasulfone at a higher dose (100 g ha-1) and with 
pyroxasulfone plus flumioxazin (60 + 40, 75 + 50, and 90 + 
60 g ha-1).

Pyroxasulfone and pyroxasulfone plus flumioxazin 
was selective for transplanted onion and are importante 
tools for weed management in this crop.
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