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1.	 Introduction

The genus Eleusine comprises approximately 90 species, including both annual and 
perennial plants. The most common species worldwide are E. africana, E. coracana, E. 
floccifolia, E. indica, E. intermedia, E. jaegeri, E. kigeziensis, E. multiflora, E. reniformis, 
E. tristachya, and E. verticillata (Hiremath, Chennaveeraiah, 1982; Dwivedi  et  al., 
2012). Among them, E. indica (goosegrass) is the most widely known, primarily due 
to its importance as a weed in various agricultural production systems. Currently, 
goosegrass, along with sourgrass (Digitaria insularis) and horseweed (Conyza spp.), is 
among the three most prevalent weeds in Brazil in terms of geographic distribution 
and abundance. Goosegrass has caused significant yield losses for grain producers 
across all regions of the country (Santos et al., 2018; Lucio et al., 2019; Amaral et al., 
2023; Kalsing et al., 2024; Alcantara et al., 2025).

Recently, the emergence of goosegrass populations with single resistance to 
glyphosate (an inhibitor of 5-enolpyruvylshikimate-3-phosphate synthase – EPSPS), 
cross-resistance to acetyl-CoA carboxylase (ACCase) inhibitors, and multiple resistance 
to both mechanisms (Heap, 2025) has made its chemical control challenging in many 
Brazilian regions. In addition to resistance issues, the application of post-emergence 
herbicides outside the recommended growth stages has further contributed to the 
failure of chemical control of this weed (Peppers et al., 2024).

The losses caused by goosegrass in crops result from competition vital resources 
such as water, light, and nutrients, as well as the release of allelopathic compounds 
that inhibit the growth of economically important species (Mostafiz, 2011). Beyond 
its highly competitive potential and allelopathy, goosegrass can indirectly damage 
crops by hosting nematodes, thus promoting the proliferation of these parasites in 
production areas (Pinheiro  et  al., 2019). Yield losses in soybean due to goosegrass 
interference can range from 35% to as high as 100% when the weed is inadequately 
managed (Rudell et al., 2021; Caldas et al., 2023; Duarte et al., 2024). 

Potential yield reductions in soybean due to goosegrass can vary, as factors 
such as crop type, density, spacing, weather conditions, soil fertility, and weed 
characteristics (including density, growth stage, and coexistence period) affect the 
level of interference. For example, two competition studies conducted in the state 
of Rio Grande do Sul showed that soybean plants exhibited superior competitive 
ability compared to goosegrass when both species were present in equal proportions 
(Wandscheer et al., 2013; Franco et al., 2017). However, in some soybean fields heavily 
infested with herbicide-resistant goosegrass, producers may opt not to harvest their 
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crops because the expected yield is insufficient to cover 
operational costs. Additionally, harvesting these areas 
could lead to significant dispersion of weed seeds to other 
fields on the property (Figure 1).

In maize crop, grain yield reductions of up to 45% 
have been observed due to goosegrass interference 
(Souza et al., 2024). The authors reported that goosegrass 
possesses hardy characteristics and broad adaptability to 
abiotic stress. Consequently, under resource limitations, 
goosegrass can exhibit heightened aggressiveness in 
competing with the crop. Another study found that maize 
grain yield was reduced by 20% when goosegrass plants 
were located in the interrows, 20  cm away from the crop 
rows (Rambakudzibga et al., 2002).

Given the expansion of goosegrass-infested areas in 
recent cropping seasons in Brazil, which has resulted in 
losses throughout the agricultural production chain, this 
literature review aims to compile information to help 
understand the biology and herbicide resistance of this weed. 
The goal is to support the development of more effective 
strategies for implementing integrated management of this 
species, focusing on soybean and maize cropping systems.

2.	 Goosegrass biology: impacts on management strategies

Although the center of origin of goosegrass is uncertain, 
some studies suggest that it is native to temperate 
and tropical regions of Asia (Rojas-Sandoval, Acevedo-

Rodríguez, 2014). The occurrence of goosegrass has been 
reported at altitudes up to 2,000  m in tropical regions 
and in subtropical and temperate areas at latitudes 
up to 50° (Rojas-Sandoval, Acevedo-Rodríguez, 2014; 
Alcantara et al., 2016). According to the Global Biodiversity 
Information Facility (2025), goosegrass has been recorded 
in 163 countries and on Caribbean and Pacific islands, with a 
geographic distribution across all five continents (Figure 2). 
In tropical and subtropical regions, goosegrass can rapidly 
spread in agricultural areas and become a dominant weed. 
In Brazil, this species infests crops in all states, reflecting its 
adaptability to a wide variety of soils and climates. A study of 
floristic composition during the 2016/2017 soybean season 
found goosegrass to be widespread across approximately 
14 million ha (Figure 3) (Lucio et al., 2019), corresponding 
to approximately 17.1% of the 81 million ha of planted area 
planned for 2025 in the country (Secretaria de Comunicação 
Social, 2025). However, recent data on the percentage of 
area infested by goosegrass in Brazil are lacking, and owing 
to the practical challenges in controlling the species across 
regions, goosegrass is suggested to remain the main weed 
in the country’s grain production systems.

Goosegrass is a monocotyledonous species belonging to 
the family Poaceae. This weed exhibits C4 photosynthetic 
metabolism, which confers a highly competitive advantage 
over other C3 plants, particularly in tropical climates. 
Goosegrass may display either a creeping or erect 
growth habit, influenced by phenotypic plasticity and/or 

Source: Guilherme Braga Pereira Braz (2023). Location: Rio Verde (Brazil).
Figure 1 - Soybean fields with high goosegrass density where the decision was made not to harvest the crop due to infestation 
conditions. 
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competition with neighboring plants. It is a diploid species 
with 18 chromosomes (2n = 18) and a relatively small 
genome size of 584 Mb (Zhang  et  al., 2019). The species 
is classified as self-pollinating and reproduces exclusively 
through sexual reproduction, producing seeds. A single 
plant can produce up to 120,000 seeds (Takano et al., 2016). 
Studies have shown that goosegrass seed germination 
increases in the presence of light, characterizing the seeds as 
positively photoblastic, in a facultative manner (Chauhan, 
Johnson, 2008). Water availability is the primary factor 
regulating germination; when soil moisture is sufficient, a 

high percentage (≈ 85%) of seeds germinate, and seedlings 
emerge (Takano et al., 2016).

Goosegrass has an annual life cycle, meaning that it 
requires less than a year to germinate, produce seeds, and 
senesce (Lorenzi, 2011). However, in highly infested fields, 
a small proportion of goosegrass plants have been observed 
to survive for longer periods, even during off-season 
intervals that are often marked by intense dry spells in 
many agricultural regions of Brazil (Sodré-Filho et al., 2022). 
Therefore, goosegrass can exhibit biennial or perennial life 
cycles. This phenomenon has further complicated control 
efforts, as pre-sowing herbicide applications (burndown) 
during summer crop establishment often occur when 
goosegrass is at advanced stages of development (tillering 
and flowering), reducing the effectiveness of chemical 
control. For many weed species, as plant development 
progresses (Takano et al., 2018; Presoto et al., 2020), greater 
restrictions on the efficacy of post-emergence herbicides 
can be observed. This stage-dependent effect on herbicide 
efficacy arises from several factors, including increased 
biomass, which requires higher herbicide doses, and the 
evolution of tolerance or resistance mechanisms (e.g., 
greater wax deposition and enhanced ability to metabolize 
herbicides), in addition to aspects related to application 
technology. This is especially important for contact-action 
herbicides (Takano et al., 2016; Mendes et al., 2020).

Goosegrass exhibits rapid initial growth, with intense 
tillering starting approximately 35  days after emergence 
(DAE). At this stage, there is a noticeable increase in the 
proportion of stems and inflorescences relative to leaves, 
along with an accumulation of dry mass. Takano  et  al. 
(2016) reported that tillering begins at approximately 9 
DAE, with new tillers emerging every 3 to 4 days, depending 
on edaphoclimatic conditions. Although goosegrass lacks 
vegetative propagation mechanisms, plants at more 

Source: Global Biodiversity Information Facility (2025).
Figure 2 - Global distribution of goosegrass (Eleusine indica).
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advanced developmental stages can develop adventitious 
roots from stem nodes in contact with the soil (Kissmann, 
1997; Ganeshaiah, Shaanker, 1982). It is also noteworthy 
that goosegrass plants in later developmental stages exhibit 
greater tolerance to abiotic stresses (Takano et al., 2016). 
Consequently, post-emergence herbicide applications that 
initially appear effective often fail to provide adequate 
control due to weed regrowth. Therefore, sequential 
herbicide application systems are needed to control 
flowering goosegrass plants, with the interval between 
applications determined by the regrowth rate.

Another critical morphological characteristic of 
goosegrass is the deposition of wax on its leaves, 
particularly during later developmental stages (Malpassi, 
2006). Moreover, as a member of the family Poaceae, 
goosegrass possesses intercalary meristems in already 
formed tissues (e.g., stem internodes) and lacks a fully 
organized vascular system (Kissmann, 1997). These 
morphological characteristics hinder herbicide absorption 
and translocation, thereby reducing their effectiveness. 
Goosegrass has no specific fertility requirements and can 
thrive in fertile as well as in nutrient-poor soils. A striking 
feature of its biology is its adaptability to compacted 
soils (Correia  et  al., 2022), which explains its higher 
occurrence in areas with heavy machinery traffic, such as 
roadsides and sprayer tracks. Compared with Digitaria 
insularis (sourgrass), E. indica is more aggressive because it 
establishes successfully in both conventional planting areas 
(tilled soils) and direct sowing systems (no-till or minimally 
disturbed soils). In contrast, sourgrass, which reproduces 
both sexually and asexually, thrives only successful under 
no-till conditions (Amaral et al., 2023).

3.	 Resistance of goosegrass to herbicides

In addition to its biological characteristics, goosegrass 
resistance to herbicides has contributed to control failures 
(Takano  et  al., 2018). Herbicide-resistant goosegrass 
biotypes have been reported in 13 countries, with the 
first case documented in 1973. These reports involve cases 
of resistance to eight modes of action, namely EPSPS, 
ACCase, glutamine synthetase (GS), Photosystem I (PSI), 
Photosystem II (PSII), protoporphyrinogen oxidase (PPO), 
acetolactate synthase (ALS), and microtubule assembly 
inhibition (Damalas, Koutroubas, 2024). Most cases 
correspond to single resistance with resistance to a single 
mode of action). Four cases of multiple resistance have 
been reported to EPSPS, ACCase, GS, and PSI inhibitors 
(Correia et al., 2022; Nunes et al., 2022; Chen et al., 2024).

Goosegrass has a remarkable ability to evolve resistance 
to herbicides, relying on multiple genetic, physiological, 
and metabolic mechanisms, against the same herbicide. 
Globally, the first report of glyphosate resistance in 
this weed came from populations in Malaysia in 1997 
(Baerson et al., 2002), who also documented the first cases 
of multiple herbicide resistance (Jalaludin  et  al., 2015). 

Yu  et  al. (2015) reported the first glyphosate resistance 
case involving the double TIPS mutation, which incurs a 
fitness cost, as plants carrying this mutation are smaller 
compared to susceptible biotypes (Han  et  al., 2017). In 
addition, Gherekhloo  et  al. (2017) reported a glyphosate 
resistance mechanism that combines a mutation with 
EPSPS overexpression (Gherekhloo et al., 2017).

In Brazil, the first case of goosegrass resistance was 
reported in 2003, with populations showing cross-
resistance to ACCase inhibitors, including cyclohexadione 
(e.g., sethoxydim) and aryloxyphenoxypropionate (e.g., 
cyhalofop and fenoxaprop) (Vidal  et  al., 2006). In 2016, 
the first glyphosate-resistant biotype of goosegrass 
was reported in the state of Paraná. In 2017, the first 
case of multiple resistance was recorded in the state of 
Mato Grosso, with populations resistant to both EPSPS 
(glyphosate) and ACCase (haloxyfop and fenoxaprop) 
inhibitors (Heap, 2025). Recently, a biotype with multiple 
resistance to glyphosate and ACCase inhibitors (haloxyfop 
and clethodim) was identified (Nunes  et  al., 2022). In 
Brazil, metabolic resistance via Cyt P450 has not yet been 
detected; however, if it occurs, many proposed management 
strategies could rapidly lose effectiveness, as observed in 
Asian populations (Yao et al., 2024). There is also concern 
that some populations in Brazilian agricultural areas may 
evolve resistance to glufosinate (Granzioli  et  al., 2024; 
Luiz et al., 2024). 

Considering all aspects discussed, some explanations 
have been proposed for the reduced efficacy of herbicides 
for goosegrass control. However, additional factors further 
complicate its chemical control. For example, weather 
conditions during application can influence the performance 
of systemic herbicides. Plants under water or heat stress—a 
common scenario during pre-sowing desiccation—are 
more difficult to control. Another contributing factor is the 
use of suboptimal herbicide doses, especially glyphosate, 
as the recommended doses for goosegrass are higher than 
those for other weed species (Ministério da Agricultura, 
Pecuária e Abastecimento, 2025). An additional challenge is 
the growth stage of plants at the time of burndown, which 
often necessitates sequential applications. 

4.	 Integrated management practices for goosegrass

Considering all the issues associated with goosegrass, it 
is evident that control strategies in infested areas must be 
integrated, as relying solely on herbicides has not ensured 
effective management. The exclusive use of chemical control 
methods, coupled with the inability to guarantee effectiveness, 
increases the selection pressure for new herbicide-resistant 
populations (Harker, O’Donovan, 2013). Strategies aimed at 
preventing the establishment of goosegrass in areas where it 
is not yet the dominant weed include: 1) using weed free seed 
free, particularly cover crop seeds; 2) cleaning machinery 
and equipment when moving between fields; 3) managing 
the most infested fields last during operational practices 

https://doi.org/10.1002/ps.8310
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and harvesting; 4) controlling the weed around production 
areas; and 5) avoiding the movement of harvesters between 
different regions (Bàrberi, 2003).

Several practices can enhance the crop’s competitive 
advantage. These include: 1) implementing fertilization 
programs based on technical recommendations for the 
crop; 2) selecting varieties/hybrids adapted to the growing 
region that exhibit faster initial development; and 3) 
sowing within the recommended period for the crop. 
Such practices promote better initial development of the 
cultivated species, providing a competitive advantage over 
goosegrass. In addition, cultural control, crop rotation, 
and intercropping practices can help manage goosegrass 
within production systems (Marochi  et  al., 2018). Weed 
suppression through these crop diversification strategies 
occurs by occupying space that would otherwise be fallow 
for weed emergence, particularly during the vegetative 
development of the intercropped species. Suppression can 
also result from the release of allelopathic compounds by 
certain species, which may inhibit weed growth, and from 
the production of mulch, which acts as a physical barrier 
to weed emergence (Weisberger et al., 2019). Furthermore, 
rotating cultivated species within a production system 
naturally promotes herbicide diversification, making it 
an important strategy to prevent the establishment and 
development of goosegrass.

Another widely discussed control method for managing 
areas infested by goosegrass is mechanical control, which 
primarily involves two approaches: soil tillage and plant 
mowing. Because goosegrass lacks vegetative propagation 
structures, implementing this practice at the beginning 
of the dry season can effectively control adult plants, as 
the exposed tissue will dehydrate under direct sunlight 
(Fishkis, Koch, 2023). This practice is effective when roots 
are completely exposed, meaning that care should be taken 
to ensure soil aggregates is not in contact with them, as this 
could lead to plant regrowth. However, tilling can result 
in the loss of organic matter, compromise soil physical 
quality, increase susceptibility to erosion, and facilitate the 
spread of weed seeds throughout the area (Oliveira et al., 
2020). Therefore, the decision to adopt tillage should not 
be based solely on the presence of goosegrass, but rather on 
soil-related factors, such as physical constraints (e.g., low 
porosity and compaction) and/or fertility issues (e.g., high 
levels of exchangeable aluminum and low base saturation).

Mowing goosegrass plants offers advantages, such as 
improving plantability in heavily infested areas and ensuring 
the removal of all aboveground plant parts, which increases 
the effectiveness of subsequent herbicide applications, 
as already demonstrated for other weed species of the 
family Poaceae (Raimondi et al., 2020). This practice can be 
effective when goosegrass exhibits an erect growth habit. 
However, if the area was left fallow during the intercropping 
period, the plants may develop a creeping habit, making 
mowing difficult. Disadvantages include lower efficiency, as 
the equipment used for this practice operates on a reduced 

scale, high costs, particularly due to fuel consumption, 
and the stimulation of root growth after regrowth. These 
drawbacks highlight the importance of applying herbicides 
after mowing these plants. One goosegrass management 
practice has been the application of herbicides in areas after 
soybean harvest. The cutting performed by the harvester 
improves the performance of chemical control in sequential 
applications following this operation.

5.	 Strategies to optimize chemical control of goosegrass

All weed control methods play an important role in the 
integrated management of goosegrass. However, in the 
short term, control systems capable of rapidly reducing 
infestations rely primarily on the use of herbicides. 
Therefore, proper attention to application technology in 
areas infested with goosegrass is a key step for its effective 
control. In this regard, several practices are fundamental to 
improving the performance of chemical control, including 
working with higher spray volumes, especially during pre-
sowing burndown; increasing the oil dose (regardless of the 
source) for herbicides that require this class of adjuvants 
(Cieslik et al., 2013); analyzing water quality for spraying; 
considering the timing and weather conditions at the time of 
application; and avoiding antagonistic herbicide mixtures, 
such as ACCase inhibitors with 2,4-D (Osipe et al., 2021).

In areas heavily infested with goosegrass, the adoption 
of pre-emergence herbicides is necessary, particularly 
when populations are resistant to the active ingredients 
commonly used for post-emergence control. Pre-emergence 
applications can reduce goosegrass germination flushes 
and injure emerging seedlings, thereby increasing their 
susceptibility to post-emergence herbicides. In this context, 
Table 1  summarizes research findings and empirical 
field observations on the expected performance of pre-
emergence herbicides for goosegrass control. To better 
understand the control levels, this review adopted the 
model proposed by Braz and Takano (2022), which defines 
three categories of herbicide effectiveness against weeds. It 
is worth noting that this review adopts the term expected 
performance for pre-emergence weed control because 
effectiveness can vary due to multiple factors, including 
application rate; soil characteristics (e.g., moisture, texture, 
organic matter content, presence of green biomass and/or 
mulch on the surface); weather conditions at the time of 
application; and weed infestation density.

Another important aspect to consider before selecting 
a herbicide for pre-emergence control of goosegrass is an 
analysis of the product labels regarding registration for 
the crops of interest (e.g., soybean or maize) (Ministério 
da Agricultura, Pecuária e Abastecimento, 2025), as well 
as determination of the appropriate doses and application 
method (pre-sowing or post-sowing application). The use 
of herbicides in this modality can ensure good control 
performance while maintaining adequate crop selectivity. 
In general, the herbicides that have demonstrated the 
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greatest efficacy for pre-emergence goosegrass control 
belong to the following mechanisms of action: very 
long-chain fatty acid inhibitors VLCFA (inhibitors) 
(pyroxasulfone and S-metolachlor), microtubule assembly 
inhibitors (pendimethalin and trifluralin), DXPS inhibitors 
(clomazone), and HPPD + ALS inhibitors (isoxaflutole 
+ tiencarbazone) (Takano  et  al., 2018; Silva, 2020; 
Spricigo et al., 2024).

It is important to recognize that the current situation 
across Brazil may involve four resistance scenarios: 1) 
populations susceptible to herbicides, 2) populations 
resistant to ACCase inhibitors, 3) populations resistant 
to EPSPS inhibitors, and 4) populations with multiple 
resistance to both ACCase and EPSPS inhibitors. Therefore, 
herbicide performance may vary between populations 
depending on their specific resistance profile.

Table 2 presents the expected performance of herbicides 
applied alone for post-emergence goosegrass control. It is 
worth noting that their performance can vary due to factors 
such as application rate, weed growth stage, and weather 
conditions at the time of spraying. As with pre-emergence 
herbicides, it is necessary to check the product labels to ensure 
registration for use on the crops of interest, as this also helps 
determine the appropriate doses and timing of application.

Regarding the performance of ACCase inhibitor 
herbicides in populations resistant to this mechanism 
of action, it is important to note that, although 
goosegrass resistant biotypes to the main graminicides 
used in Brazilian production systems already exist, 
resistance is not always characterized as cross-resistance. 
Therefore, in situ analysis is recommended, as there 
is a possibility that a given graminicide no longer 
control the goosegrass population. However, another 
herbicide may still be effective if applied during the 
early stages of weed growth. An example that illustrates 
this situation is the Trp2027Cys mutation in the gene 
encoding the ACCase enzyme, which confers resistance to 
aryloxyphenoxypropionates but not to cyclohexadiones, 
in contrast to the Asp2078Gly mutation, which results 
in resistance to both aryloxyphenoxypropionates and 
cyclohexadiones (Vila-Aiub, 2015; Takano et al., 2020c). 
The use of glyphosate in combination with graminicides 
for controlling populations resistant to EPSPs inhibitors, 
this practice should be avoided. Research studies have 
shown that in cases of simple resistance to EPSPS 
inhibitors, the addition of glyphosate to graminicides 
results in an antagonistic effect compared with the 
application of graminicides alone (Takano  et  al., 2018; 
Almeida et al., 2022).

Table 1 - Compilation of data on the expected performance of herbicides applied in pre-emergence for goosegrass control.

Active ingredient
Mode of action

Acetolactate synthase inhibitors (ALS)

Chlorimuron

Diclosulam

Flumetsulam

Imazethapyr

Protoporphyrinogen oxidase inhibitors (PPO)

Flumioxazin

Sulfentrazone

Very long-chain fatty acid inhibitors (VLCFA)

Pyroxasulfone

S-metolachlor

Microtubule assembly inhibitors

Pendimethalin

Trifluralin

1-Deoxy-D-Xylulose 5-Phosphate Synthase inhibitors (DXPS)

Clomazone

Hydroxyphenylpyruvate Dioxygenase inhibitors (HPPD)+ ALS inhibitor

[Isoxaflutole + tiencarbazone]

Photosystem II inhibitors (PSII)

Amicarbazone

Atrazine

Metribuzin

Terbuthylazine

Green = control > 80%; yellow = control 50–80%; red = control < 50%. 
Source: McCullough et al. (2013), Takano et al. (2018), Silva (2020), Spricigo et al. (2024).
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The performance of various herbicides against 
goosegrass can be optimized through mixtures that produce 
a synergistic effect. Mixtures of glufosinate with EPSPS 
inhibitors, ACCase inhibitors, or PPO inhibitors tend to 
show synergistic control this weed (Takano  et  al., 2018; 
Takano  et  al., 2020a). Although glufosinate has contact 

activity (Takano  et  al., 2020b), its action is slower than 
that of diquat, making it suitable for use in combination 
with systemic herbicides. Despite the good performance of 
glufosinate in specific strategies for goosegrass control, such 
as applications at early growth stages or in mixtures with 
other herbicides, its effectiveness is influenced by weather 

Table 2 - Compilation of data on the expected performance of herbicides applied alone in post-emergence for goosegrass control.

Active ingredient
Susceptible ACCase resistant EPSPS resistant

Multiple resistant
(ACCase + EPSPS)

INI* LAT ADU INI LAT ADU INI LAT ADU INI LAT ADU

Acetyl-CoA Carboxylase inhibitors (ACCase)

Clethodim

Haloxyfop

Quizalofop

5-Enolpyruvylshikimate-3-phosphate Synthase inhibitors (EPSPS)

Glyphosate

Acetolactate synthase inhibitors (ALS)

Chlorimuron

(Imazapic + imazapyr)

Imazethapyr

Nicosulfuron

Glutamine synthetase inhibitors (GS)

Glufosinate

Photosystem I inhibitors (PSI)

Diquat

Photosystem II inhibitors (PSII)

Atrazine

Diuron

Metribuzin

Terbuthylazine

1-Deoxy-D-Xylulose 5-Phosphate Synthase inhibitors (DXPS)

Clomazone

Hydroxyphenylpyruvate Dioxygenase inhibitors (HPPD)

Mesotrione

Tembotrione

Tolpyralate

Protoporphyrinogen oxidase inhibitors (PPO)

Carfentrazone

Flumioxazin

Saflufenacil

Tiafenacil

Unknown mechanism

MSMA

Green = control > 80%; yellow = control 50–80%; red = control < 50%. 
* INI = early post-emergence on plants with up to 1 tiller; LAT = late post-emergence on plants with 1 to 4 tillers; ADU = post-emergence on adult plants (at 
the reproductive stage – flowering). 
Source: Rosa (2016); Takano et al. (2018).
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conditions at the time of application because it is a photo-
dependent herbicide (Takano, Dayan, 2021; Spricigo et al., 
2024). In this context, certain factors should be considered 
before application, particularly the timing of spraying. 
Applying this herbicide around midday ensures greater 
sunlight exposure following treatment. When glufosinate 
is applied early in the morning, late in the afternoon, or on 
cloudy days, its binding to the GS enzyme may fail to trigger 
the accumulation of reactive oxygen species (ROS), thereby 
preventing the destruction of cell membranes and necrosis 
of leaf tissue (Takano, Dayan, 2020). Because glufosinate 
binds irreversibly to GS, there is no opportunity for it to 
bind to additional GS molecules.

The authors’ observations demonstrate that diquat 
used alone, particularly on plants that have not undergone 
prior control measures, is not an ideal option for managing 
adult goosegrass (personal observation). Although it 
rapidly induces leaf tissue necrosis, the weed exhibits a high 
regrowth rate. Therefore, diquat-based products should 
be applied to control goosegrass at early developmental 
stages or in sequential applications. In the specific case of 
diquat, nighttime applications may improve weed control 
levels (Pitelli  et  al., 2011). When applied in the presence 
of light, diquat captures electrons from ferredoxin 
reduction in the chloroplast, forming a reducing power 
that converts the bipyridyl ion to a bipyridyl radical. In 
the presence of oxygen and water, it is reoxidized to its 
original form, releasing electrons that react with oxygen 
and water to form hydrogen peroxide (Oliveira Jr., 2011). 
At high concentrations, hydrogen peroxide damages 
cell membranes, leading to rapid necrosis of leaf tissue. 
However, when diquat is applied at night, hydrogen 
peroxide is not produced immediately, and the tissues 
responsible for translocation are less affected. This allows 
the herbicide to move slightly further within the plant 
before sunlight exposure initiates an intense oxidative 
process. This may explain why this active ingredient is 
more effective in certain situations when applied at night.

PPO inhibitors are promising alternatives for 
controlling goosegrass in areas where populations 
exhibit multiple resistance, provided they are used in 
mixtures with other herbicides (EPSPS, ACCase, GS, and 
PSI inhibitors), as such combinations tend to produce 
synergistic effects. The efficacy of PPO-inhibiting 
herbicides in these mixtures with other active ingredients 
may be affected by the presence of resistance to any of 
the herbicides belonging to those other modes of action. 
Among the active ingredients currently marketed in Brazil, 
those acting through this mode of action (tiafenacil, 
flumioxazin, saflufenacil, and carfentrazone) tend to 
perform better in controlling goosegrass when mixed 
with glufosinate or diquat. Moreover, new PPO-inhibitor-
based active ingredients, such as epyrifenacil, are in the 
final stages of development in Brazil and could contribute 
mainly to burndown desiccation systems prior to the 
direct sowing of crops.

ALS, DXPS, and HPPD inhibitors are used for post-
emergence control of goosegrass. When combined with 
other active ingredients (e.g., glyphosate, glufosinate, 
or graminicides), they can increase the effectiveness of 
weed control. Among ALS inhibitors, nicosulfuron has 
demonstrated good control of goosegrass at higher doses, 
when applied in combination with other herbicides and 
including sequential applications with contact herbicides 
(McCullough et al., 2012; Takano et al., 2018). For crops, 
where nicosulfuron is registered for post-emergence 
applications, such as maize, nicosulfuron has several 
selectivity restrictions at higher doses (e.g.: selectivity 
varies depending on the hybrid’s genetics, besides 
restrictions with nitrogen fertilization and associations 
with organophosphate insecticides) (Cavalieri  et  al., 
2010). Consequently, current research is exploring the 
use of this herbicide in other applications, such as pre-
sowing desiccation of soybean, for which commercial 
formulations based on this active ingredient are 
already registered (Ministério da Agricultura, Pecuária 
e Abastecimento, 2025). In pre-sowing burndown of 
soybean, if the recommended waiting period between 
nicosulfuron application and sowing is respected 
(30 days of plant back), the herbicide can help to control 
goosegrass without causing residual injury that would 
affect soybean (Ministério da Agricultura, Pecuária e 
Abastecimento, 2025).

Among the herbicides that inhibit carotenoid synthesis, 
clomazone (a DXPS inhibitor) applied alone in post-
emergence of goosegrass is ineffective in controlling this 
weed. However, combining clomazone with ACCase or GS 
inhibitors resulted in a slight increase in control levels. For 
HPPD inhibitors, specifically mesotrione, tolpyralate, and 
tembotrione, studies conducted under post-emergence 
conditions in maize have shown that combining these 
active ingredients with PSII inhibitors (such atrazine or 
terbuthylazine) provides good performance in the control 
of goosegrass (over 80%) and improves the management 
of other weed species through the synergistic interaction 
between these modes of action (Takano  et  al., 2018; 
Fluttert et al., 2022a; Fluttert et al., 2022b).

MSMA, whose mechanism of action is unknown, has 
been shown to provide greater than 80%goosegrass control 
when combined with other post-emergence herbicides 
(Busey, 2004; Brosnan  et  al., 2008). However, a common 
concern with MSMA is its residual activity, which can 
affect subsequent crops. Although MSMA has a long half-
life in the soil, its high adsorption coefficient reduces the 
carryover risk compared to some other residual herbicides 
(Price et al., 2008).

The use of PSII inhibitors, specifically metribuzin 
and diuron, is highly effective for post-emergence 
control of goosegrass, depending on factors such as soil 
moisture, application rate, and whether they are used 
alone or in combination with other herbicides (Wiecko, 
2000; Rusli  et  al., 2014). The first studies reporting 
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the effectiveness of metribuzin on adult (flowering) 
goosegrass plants showed the importance of combining 
this herbicide with other active ingredients and the 
benefit of increasing the metribuzin doses to improve 
control levels (Busey, 2004; Brosnan  et  al., 2008). The 
superior performance of metribuzin (over 80% control) 
in post-emergence applications against goosegrass led 
to its intensive use, creating high selection pressure and 
resulting in the identification of resistant populations in 
Hawaii (United States) in 2003 (Heap, 2025).

Based on the experiments conducted with metribuzin in 
postemergence control of goosegrass, the key conclusions 
from these studies were: 1) metribuzin controls goosegrass 
post-emergence mainly through absorption by the plant’s 
root system, with increased effectiveness when applied to 
moist soil (Almeida et al., 2024a); 2) metribuzin is effective 
alone but should be combined with other herbicides 
(e.g. glufosinate and tiafenacil) to improve effectiveness 
and reduce the risk of selecting resistant populations 
(Almeida et al., 2024b).

Diuron has long been used to control goosegrass in 
Cynodon spp. pastures within livestock systems in Brazil 
and has been effective when combined with MSMA. In 
soybean cultivation systems diuron was effective without 
sequential applications (Almeida  et  al., 2022). However, 
to use these PSII inhibitors (metribuzin and diuron) 
efficiently, further studies are needed to determine 
the selectivity of metribuzin for soybean cultivars and 
assess the safety interval (plant-back) between diuron 
application and soybean sowing (Braz et al., 2023). Until 
further studies are conducted, Metribuzin or diuron 
should be incorporated into early control strategies before 
sowing the target crop (e.g., autumn management or pre-
sowing desiccation), with diuron requiring greater caution 
due to its higher residual activity in the soil and more 
limited selectivity for soybean.

In summary, based on the discussions in this review 
regarding the chemical control of goosegrass, the following 
key points emerge: 1) early identification of populations 
with multiple resistance is crucial, as it can reduce the 
effectiveness of certain active ingredients and further 
complicate the already complex management of this weed; 
2) the use of pre-emergence herbicides remains essential; 
3) the use of post-emergence herbicides applied alone has 
not been effective against multiple-resistant goosegrass 
populations, including those resistant to glyphosate and 
ACCase inhibitors; 4) for areas with biotypes exhibiting 

multiple herbicide resistance, control strategies should 
include mixtures of active ingredients with different 
mechanisms of action, as well as sequential applications; 
and 5) in the most effective management systems, products 
based on metribuzin or nicosulfuron in mixtures (with PPO 
or GS inhibitors), combined with sequential applications 
of glufosinate plus PPO inhibitors, have provided 
superior control performance of herbicide-resistant 
goosegrass populations.

6.	 Final considerations

Considering the production losses caused by goosegrass 
in agricultural systems, including yield reduction, 
phytosanitary problems, and higher production costs, it is 
evident that integrated control practices are essential, and 
all possible measures should be employed to manage this 
weed. Control strategies should be based on the biological 
characteristics of goosegrass and the resistance profile of 
the population in the area.

Currently, no herbicides on the market can, on their own, 
provide complete control of adult goosegrass with a single 
isolated application. Therefore, chemical control of this 
weed should involve the use of pre-emergence herbicides 
across all crops in the production system, combined with 
post-emergence herbicides with different modes of action 
and sequential applications.
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