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Abstract

Glufosinate is a key postemergence herbicide in U.S. soybean production, particularly where
resistance to glyphosate and inhibitors of acetolactate synthase is widespread. A 25-question
survey of soybean growers, agronomists, and industry professionals in Arkansas andWisconsin
was conducted in Fall 2022 to characterize glufosinate use patterns, weed management chal-
lenges, and stakeholder perceptions. Palmer amaranth was reported as the most problematic
weed in Arkansas (97% of respondents), and waterhemp was most frequently reported in
Wisconsin (92%). Suspected glyphosate resistance was widely reported (97% in Arkansas, 88%
in Wisconsin), and suspected glufosinate resistance was reported by 37% of Arkansas
respondents and by 3% of Wisconsin respondents. Eighty-four percent of Arkansas respon-
dents reported integrating glufosinate into their weed management programs, as did 53% of
Wisconsin respondents, and most respondents said they used it to target broadleaf weeds
≤15 cm tall. Carrier volumes were 103 to 140 L ha−1 (chosen by 75% of Arkansas respondents),
and 150 to 187 L ha−1 (chosen by 86% of respondents fromWisconsin). Arkansas respondents
most frequently reported using glufosinate in sequential first and second postemergence
applications (62%). In Wisconsin, glufosinate use was reported mostly only as a first post-
emergence application (37%), followed closely by sequential use in the first and second
postemergence applications (34%). Weed size, followed by carrier volume and air temperature,
were ranked as the most important factors affecting glufosinate performance. Ammonium
sulfate was the most used adjuvant (45% in Arkansas; 67% in Wisconsin), and spray water
quality was rarely tested. Frequently reported tank-mix partners included glyphosate and
inhibitors of protoporphyrinogen oxidase in Arkansas and synthetic auxins and clethodim in
Wisconsin. Extension efforts should emphasize applying glufosinate to small weeds (<10 cm in
height), optimizing application technology and spray solution characteristics (nozzle, carrier
volume, water quality/adjuvant selection), and spraying under favorable environmental con-
ditions. Improving application consistency can reduce weed escapes and repeat postemergence
applications, thereby lowering selection pressure and preserving glufosinate as an important
postemergence option.

Introduction

Effective weed management is essential for sustaining soybean productivity and economic
returns. In 2022, soybean was grown on approximately 35 million hectares in the United States,
yielding 116millionmetric tons and generatingUS$60.7 billion in revenue (USDA-NASS 2024).
Glufosinate has become an important herbicide option for U.S. soybean growers due to several
converging factors. Widespread resistance to glyphosate, coupled with the ongoing evolution of
resistance to other herbicide sites of action, such as inhibitors of acetolactate synthase (ALS)
(categorized by the Herbicide Resistance Action Committee [HRAC] andWeed Science Society
of America [WSSA] as a Group 2 herbicide), protoporphyrinogen oxidase (PPO; HRAC/WSSA
Group 14), synthetic auxins (HRAC/WSSA Group 4; for example, 2,4-D and dicamba), and key
very-long-chain fatty acid (VLCFA) inhibitors such as S-metolachlor and pyroxasulfone, which
are applied preemergence, has limited the efficacy of many currently available weed man-
agement options (Heap 2025; Kerr et al. 2023). Moreover, glufosinate’s low volatility reduces the
risk of off-target movement, making it an appealing option in stacked-trait herbicide-resistant
crop technologies (Takano and Dayan 2020). Although herbicide discovery efforts have
intensified, novel broad-spectrum, nonselective herbicides are not anticipated in the near term
(Dayan 2019). The broad-spectrum, postemergence activity of glufosinate against both grasses
and broadleaf weeds, including herbicide-resistant Amaranthus species, has driven widespread
adoption of soybean varieties with glufosinate-resistance traits (Shyam et al. 2020; Striegel
et al. 2020).
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Glufosinate efficacy is significantly influenced by environ-
mental and operational factors. Environmental conditions such as
humidity, rain, solar radiation, and temperature at the time of
application can significantly affect glufosinate performance
(Landau et al. 2025; Reddy et al. 2011; Takano and Dayan 2021).
Specifically, suboptimal conditions, including low humidity and
cooler temperatures, can reduce glufosinate absorption and
translocation in weeds (Takano and Dayan 2021). Operational
factors, such as herbicide application rates, carrier volume, droplet
size, weed growth stage at application, time of day, and adjuvant
selection, also strongly influence glufosinate efficacy (Copeland
et al. 2021; Creech et al. 2015; Duenk et al. 2023; Takano andDayan
2021). However, overreliance on glufosinate, particularly when
combined with suboptimal application practices and/or unfavor-
able environmental conditions, could increase the risk of resistance
evolution. Glufosinate-resistant weeds have already been con-
firmed in the United States, including Palmer amaranth in
Arkansas (Priess et al. 2022a; Carvalho-Moore et al. 2025) and in
North Carolina (Jones et al. 2022), and Italian ryegrass (Lolium
multiflorum Lam.) in Oregon (Avila-Garcia et al. 2012).

Available experimental data frequently do not adequately
represent regional variability in weed communities, environmental
conditions, and stakeholder practices. Therefore, survey-based
research becomes important for capturing localized differences
and informing regionally targeted management strategies. For
instance, Palmer amaranth is a prevalent and most troublesome
weed species in southern regions of the United States (Riar et al.
2013; Van Wychen 2022; Webster and Nichols 2012), whereas
waterhemp and giant ragweed (Ambrosia trifida L.) dominate in
northern soybean production areas (Chudzik et al. 2024; Ugljic
et al. 2025; Van Wychen, 2022). Regional differences in pre-
emergence herbicides and other management practices further
contribute to variability in weed control outcomes (Jones et al.
2022). Targeted surveys offer critical insights by capturing
real-world practices and perceptions across diverse production
environments, thereby enabling more precise management rec-
ommendations and guiding future research.

To address these knowledge gaps, researchers from the
University of Wisconsin-Madison and the University of Arkansas
conducted a multiregional survey targeting soybean growers,
pesticide applicators, agronomists, and industry representatives.
The objectives of this survey-based research were to evaluate 1)
stakeholder perceptions of glufosinate efficacy, 2) regional glufo-
sinate application practices, and 3) key environmental and
operational factors influencing herbicide performance.

Materials and Methods

We conducted an online survey using the Qualtrics platform
(Qualtrics, Provo, UT) to evaluate glufosinate use patterns and
stakeholder perceptions of its weed control efficacy in U.S. soybean
production systems. The survey was distributed through a publicly
accessible link, promoted across digital media platforms (e.g.,
Twitter/X), university Extension service mailing lists, and com-
modity group communications between Fall 2021 and Spring 2022.
The survey targeted a variety of stakeholders involved in soybean
production, including growers, crop consultants, Extension per-
sonnel, pesticide applicators, and industry representatives, with a
specific emphasis on Arkansas and Wisconsin due to their con-
trasting agroecological conditions, distinct weed management
challenges, and the geographic expertise of researchers involved in
the project.

The survey consisted of 25 questions (Supplementary
Appendix S1) structured into seven thematic sections. The first
section gathered demographic data, professional roles, and the
geographic scope of participants’ operations. The second section
collected information about soybean production practices,
including hectares managed, water management (irrigated ver-
sus rainfed), and tillage approaches. The third section aimed to
identify major weed management challenges, focusing on
problematic weed species and suspected herbicide resistance
issues. The fourth section explored glufosinate-specific appli-
cation practices, including herbicide formulations, application
rates, target weed species, spray nozzle types, carrier volumes,
application timing, and targeted weed growth stages. In the fifth
section, respondents assessed glufosinate efficacy and ranked
various environmental and operational factors (e.g., temper-
ature, humidity, nozzle type, weed size) based on their perceived
influence on herbicide performance. The sixth section addressed
adjuvant use practices, testing and consideration of spray water
quality parameters (pH and hardness), and tank-mixture
strategies employed by respondents. Finally, the seventh section
asked participants to describe glufosinate using a single word and
invited them to suggest research and Extension priorities related
to glufosinate stewardship and application practices for the
subsequent 5 yr.

Survey data were exported to Microsoft Excel (Microsoft
Corporation, Redmond, WA) for initial processing and then
summarized using R Statistical Software (v. 4.3.1; R Core Team
2023). Data cleaning, management, and summarization were
conducted using the DPLYR and TIDYR packages, while visual-
izations were created with GGPLOT2. Responses to an open-ended
question, “What research or Extension efforts with glufosinate
would you like to see conducted in the next five years?” were
systematically coded and thematically grouped to identify
prevalent priorities and emerging needs. Additionally, open-
ended responses were analyzed for term frequency and promi-
nence using text-mining workflows in R (tm, SnowballC, and
wordcloud), following methods adapted from Butts et al. (2022).
Responses were preprocessed by transforming text to lowercase,
removing punctuation, numbers, and common English stop
words, and standardizing white space. A document-term matrix
was constructed, from which individual word frequencies were
calculated and subsequently visualized using an illustrative word
cloud with a customized color palette to depict the relative
importance and prevalence of descriptive terms provided by
stakeholders.

Results and Discussion

A total of 96 respondents from Arkansas and 76 respondents from
Wisconsin participated in the survey. The geographic distribution
of respondents in both states closely mirrored major soybean
production regions (Figure 1) (USDA-FAS 2024). In Arkansas,
respondents were primarily farmers (45%) and consultants/
agronomists (39%), with smaller representation from Extension
(11%), industry (3%), applicators (1%), and other roles (1%). In
Wisconsin, respondents included consultants/agronomists (55%)
and farmers (29%), with fewer participants from industry (11%),
other roles (4%), Extension (1%), and none identifying as appli-
cators. Survey respondent profile and regional distribution, hec-
tares covered, glufosinate product preference and application rate,
and suspected resistance in weed species according to respondents
can be found in Supplementary Tables 1–5, respectively.
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Key Weed Species and Suspected Resistance Concerns

The most frequently reported problematic weed species and weeds
targeted by glufosinate in soybean production systems are sum-
marized in Table 1. In Arkansas, Palmer amaranth was identified
as the most problematic species (97% of respondents), followed by
barnyardgrass [Echinochloa crus-galli (L.) P. Beauv.] (48%),
morningglories (Ipomoea spp.) (30%), and yellow nutsedge
(Cyperus esculentus L.) (19%). In Wisconsin, waterhemp was most
frequently reported (92%), followed by giant ragweed (58%),
horseweed (Conyza canadensis L.) (26%), and common ragweed
(Ambrosia artemisiifolia L.) (21%).

Weeds that respondents targeted with glufosinate are reported
in Table 1. Arkansas respondents most frequently reported tar-
geting Palmer amaranth (97%), followed bymorningglories (43%),
barnyardgrass (23%), and horseweed (18%). In Wisconsin,
respondents primarily targeted waterhemp (94%), along with giant
ragweed (25%), common ragweed (15%), and velvetleaf (Abutilon
theophrasti L.) (15%). Glufosinate was also reported for annual
grass management in both states. In Arkansas, it was primarily
applied (38%) for barnyardgrass control (Table 1). In Wisconsin,
foxtails (Setaria spp.) and giant crabgrass [Digitaria sanguinalis
(L.) Scop.] were the predominant targets (39% and 19%, respec-
tively), reflecting glufosinate’s broad-spectrum efficacy across
diverse soybean weed communities.

Survey responses further indicated widespread concern about
herbicide resistance across multiple sites of action (SOAs), with
most reports centered on Amaranthus species (Table 2). In
Arkansas, suspected resistance was most frequently reported for
5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) inhibitors
(HRAC/WSSA Group 9) (97%), followed by PPO inhibitors
(HRAC/WSSA Group 14) and ALS inhibitors (HRAC/WSSA
Group 2). Suspected resistance to glutamine synthetase (GS)
inhibitors (HRAC/WSSA Group 10; glufosinate) was also reported
by 37% of respondents. In Wisconsin, resistance concerns were
dominated by waterhemp, with suspected resistance reported for
EPSPS inhibitors (88%), ALS inhibitors (38%), and PPO inhibitors
(35%), whereas suspected resistance to GS inhibitors was minimal
(3%). These patterns align with published reports documenting
multiple herbicide–resistant Palmer amaranth in mid-southern
states (Brabham et al. 2019; Carvalho-Moore et al. 2025; Foster and
Steckel 2022; Heap 2025; Salas et al. 2016) and expanding multiple

herbicide resistance in waterhemp populations in the Midwest
(Faleco et al. 2022; Hamberg et al. 2023; Shergill et al. 2018).

Reports of suspected resistance to additional herbicide groups
in Wisconsin were less frequent, including to synthetic auxins
(HRAC/WSSA Group 4), photosystem II inhibitors (HRAC/
WSSA Group 5), and 4-hydroxyphenylpyruvate dioxygenase
(HPPD) inhibitors (HRAC/WSSA Group 27).

Glufosinate Use and Application Practices in Arkansas and
Wisconsin Soybean Production Systems

In Arkansas, 84% of respondents reported incorporating glufosi-
nate into their weed management programs, whereas 53% of
respondents in Wisconsin said they used glufosinate. Survey
responses were collected between Fall 2021 and Spring 2022, and
glufosinate use in Wisconsin has continued to increase since then
(R. Werle, personal observation). Earlier and more widespread
adoption in Arkansas was driven by severe infestations of glyph-
osate-resistant Palmer amaranth (Riar et al. 2013; Salas et al. 2016).
In contrast, glufosinate use in Wisconsin has accelerated more
recently in response to increasing prevalence of herbicide-resistant
waterhemp across the U.S. Midwest, which remains a major
management challenge in the region (Chudzik et al. 2024;
Faleco et al. 2022; Hamberg et al. 2023; Shergill et al. 2018;
Ugljic et al. 2025).

Respondents’ choice of spray nozzle is summarized in Table 3.
In Arkansas, 10% of respondents reported using either TeeJet
Extended Range (XR), Turbo TeeJet Induction (TTI), or Air
Induction Extended Range (AIXR) nozzles, whereas Wisconsin
respondents most often reported using TeeJet XR nozzles (19%),
followed by TTI and AIXR (both 11%). However, many respon-
dents in both Arkansas (46%) and Wisconsin (44%) were unsure
which nozzle type they used. This may reflect that few respondents
identified themselves as applicators; nevertheless, because nozzle
selection is a key determinant of spray coverage and droplet
spectrum, these results indicate a need for continued education and
communication among all parties involved in herbicide applica-
tions to ensure appropriate nozzle selection for contact herbicides
such as glufosinate.

Carrier volume preference according is summarized in
(Table 3). In Arkansas, most respondents (75%) indicated applying
glufosinate in the 103 to 140 L ha−1 range, with fewer reporting

Figure 1. Geographic distribution of survey responses from counties in Arkansas and Wisconsin. Counties are color-coded based on the frequency of responses, with darker
shades indicating higher response rates.
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applying 150 to 187 L ha−1 (12%) and a small subset reporting
applying<90 L ha−1 (8%). Wisconsin respondents reported higher
carrier volumes, with 86% indicating they applied 150 to 187 L ha−1

and 11% reporting 103 to 140 L ha−1. These patterns are relevant
because glufosinate efficacy is strongly coverage-dependent, and
carrier volume can interact with droplet size to influence depo-
sition and control consistency. Butts et al. (2018) reported that
Palmer amaranth control with glufosinate declined as droplet
size increased, particularly at lower carrier volumes, althoughTa
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Table 2. Suspected resistance to different sites of action by survey
respondents.a–d

Site of action
HRAC/WSSA

group number

Arkansas Wisconsin

% of
respondents

% of
respondents

ALS inhibitors 2 50 38
Synthetic auxins 4 13 5
Photosystem II

inhibitors
6 6 9

EPSPS inhibitor 9 97 88
Glutamine synthetase

inhibitor
10 37 3

PPO inhibitors 14 71 35
HPPD inhibitors 27 6 3
No resistance observed 2 11

n= 90 n= 66

aAbbreviations: ALS, acetolactate synthase; EPSPS, 5-enolpyruvylshikimate-3-phosphate
synthase; HPPD, 4-hydroxyphenylpyruvate dioxygenase; PPO, protoporphyrinogen oxidase;
HRAC, Herbicide Resistance Action Committee; WSSA, Weed Science Society of America.
bThere were 90 respondents from Arkansas and 66 from Wisconsin. Because respondents
could select up to three weed species, the total number of weed species reported exceeded
the number of participants in each state.
cGroup numbers correspond to sites of action as defined by the HRAC andWSSA classification
system.
dIn Arkansas, respondentsmost often associated suspected resistancewith Palmer amaranth
(Amaranthus palmeri) toWSSA/HRACGroups 2, 4, 9, 10, 14, 15, and 27. InWisconsin, suspected
resistance was most often linked to waterhemp (Amaranthus tuberculatus) to Groups 2, 4, 9,
10, and 14; and to giant ragweed (Ambrosia trifida) to Groups 2, 6, 9, and 14. See
Supplementary Table 5 for information about other species.

Table 3. Spray nozzles used for glufosinate application and carrier volume as
reported by survey respondents.a,b

Spray nozzle

Arkansas Wisconsin

% of respondents % of respondents

TeeJet XR 10 19
TeeJet TTI 10 11
TeeJet AIXR 10 11
Greenleaf TDXL 7 3
Greenleaf AirMix 5 3
Greenleaf TDXL-D 3 0
Hypro ULD 2 0
Wilger MR 2 0
TeeJet TTJ (Turbo Twin Jet) 0 8
“I am not sure” 46 44

n= 60 n= 36
Carrier volume (L ha −1) Arkansas Wisconsin
<90 8 0
103–140 75 11
150–187 12 86
196–234 2 3
>234 0 0
“I am not sure” 3 0

n= 60 n= 36

aAbbreviations: AIXR, air induction extended range; MR, medium range; TDXL, TurboDrop XL;
TDXL-D, TurboDrop XL-D; TTI, Turbo TeeJet Induction; ULD, ultra lo-drift; XR, extended range.
bManufacturers: TeeJet Technologies, Glendale Heights, IL. Greenleaf Technologies,
Covington, LA. Hypro, Pentair-Hypro, New Brighton, MN. Wilger Industries, Lexington, TN.
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extremely coarse sprays still maintained ≥90% of maximum
observed control across carrier volumes (47 to 187 L ha−1). Carrier
volume affects droplet density and leaf coverage; for contact
herbicides such as glufosinate, increasing the carrier volume can
improve uniform deposition and helpmaintain control when drift-
reducing, coarser droplets are used, although responses may pla-
teau once adequate coverage is achieved (Butts et al. 2018; Creech
et al. 2015). The nozzle and carrier-volume responses herein
reinforce the value of broader educational efforts focused on nozzle
selection, droplet spectrum, and carrier volume as controllable
drivers of glufosinate efficacy and application success (Butts
et al. 2021).

Glufosinate application timing patterns are summarized in
Table 4. Respondents could select multiple choices, depending on
their placement of glufosinate in their herbicide program within a
season. In Arkansas, most respondents (62%) reported using
glufosinate in a sequential first þ second postemergence program,
and an additional 13% reported a firstþ secondþ third sequence;
fewer respondents indicated postemergence use confined to a
single pass (10% second postemergence only; 5% first post-
emergence only) or a second þ third postemergence sequence
(2%). Herein, “burndown þ postemergence” indicates glufosinate
use in a fall or spring/pre-plant burndown followed by at least one
postemergence glufosinate application later in the season; using
this definition, burndown inclusion was uncommon but present in
Arkansas (7% spring/pre-plant included, 2% fall burndown
included). In Wisconsin, 37% of respondents reported a first
postemergence application only and 34% reported a firstþ second
postemergence sequence, whereas 13% reported a second post-
emergence application only. Burndown inclusion accounted for a
smaller share of responses (8% spring/pre-plant included, 3% fall
burndown included), and 3% reported burndown-only use with no
postemergence glufosinate applications. Heavier reliance on
sequential postemergence applications in Arkansas is consistent
with management challenges posed by the extended emergence
and rapid growth of Palmer amaranth, which often necessitate
timely sequential herbicide applications to maintain acceptable
control (Kouame et al. 2024; Meyer and Norsworthy 2020).
Arkansas soybean production occurs in a mixed row-crop land-
scape where soybean (~1.23 million hectares planted in 2024) and
upland cotton (~263,000 planted hectares) are both major com-
modities, and guidance offered by state university Extension

personnel and others explicitly treats cotton as a common rota-
tional crop for soybean (Ashlock et al. 2014; USDA-NASS 2024).
This matters for glufosinate exposure history because glufosinate/
glyphosate-resistant cotton cultivars (including GlyTol and
LibertyLink, both produced by BASF, Research Triangle Park, NC;
andWideStrike, produced byCortevaAgriscience, Indianapolis, IN)
were already dominant and were planted on 70% to 75% cotton-
planted hectares in 2013 in Arkansas, Mississippi, North Carolina,
South Carolina, and Tennessee (Cahoon et al. 2015). Alongside this,
in-season glufosinate use increased sharply after glufosinate-
resistant crops were commercialized, rising 137-fold, from 34.3
metric tons in 2007 to 4,705metric tons in 2019 (Priess et al. 2022a).
Consistent with sustained selection pressure in Arkansas, glufosi-
nate-resistant Palmer amaranth accessions from Arkansas have
been confirmed by dose-response, and mechanistic studies have
linked resistance in anArkansas accession to increased copy number
and expression of chloroplastic GS2 (Priess et al. 2022a; Carvalho-
Moore et al. 2022). These patterns provide more context for why a
larger share of Arkansas respondents reported suspected glufosinate
resistance (37%; Table 2).

In both states, respondents reported they typically applied
glufosinate to broadleaf weeds ≤15 cm tall and grasses at the 2- to
3-leaf stage (Table 5). These results are consistent with those
reported by Jones et al. (2022), that most survey respondents in
North Carolina targeted weeds at 5 to 10 cm, reinforcing the
broadly held perception that small weed size is critical for glufo-
sinate performance. These practices align with research demon-
strating that glufosinate performance declines rapidly as weed size
increases. Steckel et al. (1997) reported ≥80% control of several
species when treated at 10 cm in height, with reduced efficacy at 15
cm, and consistently poor control of common lambsquarters even
at higher rates. Kouame et al. (2024) similarly found that Palmer
amaranth was most consistently controlled when <7.5 cm tall,
whereas applications to larger plants often resulted in survivors.
Additional studies confirm that postemergence control is typically
maximized when weeds are treated early, often <10 cm in height,
although problematic species such as velvetleaf can remain
difficult to manage (Coetzer et al. 2001; Craigmyle et al. 2013;

Table 5. Average size of broadleaf weeds during glufosinate application
according to respondents.

Broadleaf weed size (cm)

Arkansas Wisconsin

% of respondents % of respondents

≤8 48 33
10–15 48 47
18–25 2 11
28–38 2 6
40–60 0 0
≥60 0 0
Not applying glufosinate on

broadleaf weeds
0 3

“I am not sure” 0 0
n= 60 n= 36

Grass growth stage
<2 leaves 12 6
2–3 leaves 51 53
4–6 leaves 14 17
1 tiller 5 0
2 tillers and beyond 0 0
Not applying glufosinate on

grasses
19 22

“I am not sure” 0 3
n= 60 n= 36

Table 4. The primary glufosinate application timing according to survey
respondents.a–c

Glufosinate application timing

Arkansas Wisconsin

% of
respondents

% of
respondents

Fall burndown þ POSTc 2 3
Spring/pre-plant þ POSTc 7 8
Burndown only (no POST) 0 3
First POST only 5 37
Second POST only 10 13
Third POST only 0 0
First þ second POST (sequential) 62 34
First þ second þ third POST (sequential) 13 0
Second þ third POST (sequential) 2 0

n= 60 n= 36

aAbbreviation: POST, postemergence.
bRespondents could select multiple choice related to their glufosinate application timing for
this question.
cRespondent said they incorporate glufosinate in burndown applications with at least one or
more POST glufosinate application.
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Duenk et al. 2023). These results highlight the importance of timely
applications to small weeds as an important management practice
to sustain glufosinate performance.

Time of Day and Environmental Factors Affecting Glufosinate
Performance

In Arkansas, applications weremore evenly distributed throughout
the day, with most occurring between 8:00 AM and 5:00 PM,
although a small proportion of respondents reported applying at
dusk (6%) or at night (3%) (Table 6). In Wisconsin, applications
were more concentrated between 10:00 AM and 5:00 PM, with 6%
of respondents indicating applying later in the day (5:00 PM to 7:00
PM). Time of day is an important determinant of glufosinate
activity because efficacy is closely linked to photosynthetically
active radiation (PAR; 400–700 nm) and associated plant meta-
bolic processes (Takano and Dayan 2020, 2021).

Glufosinate performance is consistently enhanced when light
intensity is high, with peak activity typically observed during
midday periods. Takano and Dayan (2021) reported that glufo-
sinate efficacy is strongly PAR-dependent, with greater activity
when light is high that both favor herbicide action and limit
recovery following glutamine synthetase inhibition. Consistent
with this, Montgomery et al. (2017) observed higher horseweed
control following midday applications (92%) compared with
applications at sunrise (63%) or sunset (88%). Similarly, Sellers
et al. (2003) reported reduced velvetleaf control with evening
applications, attributed in part to “leaf droop” that can reduce
spray interception, and concluded that several hours of sunlight
following treatment are important for maximizing glufosinate
performance.

Environmental conditions reported during glufosinate appli-
cations are summarized in Table 7. Air temperature ranged from
10 to 40 C, with mean temperatures of 28 C in Arkansas, and 24 C
in Wisconsin. Average relative humidity during glufosinate
application was 66% in Arkansas and 63% in Wisconsin. Wind
speeds were low (3.0 m s−1 in Arkansas; 2.7 m s−1 in Wisconsin),
although maximum values reached 9.0 m s−1 in both states.
Average cloud cover was 26% in Arkansas and 32% in Wisconsin.
Although many applications occurred under conditions consid-
ered acceptable, the broad range, particularly at cooler temper-
atures and lower humidity, could contribute to reduced glufosinate
activity.

This interpretation aligns with that reported by Landau et al.
(2025), who evaluated glufosinate performance across 1,635 to
2,441 unique weather environments, depending on species, from
NorthAmerican herbicide evaluation trials. Using≥85% control as

a benchmark for successful performance, they found that efficacy
was significantly less likely when glufosinate was applied when air
temperatures were ≤25 C, relative humidity ≤70%, or solar
radiation≤23 MJ m−2 d−1, although relative humidity was of lesser
importance for predicting probability of successful control of
waterhemp and morningglory. Sensitivity to environmental con-
ditions differed among weed species, with the strongest limitations
observed in giant foxtail (Setaria faberi Herrm.), followed by
waterhemp and morningglory species. Glufosinate performance
can be strongly weather-dependent and highlight the importance
of aligning applications with favorable temperature, humidity, and
light conditions whenever possible (Landau et al. 2025). From the
raw survey responses, most applications in both states were
reported to occur under warm conditions. In Arkansas, 92% of
respondents reported applying glufosinate when the average air
temperature was ≥25 C, and 30% reported an average relative
humidity >70% during application. In Wisconsin, 76% reported
applying glufosinate at ≥25 C, and 20% reported relative humidity
>70%. These responses suggest that warm temperatures were more
frequently considered than high humidity when timing glufosinate
applications, though it cannot be determined from survey data
alone whether this reflects intentional prioritization or the ambient
conditions typical of the application period.

Adjuvant Use, Water Quality, and Cation Management

Table 8 summarizes adjuvant use reported by respondents from
Arkansas andWisconsin. Ammonium sulfate (AMS) was the most
frequently used adjuvant in both states (Arkansas 45%; Wisconsin
67%). Use of nonionic surfactants was reported by 15% respon-
dents in Arkansas, and 13% in Wisconsin. Drift reduction agents,
methylated seed oil, and crop oil concentrate were reported at low
frequencies. In Arkansas 14% of respondents indicated no use of
adjuvants, and 2% in Wisconsin. Reliance on AMS in Wisconsin

Table 6. Time of day when applying glufosinate according to survey
respondents.

Time of day

Arkansas Wisconsin

% of respondents % of respondents

Early morning (5 AM to 8 AM) 10 0
Morning (8 AM to 10 AM) 24 14
Midday (10 AM to 2 PM) 23 44
Afternoon (2 PM to 5 PM) 22 35
Late afternoon (5 PM to 7 PM) 13 6
Dusk (7 PM to 10 PM) 6 0
Night (10 PM to 5 AM) 3 0

n= 60 n= 35

Table 7. Air temperature, air humidity, wind speed, and cloud cover during
glufosinate application according to survey respondents.

Environmental factor

Arkansas Wisconsin

Min Avg Max Min Avg Max

Air temperature (C) 10 28 40 10 24 38
Air humidity (%) 20 66 100 30 63 100
Wind speed (m−s) 0 3 9 0 2.7 9
Cloud cover (%) 0 26 100 0 32 100

n= 42 n= 34

Table 8. Use of adjuvants with glufosinate applications according to survey
respondents.a

Adjuvants

Arkansas Wisconsin

% of respondents % of respondents

AMS 45 67
DRA 5 4
MSO 6 4
NIS 13 15
COC 6 4
Other 3 4
None 14 2
“I am not sure” 6 0

n= 60 n= 34

aAbbreviations: AMS, ammonium sulfate; COC, crop oil concentrate; DRA, drift reducing
agent; MSO, methylated seed oil; NIS, nonionic surfactant.
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may reflect a higher likelihood of hard water conditions relative to
Arkansas, where divalent cations can reduce glufosinate activity
unless water is first conditioned (Devkota and Johnson 2016). For
example, Pratt et al. (2003) reported that AMS mitigated glufo-
sinate efficacy losses in hard water by reducing antagonism from
Ca2þ and Mg2þ ions, thereby improving herbicide absorption.

Water quality testing practices were infrequent (Table 9).
Testing spray water pH was reported by 31% of respondents in
Arkansas and 12% in Wisconsin, and testing for cation concen-
tration was reported by 14% and 6% of respondents, respectively.
Because glufosinate efficacy can be reduced under alkaline pH and
in the presence of divalent cations (Devkota and Johnson 2016;
Butts et al. 2020), the low frequency of routine water testing
suggests that adjuvant decisions are often made without con-
firmation of carrier-water conditions. Although AMS can alleviate
antagonism and improve performance under certain conditions
(Pratt et al. 2003; Soltani et al. 2011), its value is not universal,
because water hardness can vary across regions and water sources
(USGS 2018). These findings support Extension efforts to increase
awareness and adoption of spray water testing and improve
stakeholders’ ability to interpret results, enabling adjuvant selec-
tion (AMS or alternatives) to be tailored to carrier-water con-
ditions and maximize herbicide performance.

Glufosinate Tank-Mix Practices and Antagonism Risk

Glyphosate was most frequently applied with glufosinate (reported
by 58% of Arkansas respondents; 39% of Wisconsin respondents)
(Table 10). Among acetyl-CoA carboxylase (ACC) HRAC/WSSA
Group 1 herbicides, clethodim was the most common (42% in
Arkansas, 64% in Wisconsin), whereas fluazifop, quizalofop, and
sethoxydim were selected less often. Group 4 synthetic auxins were
also reported, with 2,4-D selected by 28% of Arkansas respondents
and 44% of Wisconsin respondents, while dicamba was reported
less frequently in both states (7% in Arkansas, 3% in Wisconsin).
Reported tank mixtures with dicamba reflect respondents’ prac-
tices at the time of the 2022 survey, and label status may differ in
subsequent years, because over-the-top dicamba applications are
no longer feasible (SDSU 2025).

Tank mixture selections reported in Table 10 may reflect
regional weed communities and management priorities. In
Arkansas, respondents reported frequently including multiple
herbicides from variousWSSA/HRAC groups, including Group 14
herbicides such as fomesafen (20%) and acifluorfen (15%), and
Group 2 herbicides such as chlorimuron (55%). In Wisconsin,
Group 14 herbicides included fomesafen (14%) and lactofen (6%),
and Group 2 herbicides (chlorimuron 8%; imazethapyr 6%).
Group 15 residual herbicides were commonly reported being used
in both states (78% in Arkansas, 64% inWisconsin). S-metolachlor

was the most frequently reported Group 15 herbicide (50% in
Arkansas, 67% in Wisconsin), and Arkansas respondents also
reported using pyroxasulfone (43%), acetochlor (32%), and
dimethenamid-P (28%). A few respondents reported using glu-
fosinate without additional tank-mix herbicides (2% in Arkansas,
3% in Wisconsin). These patterns likely reflect localized resistance
challenges and trait-system constraints. In Arkansas, widespread
glyphosate-resistant and ALS inhibitor–resistant Palmer amaranth
has increased reliance on multi-way mixtures that commonly
include Group 14 and residual herbicides, consistent with earlier
work describing compatibility and performance of PPO inhibitor
þ glufosinate programs (Culpepper et al. 2000; Everman et al.
2009). InWisconsin, reported tank mixtures of Group 4 herbicides
(e.g., 2,4-D) align with weed targets (e.g., waterhemp and giant
ragweed) and soybean trait options that permit in-crop use of 2,4-D,
including where additive or synergistic responses with glufosinate
have been documented (Ganie and Jhala 2017).

In 2021, approximately 95% of U.S. soybean acreage was
planted with genetically engineered, herbicide-tolerant cultivars,
and nearly 55% of that acreage carried the dicamba-tolerance trait
(BASF 2021; USDA-ERS 2022). Over-the-top dicamba applica-
tions to dicamba-tolerant soybean were re-registered for use by the
U.S. Environmental Protection Agency in February 2026 for the
2026 and 2027 growing seasons, so dicamba can again be used in-
crop in registered systems in both Wisconsin and Arkansas
(US EPA 2026). However, current product labels prohibit over-
the-top use of dicamba in a tank mixture with AMS or AMS-
containing products, whereas AMS is commonly used to optimize
glufosinate performance, particularly where hard water occurs,
typically in theMidwest. Consequently, although dicamba remains
an available option in dicamba- and glufosinate-tolerant soybean
systems, its inclusion can constrain one of the most common
water-conditioning strategies when using glufosinate. Moreover,
dicamba should not be framed as a uniformly advantageous glu-
fosinate tank-mix partner, because co-application responses are

Table 9. Water pH and cation concentration testing as reported by survey
respondents.

Have you tested pH of your
spray water?

Arkansas Wisconsin
Yes No Yes No
% of respondents % of respondents
31 69 12 88

n= 58 n= 33
Have you tested your water

for cation concentration?
Arkansas Wisconsin

Yes No Yes No
% of respondents % of respondents
14 86 6 94

n= 58 n= 33

Table 10. Inclusion of glufosinate with other herbicides in the tank according to
respondents.a,b

Herbicide
HRAC/WSSA

group number

Arkansas Wisconsin

% of respondents % of respondents

Clethodim 1 42 64
Fluazifop 1 5 8
Quizalofop 1 5 3
Sethoxydim 1 3 6
Chlorimuron 2 55 8
Imazethapyr 2 3 6
Halosulfuron 2 10 0
Dicamba 4 7 3
2,4-D 4 28 44
Glyphosate 9 58 39
Acifluorfen 14 15 0
Fomesafen 14 20 14
Lactofen 14 2 6
Pyroxasulfone 15 43 22
S-metolachlor 15 50 67
Acetochlor 15 32 17
Dimethenamid-P 15 28 19
None reported 2 3

n= 60 n= 36

aAbbreviations: HRAC, Herbicide Resistance Action Committee; WSSA, Weed Science Society
of America.
bThere were 60 respondents from Arkansas and 36 from Wisconsin. Because respondents
could selectmore than one herbicide as their choice, the total number of herbicides exceeded
the number of participants in each state.
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species- and context-dependent and have been antagonistic in
some Palmer amaranth studies (Priess et al. 2022b). In contrast,
Enlist E3 soybean allows in-crop use of 2,4-D choline, glyphosate,
and glufosinate, enabling legal 2,4-D þ glufosinate programs
where this trait package is adopted (USDA-APHIS 2020).

Several commonly reported mixtures warrant attention due to
evidence of antagonism. The high use of glufosinate þ glyphosate
mixtures in Arkansas (58%) may reduce grass control. For
example, Meyer et al. (2021) reported lower efficacy of such
mixtures on barnyardgrass and broadleaf signalgrass [Urochloa
platyphylla (Munro exWright) R.Webster]. Likewise, glufosinateþ
clethodim mixtures, reportedly used in both Arkansas (42%) and
Wisconsin (64%), can be prone to reduced control of certain grass
species under suboptimal conditions or at lower rates. In addition to
biological antagonism, Meyer et al. (2021) observed that glufosinate
mixed with glyphosate or clethodim produced larger spray droplets
and fewer finer droplets, whichmay limit foliar coverage and reduce
efficacy for contact-active herbicides.

The frequent inclusion of residual herbicides, particularly those
in HRAC/WSSA Group 15, in glufosinate-based programs in both
states may suggest efforts to extend control of later-emerging weed
cohorts and reduce reliance on repeated postemergence applica-
tions, which aligns with resistance management principles that
emphasize herbicide layering and diversification (Arsenijevic et al.
2025; Aulakh and Jhala 2015; Norsworthy et al. 2012). Tank-
mixture patterns reported by survey respondents reinforce that
glufosinate is typically integrated into broader multi-herbicide,
multi-tactic programs rather than used as a standalone post-
emergence solution, findings that similar to those reported by
Jones et al. (2022) in North Carolina.

Perceptions of Glufosinate Efficacy and Research Needs
Among Surveyed Soybean Stakeholders

Survey respondents in both Arkansas and Wisconsin reported
moderate levels of glufosinate efficacy, with mean ratings of 7.4
(±0.21) and 7.9 (±0.24), respectively, on a 1 to 10 scale, where 1
indicated very poor control and 10 indicated excellent control
(Figure 2). While these ratings suggest that glufosinate is generally
perceived as being effective, they are lower than would be expected
for consistently reliable weed control, which is typically rated above
9 on this scale (≥90%). Ratings from respondents in Arkansas

spanned a wider range, with a broader interquartile range and
several responses in the 4 to 6 range, indicating that some
respondents experienced more variable outcomes, potentially
reflecting variation in weed pressure, herbicide resistance, applica-
tion practices, or environmental conditions during glufosinate use.

Weed size at application, spray carrier volume, and air tem-
perature received the lowest (most important) mean ratings for
influencing perceived glufosinate efficacy, respectively (Figure 3).
The highest (least important) mean ratings were assigned to
glufosinate product formulation (Liberty 280 SL; BASF, St. Louis,
MO vs. generic), spray water quality (pH and hardness), and wind
speed. Mean ratings were similar in both states for most factors,
and air temperature received a lower mean rating by Wisconsin
respondents, indicating greater perceived importance. In general,
respondents prioritized application timing and conditions that
directly influence contact herbicide performance over product
formulation and other secondary factors, indicating broad
agreement between the states on the most and least critical drivers
of perceived glufosinate efficacy.

Word clouds illustrate stakeholder perceptions of glufosinate
efficacy based on open-ended survey responses fromArkansas (left)
and Wisconsin (right) (Figure 4). The term “good” was most fre-
quently mentioned in both states (32% in Arkansas, 43% in
Wisconsin), reflecting generally favorable impressions. Respondents
in Arkansas provided a mix of positive and critical descriptors,
including “great,” “okay,” “erratic,” “resistant,” and “inconsistent,”
reflecting varied experiences likely tied to more complex resistance
scenarios, particularly with Palmer amaranth. In contrast,
Wisconsin respondents highlighted more uniformly positive terms
such as “excellent” (11%) and “effective” (6%), suggesting more
consistent performance under local conditions, potentially due to
lower suspected resistance to glufosinate. These qualitative insights
complement our quantitative findings and underscore the need to
tailor glufosinate-based programs to regional weed management
challenges.

Survey respondents in Arkansas and Wisconsin mentioned a
range of future research and Extension priorities related to glu-
fosinate use (Table 11). Both groups emphasized the importance of
tank-mixture strategies, including the influence of adjuvants,
residual layering, and synergism with auxin herbicides. Arkansas
respondents expressed particular concern about resistance
screening in Palmer amaranth and emphasized a need for

Figure 2. Boxplots showing survey respondents’ ratings of glufosinate efficacy on a scale from zero to 10, where zero indicates complete failure and 10 indicates complete
control. A shows responses from Arkansas, and B shows responses from Wisconsin. Red and blue dots and their respective dashed lines indicate the mean rating for each state.
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understanding how quickly resistance may evolve. Wisconsin
respondents more frequently requested county-level resistance
documentation, more realistic adjuvant research, and decision-
making under suboptimal environmental conditions. Several
Arkansas respondents also emphasized the need for research on
glufosinate application technology, including carrier volume,
nozzle selection, and environmental drivers of performance. In
contrast, Wisconsin respondents more frequently prioritized
improved grass control and greater emphasis on crop rotation,
reflecting interest in rotational systems (e.g., soybean-corn or
inclusion of small grains/forages) that enable alternative herbicide
sites of action and timings, disrupt weed life cycles, and reduce
reliance on repeated postemergence herbicide applications within

continuous soybean production. These differences reflect localized
agronomic challenges but also underscore a shared interest in
improving the stewardship and consistency of glufosinate efficacy.

Practical Implications

Survey responses from Arkansas and Wisconsin highlight prac-
tical factors that most consistently determine glufosinate per-
formance in soybean systems but also illustrate the complexity of
glufosinate-based control programs and the need for site-specific
strategies grounded in herbicide compatibility, resistance
management, and environmental stewardship. The greatest
opportunities to improve control are within applicator control,

Figure 3. Mean importance ratings (0–8 scale; lower values indicate greater importance) assigned by survey respondents to factors influencing perceived glufosinate efficacy.
Points show state-level means for Arkansas (red; n = 60) and Wisconsin (blue; n = 34), and gray segments connect state means within each factor. Factors are ordered by the
pooled mean rating across states (most important at top).

Figure 4. Stakeholder perceptions of glufosinate in soybean production systems weed management, visualized through word frequency word clouds derived from open-ended
survey responses in Arkansas (A) and Wisconsin (B). Word size and color correspond to the frequency of each term mentioned with the respective state, with larger and more
intensely colored words appearing more frequently. Responses reflect stakeholder impressions of glufosinate-based weed control programs across two distinct agroecological
regions.
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including treating small weeds (≤10 cm), selecting the appropriate
carrier volume and nozzle droplet spectrum to maximize cover-
age, and aligning applications with favorable conditions, when
possible, particularly at midday when light is high, and when
temperatures are warm and humidity is adequate. Althoughmany
respondents said they use AMS, they rarely tested the spray water,
despite evidence that water hardness and pH can reduce glufo-
sinate activity. This gap may be especially relevant in the Midwest,
where hard water is more common and can increase the likelihood
of reduced efficacy without conditioning. Tank-mixture decisions
also deserve attention. Foliar herbicide partners such as PPO
inhibitors and synthetic auxins can enhance the spectrum of
weeds that can be controlled and improve flexibility, but they
require careful attention to application timing, compatibility,
adjuvant selection, and spray parameters to maintain efficacy and
limit resistance selection. An additional and often overlooked
consideration is whether application parameters (nozzle type,
droplet size, and carrier volume), should be optimized for glu-
fosinate or for the tank-mix partner. Because glufosinate is a
contact herbicide, it generally benefits from finer droplets and
higher carrier volumes to maximize leaf coverage and deposition
uniformity, whereas systemic tank-mix partners can often tolerate
coarser, drift-reducing sprays without substantial efficacy loss.
When these herbicides are mixed, practitioners face an inherent
trade-off in which optimizing for one component may com-
promise performance of the other. This tension is particularly
relevant for frequent mixtures with glyphosate or Group 1 her-
bicides, which may already compromise grass control and reduce
coverage through antagonistic effects, further underscoring the
importance of deliberate, informed spray technology decisions
when glufosinate is deployed in combination with other tank-mix
partners. In Arkansas, where Palmer amaranth resistance con-
cerns are greatest, emphasis should remain on using a diversity of
herbicides and monitoring for resistance to limit further selection.
In Wisconsin, where glufosinate remains a key postemergence
option for controlling resistant waterhemp and ragweed, pre-
serving consistent performance will depend on application
stewardship, including timely applications, optimized spray
technology, and strategic tank-mix selection integrated with
nonchemical tactics (e.g., cereal rye cover crop, reduced soybean
row spacing) as part of site-specific weed management.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/wet.2026.10118
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7
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POST þ residual layering

5 Realistic AMS/DRA rates; tank-mix
combinations for enhanced control

5

Spray conditions and application Influence of carrier volume, nozzle selection, and
environmental condition

3 Decision-making under suboptimal
weather (e.g., cloudy or cool
conditions)

5

Weed management targets Problematic weeds, especially Palmer amaranth 1 Emphasis on grass control 1
Alternative herbicide strategies Interest in options beyond glufosinate, glyphosate,

dicamba, and 2,4-D
6 Less frequently mentioned 0

Extension gaps and support Less frequently mentioned 0 Requests for improved outreach on
crop rotation and adjuvant usage

3

aAbbreviations: AMS, ammonium sulfate; DRA, drift reducing agent; POST, postemergence.
bResponses were collected from an open-ended survey question: “What research or Extension efforts with glufosinate would you like to see conducted in the next 5 years?”
cResponses were manually coded into thematic categories by the authors based on key agronomic topics.
dResearch focus areas represent thematic categories defined by the authors after manually coding open-ended survey responses.
eText under Arkansas and Wisconsin columns summarizes recurring themes or representative examples of stakeholder responses within each category. These are not verbatim responses but
synthesized statements reflecting multiple respondents.

10 Arsenijevic et al.: Glufosinate Use in AR & WI

https://doi.org/10.1017/wet.2026.10118 Published online by Cambridge University Press

https://doi.org/10.1017/wet.2026.10118
https://doi.org/10.1017/wet.2025.37
https://www.uaex.uada.edu/publications/pdf/mp197/mp197fullpub.pdf
https://www.uaex.uada.edu/publications/pdf/mp197/mp197fullpub.pdf
https://assets.greenbook.net/23-20-24-04-02-2021-Lb_3087.pdf
https://assets.greenbook.net/23-20-24-04-02-2021-Lb_3087.pdf
https://doi.org/10.1017/wet.2026.10118


Arkansas Agricultural Experiment Station https://scholarworks.uark.edu/
aaesser/203/

Butts TR, Samples CA, Franca LX, Dodds DM, Reynolds DB, Adamas JW,
Zollinger RK, Howatt KA, Fritz BK, Hoffman WC, Kruger GR (2018) Spray
droplet size and carrier volume effect on dicamba and glufosinate efficacy.
Pest Manag Sci 74:740–749

Cahoon CW, York AC, Jordan DL, Seagroves RW (2015) Sequential and co-
application of glyphosate and glufosinate in cotton. J Cotton Sci 19:337–350

Carvalho Moore P, Norsworthy JK, Souza MCCR, Barber LT, Piveta LB,
Meiners I, Porri A (2025) Resistance profile of glufosinate-resistant Palmer
amaranth accessions and herbicide options. Weed Technol 39:e31

Carvalho-Moore P, Norsworthy JK, González-Torralva F, Hwang J-I, Patel JD,
Barber LT, Butts TR, McElroy JS (2022) Unraveling the mechanism of
resistance in a glufosinate-resistant Palmer amaranth (Amaranthus palmeri)
accession. Weed Sci 70: 370–379

Chudzik G, Nunes JJ, Arneson NJ, Arneson G, Conley SP, Werle R (2024)
Assessment of cover crop adoption and impact on weed management in
Wisconsin corn-soybean cropping systems. Agrosys Geosci Environ 7:e70007

Coetzer EJ, Al-Khatib K, Loughin TM (2001) Glufosinate efficacy, absorption,
and translocation in amaranth as affected by relative humidity and tem-
perature. Weed Sci 49:8–13

Copeland JD, Culpepper AS, York AC, Steckel LE (2021) Palmer amaranth control
by glufosinate depends on application time of day. J Cotton Sci 25:58–66

Craigmyle BD, Ellis JM, Bradley KW (2013) Influence of weed height and
glufosinate plus 2,4-D combinations on weed control in soybean with
resistance to 2,4-D. Weed Technol 27:271–280

Creech CF, Henry RS, Werle R, Sandell LD, Hewitt AJ, Kruger GR (2015)
Performance of postemergence herbicides applied at different carrier volume
rates. Weed Technol 29:611–624

Culpepper AS, York AC, Batts RB, Jennings KM (2000) Weed management in
glufosinate- and glyphosate-resistant soybean (Glycine max). Weed Technol
14:77–88

Dayan FE (2019) Current status and future prospects in herbicide discovery.
Plants 8:341

Devkota P, Johnson WG (2016) Glufosinate efficacy as influenced by carrier water
pH, hardness, foliar fertilizer, and ammonium sulfate.Weed Technol 30:848–859

Duenk E, Soltani N, Miller RT, Hooker DC, Robinson DE, Sikkema PH (2023)
Effect of glufosinate rate and addition of ammonium sulfate on annual weed
control in glyphosate/glufosinate/2,4-D–resistant soybean. Weed Technol
37:1–8

Everman WJ, Clewis SB, York AC, Wilcut JW (2009) Weed control and yield
with flumioxazin, fomesafen, and S-metolachlor systems for glufosinate-
resistant cotton residual weed management. Weed Technol 23:391–397

Faleco FA, Oliveira MC, Arneson NJ, Renz M, Stoltenberg DE, Werle R (2022)
Multiple herbicide resistance in waterhemp (Amaranthus tuberculatus)
accessions from Wisconsin. Weed Technol 36:597–608

Foster DC, Steckel LE (2022) Confirmation of dicamba-resistant Palmer
amaranth in Tennessee. Weed Technol 36:777–780

Ganie ZA, Jhala AJ (2017) Interaction of 2,4-D or dicamba with glufosinate for
control of glyphosate-resistant giant ragweed in glufosinate-resistant maize.
Front Plant Sci 8:1190

Hamberg RC, Ramawatar Y, Owen M, Licht MA (2023) Differential suscep-
tibility of Iowa waterhemp (Amaranthus tuberculatus) populations to 2,4-D,
dicamba, and glufosinate. Can J Plant Sci 103:595–599

Heap IM (2025) International Survey of Herbicide Resistant Weeds. https://
www.weedscience.org/. Accessed: March 9, 2025

Jones E, Cahoon CW, León RG, Everman WJ (2022) Surveying stakeholder’s
perception of glufosinate and use in North Carolina. Weed Technol
36:410–418

Kerr D, Concepcion C, Strom S, Riechers D (2023) Quantifying resistance to
very-long-chain fatty acid-inhibiting herbicides in Amaranthus tuberculatus
using a soilless assay. PLoS ONE 18:e0295927

KouameKB-J, Butts TR,Norsworthy JK,Davis J, Piveta LB (2024) Palmer amaranth
(Amaranthus palmeri) control affected by weed size and herbicide spray solution
with nozzle type pairings. Weed Technol 38:e17 doi:10.1017/wet.2023.92

Landau C, Bradley K, Burns E, DeWerff R, Dobbels A, Essman A, Flessner M,
Gage K, Hager Aaron, Jhala A, Johnson PO, Johnson W, Lancaster S,
Lingenfelter D, LouxM,Miller E, OwenM, Sarangi D, Sikkema P, Sprague C,

VanGessel,Werle R, Young B,WilliamsM II (2025)Weather and glufosinate
efficacy: A retrospective analysis looking forward to the changing climate.
Weed Sci 73:1–12

Meyer CJ, Norsworthy JK (2020) Timing and application rate for sequential
applications of glufosinate are critical for maximizing control of annual
weeds in LibertyLink® soybean. Int J Agron 2020:1–7

Meyer CJ, Norsworthy JK, Kruger GR (2021) Antagonism in mixtures of
glufosinate þ glyphosate and glufosinate þ clethodim on grasses. Weed
Technol 35:12–21

Montgomery GB, Treadway JA, Reeves JL, Steckel LE (2017) Effect of time of
day of application of 2,4-D, dicamba, glufosinate, paraquat, and saflufenacil
on horseweed (Conyza canadensis) control. Weed Technol 31:550–556

Norsworthy JK, Ward SM, Shaw DR, Llewellyn RS, Nichols RL, Webster TM,
Bradley KW, Frisvold G, Powles SB, Burgos NR,WittWW, Barrett M (2012)
Reducing the risks of herbicide resistance: best management practices and
recommendations. Weed Sci 60(SP1):31–62

Pratt DB, Kells JJ, Penner D (2003) Substitutes for ammonium sulfate as
additives with glyphosate and glufosinate. Weed Technol 17:576–581

Priess GL, Norsworthy JK, Godara N, Mauromoustakos A, Butts TR,
Roberts TL, Barber T (2022a) Confirmation of glufosinate-resistant Palmer
amaranth and response to other herbicides. Weed Technol 36:368–372

Priess GL, PoppMP, Norsworthy JK,Mauromoustakos A, Roberts TL, Butts TR
(2022b) Optimizing weed control using dicamba and glufosinate in eligible
crop systems. Weed Technol 36:468–480

R Core Team (2023) R: A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing. https://www.R-pro
ject.org

Reddy KN, Zablotowicz RM, Bellaloui N, DingW (2011) Glufosinate effects on
nitrogen nutrition, growth, yield, and seed composition in glufosinate-
resistant and glufosinate-sensitive soybean. Int J Agron 2011:696050

Riar DS, Norsworthy JK, Steckel LE, Stephenson DO, Eubank TW, Scott RC
(2013) Assessment of weed management practices and problem weeds in the
Midsouth United States soybean: a consultant’s perspective. Weed Technol
27:612–622

Salas RA, Burgos NR, Tranel PJ, Singh S, Glasgow L, Scott RC, Nichols RL
(2016) Resistance to PPO-inhibiting herbicide in Palmer amaranth from
Arkansas. Pest Manag Sci 72:864–869

[SDSU] South Dakota State University (2025) Over-the-top dicamba appli-
cations are not legal in soybean for 2025. Brookings: South Dakota State
University Extension. https://extension.sdstate.edu/over-top-dicamba-appli
cations-are-not-legal-soybean-2025. Accessed: August 3, 2025

Sellers BA, Smeda RJ, Johnson WG (2003) Diurnal fluctuations and leaf angle
reduce glufosinate efficacy. Weed Technol 17:302–306

Shergill LS, Barlow BR, Bish MD, Bradley KW (2018) Investigations of 2,4-D
and multiple herbicide resistance in a Missouri waterhemp (Amaranthus
tuberculatus) population. Weed Sci 66:386–394

Shyam C, Chahal PS, Jhala AJ, Jugulam M (2020) Management of glyphosate-
resistant Palmer amaranth (Amaranthus palmeri) in 2,4-D–, glufosinate-,
and glyphosate-resistant soybean. Weed Technol 34:487–494

Soltani N, Nurse RE, Robinson DE, Sikkema PH (2011) Effect of ammonium
sulfate and water hardness on glyphosate and glufosinate activity in corn.
Can J Plant Sci 91:1053–1059

Steckel GJ, Wax LM, Simmons WF, Phillips WH II (1997) Glufosinate efficacy
on annual weeds is influenced by rate and growth stage. Weed Technol
11:484–488

Striegel A, Eskridge KM, Lawrence NC, Knezevic SZ, Kruger GR, Proctor CA,
Hein GL, Jhala AJ (2020) Economics of herbicide programs for weed control
in conventional, glufosinate, and dicamba/glyphosate-resistant soybean
across Nebraska. Agron J 112:2508–2520

Takano HK, Dayan FE (2020) Glufosinate-ammonium: A review of the current
stage of knowledge. Sci 76:12

Takano HK, Dayan FE (2021) Biochemical basis for the time-of-day effect on
glufosinate efficacy against Amaranthus palmeri. Plants 10:89

Ugljic Z,Mobli A, OliveiraMC, Proctor CA, Dille JA,Werle R (2025) Stakeholder
assessment of weed management practices and perceptions of targeted
spraying technologies in corn-soybean systems. Front Agron 7:1601328

[USDA-APHIS] U.S. Department of Agriculture–Animal and Plant
Inspection Service (2020) Petition for determination of nonregulated status

Weed Technology 11

https://doi.org/10.1017/wet.2026.10118 Published online by Cambridge University Press

https://scholarworks.uark.edu/aaesser/203/
https://scholarworks.uark.edu/aaesser/203/
https://www.weedscience.org/
https://www.weedscience.org/
https://doi.org/10.1017/wet.2023.92
https://www.R-project.org
https://www.R-project.org
https://extension.sdstate.edu/over-top-dicamba-applications-are-not-legal-soybean-2025
https://extension.sdstate.edu/over-top-dicamba-applications-are-not-legal-soybean-2025
https://doi.org/10.1017/wet.2026.10118


for Enlist E3 soybean. https://www.aphis.usda.gov/sites/default/files/11_
23401p.pdf. Accessed: August 3, 2025

[USDA-FAS] U.S. Department of Agriculture–Foreign Agricultural Service
(2024) Soybean production by county: 3-year average (2021–2023). https://
www.fas.usda.gov/. Accessed: May 8, 2026)

[USDA-ERS] U.S. Department of Agriculture–Economic Research Service
(2022) Adoption of genetically engineered crops in the United States -
recent trends in GE adoption. https://www.ers.usda.gov/data-products/
adoption-of-genetically-engineered-crops-in-the-united-states/recent-tre
nds-in-ge-adoption. Accessed: February 2, 2026

[USDA-NASS] U.S. Department of Agriculture–National Agricultural Statistics
Service (2024) 2024 State AgricultureOverview: Arkansas. Quick Stats. https://
web.archive.org/web/20250630050129/https://www.nass.usda.gov/Quick_Sta
ts/Ag_Overview/stateOverview.php?state=ARKANSAS. Accessed: February
2, 2026

[US EPA] U.S. Environmental Protection Agency (2026) Registration of
dicamba for use on dicamba-tolerant crops. https://www.epa.gov/ingredie
nts-used-pesticide-products/registration-dicamba-use-dicamba-tolerant-
crops. Accessed: April 1 2026

[USGS] U.S Geological Survey (2018) Hardness of Water. Water Science
School. https://www.usgs.gov/water-science-school/science/hardness-wate
r#overview. Accessed: December 3, 2025

Van Wychen L (2022) 2022 Survey of the most common and troublesome
weeds in broadleaf crops, fruits & vegetables in the United States and
Canada. Weed Science Society of America National Weed Survey Dataset.
https://wssa.net/wp-content/uploads/2022-Weed-Survey-Broadleaf-crops.
xlsx. Accessed: August 3, 2025

Webster TM, Nichols RL (2012) Changes in the prevalence of weed species in
themajor agronomic crops of the southernUnited States: 1994/1995 to 2008/
2009. Weed Sci 60:145–157

12 Arsenijevic et al.: Glufosinate Use in AR & WI

https://doi.org/10.1017/wet.2026.10118 Published online by Cambridge University Press

https://www.aphis.usda.gov/sites/default/files/11_23401p.pdf
https://www.aphis.usda.gov/sites/default/files/11_23401p.pdf
https://www.fas.usda.gov/
https://www.fas.usda.gov/
https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-united-states/recent-trends-in-ge-adoption
https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-united-states/recent-trends-in-ge-adoption
https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-united-states/recent-trends-in-ge-adoption
https://web.archive.org/web/20250630050129/
https://web.archive.org/web/20250630050129/
https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=ARKANSAS
https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=ARKANSAS
https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=ARKANSAS
https://www.epa.gov/ingredients-used-pesticide-products/registration-dicamba-use-dicamba-tolerant-crops
https://www.epa.gov/ingredients-used-pesticide-products/registration-dicamba-use-dicamba-tolerant-crops
https://www.epa.gov/ingredients-used-pesticide-products/registration-dicamba-use-dicamba-tolerant-crops
https://www.usgs.gov/water-science-school/science/hardness-water#overview
https://www.usgs.gov/water-science-school/science/hardness-water#overview
https://wssa.net/wp-content/uploads/2022-Weed-Survey-Broadleaf-crops.xlsx
https://wssa.net/wp-content/uploads/2022-Weed-Survey-Broadleaf-crops.xlsx
https://doi.org/10.1017/wet.2026.10118

	Survey of glufosinate use in soybean production in Arkansas and Wisconsin
	Introduction
	Materials and Methods
	Results and Discussion
	Key Weed Species and Suspected Resistance Concerns
	Glufosinate Use and Application Practices in Arkansas and Wisconsin Soybean Production Systems
	Time of Day and Environmental Factors Affecting Glufosinate Performance
	Adjuvant Use, Water Quality, and Cation Management
	Glufosinate Tank-Mix Practices and Antagonism Risk
	Perceptions of Glufosinate Efficacy and Research Needs Among Surveyed Soybean Stakeholders

	Practical Implications
	References


