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Abstract

The development of glufosinate-resistant soybean cultivars has created opportunities for use of
glufosinate applied postemergence for weed control. Four field experiments were conducted in
2021 and 2022 to ascertain the effect of glufosinate rate and the addition of ammonium sulfate
on annual weed control in glyphosate/glufosinate/2,4-D–resistant soybean. An increased glu-
fosinate rate of 500 from 300 g ai ha−1 improved control of common ragweed, common lambs-
quarters, redroot pigweed, and foxtail species and resulted in decreased density and dry biomass
of common lambsquarters and foxtail species. The addition of ammonium sulfate to glufosinate
increased control of common lambsquarters, 2 and 8 wk after application (WAA), and of foxtail
species, 2, 4, and 8 WAA, but did not improve control of common ragweed and redroot pig-
weed. Increasing the dose of glufosinate from 300 to 500 g ai ha−1 improves control of common
ragweed, redroot pigweed, common lambsquarters, and foxtail species; however, the benefit of
the addition of ammonium sulfate to glufosinate is weed species-specific.

Introduction

Weed interference can reduce soybean yield more than any other biotic factor (Oerke 2006).
The extent of yield loss due to weeds is impacted by several factors including relative time
of crop and weed emergence, weed species composition, weed density, weather, soil type,
and soil nutrient levels. For instance, interference from high densities of common ragweed
or common lambsquarters can diminish soybean yield by up to 70% and 75%, respectively
(Weaver 2001). Generally, grass weeds are considered less competitive than broadleaf weeds;
however, at high densities (>400 plants m−2) green foxtail decreased soybean yield by 80%
(Weaver 2001). The inclusion of an early postemergence (POST) herbicide such as glufosinate
can be one component of a diversified weed management strategy to minimize soybean yield
loss from weed-crop interference.

Glufosinate is a nonselective, POST-applied herbicide that offers broad-spectrum weed con-
trol. First commercialized in Canada in 1993, glufosinate blocks glutamine synthetase, an essen-
tial enzyme for nitrogen assimilation, metabolism, and photorespiration, creating the
accumulation of reactive oxygen species (Takano et al. 2019; Takano and Dayan 2020).
Driven by an immense accumulation of reactive oxygen species, glufosinate-induced phytotox-
icity is rapid, causing cell death shortly after application (Takano et al. 2019). Only six weed
species have evolved resistance to glufosinate, despite commercialization for almost 30 yr
(Heap 2022). Weed control efficacy with glufosinate is influenced by weed species, weed height
at application, time of day at application, weather, adjuvant, and glufosinate application rate
(Coetzer et al. 2002; Steckel et al. 1997). In general, dicot species are more susceptible to glu-
fosinate than monocot species (Takano et al. 2019). Common lambsquarters has reduced sen-
sitivity to glufosinate that results in variable control compared to other broadleaf weeds (Steckel
et al. 1997; Takano and Dayan 2020).

Glufosinate-resistant soybean was developed in 2011; these cultivars have genes that code for
the phosphinothricin acetyltransferase enzyme (PAT gene), which results in the rapid metabo-
lism of glufosinate (Takano and Dayan 2020). The PAT gene has been stacked with other her-
bicide resistance traits to expand POST herbicide options, including traits that confer resistance
to glyphosate, dicamba, and 2,4-D.

Ammonium sulfate (AMS) is commonly applied as an adjuvant with weak-acid herbicides
(Devkota and Johnson 2016). Efficacy from glufosinate on difficult-to-control species is
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antagonized by cations present in hard water (Takano and Dayan
2020). Inclusion of AMS in the herbicide mixture can lessen the
antagonistic effect (Thelen et al. 1995) by increasing herbicide
absorption (Maschhoff et al. 2000). The addition of AMS to the
carrier solution prior to adding glufosinate is often required for
the control of velvetleaf independent of the concentration of hard
water cations in solution (Pratt et al. 2003). Greenhouse experi-
ments reported enhanced control of giant ragweed when AMS
was mixed with glufosinate, but control of Palmer amaranth was
not improved (Devkota and Johnson 2016). Experiments con-
ducted in field corn inOntario reported that inclusion of AMSwith
glufosinate enhanced the control of common lambsquarters but
had no effect on other annual weeds evaluated (Soltani et al.
2011); the benefit of AMS is weed species–dependent (Devkota
and Johnson 2016; Soltani et al. 2011). Further studies should
be conducted in Ontario to determine the benefit of AMS and
the appropriate rate of AMS for the control of problematic annual
weeds in soybean. Furthermore, the cost of AMS has increased sig-
nificantly in recent years. Ontario farmers can have substantial
monetary gains by selectively using AMS depending on the weed
species present.

New soybean cultivars possessing multiple herbicide resistance
to glyphosate, glufosinate, and 2,4-D are now available in eastern
Canada, which may reduce the evolution of herbicide-resistant
weeds by increasing the POST herbicide options. Use of glufosinate
as a POST herbicide in Ontario soybean has expanded in recent
years for controlling glyphosate-resistant and multiple herbi-
cide–resistant weeds. Few studies have been conducted in
Ontario on the effect of glufosinate rates in combination with vari-
ous rates of AMS for the control of troublesome weed species in
glyphosate/glufosinate/2,4-D–resistant (GG2R) soybean. It is eco-
nomically and environmentally important to determine the lowest
effective dose of glufosinate and AMS for the control of problem-
atic weeds in soybean under Ontario environmental conditions.

The objectives of this study were to ascertain the effect of the
glufosinate rate and the addition of AMS at three rates for the con-
trol of problematic annual weeds in GG2R soybean. This study
builds upon previous research on glufosinate rate and AMS by
examining the weed species–specific response of common lambs-
quarters, common ragweed, redroot pigweed, and foxtail species
under the environmental conditions of southwest Ontario, which
has not yet been examined in the recent literature.

Methods and Materials

Four site-years of field experiments were conducted in Ontario: at
the Huron Research Station near Exeter (43.32°N, 81.50°W) in
2021; the University of Guelph, Ridgetown Campus in
Ridgetown (42.45°N, 81.88°W) in 2021 and 2022; and at the
BASF Research Farm near London (42.87°N, 81.13°W) in 2022.
Treatments were arranged in a randomized complete block design
with four replications. Glufosinate was applied at two doses, 300
and 500 g ai ha−1, mixed with four rates of AMS (0, 3.25, 6.50,
and 13.00 L ha−1) applied POST to GG2R soybean between the
V2 and V4 stages, depending on site-year (Table 1). The 200 g
L−1 formulation of glufosinate with a current field use rates of
300 and 500 g ai ha−1 (Liberty 200 SN; BASF Canada Inc.,
Mississauga, ON) was used in this study. Each replication con-
tained a weed-free control that was maintained with S-metola-
chlor/metribuzin (1,943 g ai ha−1; Boundary LQD; Syngenta
Canada Inc., Guelph, ON) þ imazethapyr (75 g ai ha−1; Pursuit;
BASF Canada Inc.) applied preemergence followed by a POST

application of glyphosate (900 g ae ha−1; Roundup WeatherMAX;
Bayer Crop Science Inc., Calgary, AB). A second weed-free control
was kept weed-free from the time of the POST application treatment
and consisted of glyphosate (900 g ae ha−1) applied POST. All weed-
free treatments were hand-weeded as necessary to ensure they were
absent of weeds. Herbicide treatments were sprayed between 9:00 and
11:00 AM to reduce the time-of-day application effect reported for
glufosinate efficacy (Martinson et al. 2005; Montgomery et al. 2017;
Takano and Dayan 2020).

GG2R soybean was seeded approximately 4 cm deep at approx-
imately 400,000 seeds ha−1 in rows spaced 75 cm apart. The plots
near Exeter were 3 m wide (four soybean rows) and 10 m in length
and 3 m wide × 8 m in length in Ridgetown and near London.
Herbicides were sprayed using a carbon dioxide–pressurized back-
pack sprayer calibrated to deliver 200 L ha−1 solution at 240 kPa.
The boom of the sprayer was outfitted with four ULD11002 spray
nozzles (Pentair, New Brighton, MN) spaced 50 cm apart produc-
ing a spray width of 2.0 m. Hard water (1,600 ppm calcium carbon-
ate) from a farm near Plattsville, ON, was used for the carrier spray
solution to ascertain the benefit of AMS. Each site contained natu-
ral weed populations, and herbicide treatments were sprayed when
weeds were approximately 10 cm tall. Additional trial information
is presented in Table 1.

Soybean injury was evaluated visually using a scale of 0% to
100% (0% = no visible injury and 100% = complete necrosis) 1,
2, and 4 weeks after application (WAA).Weed control assessments
by species were conducted 2, 4, and 8 WAA using a 0% to 100%
scale (0% = no weed control and 100% = no weed presence).
Regrowth of certain weeds was observed and taken into consider-
ation during weed control assessments; regrowth indicated
reduced weed control. Weed density and biomass for each weed
species were collected 4 WAA from two randomly placed
0.25-m2 quadrats in each plot. The weed species within each quad-
rat were counted (recorded as density) and cut aboveground,
placed in labeled paper bags, and dried in a kiln at 60 C. Dry weed
biomass was weighed and recorded as aboveground biomass. The
center two rows of all plots weremachine harvested at soybean har-
vest maturity; soybean yield and seed moisture content were
recorded.

Statistical Analysis

All data were subjected to mixed model variance analysis using
the GLIMMIX procedure with SAS software (version 9.4; SAS
Institute Inc., Cary, NC). The fixed effect was herbicide treat-
ment. Random effect consisted of environment, including loca-
tion and year, and replication within the environment. All
weed data were analyzed by weed species, and site-years were
pooled by weed species present at each site. Residuals were plot-
ted, and the Shapiro-Wilk statistic was used to determine whether
data were normally distributed. Weed density and biomass data
for all species were analyzed using a lognormal distribution to
best meet the assumptions of the analysis. Transformed means
were back-transformed for the presentation of results. The
Tukey-Kramer test was used to compare means using a confi-
dence level of P = 0.05. The nontreated control and weed-free
controls were excluded from weed control and injury analysis
due to no variance. Weed-free controls were excluded from weed
density and biomass analysis. Nonorthogonal contrasts were per-
formed to compare glufosinate rates of 300 and 500 g ai ha−1

across all treatments and to compare treatments containing only
glufosinate to treatments including glufosinate þ AMS.
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Results and Discussion

Soybean Injury

Glufosinate applied alone and with AMS caused minimal GG2R
soybean injury (<2%), data not presented.

Common Lambsquarters

Glufosinate applied at 300 g ai ha−1 controlled common lambs-
quarters by 38% to 54% at 2, 4, and 8 WAA; the inclusion of
AMS with glufosinate had no effect on common lambsquarters
control (Table 2). Glufosinate applied at 500 g ai ha−1 provided
48% to 67% control of common lambsquarters at 2, 4, and 8
WAA; the addition of AMS at 6.50 L ha−1 enhanced common
lambsquarters control by 10% at 2 WAA and by 12% 8 WAA.
These data are consistent with former research reporting substand-
ard control of common lambsquarters with glufosinate alone and
with AMS (Bethke et al. 2013; Fluttert et al. 2022; Steckel et al.
1997). Glufosinate applied at 300 and 500 g ai ha−1 decreased
common lambsquarters density by 20% and 27%, respectively.
No further reduction in common lambsquarters density was
observed with the inclusion of AMS. Glufosinate applied at 300
and 500 g ai ha−1 decreased common lambsquarters biomass by
25% and 47%, respectively. There was no further decrease in dry
biomass with the inclusion of AMS in the mixture. Common

lambsquarters control was enhanced by 15%, 22%, and 12% at
2, 4, and 8 WAA, respectively, when the glufosinate dose was
increased from 300 to 500 g ai ha−1, based on nonorthogonal con-
trasts. Additionally, common lambsquarters density and dry bio-
mass decreased by 12 plants m−2 and dry biomass by 28.6 g m−2.
AMS mixed with glufosinate enhanced the control of common
lambsquarters by 6% and 4% at 2 and 8 WAA, respectively.
There was no improvement in control of common lambsquarters
at 4 WAA when AMS was included with glufosinate and there was
no further decrease in common lambsquarters density or dry bio-
mass. Pline et al. (2000) observed that the inclusion of AMS with
glufosinate had no effect on common lambsquarters control. In
contrast, Soltani et al. (2011) reported improved common lambs-
quarters control of 5% with the inclusion of AMS with glufosinate
in field corn 8 WAA.

Common Ragweed

Glufosinate applied at 300 g ai ha−1 controlled common ragweed
by 83% to 91% at 2, 4, and 8WAA, and control was similar with the
addition of AMS (Table 3). Glufosinate applied at 500 g ai ha−1

provided 94% to 96% control of common ragweed at 2, 4, and
8 WAA; the inclusion of the AMS did not provide increased con-
trol of common ragweed. All glufosinate applications reduced
common ragweed density and dry biomass compared to the

Table 1. Year, location, soil characteristics, soybean planting, emergence and harvest dates, and herbicide application.a

Soil characteristics Soybean Herbicide treatment application

Year Location Texture OM pH Planting date Emergence date Harvest date Application date
Soybean
development stage

%
2021 Exeter Clay loam 2.9 7.6 May 14 May 22 November 2 June 14 V2
2021 Ridgetown Clay loam 4.2 7.6 May 20 May 26 October 1 June 23 V4
2022 Ridgetown Clay loam 5.5 6.6 May 24 May 31 October 6 June 28 V4
2022 London Loam 3.3 6.7 June 15 June 22 October 11 July 14 V3

aAbbreviation: OM, organic matter.

Table 2. Effect of glufosinate rate and addition of ammonium sulfate on visible control of common lambsquarters after application, density, and dry biomass in
glyphosate/glufosinate/2,4-D–resistant soybean.a,c

Visible controlb

Treatment Rate 2 WAA 4 WAA 8 WAA Density Dry biomass

g ai ha−1 or L ha−1 ————————-%——————— plants m−2 g m−2

Nontreated control – 0 0 0 82 b 64.5 e
Weed-free control – 100 100 100 0 0
Glufosinate 300 54 d 39 c 38 d 66 ab 48.5 cde
Glufosinate þ AMS 300þ 3.25 56 d 40 c 38 d 62 ab 46.3 bcde
Glufosinate þ AMS 300þ 6.50 63 cd 45 bc 43 bcd 57 ab 46.4 abcd
Glufosinate þ AMS 300þ 13.00 57 d 38 c 39 cd 75 ab 61.3 de
Glufosinate 500 67 bc 58 ab 48 bcd 60 ab 34.5 abcd
Glufosinate þ AMS 500þ 3.25 69 abc 58 ab 49 bc 51 ab 18.7 abc
Glufosinate þ AMS 500þ 6.50 77 a 67 a 60 a 54 a 11.7 a
Glufosinate þ AMS 500þ 13.00 76 ab 65 a 53 ab 47 ab 21.4 ab
Contrasts
Glufosinate 300 g ai ha−1 vs. glufosinate 500 g ai ha−1 57 vs. 72* 40 vs. 62* 40 vs. 52* 64 vs. 52* 47.9 vs. 19.3*
Glufosinate vs. glufosinate þ AMS 60 vs. 66* 48 vs. 52 43 vs. 47* 63 vs. 57 40.5 vs. 30.2

aAbbreviations: AMS, ammonium sulfate; WAA, weeks after application.
bMeans within the column followed by the same lowercase letter are not statistically different according to the Tukey-Kramer multiple range test (P< 0.05).
cAn asterisk (*) indicates significant difference (P< 0.05).
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nontreated control. Research conducted by Pline et al. (2000)
observed excellent control of common ragweed with glufosinate.
Nonorthogonal contrasts indicate that increasing glufosinate rate
from 300 to 500 g ai ha−1 increased common ragweed control by
5% to 9% at 2, 4, and 8 WAA, and decreased common ragweed
density. AMS mixtures with glufosinate did not affect common
ragweed control, density, or biomass.

Redroot Pigweed

Glufosinate applied at 300 and 500 g ai ha−1 controlled redroot pig-
weed by 85% to 89% and by 92% to 94% at 2, 4, and 8WAA, respec-
tively; the higher rate of glufosinate did not result in improved
redroot pigweed control (Table 4). Redroot pigweed control was
the same when AMS was added to either rate of glufosinate.

Pline et al. (2000) reported ≥95% control of redroot pigweed with
glufosinate at similar doses, which is consistent with this research.
Glufosinate applied at 300 and 500 g ai ha−1 decreased redroot pig-
weed density by 75% and 90%, respectively, at 4 WAA; there was
no further density reduction with the addition of AMS. Glufosinate
applied at 300 and 500 g ai ha−1 decreased redroot pigweed
dry biomass by 99% and 99.8%, respectively; no further reduc-
tion in dry biomass was observed with the addition of AMS.
Nonorthogonal contrasts indicate that the higher rate of glufo-
sinate (500 g ai ha−1) provided enhanced redroot pigweed
control by 5, 4, and 4 percentage points at 2, 4, and 8 WAA,
respectively. The redroot pigweed density and biomass were
similar at both glufosinate doses. Based on nonorthogonal con-
trasts, the inclusion of AMS with glufosinate had no effect on
redroot pigweed control, density, or dry biomass. Soltani

Table 3. Effect of glufosinate rate and the addition of ammonium sulfate on visible control of common ragweed after application, density, and dry biomass in
glyphosate/glufosinate/2,4-D–resistant soybean.a,c

Visible controlb

Treatment Rate 2 WAA 4 WAA 8 WAA Density Dry biomass

g ai ha−1 or L ha−1 ————————-%———————— plants m−2 g m−2

Nontreated control – 0 0 0 30 b 50.8 b
Weed-free control – 100 100 100 0 0
Glufosinate 300 91 a 88 ab 83 cd 1 a 0.3 a
Glufosinate þ AMS 300þ 3.25 89 a 85 b 77 d 2 a 0.2 a
Glufosinate þ AMS 300þ 6.50 92 a 92 ab 85 abcd 2 a 0.2 a
Glufosinate þ AMS 300þ 13.00 93 a 89 ab 85 bcd 3 a 0.3 a
Glufosinate 500 96 a 96 a 94 ab 0 a 0.0 a
Glufosinate þ AMS 500þ 3.25 94 a 96 a 90 abc 1 a 0.1 a
Glufosinate þ AMS 500þ 6.50 97 a 94 ab 91 abc 0 a 0.0 a
Glufosinate þ AMS 500þ 13.00 97 a 97 a 95 a 1 a 0.0 a
Contrasts
Glufosinate 300 g ai ha−1 vs. glufosinate 500 g ai ha−1 91 vs. 96* 88 vs. 96* 83 vs. 92* 2 vs. 0* 0.2 vs. 0.0
Glufosinate vs. glufosinate þ AMS 94 vs. 94 92 vs. 92 87 vs. 87 1 vs. 1 0.1 vs. 0.1

aAbbreviations: AMS, ammonium sulfate; vs, versus; WAA, weeks after application.
bMeans within the column followed by the same lowercase letter are not statistically different according to the Tukey-Kramer multiple range test (P< 0.05).
cAn asterisk (*) indicates significant difference (P< 0.05).

Table 4. Effect of glufosinate rate and the addition of AMS on visible control of redroot pigweed after application, density, and dry biomass in glyphosate/glufosinate/
2,4-D–resistant soybean.a

Visible controlb,c

Treatment Rate 2 WAA 4 WAA 8 WAA Density Dry biomass

g ai ha−1 or L ha−1 ————————-%———————— plants m−2 g m−2

Nontreated control – 0 0 0 20 b 45.1 b
Weed-free control – 100 100 100 0 0
Glufosinate 300 85 a 87 a 89 a 5 ab 0.5 ab
Glufosinate þ AMS 300þ 3.25 90 a 88 a 83 a 10 ab 1.7 ab
Glufosinate þ AMS 300þ 6.50 90 a 91 a 87 a 6 ab 0.9 ab
Glufosinate þ AMS 300þ 13.00 94 a 95 a 91 a 6 ab 0.8 ab
Glufosinate 500 93 a 94 a 92 a 2 a 0.1 a
Glufosinate þ AMS 500þ 3.25 92 a 92 a 88 a 8 ab 3.4 ab
Glufosinate þ AMS 500þ 6.50 96 a 93 a 90 a 10 ab 1.2 ab
Glufosinate þ AMS 500þ 13.00 96 a 96 a 92 a 4 a 0.1 a
Contrasts
Glufosinate 300 g ai ha−1 vs. glufosinate 500 g ai ha−1 89 vs. 94* 90 vs. 94* 87 vs. 91* 7 vs. 7 1.0 vs. 1.2
Glufosinate vs. glufosinate þ AMS 89 vs. 93 90 vs. 92 90 vs. 88 4 vs. 8 0.3 vs. 1.5

aAbbreviations: AMS, ammonium sulfate; vs, versus; WAA, weeks after application.
bMeans within the column followed by the same lowercase letter are not statistically different according to the Tukey-Kramer multiple range test (P< 0.05).
cAn Asterisk (*) indicates significant difference (P< 0.05).
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et al. (2011) also observed no improvement in redroot pigweed
control or decrease in dry biomass when AMS at 2.5 L ha−1 was
included with glufosinate at 400 g ai ha−1.

Foxtail Species

Glufosinate applied at 300 g ai ha−1 controlled foxtail species by
70% to 85% at 2, 4, and 8 WAA; foxtail species control was
enhanced with the inclusion of AMS at 6.50 and 13 L ha−1 at 2
WAA and with the inclusion of ammonium sulfate at 3.25 and
13 L ha−1 at 4 WAA. The inclusion of AMS with glufosinate
had no effect on foxtail species control 8 WAA (Table 5).
Glufosinate at 500 g ai ha−1 controlled foxtail species by 84% to

93% at 2, 4, and 8 WAA. Foxtail species control was not enhanced
with the inclusion of AMS. Glufosinate applied at 300 and 500 g ai
ha−1 reduced foxtail species density by 75% and 78% and dry bio-
mass by 96% and 97%, respectively. The inclusion of AMS had no
effect on the density and dry biomass of foxtail species. Based on
nonorthogonal contrasts, elevating the dose of glufosinate from
300 to 500 g ai ha−1 improved foxtail control by 5 to 12 percentage
points and reduced foxtail density by 7 plants m−2 and foxtail dry
biomass by 1.1 g m−2. Nonorthogonal contrasts show that the
inclusion of AMS with glufosinate improved foxtail species control
by up to 5%. Past research has shown greater glufosinate efficacy
when co-applied with AMS for control of giant foxtail (Maschhoff
et al. 2000). In contrast, Soltani et al. (2011) found no improvement
in the efficacy, dry biomass, or density of foxtail species when AMS
was added to glufosinate.

Soybean Yield

Interference from annual weeds reduced soybean yield by 34% in
this study (Table 6). Weed interference with glufosinate applied at
300 g ai ha−1 reduced soybean yield by 11% in comparison with the
season-long weed-free control (highest-yielding treatment).
Reduced weed interference with all other glufosinate treatments
resulted in soybean yield that was similar to the season-long
weed-free control. Soybean yield in the season-long weed-free con-
trol and the weed-free control from the time of the POST applica-
tion was similar.

This research demonstrates grass and broadleaf control in
response to glufosinate dose and AMS, and that AMS rate is spe-
cies-specific when using hard water as the carrier source. Based on
contrasts, increasing the glufosinate dose from 300 to 500 g ai ha−1

improved control of common lambsquarters, common ragweed,
redroot pigweed, and foxtail species at all evaluation dates.
Additionally, raising the dose of glufosinate to 500 g ai ha−1

reduced the density and dry biomass of common lambsquarters
and foxtail species and reduced common ragweed density. The
inclusion of AMS with glufosinate enhanced common lambsquar-
ters control at 2 and 8WAA, and foxtail species control at 2, 4, and
8 WAA. The inclusion of AMS with glufosinate did not enhance

Table 5. Effect of glufosinate rate and the addition of AMS on visible control of foxtail species after application, density, and dry biomass in glyphosate/glufosinate/
2,4-D–resistant soybean.a,c

Visible controlb

Treatment Rate 2 WAA 4 WAA 8 WAA Density Dry biomass

g ai ha−1 or L ha−1 —————————-%——————— plants m−2 g m−2

Nontreated control – 0 0 0 68 b 54.0 b
Weed-free control – 100 100 100 0 0
Glufosinate 300 85 c 70 d 78 c 17 a 2.0 a
Glufosinate þ AMS 300þ 3.25 90 bc 79 bc 84 abc 10 a 0.6 a
Glufosinate þ AMS 300þ 6.50 91 ab 74 dc 81 bc 21 a 2.3 a
Glufosinate þ AMS 300þ 13.00 92 ab 79 bc 84 abc 16 a 2.3 a
Glufosinate 500 93 ab 84 ab 87 ab 15 a 1.6 a
Glufosinate þ AMS 500þ 3.25 96 a 86 ab 87 ab 5 a 0.2 a
Glufosinate þ AMS 500þ 6.50 95 ab 85 ab 90 a 7 a 0.4 a
Glufosinate þ AMS 500þ 13.00 96 a 88 a 87 ab 9 a 0.7 a
Contrasts
Glufosinate 300 g ai ha−1 vs. glufosinate 500 g ai ha−1 90 vs. 95* 76 vs. 88* 82 vs. 88* 15 vs. 8* 1.7 vs. 0.6*
Glufosinate vs. glufosinate þ AMS 89 vs. 94* 77 vs. 82* 82 vs. 86* 16 vs. 10 1.8 vs. 1.0

aAbbreviations: AMS, ammonium sulfate; vs, versus; WAA, weeks after application.
bMeans within the column followed by the same lowercase letter are not statistically different according to the Tukey-Kramer multiple range test (P< 0.05).
cAn asterisk (*) indicates significant difference (P< 0.05).

Table 6. Effect of glufosinate rate and the addition of AMS on glyphosate/
glufosinate/2,4-D–resistant soybean yield.a

Treatment Rate
Soybean
yieldb

g ai ha−1 or L
ha−1

kg ha−1

Nontreated control – 2,400 c
Season-long weed-free control – 3,600 a
Weed-free from POST application – 3,500 ab
Glufosinate 300 3,200 b
Glufosinate þ AMS 300þ 3.25 3,300 ab
Glufosinate þ AMS 300þ 6.50 3,300 ab
Glufosinate þ AMS 300þ 13.00 3,200 ab
Glufosinate 500 3,300 ab
Glufosinate þ AMS 500þ 3.25 3,400 ab
Glufosinate þ AMS 500þ 6.50 3,300 ab
Glufosinate þ AMS 500þ 13.00 3,400 ab
Contrasts
Glufosinate 300 g ai ha−1 vs. glufosinate
500 g ai ha−1

3,200 vs.
3,400

Glufosinate vs. glufosinate þ AMS 3,200 vs.
3,300

aAbbreviations: AMS, ammonium sulfate; POST, postemergence.
bMeans within the column followed by the same lowercase letter are not statistically different
according to the Tukey-Kramer multiple range test (P< 0.05).
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the control of redroot pigweed or common ragweed. These results
from 4 site-years in Ontario fields are consistent with other labo-
ratory and field research. Maschhoff et al. (2000) reported that
AMS improved control from glufosinate on some weed species
by enhancing the absorption of glufosinate. Pline et al. (2000)
observed increased control of common milkweed when AMS
was added to glufosinate, but no increase in control of the annual
weeds was evaluated. Steckel et al. (1997) reported differing sensi-
tivity among weed species to glufosinate, with control being deter-
mined by glufosinate rate and the size of weeds when glufosinate is
applied; the optimal rate of glufosinate was dependent on the spe-
cies present and weed height at application. Our research indicates
based on contrasts, that raising the dose of glufosinate from 300 to
500 g ai ha−1 results in enhanced control of common lambsquar-
ters, common ragweed, redroot pigweed, and foxtail species, and
the inclusion of AMS with glufosinate results in enhanced control
of common lambsquarters and foxtail species. Ontario soybean
producers who use glufosinate-resistant traits should apply glufo-
sinate at 500 g ai ha−1 and should add AMS depending on the weed
species present. In general, common lambsquarters control was
poor with all glufosinate treatments, which is consistent with pre-
vious research (Bethke et al. 2013; Fluttert et al. 2022; Steckel et al.
1997). Growers should avoid the use of glufosinate if common
lambsquarters is the target weed. Glufosinate efficacy may be
improved when used as a POST herbicide in a two-pass weed con-
trol system because the size and density of weeds at the time of
application is greatly reduced (Davis et al. 2010). Applications
of glufosinate in this study were applied to an average of 10-cm
weeds. Soybean growers applying glufosinate may find improved
control, especially of common lambsquarters, compared to this
study if applied to 5-cm weeds and less-dense weed populations.

Practical Implications

Currently, glufosinate-resistance is being stacked alongside other
herbicide-resistant soybean traits, including glyphosate, 2,4-D,
and dicamba. Glyphosate/glufosinate/2,4-D–resistant (GG2R)
soybean cultivars provide growers with additional POST herbicide
options for improved weed control and introduce more diversity
into weed management programs. Glufosinate can be applied
POST for the control of problematic weeds in GG2R soybean.
With the rise of herbicide cost in recent years, some growers
may be seeking to decrease production costs by reducing the rate
of glufosinate applications. Based on this research, the high label
rate of 500 g ai ha−1 should be used for more consistent control
of most annual weeds in Ontario. This rate was found to provide
improved control of all species evaluated including common
lambsquarters, common ragweed, redroot pigweed, and foxtail
species, compared to the low label rate of 300 g ai ha−1. With
the use of hard water as the carrier solution, the benefit of adding
AMS to glufosinate is weed species-specific. The inclusion of AMS
with glufosinate can enhance control of common lambsquarters
and foxtail species. The inclusion of AMS with glufosinate does
not enhance the control of redroot pigweed or common ragweed.
Glufosinate plus AMS applied at 6.5 L ha−1 was adequate to
improve control of common lambsquarters 8 WAA, and higher

rates of AMS are unnecessary. Input costs can be reduced by elimi-
nating the inclusion of AMS with glufosinate in fields with weeds
such as common ragweed and redroot pigweed. Results demon-
strate that adequate control of common lambsquarters is not
achieved with glufosinate regardless of the rate or the addition
of AMS, and its use should be avoided if common lambsquarters
is the target weed species.
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