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Florpyrauxifen-benzyl and 2,4-D amine
behavior and efficacy for controlling Eurasian
watermilfoil (Myriophyllum spicatum) in
Bear Lake
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COREY V. RANSOM, AND MIRELLA F. ORTIZ*

ABSTRACT

Eurasian watermilfoil (Myriophyllum spicatum; EWM) is an inva-
sive aquatic species that poses significant ecological and eco-
nomic challenges in freshwater ecosystems such as Bear Lake, a
freshwater lake on the Utah-Idaho border. While EWM growth
dynamics have been studied across eutrophic lakes, data remain
limited for Bear Lake, where unique water chemistry may influ-
ence plant growth, herbicide behavior, and effectiveness. This
study evaluated the EWM growth and the efficacy of two herbi-
cides, florpyrauxifen-benzyl (FPB) and 2,4-dichlorophenoxyace-
tic (2,4-D) acid, in Bear Lake water compared to dechlorinated
tap water. EWM shoot fragments were propagated in both
water types, and growth parameters—including plant height,
shoot number, and biomass—were assessed monthly for 3 mo.
Additionally, herbicide degradation was monitored over 72 h
(2,4-D) and 384 h (FPB), while efficacy trials assessed biomass
reduction after 24- and 48-h exposure times to 2 mg a.e. L'
(2,4-D) or 0.02 mg a.. L' (FPB). Results indicate that EWM
exhibited significantly enhanced growth in Bear Lake water,
with higher shoot and biomass production than tap water.
Herbicide degradation patterns were similar across water types.
In tap water, both FPB and 2,4-D achieved significant biomass
reductions after 24 h of exposure compared to Bear Lake water.
However, efficacy after 48 h exposure was not statistically differ-
ent between the two water types. These findings underscore the
impact of Bear Lake’s unique water chemistry on EWM growth
and herbicide efficacy, highlighting the necessity of adapting
management strategies to account for specific environmental
conditions in nutrient-rich freshwater systems.
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INTRODUCTION

Eurasian watermilfoil (Myriophyllum spicatum L., EWM) is a
submersed, invasive, and perennial aquatic plant native to
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Europe, Asia, and northern Africa (Patten 1954). Since its
discovery in the United States in the early 1900s, it has
spread to 749 water bodies across 48 states and three Cana-
dian provinces (Pfingsten et al. 2024). The natural seasonal
fragmentation and dispersal of EWM in lakes, aided by
motorboat traffic, contribute to its spread across water bod-
ies. The primary means of introducing these fragments to
different water bodies is through transporting of boating
equipment, which has significantly accelerated the spread
of EWM (Madsen et al. 1988; Pfingsten et al. 2024). Eurasian
watermilfoil infestations have profound ecological and eco-
nomic impacts. They aggressively compete with and dis-
place native aquatic plants, reducing biodiversity and
providing unsuitable shelter, food, and nesting habitat for
native species (Schultz and Dibble 2012). A severe infesta-
tion of EWM results in dense canopies that overtop and
shade the surrounding vegetation, reducing light availabil-
ity (Madsen et al. 1991). Such infestations also impede rec-
reational activities, lower property values, disrupt natural
water flow, alter native aquatic ecosystems, and reduce the
diversity of native fish and macroinvertebrates (Newroth
1985; Madsen et al. 1991; Nikora et al. 2008; Horsch and
Lewis 2009; Schultz and Dibble 2012).

EWM management is not just an environmental concern
but also a substantial financial concern. It stands as one of
the most significant aquatic weed control efforts in the
United States, with millions of dollars spent annually
(Pimentel 2009). In New York state alone, yearly control of
EWM expenses exceed half a million dollars (NY IS Network
2019), while between 1961 and 1971 in the Tennessee Valley
Authority reservoirs, over 4 million dollars was expended
on EWM management (US FWS 2018). These figures under-
score the pressing need to better understand and optimize
the use of existing tools for aquatic weed management. The
economic burden becomes even greater when addressing
hybrids (M. spicatum X M. sibiricum), which are more difficult
to control and often survive standard treatment programs.
Their tolerance to herbicides frequently necessitates
higher application rates, multiple follow-up treatments, and
extended monitoring, driving up costs well beyond those of
managing Eurasian watermilfoil alone (Zuellig and Thum
2012). Hence, failure to effectively manage hybrids has led to
recurring infestations that strain local management budgets
and divert resources from other conservation priorities. In
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TasLe 1. THE PH, TOTAL DISSOLVED soLIDS (TDS), ELECTRICAL cONDUCTIVITY (EC), NITRATE-NITROGEN (NO3-N), pHOSPHORUS (P), poTassium (K), SULFATE (SO4-S),
cALcIuM (CA), MAGNESIUM (MG), CHLORINE (CL), cOPPER (CU), sODIUM (NA), BORON (B), AND IRON (FE) CONCENTRATIONS OF BEAR LLAKE AND TAP WATER.

Water properties

TDS EC NO;s-N P K SO4-S Ca Mg Cl Cu Na B Fe
Water source pH ppm mg L'
Bear Lake 8.8 424 452 — — 5.2 72.3 50.4 48.9 45.4 — 44.7 0.1 0.01
Tap 7.1 239 255 0.19 — 0.6 7.1 23.4 19.2 4.2 — 1.45 — —

' indicates that nutrients are below detectable limits.

Bear Lake, the coexistence of EWM with the native northern
watermilfoil (M. sibiricum) allows for interbreeding, resulting
in hybrids that exhibit more aggressive growth than either
parent (LaRue et al. 2013; Glisson and Larkin 2021). Conse-
quently, these hybrids demand rigorous management efforts
(Zuellig and Thum 2012).

Florpyrauxifen-benzyl (FPB) and the amine salt of 2,4-
dichlorophenoxyacetic acid (2,4-D) are synthetic auxin her-
bicides registered for the management of freshwater
aquatic vegetation in slow-moving or still waters, providing
a cost-effective management option for submersed, floating,
and emergent plants (Gettys et al. 2020). As synthetic auxin
herbicides, 2,4-D amine and FPB mimic the effects of natu-
ral auxins, causing significant changes in gene expression,
such as abnormal increases in cell wall plasticity and uncon-
trolled cell division (Shaner 2014), leading to fatal growth
responses in plants (Dayan et al. 2019). These herbicides are
absorbed and translocated throughout susceptible plants,
accumulating primarily in the growing points of shoots and
roots, disrupting the plant’s ability to maintain proper hor-
mone balance (Grossmann 2010). When applied at label-
recommended rates, 2,4-D and FPB have minimal nontarget
impacts on aquatic wildlife and native species (Islam et al.
2018; Beets et al. 2019).

Bear Lake, a large natural freshwater lake straddling the
Utah-Idaho border at an elevation of approxmlately 1,806 m
(5,923 feet) and covering about 282 km? (109 square
miles), is currently facing a significant EWM threat. Since its
discovery in Bear Lake in 2019, EWM has rapidly spread, affect-
ing approximately 2,833 ha of both western and eastern
shores (Bear Lake Watch 2024). The Utah Department of Natu-
ral Resources Division of Forestry, Fire, and State Lands (UT
DNR-FFSL) and the Idaho State Department of Agriculture
(ISDA) have actively treated the invasive plant over the last 5 yr
(Bear Lake Watch 2024; Invasive Species of Idaho 2024). Specifi-
cally, the UT DNR-FFSL has actively treated 202.3 ha from
2020 to 2024 while the ISDA has treated less (70.35 ha; there
was no treatment in 2024) within the same period due to bud-
get constraints. Despite their efforts, effective control in treated
areas has not been achieved, raising concerns about the poten-
tial influence of the lake’s unique water chemistry on herbicide
performance. These challenges prompted a closer investigation
into how Bear Lake’s water properties might be affecting the
efficacy of herbicide treatments, specifically 2,4-D and FPB.

Given the rapid increase in EWM infestation despite
yearly chemical treatments for 5 yr and Bear Lake’s unique
water chemistry (Table 1), there is a need to establish func-
tional relationships between herbicide behavior, concentra-
tion, exposure time, and efficacy for EWM control at Bear
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Lake. These relationships are anticipated to provide valu-
able information on the practical effectiveness of 2,4-D and
FPB in Bear Lake, optimize herbicide usage, and ensure
that treatment efforts yield the desired results. This study
was conducted to 1) examine the impact of Bear Lake’s
water chemistry on EWM growth in comparison to dechlo-
rinated tap water and 2) investigate whether the efficacy
and behavior of 2,4-D and FPB differ in Bear Lake’s water
compared to dechlorinated tap water sources.

MATERIALS AND METHODS
Plant material

Eurasian watermilfoil shoot fragments were collected
from Bear Lake, UT (41°58'16.1”N; 111°2319.3”"W) during
the summer of 2022. Genotypic validation (data not
included) of the EWM plants was performed through KASP
assay as described by Patterson et al. (2017). Following col-
lection, the shoot fragments were propagated and kept
under optimal greenhouse conditions. The greenhouse
photoperiod was set to 16 h of light and 8 h of darkness,
using 200 W LED bars for additional lighting. The green-
house temperature was maintained at 27 C during the day
and 19 C at night. The experiments were repeated twice.

To ensure uniform plant material for each trial, apical
meristem segments (15 cm in length) were excised from the
previously propagated EWM plants. The distal ends of these
cuttings were transplanted 1nto 5 by 5 by 5 cm (125 cm®) plas-
tic pots filled with topsoil' mixed with Preston fine sand
(Mixed, mesic Typic Xeropsamments) and covered with a
1.0 cm layer of Preston fine sand. Each pot was fertilized w1th
2.0 g of slow-release fertilizer (Osmocote Classic 14-14- 14)%,

Eurasian watermilfoil growth

Bear Lake water was collected from Bear Lake, Garden
City, UT (41°58'16.1"N; 111°23'19.3"W), and tap water was
obtained from the Logan, UT, municipal water supply. Both
water sources were analyzed twice for their chemical proper-
ties at the Utah State University Analytical Laboratories. The
average values from these analyses are reported in Table 1.

One hundred EWM plants were propagated as described
above. Fifty plants were grown in a tank containing Bear
Lake water sourced from Bear Lake, and the remaining 50
were grown in dechlormated tap water, both within 416.4 L
aluminum tanks®. The experiments were initiated in the
greenhouse under optimal greenhouse conditions as
described on 16 February 2024 (trial 1) and 21 May 2024
(trial 2). Bear Lake water was collected as needed and stored
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TABLE 2. HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY-DIODE ARRAY DETECTOR (HPLC-DAD) CONDITIONS FOR 2,4-D AND FLORPYRAUXIFEN-BENZYL ANALYSES.

Herbicide

Instrument parameters 2.4-D

Florpyrauxifen-benzyl

Poroshell EC-C18 column (4.6 by 100 mm; 2.6 um)s; 40 C

Poroshell EC-C18 column (4.6 by 100 mm; 2.6 um)s; 40 C

Column/temperature

Water? acidified with 0.1% phosphoric acid’

Water? acidified with 0.1% phosphoric acid’

Solvent A
Methanol'" acidified with 0.1% phosphoric acid Methanol"!
Solvent B
Gradient %B Flow Time %B Flow Time
(ml min~") (min) (ml min~") (min)
70 0.4 0 70 0.4 0
100 0.4 3.5 70 0.4 1
100 0.4 7.5 100 0.4 1.1
70 0.4 8 100 0.4 8.1
70 0.4 9 70 0.4 8.2
70 0.4 10
Injection volume 5l 5l
Retention time (min) 6.57 5.79
Wavelength (nm) 283 210

in the greenhouse in two 170.34-L enclosed plastic tanks. To
ensure water temperature acclimation and dechlorination,
both tap water and Bear Lake water were transferred into the
aluminum tank approximately 24 h before transplanting.

Plant growth was monitored for 3 mo after treatment,
with monthly assessments of plant height and shoot count.
Above- and belowground biomass was harvested and quan-
tified at the end of the experiment. During this period,
water was changed, and the plants were occasionally rinsed
approximately every 2 to 3 wk to reduce algae growth and
enhance light availability. At the end of each trial, the
above- and belowground biomass of EWM was destructively
harvested on 16 May 2024 (trial 1) and 21 August 2024 (trial
2). Harvested biomass was dried in a forced-air oven at 65 C
for 4 d before data collection.

Herbicide degradation assessment

Florpyrauxifen-benzyl and 2,4-D amine degradation
were assessed under similar experimental conditions. For
each herbicide, 10 transparent 2.0-L glass beakers (19.5 cm
tall by 13 cm diameter) were filled with either dechlorinated
tap water or Bear Lake water. FPB beakers contained 0.5 L
of water, and 2,4-D beakers contained 2.0 L. Each beaker
was treated with 10 mg L' of the respective herbicide—
FPB (ProcellaCOR™ EC)* or 2,4-D (2,4-D amine)’—and
stirred to ensure homogeneous distribution. The green-
house settings were maintained as described above. Water
samples (15 ml) were collected at various time points [FPB:
0, 1.5, 3, 6, 12, 24, 48, and 72 h after treatment (HAT); 2,4-D:
0, 6, 12, 24, 48, 96, 192, and 384 HAT] to monitor herbicide
degradation over time.

Herbicide concentrations over time were quantified
using high-performance liquid chromatography with a
diode-array detector [HPLC-DAD’ (Agilent 1260 Infinity)].
FPB samples underwent liquid-liquid extraction with low-
temperature purification (LLE-LTP), adapted from Vieira
et al. (2022). Briefly, 8.0 ml of HPLC-grade acetonitrile
(ACN) was added to 4.0 ml of each sample and vortexed for
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60 s. The solution was stored at —20 C for 120 min, after
which 5.0 ml of the solvent was collected, evaporated under
nitrogen airflow (N-EVAP)G, resuspended in 0.4 ml of ACN,
and filtered through a 0.4 pm nylon syringe filter before
HPLC-DAD analysis. For 2,4-D, samples were filtered
through a 0.4 pm nylon syringe filter and directly analyzed
using HPLC-DAD. The HPLC-DAD conditions for each her-
bicide are listed in Table 2.

Efficacy of 2,4-D amine and florpyrauxifen-benzyl for
EWM control

The propagation of EWM plants followed previously
described procedures and conditions. Sixty transplanted
EWM shoots were placed in two 416.4-L aluminum tanks,
each filled with either Bear Lake water or dechlorinated tap
water until EWM formed roots (approximately 2 wk). For each
water source and herbicide treatment, pretreatment biomass
was collected from 15 plants. An additional 15 plants served
as untreated controls. The remaining 30 plants in each water
source were divided into two exposure groups: 15 plants were
exposed to the herbicide for 24 h, and the other 15 were
exposed for 48 h.

For 2,4-D amine, trial 1 was treated on 16 April 2024 and
trial 2 on 29 August 2024. Treatments consisted of 665.06 pl
of 2,4-D amine® added to 151.42 L of Bear Lake or dechlori-
nated tap water to achieve a final concentration of 2 mg ae
L' Following 24 h and 48 h of exposure time (ET), treated
plants were transferred into clean, untreated tanks. After
four weeks (trial 1: 8 July 2024; trial 2: 26 September 2024),
all live above- and belowground biomass was destructively
harvested, dried at 65 C for 4 d, and weighed.

For FPB, trial 1 was treated on 20 November 2024 and
trial 2 on 21 February 2025. Treatments consisted of 22.98
ul of FPB* added to 151.42 L of water to achieve a final con-
centration of 578.35 pg ai L L EWM exposure time, harvest,
and biomass drying followed the same procedures as the
2,4-D amine trials.
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Figure 1. (A) Florpyrauxifen-benzyl degradation in Bear Lake (y = 0.0003%% — 0.1174x + 9.5048, R? = 0.9827) and tap water (y = 0.0004%% — 0.1253x +
9.6459, R? = (?.9754) over 72 h. Data Hresented are means and error bars are the standard error of Ehe mean (n = 5). (B) 2,4-D degradation in Bear Lake
(v = 0.00002x* — 0.0298x + 9.8238, R* = 0.99) and tap water (y = 0.00002x> — 0.0269x + 9.8375, R* = 0.99) over 384 h. Data presented are means and

error bars are the standard error of the mean (n = 5).

Statistical analysis

Before combining data from repeated experiments for sta-
tistical analysis, Levene’s test for homogeneity of variance
(¢ = 0.05 significance level) was performed using R (ver.
R 4.4.1). No significant trial effect (P = 0.29) was detected;
therefore, data from the two trials were combined for analysis
The plant height, number of shoots per plant, and above- and
belowground biomass data were analyzed by performing a lin-
ear mixed-effects ANOVA in R statistical language (ver. R 4.4.1)
using the Imer function of the Ime4 package (ver. 1.1-35.3)
(R Core Team 2023). To determine the degradation of FPB and
2,4-D amine, nonlinear regression models were developed for
the means of the FPB and 2,4-D amine concentrations over
time. Models with the highest correlation coefficients and nor-
mally distributed residuals were chosen and plotted in R.

RESULTS AND DISCUSSION
Bear Lake water and tap water properties

Depending on the source, aquatic systems can supply
salts and plant nutrients that must be properly considered
during aquatic weed control and management efforts. The
tap water was neutral, while Bear Lake water was alkaline
(Table 1). Alkaline, high-pH waters may enhance the high
growth rates and dominance of EWM (Madsen 1998;
Buchan and Padilla 2000). Sulfate-S was present in Bear
Lake water at high levels (Table 1). When present, the
anions—chlorine, boron, and carbonate—were available at
rates favorable for plant growth and development in both
water sources (Table 1). Sodium and potassium concentra-
tions in Bear Lake water were typically more favorable for
EWM growth than tap water (Madsen 1998).

Herbicide degradation assessment

Florpyrauxifen-benzyl and 2,4-D amine degradation fol-
lowed similar time-dependent patterns in both Bear Lake
and tap water, with herbicide concentrations decreasing

J- Aquat. Plant Manage. 64: 2026

steadily over time (Figures 1A and 1B). Mean FPB concen-
trations in Bear Lake and tap water rapidly declined from
9.8 pg ml~" at 0 HAT to 7.9 ug ml~" at 12 HAT, 6.6 pug ml~"
at 24 HAT, 4.9 pg ml™ ' at 48 HAT, and 2.4 ug ml™ ' at 72 HAT.
The average half-life (7 5) of Bear Lake and tap water in this
degradation process was found to be 47 h. This degradation
process is consistent with previous research in Switzerland
under similar conditions where the half-life was between 48
and 52 h (Meléndez et al. 2017). Similar FPB degradation was
reported in a study including five Wisconsin lakes with an in-
lake average half-life of 48 h (White et al. 2023). Concurrent
with reports by Meléndez et al. (2017), the pH levels of the water
sources used in this study ranged from near neutral to alkaline.
In comparison, 2,4-D degraded more slowly in both water
sources, with concentrations decreasing from approximately
9.9 ng ml ™! at application to 1.9 ug ml ™! after 384 h (Figure 1B).
The rate of degradation was comparable in both water types.
The estimated half-life (7, 5) of 2,4-D was 199.6 h in Bear Lake
water and 209.2 h in tap water, indicating minimal variation
between the two environments. Previous studies have shown
that 2,4-D degradation in aquatic systems is influenced by micro-
bial activity, water chemistry, and temperature (Wafa et al.
2011). Tavares and Dodds (2023) also reported that, for weak
acid herbicides like 2,4-D and glyphosate, when the pH of the
mixing water falls between 8 and 9, rapid hydrolysis can take
place, leading to the breakdown of the pesticide. The higher pH
and the water chemistry of Bear Lake may have contributed to
the slightly more rapid breakdown compared to tap water. The
degradation trend observed in this study is consistent with previ-
ous water bodies studies, where 2,4-D half-lives under aerobic
conditions varied between 6 and 50 d (Aly and Faust 1964).

Eurasian watermilfoil growth

The average dry biomass measurements after 90 d
showed a significant difference between the two water
sources. EWM plants grown in Bear Lake water had an aver-
age aboveground dry biomass of 3.09 g and a belowground
dry biomass of 1.32 g. Conversely, those grown in tap water
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TABLE 3. AVERAGE ABOVEGROUND AND BELOWGROUND BIOMASS OF UNTREATED EWM
PLANTS GROWN IN BEAR LAKE WATER AND TAP WATER AFTER 90 D.’

EWM

Water source Aboveground biomass (g) Belowground biomass (g)

3.09 = 0.61a
1.05 £ 0.22b

1.32 £ 0.29a
0.26 = 0.08b

Bear Lake water
Tap water

'Data presented are means (n = 50). Error terms represent the standard error of the
mean and the same lowercase letters across columns depict no significant difference
according to Tukey’s HSD (a0 = 0.05).

had an average aboveground dry biomass of 1.24 g and an
average belowground dry biomass of 0.26 g (Table 3). This
indicates that Bear Lake water facilitated the growth of EWM
plants with 3 times greater aboveground biomass and 5 times
greater belowground biomass than those grown in tap water.
Furthermore, EWM plants grown in Bear Lake water
demonstrated a notable increase in the number of shoots
per plant and plant height over a 90-d period compared to
those grown in tap water. After 90 d, the EWM plants in Bear
Lake water exhibited a significant increase in the number of
shoots, averaging eight shoots per plant, whereas those in tap
water had only three shoots per plant (Figure 2A). In terms of
height, EWM planted at an initial shoot length of 15 cm in
Bear Lake water grew to an average height of 38, 59, and
73 cm at 30, 60, and 90 d, respectively (Figure 2B). In contrast,
the plants grown in tap water at initial shoot length similar to
Bear Lake reached heights of only 20, 33, and 52 cm at the
same intervals (Figure 2B). The superior performance of
EWM grown in Bear Lake peaked 90 d after planting, with the
number of shoots per plant and plant height surpassing those
of EWM plants grown in tap water by 2.5 times and 21 cm,
respectively. High K, Mg, and SO,4-S concentrations in the
Bear Lake water (Table 1) enhance the overall metabolic

activities of aquatic plants, including nutrient and sugar trans-
port, chlorophyll production, and growth (Epstein and Bloom
1853; Hawkesford and De Kok 2006; Taiz et al. 2015) and may
have led to increased biomass and improved plant health, as
observed with the EWM plants grown in Bear Lake water.

Additionally, the elevated pH of Bear Lake water may have
contributed to the vigorous growth of EWM. This observation
is consistent with previous findings by Hellquist (1972) and
Reed (1977), who characterized EWM as most common and
prolific in hard, nutrient-rich, alkaline waters. The elevated
pH and other chemical properties (Table 1) likely enhance
nutrient availability and uptake, fostering an optimal environ-
ment for EWM growth. While the water chemistry and nutri-
ent availability in Bear Lake significantly contribute to EWM’s
rapid colonization and proliferation within the ecosystem, the
herbicide degradation data indicate that 2,4-D and FPB
remain stable and effective. Thus, the chemical properties of
Bear Lake water primarily contribute to the aggressive expan-
sion of EWM, highlighting the importance of controlling the
species in this favorable environment.

Efficacy of 2,4-D amine and florpyrauxifen-benzyl for
EWM control

In both herbicide trials, pretreatment biomass was slightly
higher in Bear Lake water treatments due to the plants’ more
aggressive growth (0.3 g and 0.15 g in Bear Lake and tap water,
respectively). However, this difference is trivial compared to
what both 2,4-D and FPB can control under normal field con-
ditions. Even much larger, well-established plants are effec-
tively managed by these herbicides at lower concentrations
(Nault et al. 2014; Beets et al. 2019). Therefore, the small dif-
ference in our tanks is unlikely to meaningfully influence out-
comes for either herbicide.

A

B BearLake Hl Tapwater

Tapwater

Water source

Bearlake

o

3 6 9
Number of Shoots

[l BearLake [ Tapwater
80

Plant height (cm)
= 3

[
=3

30 60 90
Days After Planting

Figure 2. (A) Number of EWM shoots per plant in Bear Lake water and tap water after 90 d. Data presented are means (n = 10). The same lowercase letters
depict no significant difference according to Tukey’s HSD (a0 = 0.05). (B) Plant height of EWM growth in Bear Lake water and tap water at 30, 60, and 90 d
after planting. Data presented are means (n = 10). The same lowercase letters depict no significant difference according to Tukey’s HSD (a0 = 0.05).
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TABLE 4. ABOVE- AND BELOWGROUND BIOMASS OF 2,4-D AND FLORPYRAUXIFEN-BENZYL—TREATED EWM PLANTS IN BEAR LLAKE AND TAP WATER AFTER 28 p.!

Herbicide

2,4-D

Florpyrauxifen-benzyl

Water source Treatment Aboveground biomass (g)

Belowground biomass (g)

Aboveground biomass (g) Belowground biomass (g)

Bear Lake water Pretreatment 0.321 = 0.08d 0.085 = 0.06d 0.277 = 0.06¢ 0.093 = 0.01d
Control 1.126 = 0.17a 0.650 = 0.10a 1.197 = 0.12a 0.585 = 0.10a
24 HAT 0.375 = 0.09¢ 0.210 = 0.07¢ 0.617 = 0.09b 0.291 £ 0.05b
48 HAT 0.072 = 0.04f 0.051 = 0.01e 0.266 = 0.06¢ 0.117 = 0.02¢

Tap water Pretreatment 0.174 = 0.06e 0.067 = 0.01de 0.129 = 0.02d 0.075 = 0.001d
Control 0.581 = 0.11b 0.311 = 0.09b 0.495 = 0.06b 0.206 = 0.011c
24 HAT 0.060 = 0.02f 0.027 = 0.02f 0.160 £ 0.03cd 0.010 £ 0.002d
48 HAT 0.001 £0.01g 0.001 = 0.01g 0.057 = 0.01f 0.004 = 0.013e

'Data presented are means (n = 15). Error terms represent the standard error of the mean and the same lowercase letters across columns depict no significant difference

according to Tukey’s HSD (a0 = 0.05).

Following 2,4-D amine application to EWM in Bear Lake
water and dechlorinated tap water, there was a significant
difference in the above- and belowground biomass of the
two water types. Compared to the control, 2,4-D exposure
reduced both above- and belowground biomass in both
water types (Table 4). Across all treatments and ETs, biomass
of plants treated in tap water was significantly lower than
those in Bear Lake water (Table 4). At 24 h ET, aboveground
biomass in Bear Lake water remained similar to pretreat-
ment, while belowground biomass more than doubled. In
contrast, in tap water, both above- and belowground biomass
was reduced by nearly threefold relative to pretreatment,
even at 24 h ET. At 48 h ET, tap water-treated EWM exhib-
ited complete growth inhibition and biomass reduction,
whereas Bear Lake water-treated plants began to show a
decrease compared to pretreatment biomass (approximately
4.5- and 1.5-fold reductions for above- and belowground bio-
mass, respectively; Table 4).

Similar to previous studies conducted in Wisconsin
(Nault et al. 2012; Frater et al. 2017), the percentage bio-
mass reduction increased with longer herbicide ET in both
water sources (Figure 3A). At 24 h ET, tap water shows a sig-
nificantly higher biomass reduction (90%) compared to
Bear Lake water (67%) (Figure 3A). This suggests that EWM

plants grown in dechlorinated tap water were more sensi-
tive to 2,4-D amine and those grown in Bear Lake water
were more vigorous and may detoxify the herbicide faster
due to enhanced growth. At 48 h ET, biomass reached near-
complete reduction levels (>90%) for both water types
(Figure 3A). Lower reduction in Bear Lake water at 24 h ET
highlights the potential need for longer exposure to achieve
effective control. Although dechlorinated tap water facili-
tates a faster onset of herbicide action, the overall efficacy
of 2,4-D in controlling EWM is similar in Bear Lake water
and tap water when given sufficient time to act.

Similarly, the application of FPB to EWM plants grown in
Bear Lake water and dechlorinated tap water resulted in sig-
nificant differences in above- and belowground biomass
reduction compared to the control. Extended ET of 48 h led
to a greater reduction in biomass and faster symptom devel-
opment compared to treatments with shorter ET of 24 h,
consistent with findings from previous growth chamber stud-
ies on EWM under similar conditions (Mudge et al. 2021).
FPB exposure resulted in significant biomass reductions in both
water types compared to the untreated control, further empha-
sizing the herbicide’s overall efficacy (Table 4; Figure 3B).

Eurasian watermilfoil plants grown in tap water exhib-
ited a 68% and 91% reduction in biomass at 24 and 48 h

A

I Baar Lake B Tap Water

abr

Biomass Reduction (%)
3

4 4
48 Control
Exposure Time (hours)

W Bear Lake [ Tap Water

o
[=]
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71
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Figure 3. (A) Percentage biomass reduction of 2,4-D treated EWM plants in Bear Lake water and tap water after 28 d. Data presented are means (n = 15).
The same lowercase letters depict no significant difference according to Tukey’s HSD (a0 = 0.05). (B) Percentage biomass reduction of florpyrauxifen-ben-
zyl-treated EWM plants in Bear Lake and tap water after 28 d. Data presented are means (n = 15). According to Tukey’s HSD, the same lowercase letters

depict no significant difference (o0 = 0.05).
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ET, respectively, whereas plants grown in Bear Lake water
showed only a 49% and 79% reduction over the same peri-
ods (Figure 3B). Across 24 and 48 h ET, the above- and
belowground biomass of plants treated in dechlorinated tap
water was significantly lower than those treated in Bear
Lake water (Table 4). The superior performance of FPB in
tap water, particularly after 48 h ET (>90% biomass reduc-
tion), suggests that EWM control is more effective in envi-
ronments with lower nutrient or mineral content. This may
be because plants grown in Bear Lake water exhibited
greater overall biomass and vigor, potentially enhancing
their ability to tolerate or recover from herbicide injury.

The reduced efficacy of FPB in Bear Lake water, particu-
larly the <85% biomass reduction observed even after 48 h
ET, is concerning. Previous studies have reported rapid her-
bicide activity and symptomology among sensitive plant spe-
cies, such as Hydrilla verticillata and EWM under similar
treatment scenarios (Mudge et al. 2021; Howell et al. 2022).
In contrast, in Bear Lake water, symptom development and
biomass reduction were delayed and less pronounced, even
under extended exposure conditions. Although the experi-
ment was conducted during winter, these responses are con-
sistent with observations from field conditions in Bear Lake.

These discrepancies in herbicide efficacy may be influ-
enced by the vigorous growth and resilience of EWM in
Bear Lake, which could contribute to reduced sensitivity to
herbicides. The reduced sensitivity of EWM in Bear Lake to
both 2,4-D and FPB, even under extended exposure dura-
tions, highlights the need to consider environmental and
biological factors when evaluating treatment outcomes.
Given that FPB has been the primary herbicide used in Bear
Lake for the past 5 yr (Bear Lake Watch 2024), and consid-
ering the lake’s size and water movement dynamics, further
research examining herbicide concentration, exposure times,
and water movement in field settings is needed to better
understand treatment patterns. Such studies will provide criti-
cal insight into optimizing herbicide application strategies
and improving EWM management in Bear Lake.

SOURCE OF MATERIALS

"EarthGro topsoil, packaged by Hyponex Corporation, 14111 Scottslawn
Rd., Marysville, OH 43041, USA.

20smocote® 14-14-14, The Scotts Company 14111 Scottslawn Rd., Marysville,
OH 43041, USA.

3 Aluminum tanks, Behlen Manufacturing Co., 3015 E. 23rd Street, Columbus,
NE 68601, USA.

*ProcellaCOR™ EC, SePRO Corporation, 11550 North Meridian St, Suite
600, Carmel, IN 46032, USA.

52,4—D amine herbicide, Alligare, Inc., 325 W. Pruitt Road, Opelika, AL
36801, USA.

SN-EVAP nitrogen airflow, Organomation Associates, 1330 Massachu-
setts Avenue, Berlin, MA 01503, USA.

7Agilent 1260 Infinity HPLC-DAD, Agilent Technologies, 5301 Stevens
Creek Blvd., Santa Clara, CA 95051, USA.

8poroshell EC-C18 column (4.6 X 100 mm; 2.6 pm), Agilent Technolo-
gies, 5301 Stevens Creek Blvd., Santa Clara, CA 95051, USA.

9HPLC—grade water, LabChem, Inc., 107 Industry Drive, Zelienople, PA
16063, USA.

10Phosphoric acid, Thermo Fisher Scientific, 81 Wyman Street, Wal-
tham, MA 02451, USA.

11HPLC—grade methanol, LabChem, Inc., 107 Industry Drive, Zelieno-
ple, PA 16063, USA.
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