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ABSTRACT

Invasive grasses continue to be problematic for aquatic
managers in a wide variety of managed systems, and a lack
of selective options has hindered restoration efforts. Recent
work with the graminicide sethoxydim in aquatic systems in
Florida has prompted the examination of a second active
ingredient, fluazifop-P-butyl, which is known to be effective
on many weedy grasses. Studies were conducted in south
Florida to assess fluazifop-P-butyl efficacy on para grass and
torpedograss, two of the most difficult to manage species in
aquatic systems. Aerial and airboat application studies were
conducted from 2016 to 2018 to compare fluazifop-P-butyl
with glyphosate and imazapyr tank mixes. Single fall aerial
treatments of fluazifop-P-butyl at 0.42 kg ai ha�1 reduced
torpedograss and para grass cover to 19% and 6%,
respectively, by early spring at 4 mo after treatment
(MAT). However, both species recovered by the onset of
the summer wet season the following year. Sequential
applications 14 days apart reduced torpedograss and para
grass cover to 6 and 4%, respectively, but did not increase
the longevity of control. Airboat application studies also
found good short-term control (� 3% cover) of both species
at 2 MAT with fall treatments and reduced longer-term
control (� 31% cover) with the onset of the following
summer wet season at 8 MAT. Glyphosate and imazapyr
provided better control of both species in all studies
compared to the fluazifop-P-butyl. These studies indicate
fluazifop-P-butyl may be a useful tool for torpedograss and
para grass management in Florida, especially where a high
degree of selectivity is needed. However, further studies are
needed to establish optimal retreatment timings for longer-
term control of both species.
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INTRODUCTION

Para grass [Urochloa mutica (Forsk.) Nguyen] and torpe-
dograss (Panicum repens L.) are two of the most widespread
aquatic invasive grasses in south and central Florida. Native
to Africa, para grass was historically introduced throughout
the tropics and subtropics as a potential forage grass due to
its aggressive growth, high productivity, and tolerance to
considerable hydrologic fluctuation (Rojas-Sandoval and
Acevedo Rodrı́guez 2014). In Florida, it is found primarily in
the southern and central regions of the peninsula, with
limited infestations in the northeastern peninsular and
western panhandle region (Wunderlin et al. 2019). Para
grass primarily spreads by stolons and stem fragments;
historical research suggests it produces very little viable seed
(Thompson 1919). Para grass is robust in its growth habit,
may reach heights of 3 m, and forms very dense stands. It
becomes problematic in and along canals, marshes, the
margins along many lakes and rivers, and disturbed, wet
areas in general. Para grass is listed as a category one species
by the Florida Exotic Pest Plant Council (FLEPPC 2019),
which indicates documented ecological damage within the
state. However, it is not a regulated species in Florida or
other parts of the United States.

Torpedograss is an Old World species that has also been
widely distributed as a forage species in tropical and
subtropical regions of the world (Langeland et al. 1998). In
the United States, it extends throughout Florida and the
southeastern region, with additional infestations in Cali-
fornia and Hawaii. Torpedograss spreads by rhizomes in the
soil and stems present in the water column (Smith et al.
1993). Seed production is highly variable, and its contribu-
tion to the overall invasiveness of the species is uncertain.
Torpedograss is widespread along numerous water bodies in
Florida. It is especially problematic for retention ponds and
wetland restoration sites, where it can displace many native
plants and form dense, monotypic stands (Stone 2011).

In aquatic systems, herbicides are the only viable tool for
long-term control of either species. The toolbox is generally
limited to glyphosate and imazapyr, both of which are
nonselective (Smith et al. 1993; Hanlon and Langeland 2000;
Chaudhari et al. 2012). Single applications of these
herbicides do not typically result in eradication; thus,
retreatment is needed. Imazapyr is generally the more
effective herbicide of the two, and they are also frequently
tank mixed. However, nontarget damage by these herbicides
in mixed stands of invasive grasses and desirable vegetation
can greatly hinder restoration efforts.
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Recent interest in expanding the herbicide toolbox
prompted research into the use of graminicides for aquatic
invasive grass control (Enloe and Netherland 2017; Enloe et
al. 2018). Historically, the graminicides have been widely
used in agricultural settings for control of many annual and
perennial grasses and in natural areas for suppression of
certain invasive grasses (Burton et al. 1989; Clay et al. 2006;
Kukorelli et al. 2013). Sethoxydim is the first graminicide to
be registered for use in aquatics for invasive grass control
with a 24(c) Special Local Needs label in Florida (Anony-
mous 2017). Selectivity has now been documented on a
variety of non-Poaceae aquatic emergent species (Enloe and
Netherland 2017). Additionally, sequential applications in
the late spring have been shown to provide good control of
torpedograss (Enloe et al. 2018), and summer or fall
applications have been very effective for control of West
Indian marsh grass [Hymenachne amplexicaulis (Rudge) Nees]
(Quincy 2019).

Fluazifop-P-butyl is another graminicide in the arylox-
yphenoxypropionate herbicide family, which differs in
structure from the cyclohexanediones that include sethox-
ydim. Fluazifop-P-butyl was also developed in agronomic
systems for control of weedy grasses in many broadleaf
crops. Recently it received an experimental use permit in
Florida to assess its potential for aquatic invasive grass
control (Anonymous 2016). In an Australian saltmarsh,
fluazifop-P-butyl has been used to successfully control the
invasive grass Spartina anglica C.E. Hubbard. For this species,
a single application of 2.1 kg ha�1 resulted in 98% control
after 1 yr and 92% control after 3 yr (Pritchard 2005).

In aquatic systems, there is limited information on the
efficacy of fluazifop-P-butyl for control of torpedograss and
no published studies of its effect on para grass. In mesocosm
studies, both Enloe and Netherland (2017) and Prince et al.
(2019) found fluazifop-P-butyl provided torpedograss con-
trol comparable to glyphosate in saturated conditions.
Given the utility of fluazifop-P-butyl for selective control
of multiple invasive grasses, our objective was to evaluate its
efficacy on para grass and torpedograss in aquatic systems.
To accomplish this, we examined its performance against
tank mixes of glyphosate and imazapyr in both aerial and
airboat application studies. If effective, fluazifop-P-butyl
would be another greatly needed selective tool for aquatic
invasive grass management.

MATERIALS AND METHODS

Field studies were conducted in south Florida during the
period 2016 to 2018 at C-139 Annex, a South Florida Water
Management District Property. Studies were located within
a 324-ha impoundment referred to as Pond 3
(26821041.57 00N; 80858014.61 00W). Historically, Pond 3 was a
wet prairie that was leveed to store water for irrigation of
surrounding orange groves. The water depth in Pond 3 is
seasonally dependent. In winter, dry conditions result in low
water levels and a dry surface. In the summer wet season,
water depths increase to 60 to 90 cm. The vegetation in
Pond 3 comprises numerous bald cypress [Taxodium dis-
tichum (L.) Rich.] strands interspersed among large open
areas of emergent plants. Cattails (Typha latifolia L. and

Typha domingensis Pers.) are patchy throughout the site, and
most open areas are monotypic stands of torpedograss or
para grass.

2016 to 2017 torpedograss and para grass aerial
application study

In previous work (Enloe et al. 2018) reported data
comparing aerial (helicopter) applied treatments of sethox-
ydim to glyphosate and imazapyr for torpedograss control.
That study presented data from 12 field plots. Here we
include data on six additional fluazifop-P-butyl treated plots
that were partitioned from the original published study due
to a temporal agreement with the manufacturer. The plots
were 27 m in width and 366 to 457 m in length and
contained dense, monotypic patches of both torpedograss
and para grass. This allowed for three helicopter passes to
treat the entirety of each plot. The helicopter application
volume was 187 L ha�1. The initial treatments were applied
November 4, 2016, with sequential treatments applied 2 wk
later November 18, 2016. Treatments included fluazifop-P-
butyl1 at 0.42 kg ai ha�1 applied as single or sequential
treatments, the commercial standard glyphosate2 þ imaza-
pyr3 (4.2þ1.12 kg ha�1) applied as a single treatment, and an
untreated control. Although the glyphosateþ imazapyr and
untreated control data were previously reported for
torpedograss (Enloe et al. 2018), they are reported here
again for comparison to fluazifop-P-butyl. A methylated
seed oil (MSO)4 was added to each fluazifop-P-butyl
treatment at 0.94 L ha�1. The same MSO was added to the
glyphosate þ imazapyr tank mix at 0.24 L ha�1.

2017 to 2018 torpedograss and para grass airboat
application studies

Two additional airboat application studies were also
conducted at Pond 3. One focused on para grass and was
repeated at a second location in Pond 3. The other focused
on torpedograss and was conducted once. Plots were 11 by
36 m. Treatments included fluazifop-P-butyl applied as spot
treatment rates of 1, 2, and 3% v/v (equivalent to 2.2, 4.5,
and 6.7 kg ai ha�1), a glyphosate (3%v/v)þ imazapyr (2% v/v)
tank mix (equivalent to 13.4 þ 2.24 kg ha�1, respectively),
and an untreated control. A methylated seed oil4 was added
to each treatment at 0.94 L ha�1. Plots were treated by
airboat with a spray handgun calibrated to deliver 935 L
ha�1. Treatments were applied by making one pass along the
length of each plot edge, spraying into one-half the plot
from each side. This provided good coverage and prevented
poor control within airboat trails that can occur when
navigating through recently treated areas. Treatments were
applied in late October 2017.

Data collection

For the aerial study, torpedograss and para grass were
sampled in separate quadrats. For torpedograss, 10 perma-
nent 1 by 1 m quadrats were randomly established along a
transect down the length of each plot and marked with PVC
poles. For para grass, three quadrats, 3 by 3 m in size, were
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randomly placed in dense areas of para grass cover in each
plot. For all airboat treatment studies, five permanent 1 by 1
m quadrats were randomly placed along a single transect
down the length of each plot. For the aerial study, para grass
and torpedograss cover were estimated in each quadrat at 0,
2, 4, 8, and 11 mo after treatment (MAT). For the airboat
studies, para grass and torpedograss cover were estimated at
0, 2, and 8 MAT. Additionally, for all studies, water depth at
time of treatment and emergent grass height were mea-
sured.

Statistical analysis

Treatments were applied to plots in a completely
randomized design (CRD) for all studies. For the aerial
study, there were six replications of the operational
standard and three replications of other treatments. For
all airboat application studies, there were three replications
per treatment. For all studies, analysis of variance (ANOVA)
was performed as a CRD with plot variation within
treatment considered a random effect (this was the error
term for treatment effects) and quadrat measurements
considered subsamples. Location was considered a random
effect in the para grass airboat application study that was
repeated at two sites. The arcsine-square root transforma-
tion was used for percent cover to improve homogeneity of
variance. Treatments were compared in terms of percent
cover at each sample date. The operational standard for
aerial study was not included in the analysis of percent
cover after 0 MAT because control was near complete with
very little variation. Initial water depth and plant height
were tested as covariates but were not included in the final
analysis due to lack of significance. Mean comparisons were
performed at the 5% level of significance using the Tukey-

Kramer adjustment to compare means to each other and
Dunnett’s adjustment to compare means to the untreated
check. ANOVA was performed with PROC MIXED (Littell et
al. 2006). All data were analyzed using SASt v.9.4 software.5

RESULTS AND DISCUSSION

2016 to 2017 torpedograss and para grass aerial
application study

Mean torpedograss cover in the untreated control plots
ranged from a high of 81% at pretreatment in the fall to a
low of 51% by late winter during the dry season. This
seasonal trend in cover is typical for many tropical grasses
in Florida. For torpedograss, the glyphosate þ imazapyr
treatment reduced cover to near zero by 2 MAT and
maintained that level of control for the duration of the
study to 11 MAT (Table 1). A single application of fluazifop-
P-butyl reduced cover to 24 and 19% by 2 and 4 MAT,
respectively, and these were both significantly lower in
cover than the untreated control. However, torpedograss
subsequently recovered to similar levels as the untreated
control by the onset of the summer wet season at 8 MAT.
Sequential applications of fluazifop-P-butyl followed a
similar pattern and reduced torpedograss cover to 15 and
6% at 2 and 4 MAT, respectively. Torpedograss recovered
by 8 MAT and was not different from either the single
fluazifop-P-butyl application or the untreated control.

For para grass, cover in the untreated control plots also
exhibited a seasonal trend, with high cover in the fall, a
decline by late winter, and a subsequent increase with the
onset of the summer wet season (Table 2). The glyphosateþ
imazapyr tank mix reduced torpedograss cover to near zero

TABLE 1. TORPEDOGRASS RESPONSE TO SINGLE AND SEQUENTIAL AERIAL HERBICIDE APPLICATIONS AT C-139 ANNEX.

Herbicide Rate (kg ha�1) No. of Apps

% Cover1

0 MAT 2 MAT 4 MAT 8 MAT 11 MAT

Glyphosate þ imazapyr 4.2 þ 0.56 1 88 a2 0 0.3 0.4 0.5
Fluazifop-P-butyl 0.42 1 81 a 24 b * 19 b * 59 a 59 a
Fluazifop-P-butyl 0.423 2 84 a 15 b * 6 b * 50 a 51 a
Untreated — — 81 a 74 a 51 a 81 a 71 a
1The operational standard (glyphosate þ imazapyr) was not included in the analysis of percent cover after 0 MAT because control remained excellent with little variation
between plots. The standard errors of quadrat samples for the operational standard were 0.02, 0.25, 0.27, and 0.30% for mean percent cover at 2, 4, 8, and 11 MAT, respectively.
2Means within columns followed by the same letter are not significantly different at the 5% level using the Tukey-Kramer adjustment. Means within columns followed by an
asterisk are significantly different from the untreated check using Dunnett’s test at the 5% level.
3The total fluazifop-P-butyl applied for the sequential (two) applications was 0.84 kg ha�1.

TABLE 2. PARA GRASS RESPONSE TO SINGLE AND SEQUENTIAL AERIAL HERBICIDE APPLICATIONS AT C-139 ANNEX.

Herbicide Rate (kg ha�1) No. of Apps

% Cover1

0 MAT 2 MAT 4 MAT 8 MAT 11 MAT

Glyphosate þ imazapyr 4.2 þ 0.56 1 83 a2 0 0 0.1 0.8
Fluazifop-P-butyl 0.42 1 78 a 15 b * 5 b * 58 a 64 a
Fluazifop-P-butyl 0.423 2 78 a 4 b * 4 b * 56 a * 62 a
Untreated — 81 a 86 a 49 a 86 a 84 a
1The operational standard (glyphosate þ imazapyr) was not included in the analysis of percent cover after 0 MAT because control remained excellent with little variation
between plots. The standard errors of quadrat samples for the operational standard were 0.00, 0.00, 0.07, and 0.92% for mean percent cover at 2, 4, 8, and 11 MAT, respectively.
2Means within columns followed by the same letter are not significantly different at the 5% level using the Tukey-Kramer adjustment. Means within columns followed by an
asterisk are significantly different from the untreated check using Dunnett’s test at the 5% level.
3The total fluazifop-P-butyl applied for the sequential (two) applications was 0.84 kg ha�1.
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by 2 MAT and maintained this level of control for the
duration of the study. A single application of fluazifop-P-
butyl reduced para grass cover to 15 and 5% by 2 and 4
MAT, respectively. At each sample date, these were
significantly lower than para grass cover in the untreated
control (Table 2). Similar to torpedograss, para grass
recovery occurred by 8 MAT and was not different from
the untreated control. Sequential applications of fluazifop-
P-butyl reduced para grass cover to 4% at both 2 and 4
MAT. At each of these sample dates, para grass cover was
not different between the sequential or single-application
treatments. However, at 8 MAT, a significant difference was
seen in para grass cover between the sequentially treated
plots and the untreated plots. Although statistically signif-
icant, this difference had little biological significance
because it was only two percentage points lower than the
single-application treatment.

2017 to 2018 torpedograss and para grass airboat
application studies

For torpedograss, fluazifop-P-butyl at all three concen-
trations reduced cover to 3% or less at 2 MAT and was
similar to glyphosate þ imazapyr (Table 3). However, by 8
MAT, torpedograss cover in the 1% treatment averaged
46% and was not different than the untreated control
(75%). Torpedograss cover in the 2 and 3% concentrations
were 34% and 41%, which were significantly lower than the
untreated control but were not different from the 1%
treatment. Glyphosate þ imazapyr maintained excellent
control throughout the duration of the study. For para
grass, all three fluazifop-P-butyl concentrations reduced
cover to less than 2% at 2 MAT, which was significantly
lower than the untreated control (75%) (Table 4). However,
by 8 MAT, para grass recovery in all three fluazifop-P-butyl
treatments ranged from 48 to 66% and was not different
from the untreated control.

These data indicate fluazifop-P-butyl is capable of
reducing torpedograss and para grass cover in wetlands.
In the aerial study, both single and sequential applications
reduced torpedograss cover to less than 20% by 4 MAT and
reduced para grass cover to 5%. In the airboat application
studies, spot treatment concentrations of 1 to 3% v/v
effectively reduced torpedograss cover to near zero for at
least 2 mo in the 2017 to 2018 study. Para grass cover was

also reduced to near zero, but the length of control was
shorter.

Additionally, there was no meaningful improvement in
torpedograss or para grass control with aerial sequential
applications compared to single treatments. At the time of
the sequential treatment, both species were still green and
had not senesced. These results are similar to our
previously published findings with sethoxydim that dem-
onstrated no meaningful improvement in torpedograss
control with fall sequential aerial treatments (Enloe et al.
2018). However, single applications of fluazifop-P-butyl did
reduce torpedograss control for a longer period in this
study (4 MAT) than did sethoxydim in the previous
published study (2 MAT). It is important to note that this
study was conducted in conditions that reflect extremely
difficult torpedograss control. Average water depth was 55
cm, and torpedograss shoot heights averaged 120 cm across
treated plots. This partitioned into an average of 65 cm of
dense above water growth and almost as much below water
growth. Prince et al. (2019) found reduced herbicide
efficacy (including the graminicides) for torpedograss
treated in flooded compared to saturated conditions. In
many aquatic systems, torpedograss control may be
improved where water levels are lower and multiple site
visits per year are feasible.

The duration of efficacy may have also been affected by
the timing of treatment. Previous work has shown that
torpedograss control with sethoxydim was improved with
late spring but not fall sequential applications (Enloe et al.
2018). No spring treatments were conducted in this study.
Torpedograss and para grass also exhibit reduced growth
and some senescence over the cooler, drier winter months.
These conditions have the potential to enhance the
longevity of herbicide control. This likely occurred as the
recovery of both species was generally concomitant with the
onset of the rainy season, which was around 8 mo after
treatment.

Similar to sethoxydim, these studies indicate that
fluazifop-P-butyl may have a useful fit in aquatic invasive
grass management. The selectivity it confers, which has been
similar to sethoxydim (Enloe and Netherland 2017), would
be extremely useful to aquatic managers desiring to
maintain diverse emergent communities. Additional studies
examining its impact with spring and summer timings on
these and additional species such as West Indian marsh
grass and tropical watergrass would also be useful.

TABLE 3. TORPEDOGRASS RESPONSE TO AIRBOAT SPOT TREATMENT.

Herbicide Rate (kg ha�1)

% Cover1

0 MAT 2 MAT 8 MAT

Glyphosate þ imazapyr2 13.4 þ 2.2 53 a 0 b * 0 c *
Fluazifop-P-butyl (1%) 2.2 68 a 3 b * 46 ab
Fluazifop-P-butyl (2%) 6.7 61 a 1 b * 34 b *
Fluazifop-P-butyl (3%) 11.2 56 a 0 b * 41 b *
Untreated — 70 a 75 a 73 a
1Treatment means within columns followed by the same letter are not significantly
different from each other at the 5% level using the Tukey-Kramer adjustment for
multiplicity. Treatment means within columns followed by an asterisk are significantly
different from the untreated check using Dunnett’s test at 5%.

TABLE 4. PARA GRASS RESPONSE TO AIRBOAT SPOT TREATMENT.

Herbicide Rate (kg ha�1)

% Cover1

0 MAT 2 MAT 8 MAT

Glyphosate þ imazapyr2 13.4 þ 2.2 60 a 0 b * 2 b *
Fluazifop-P-butyl (1%) 2.2 58 a 1 b * 66 a
Fluazifop-P-butyl (2%) 6.7 67 a 0 b * 48 a
Fluazifop-P-butyl (3%) 11.2 66 a 0 b * 49 a
Untreated — 66 a 86 a 71 a
1Treatment means within columns followed by the same letter are not significantly
different from each other at the 5% level using the Tukey-Kramer adjustment for
multiplicity. Treatment means within columns followed by an asterisk are significantly
different from the untreated check using Dunnett’s test at 5%.
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