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Evaluation of florpyrauxifen-benzyl for
control of Old World climbing fern
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ABSTRACT

Old World climbing fern [Lygodium microphyllum (Cav.) R.
Br.; OWCF] is an invasive vine in many Florida wetlands.
Management involves poodle cutting the climbing rachis at
approximately 120 cm, with a subsequent foliar application
of glyphosate to the remaining rooted vines. Recently, there
has been increasing interest in synthetic auxin herbicides
for OWCF control. Florpyrauxifen-benzyl is a new auxin
mimic that was developed for weed control in aquatics and
is selective at low use rates. There is limited information
regarding its activity on OWCF. We conducted field studies
at four wetland sites in south Florida from 2017 to 2020 to
evaluate the effectiveness of florpyrauxifen-benzyl for
OWCF control. In small-plot studies at two locations, flor-
pyrauxifen-benzyl applied at 0.08 and 0.16 g L�1 reduced
OWCF cover to � 4% at 3 mo after treatment (MAT) and �
21% at 6 MAT. However, florpyrauxifen-benzyl at these con-
centrations did not consistently control OWCF at 12 MAT.
An additional study evaluated banded applications of flor-
pyrauxifen-benzyl or glyphosate compared to poodle cutting
for control of the climbing rachis. For both herbicides,
banded applications did not control the climbing rachis,
whereas poodle cutting provided complete control of all
climbing rachis. Finally, an operational field study demon-
strated florpyrauxifen-benzyl applied by professional appli-
cators at 0.16 g L�1 reduced OWCF cover to 9% at 17 MAT
and was not different from glyphosate applied at 14.4 g L�1.
These studies indicate florpyrauxifen-benzyl is active on
OWCF and future research should evaluate the effectiveness
of repeat applications for longer-term control.
Key words: chemical control, invasive vines, natural
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INTRODUCTION

Old World climbing fern [Lygodium microphyllum (Cav.) R.
Br.; OWCF] is an indeterminately climbing and twining fern
that is one of the most troublesome invasive plants in Flor-
ida. It invades numerous wetland, mesic, and hydric upland

habitats, displaces native vegetation, and alters natural fire
regimes (Hutchinson et al. 2006). Native to tropical and sub-
tropical regions in Africa, Australia, and southeast Asia,
OWCF was first introduced into the United States as an
ornamental plant in the nurseries of southeast Florida in
the late 1950s (Pemberton and Ferriter 1998). OWCF
quickly escaped cultivation and was reported as naturalized
and spreading rapidly throughout natural areas in Palm
Beach and Martin Counties in southeast Florida in 1965
(Beckner 1968). In less than 50 yr from its introduction,
OWCF had expanded to cover more than 70,000 ha
throughout south and central Florida (Ferriter and Pernas
2006). Currently, its range continues to expand northward,
varying from dense infestations on tree islands of the Ever-
glades in the south of the state to isolated populations in
Duval County near Jacksonville, FL with an additional veri-
fied report of a single plant found by the Georgia Depart-
ment of Natural Resources in Long County, GA in 2023
(EDDMapS 2023). The fern has been predicted to continue
expansion to other suitable regions in southern Georgia,
the Gulf Coast of Texas, the Caribbean, and South and Cen-
tral America (Goolsby 2004).

In its native range, OWCF is rarely found to be more
than a few meters tall and does not displace the native plant
community (Goolsby et al. 2003). Alternatively, in its novel
range in Florida, it aggressively smothers native vegetation
in the understory under rachis mats that can be up to 1 m
thick and climbs rapidly into the crown of trees, sometimes
collapsing entire forest canopies under the weight of the
biomass (Pemberton and Ferriter 1998, Hutchinson et al.
2006). This alteration of the forest structure creates homog-
enous monocultures of OWCF and reduces the overall bio-
diversity of the plant community (Brandt and Black 2001,
Clark 2002), has negative implications on wildlife (Call et al.
2007, Hutchinson 2006), and can carry fire into tree crowns
in fire-intolerant habitats (Pemberton and Ferriter 1998,
Hutchinson et al. 2006).

OWCF is common in wetland and mesic ecosystems,
including seasonally inundated pine flatwoods, cypress
swamps, and tree islands of the Everglades, all of which are
common habitats in Florida (Volin et al. 2004, Hutchinson
et al. 2006). Spores can germinate and produce gameto-
phytes on a wide variety of natural substrates, including
standing water (Call et al. 2007). Sporophytes readily estab-
lish in any moist substrate such as tussocks of grasses and
native ferns, decaying stumps and logs, or banks of drainage
canals (Call et al. 2007, Hutchinson and Langeland 2010). Its
rapid spread can be attributed to a prolific mixed mating
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sexual reproduction system (Lott et al. 2003). Each fertile
leaflet can contain up to approximately 28,000 wind dis-
persed spores (Volin et al. 2004) and a single isolated spore
can result in a viable population far from its parent plant
through intragametophytic selfing (Lott et al. 2003). The
dispersal rate of its spores, facilitated by its propensity to
climb to the top of tree canopies, has been estimated to be
up to 724 spores m3 hr�1 (Pemberton and Ferriter 1998).

Throughout the entire Everglades watershed, 74% of the
OWCF infestations occur within the Arthur R. Marshall Lox-
ahatchee National Wildlife Refuge (LNWR; Rodgers et al.
2014). The LNWR is a 58,755-ha impounded peat wetland
that is a historical remnant of the northern Everglades in
western Palm Beach County, FL. Dense OWCF infestations
within the refuge are significantly correlated to the tree and
shrub vegetation found on them (Wu et al. 2006, Fujisaki
et al. 2010) and the species is most successful in the transi-
tional area where wet and dry conditions meet (Hutchinson
and Langeland 2006). Some tree islands are completely blan-
keted by OWCF to the extent that no other vegetation can
be seen beneath it (Pemberton and Ferriter 1998).

The most common method for controlling OWCF is a
cut and spray technique known as poodle cutting. This
involves cutting the climbing rachis at approximately 120
cm and then applying a foliar herbicide treatment to the
lower portion of the climbing rachis below the cutting
height (Thomas and Brandt 2003, Hutchinson et al. 2006).
Previous studies have demonstrated that poodle cutting is
required to control climbing vines as complete foliar treat-
ment of climbing vines from the ground is generally not
possible (Hutchinson et al. 2006). Furthermore, banded
sprays that treat only the lower portion of the climbing
vines do not translocate herbicide sufficiently to the higher
unsprayed portions for complete control. However, Stocker
et al. (1997) found limited evidence of upward translocation
of the auxin triclopyr following a banded application. Addi-
tionally, treatments with glyphosate, triclopyr, and metsul-
furon-methyl will all control aboveground biomass but
regrowth from the rhizomes can result in rapid recovery of
OWCF, revealing limited basipetal translocation of the her-
bicide into the rhizomes (Hutchinson et al. 2010). Ground
treatments that require poodle cutting are often very
expensive because of increased effort of applicators. In 2021,
the South Florida Water Management District (SFWMD)
reported a total of 655 ground-treated hectares of OWCF in
LNWR, amounting to nearly $438 dollars per hectare
(E. Allen, SFWMD, pers. comm.).

Additionally, nonselective herbicides like glyphosate have
the potential to cause nontarget damage to desirable vegeta-
tion (Stocker et al. 1997, Hutchinson et al. 2006, Hutchinson
and Langeland 2007). There are no known instances of long-
term control using any herbicide without repeated applica-
tions (Hutchinson and Langeland 2006). In greenhouse and
field trials, glyphosate reduced OWCF cover by over 92%, and
despite mortality of native plants and frequent OWCF
resprouting it remains the most common management option
(Thomas and Brandt 2003, Hutchinson and Langeland
2006, Hutchinson and Langeland 2007). Applications of
metsulfuron-methyl resulted in similar efficacy on OWCF
and many trees and shrubs were less susceptible to

inadvertent damage; however, native ferns frequently
found in the understory are highly sensitive to the herbi-
cide (Hutchinson and Langeland 2007, Hutchinson and
Langeland 2012).

In 2018, a new active ingredient, florpyrauxifen-benzyl,
was developed and registered for aquatic use (Anonymous
2018). Florpyrauxifen-benzyl represents a new class of syn-
thetic auxins in the arylpicolinate family, exhibiting a dif-
ferent binding affinity than other synthetic auxins that are
currently available, including triclopyr (Netherland and
Richardson 2016). Florpyrauxifen-benzyl was developed for
the selective control of weeds in rice and aquatic areas and
has demonstrated systemic activity at low use rates on
numerous aquatic weeds with limited nontarget damage
(Netherland and Richardson 2016, Richardson et al. 2016,
Beets et al. 2019, Sperry et al. 2021). Florpyrauxifen-benzyl
has had limited testing in wetlands and riparian areas where
OWCF is problematic. Recent studies have indicated that
florpyrauxifen-benzyl is successful at controlling barnyard-
grass [Echinochloa crus-galli (L.) P. Beauv.] and several broad-
leaf weeds commonly found in rice (Miller et al. 2018, Miller
and Norsworthy 2018). However, foliar application of flor-
pyrauxifen-benzyl to Brazilian peppertree (Schinus terebinthi-
folia Raddi) and four mangrove species failed to control the
invasive tree and resulted in considerable nontarget injury
to all four mangrove species (Enloe et al. 2020). Regardless,
given its low use rates, selectivity, and utility in aquatic set-
tings, florpyrauxifen-benzyl is an ideal candidate for effi-
cacy testing on OWCF.

Given the need for additional selective tools for OWCF
management, the objectives of this study were 1) to evaluate
the efficacy of backpack foliar application of florpyrauxifen-
benzyl at three different concentrations on OWCF and com-
pare them to glyphosate, which is the commercial standard; 2)
to determine if a banded application of florpyrauxifen-benzyl
to the lower portion of the climbing rachis will control the
entire climbing portion of the fern without poodle cutting;
and 3) to evaluate the performance of florpyrauxifen-benzyl
compared to glyphosate in an operational setting. A better
understanding of florpyrauxifen-benzyl efficacy on OWCF
could provide land managers with a more selective, lower-use-
rate herbicide that is already approved for use in wetland and
aquatic sites where this troublesome invasive plant is com-
monly present.

MATERIALS AND METHODS

Field studies were conducted at four sites in south Florida
from 2017 to 2019. These included a florpyrauxifen-benzyl
concentration study near Fort Pierce, FL (27�32025.19100N,
80�22042.538800W) and along the Nubbin Slough near Okee-
chobee, FL (27�15’10.1448"N, 80�41030.12300W), a poodle cut-
ting/florpyrauxifen benzyl banded treatment study near
Taylor Creek, FL (27�16036.501600N, 80�38058.113600W), and an
operational florpyrauxifen-benzyl study on Everglades tree
islands in the LNWR (26�30010.94700N, 80�19058.237800W). All
sites contained mature infestations with dense, homogenous
patches of OWCF climbing into the tree canopies and smoth-
ering native understory vegetation under rachis mats up to
0.8 m deep.
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Florpyrauxifen-benzyl concentration studies

In March of 2017, a study was initiated in Fort Pierce, FL
in St. Lucie County. At this location, OWCF had formed
dense patches at the base of a constructed berm surround-
ing a stormwater retention pond. The habitat consisted of
an overstory with an open canopy of slash pine (Pinus elliottii
Engelm.) and melaleuca [Melaleuca quinquenervia (Cav.) S.F.
Blake] trees that were treated in the prior year, leaving
snags covered with vertically ascending OWCF. Native
understory species included saw palmetto [Serenoa repens
(Bartram) J. K. Small], chain fern [Woodwardia virginica (L.)
Sm.], swamp fern (Blechnum serrulatum Rich.), and bracken
fern [Pteridium aquilinum (L.) Kuhn] which were growing
underneath the rachis mats. The soil is composed of Lawn-
wood and Myakka sands (Soil Survey Staff 2022). The study
was initiated before the peak of the wet season in March
and no standing water was present in any of the plots at the
time of treatment.

The study was repeated at a second site along the Nubbin
Slough near Okeechobee, FL. The Nubbin Slough is a for-
ested intermittent stream that collects water from the Nub-
bin Slough Basin and discharges it into northeast Lake
Okeechobee. OWCF at this site has replaced much of the
native plant community in the understory, forming mono-
typic patches that would have historically consisted mainly
of saw palmetto, native ferns, and other woody and herba-
ceous species. The dominant tree species is slash pine, of
which a majority are affected by the climbing rachis up to
the canopy. Basinger and Placid sand make up the soil com-
position at this site and exhibit ponding during frequent
rainfall (Soil Survey Staff 2022). Throughout the duration
of the study, occasional inundation of up to 15 cm
occurred, but did not persist for extended periods in any of
the experimental units.

At both sites, 20 plots, each 25 m2 (5 m by 5 m) in size,
were established in dense, horizontally growing OWCF.
Vertically ascending OWCF was excluded from the experi-
ment and prevented the need for poodle cutting. Plots were
marked with a single polyvinyl chloride (PVC) pole at the
center point with a buffer of at least 1 m between plots to
prevent overspray into neighboring plots. A total of five
treatments were applied, including florpyrauxifen-benzyl1

at three concentrations of 0.08 g ae L�1, 0.16 g ae L�1, 0.32
g ae L�1, glyphosate2 at the commercial standard concen-
tration of 14.4 g ae L�1 (Hutchinson et al. 2006), and a non-
treated control. Treatments were assigned to experimental
units in a completely randomized design and each treat-
ment was replicated four times. A nonionic surfactant
(NIS)3 was added to each treatment at 0.5% volume to vol-
ume (v/v). In Ft. Pierce, FL, plots were treated on 5 April
2017, and the Nubbin Slough applications were made on 26
May 2017, and completed on 27 May 2017. The minor delay
was due to the threat of forecasted storms later in the day
on 26 May. The treatments at both sites were applied using
a carbon dioxide (CO2) pressurized backpack sprayer with a
single adjustable cone nozzle at an application volume of
374 L ha�1. The sprayer was calibrated before each treat-
ment to ensure that a consistent volume of the solution was
applied to each plot.

A visual estimate of percent OWCF cover was collected
using a 1-m2 quadrat placed at four locations within the
entire 25-m2 plot. Visual estimations from these subplots
were averaged to obtain the percent cover for the whole
plot. Most resprouting observed within the plots through-
out the duration of the study was from the rachis, and few
new sporophytes were observed. Baseline data were col-
lected prior to the herbicide application and posttreatment
cover evaluations were collected at 1, 3, 6, and 12 MAT.

Poodle cutting/florpyrauxifen-benzyl banded treatment
study

This study was initiated near Taylor Creek, FL in August
2018 to investigate the effectiveness of florpyrauxifen-ben-
zyl using banded treatments with and without poodle cut-
ting. The site was located on the margin of a cypress dome,
where OWCF was ascending vertically into the canopy of
bald cypress [Taxodium distichum (L.) Rich.] and red maple
(Acer rubrum L.). Soil composition consisted of Samsula
muck and Lawnwood and Myakka sands which are poorly
drained and exhibit frequent ponding during the wet sea-
son (Soil Survey Staff 2022).

The study was a completely randomized design (CRD).
Eight treatments were applied to 5 by 5–m plots, with each
plot centered on an infested tree with dense OWCF cover
ascending vertically above 5 m in height. Each treatment
was replicated four times for a total of 32 plots. Treatments
included florpyrauxifen-benzyl1 at 0.08 g ae L�1 and 0.16 g
ae L�1, glyphosate2 at 14.4 g ae L�1, and a nontreated con-
trol, each with and without poodle cutting. A nonionic sur-
factant3 was applied with each herbicide treatment at 0.5%
v/v. In plots with poodle cutting, the climbing fern was cut
at 1.2 m, which separated the upper climbing portion from
the rooted vine. The intact lower portion of the vines were
then pulled away from the tree and treated with herbicide.
In plots without poodle cutting, a band of herbicide was
applied to the climbing OWCF from the ground up to 1.2 m
around the circumference of the tree centered in the plot.
Additionally, all OWCF ground cover within each 5 by 5–m
plot was also foliar treated with the same herbicide treat-
ment as the banded treatment. Plots receiving the control
treatments were either poodle cut or were not poodle cut
but did not receive any herbicide treatment.

Visual percent climbing cover was recorded by estimat-
ing OWCF climbing cover on two opposite sides of the tree
in the center of each plot and averaging them for a single
value for the plot. Ground cover was eliminated by the
foliar treatment and resprouts did not influence the climb-
ing cover. Data were collected just prior to treatment (base-
line) and at 1, 3, 6, and 12 MAT. These sample dates allowed
us to separate both short and longer-term impacts of both
the herbicide and poodle cutting treatments.

Operational florpyrauxifen-benzyl study

The final study was established on tree islands in the
LNWR in 2018. Twenty tree islands ranging from 0.07 to
0.37 ha (average 0.18 ha) were randomly selected within a
1-km2 grid in the central region of the LNWR. The landscape
in the LNWR consists of a mosaic of sloughs, wet prairies,
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and sawgrass ridges, and contains a high density of tree
islands (Brandt and Black 2001). Tree islands, composed of
Loxahatchee Muck (Soil Survey Staff 2022) contained mixed
stands of moderate or dense OWCF in the understory with
ascension into the canopy of most trees, which included
swamp bay [Persea palustris (Raf.) Sarg], wax myrtle [Morella
cerifera (L.) Small], and dahoon holly (Ilex cassine L.). Common
native vegetation growing in association with OWCF in the
understory included cinnamon fern (Osmunda cinnamomea L.),
sword fern [Nephrolepis exaltata (L.) Schott], swamp fern, hot-
tentot fern [Thelypteris interrupta (Willd.) K. Iwats.], chain fern,
and other herbaceous species. The fringes of the tree islands
were generally comprised of sawgrass (Cladium jamaicense
Crantz.) just before the transition to deeper water and open
marsh.

Individual tree islands served as experimental units.
Islands were randomly assigned to one of five treatments,
with four replicate islands per treatment. A total of five
treatments were applied and included florpyrauxifen-
benzyl4 at 0.08 g ae L�1 or 0.16 g ae L�1, triclopyr acid5 at
5.4 g ae L�1, glyphosate2 at 14.4 g ae L�1, and a nontreated
control.

Treatments were applied by a commercial applicator
(Aquatic Vegetation Control Inc., Riviera Beach, FL, USA) in
December 2018. The expected application volume for treat-
ments was 374 L ha�1, but across experimental units, the
actual application volume was 524 L ha�1. This was likely
because of the heavy OWCF cover over both the ground and
many shrubs, creating a variable three-dimensional canopy
structure that was inherently more difficult to treat with back-
pack sprayers. Triclopyr acid was also included in the study
because previous studies found triclopyr reduced OWCF
cover and resulted in an increase in native ferns and herba-
ceous species in the understory (Glueckert et al. 2023).
Research by Hutchinson and Langeland (2007) also resulted in
an increase in native vegetation following treatment with tri-
clopyr formulations when compared with glyphosate.

A six-person crew initiated the treatments on 10 Decem-
ber 2018. The 16 tree islands that received an herbicide
treatment were first poodle cut by the applicator crew at a
height from the ground of approximately 1.2 m to discon-
nect the climbing rachis from the rooted vines. The four
nontreated control islands were not poodle cut. Herbicide
applications occurred from 17 December to 19 December
2018. The herbicide treatments were mixed in a 378-L tank
and distributed to 15-L backpack sprayers with single
adjustable cone nozzles. A methylated seed oil (MSO)6 was
included in the tank mix at 1% v/v. Applicators treated the
lower, intact portion of the climbing rachis and all other
OWCF cover below the poodle cutting height across each
island.

For data collection, three 25-m2 (5 by 5 m) subplots were
placed within dense patches of OWCF on each island, totaling
60 subplots across the 20 tree islands. Plots were marked at
their center with PVC poles to ensure their location at each
sampling date. Baseline data were collected prior to the initia-
tion of the treatments. An estimate of visual percent cover of
OWCF was collected using a 1-m2 quadrat that was placed at
four locations within each of the 25-m2 subplots. Percent
cover was then averaged among each of the three subplots on

the island to obtain the estimate for the entire tree island.
Essentially all climbing cover was eliminated on herbicide-
treated islands after poodle cutting. As a result, percent cover
evaluations for each treatment are a cumulative measure of
ground cover and climbing cover within the plot, but are
based almost entirely on ground cover, except for the non-
treated controls, which were not poodle cut. Sample dates
included baseline, 3, 6, 13, and 17 MAT.

Statistical analysis

Data were analyzed in RStudio7 using “base, and “agricolae
packages (de Mendiburu and Yaseen 2020, R Core Team 2023)
There was a significant interaction between sites in the flor-
pyrauxifen-benzyl concentration study conducted at Ft.
Pierce, FL and Nubbin Slough, likely caused by differences in
hydrology throughout the duration of the study. Therefore,
each site and sampling date were analyzed separately. Herbi-
cide treatment was a fixed effect in all studies. For each loca-
tion, a normal Q–Q plot was used to check for normality and
residuals were not normally distributed. Therefore, mean per-
cent cover was transformed using the arcsin–square root
transformation to improve homogeneity of variance. Trans-
formed means were used for all analyses and untransformed
means are presented for clarity. For each study, an analysis of
variance (ANOVA) was performed on mean percent cover of
OWCF at all sampling dates. Treatment means were com-
pared using Tukey’s honest significant difference (HSD) test at
the 5% level of significance.

RESULTS AND DISCUSSION

Florpyrauxifen-benzyl concentration study, Ft. Pierce

Visual percent cover of OWCF at the baseline sampling
date ranged from 71 to 85% (Table 1). By 1 MAT, all con-
centrations of florpyrauxifen-benzyl reduced OWCF cover
to 20 to 23% and were not different. Glyphosate reduced
OWCF cover to less than 2% at 1 MAT, which was signifi-
cantly lower than in plots treated with florpyrauxifen-ben-
zyl at 0.08 and 0.16 g ae L�1.

At 3 MAT, all three concentrations of florpyrauxifen-
benzyl reduced OWCF cover to 1 to 4 percent and were not
different. These were also not different from glyphosate,
which reduced OWCF cover to zero. At 3 MAT, we observed
some new resprouts on the above ground rachis within the
treated plots for all three concentrations of florpyrauxifen-
benzyl. Resprouting from the rachis and rhizomes following
an herbicide treatment may indicate limited basipetal
translocation. Studies conducted by Hutchinson et al.
(2010) examined absorption and movement of triclopyr,
glyphosate, and metsulfuron-methyl in OWCF and con-
cluded that there was very little movement of the chemical
out of the leaf tissue and into the rhizomes. Treatments
with triclopyr, a synthetic auxin mimic with a similar mode
of action to florpyrauxifen-benzyl, have resulted in rapid
necrosis of the leaf tissue in under 4 h, potentially limiting
the amount of herbicide which is absorbed into the plant
(Hutchinson et al. 2010). Although we did not observe rapid
necrosis from florpyrauxifen-benzyl treatments, we did
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observe onset of auxin herbicide symptoms including epi-
nasty and pinnae curling at the meristems within 24 h.

By 6 MAT, all herbicide treatments reduced OWCF cover
compared to the nontreated control (Table 1). OWCF per-
cent cover in plots treated with all concentrations of flor-
pyrauxifen-benzyl ranged from 4 to 21% and were not
different. OWCF cover in the glyphosate-treated plots was
4% and not different from any of the florpyrauxifen-benzyl
treatments.

By 12 MAT, all herbicide treatments reduced OWCF
cover compared to the nontreated control. OWCF cover in
plots treated with florpyrauxifen-benzyl ranged from 12 to
39% and were not different (Table 1). Glyphosate reduced
OWCF cover to six percent and was not different from the
highest concentration of florpyrauxifen-benzyl (12%). The
lack of significant treatment differences between the three
florpyrauxifen-benzyl treatments was driven by highly vari-
able OWCF cover within treatments, especially for the two
lower concentrations. This is not surprising, as, observa-
tionally, variation in herbicide efficacy among treatment
plots generally increases when a given treatment begins to
fail over time, especially for perennial invasive plants.

Florpyrauxifen-benzyl concentration study, Nubbin
Slough

Across sample dates, herbicide efficacy observed at the
Nubbin Slough site was generally similar to the Fort Pierce
site (Table 2). The baseline percent OWCF cover ranged from
77 to 93% and was not different between plots. At 1 MAT, all
herbicide treatments reduced OWCF cover to between 7 and
26% and were not different. Symptoms such as chlorosis and
epinasty were present in the florpyrauxifen-benzyl treated
plots within a few days of application, but OWCF was slow to
defoliate.

At 6 MAT, all herbicide treatments reduced OWCF cover
compared to the nontreated control. However, the non-
treated plots exhibited lower cover than expected and was
45%. This was due to an outbreak of the biological control
agent, the brown Lygodium moth [Neomusitima conspurcatalis
(Warren) (Lepidoptera: Crambidae)]. The moth feeding
resulted in localized brown out of OWCF patches and dam-
age was evident across the study site. The life cycle of the
moth is approximately 30 d from egg to adult (Boughton and
Pemberton 2009) and OWCF generally recovers between
population booms (Jones and Lake 2020).

Old World climbing fern cover in the nontreated plots
recovered from the biological control damage at 12 MAT to
66% and was not different from cover in all three florpyr-
auxifen-benzyl treatments, which ranged from 30 to 54%.
Regrowth of OWCF in glyphosate treated plots was 6% and
was different from the two lower concentrations of florpyr-
auxifen-benzyl and the nontreated control.

Poodle cutting/florpyrauxifen-benzyl banded treatment
study, Taylor Creek, FL

Florpyrauxifen-benzyl band treatments applied at either
concentration without poodle cutting did not reduce
OWCF climbing cover above the herbicide-treated band at
any posttreatment sample date compared to the nontreated
control treatment that was poodle cut (Table 3). The same
held true for glyphosate. Poodle cutting followed by flor-
pyrauxifen-benzyl band treatment at either concentration
reduced OWCF cover to � 3% at 1, 3, and 6 MAT and �
24% at 12 MAT. These results were not different from poo-
dle cutting followed by a glyphosate band treatment. No
herbicide treatment reduced OWCF climbing cover without
poodle cutting compared to the nontreated control without
poodle cutting. These results indicate poodle cutting is nec-
essary for OWCF control if florpyrauxifen-benzyl is only

TABLE 2. OLD WORLD CLIMBING FERN COVER RESPONSE TO HERBICIDE TREATMENT OVER TIME IN THE FLORPYRAUXIFEN-BENZYL CONCENTRATION STUDY AT NUBBIN SLOUGH.

Herbicide Concentration g ae L�1 0 MAT1 1 MAT 3 MAT 6 MAT 12 MAT

-----------------------------------------------% Cover 2-----------------------------------------------
Florpyrauxifen-benzyl 0.08 77 a 26 b 2 b 15 b 53 a
Florpyrauxifen-benzyl 0.16 90 a 19 b 1 bc 6 bc 54 a
Florpyrauxifen-benzyl 0.32 93 a 12 b 0 c 3 c 30 ab
Glyphosate 14.4 93 a 7 b 1 bc 2 c 6 b
Nontreated – 86 a 93 a 100 a 45 a 66 a
1MAT ¼ months after treatment.
2Means within columns followed by the same letter are not significantly different according to Tukey’s honest significant difference (P ¼ 0.05).

TABLE 1. OLD WORLD CLIMBING FERN COVER RESPONSE TO HERBICIDE TREATMENT OVER TIME IN THE FLORPYRAUXIFEN-BENZYL CONCENTRATION STUDY IN FT. PIERCE, FL.

Herbicide Concentration g ae L�1 0 MAT1 1 MAT 3 MAT 6 MAT 12 MAT

-----------------------------------------------% Cover 2 -----------------------------------------------
Florpyrauxifen-benzyl 0.08 74 a 21 b 4 b 21 b 39 b
Florpyrauxifen-benzyl 0.16 85 a 23 b 1 b 9 b 28 b
Florpyrauxifen-benzyl 0.32 73 a 20 bc 2 b 4 b 12 bc
Glyphosate 14.4 83 a 1 c 0 b 4 b 6 c
Nontreated – 71 a 71 a 69 a 68 a 73 a
1MAT¼ mo after treatment.
2Means within columns followed by the same letter are not significantly different according to Tukey’s honest significant difference (P ¼ 0.05).
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applied to the lower 120-cm band of climbing vines. Addi-
tionally, we did not observe herbicide symptoms above the
treated band at any posttreatment sample date. This would
indicate there is insufficient acropetal translocation to
climbing vines above the treated zone. Although the pinnae
within the herbicide-treated band defoliated, the wiry stems
were not killed within the treated band and eventually
resprouted. This also suggests a potential lack of herbicide
absorption through the wiry stems and mandates good
foliar coverage for complete control. This study also con-
firms the necessity of poodle cutting when glyphosate is
used for ground-based backpack treatments for OWCF con-
trol (Stocker et al. 1997).

Operational florpyrauxifen-benzyl study

At LNWR, baseline cover of OWCF ranged from 63 to
79% and was not different between treatments (Table 4).
Following treatment, site access was limited because of
hydrologic conditions, and posttreatment sampling is
reported beginning at 3 MAT. Across all herbicide-treated
islands, all OWCF climbing cover was eliminated by poodle
cutting for the duration of the study (data not shown). At 3
MAT, triclopyr and the florpyrauxifen-benzyl treatments
applied at 0.08 and 0.16 g ae L�1 reduced OWCF cover to
4% or less and were not different. Glyphosate reduced
OWCF cover to zero, which was significantly lower than
cover in the florpyrauxifen-benzyl treatment at 0.08 g ae
L�1. Very similar results were observed across all treatments
at both 6 and 13 MAT.

At 17 MAT, all herbicide treatments reduced OWCF
cover compared to the untreated control. Florpyrauxifen-

benzyl applied at 0.16 g ae L�1, triclopyr acid applied at
5.4 g ae L�1, and glyphosate resulted in OWCF cover of less
than 10% and these were not different. All three provided
commercially acceptable control, while significantly higher
OWCF cover (25%) was observed in the florpyrauxifen-ben-
zyl treatment applied at 0.08 g ae L�1.

The tree island operational study results from the LNWR
generally validate the studies from the Fort Pierce, Nubbin
Slough, and Taylor Creek sites. First, they all indicate flor-
pyrauxifen-benzyl has considerable activity on OWCF with
ground-based foliar treatments. This is promising, as avail-
able tools are limited for OWCF chemical control. Second,
short-term control of OWCF at 3 MAT with florpyrauxifen-
benzyl was consistent with glyphosate in all studies. Florpyr-
auxifen-benzyl applied at 0.08 and 0.16 g ae L�1 reduced
cover to less than 5% at 3 MAT at all sites and was not dif-
ferent from glyphosate. Third, at later sample dates, OWCF
cover in plots treated with florpyrauxifen-benzyl at 0.08 g
ae L�1 was higher than in glyphosate-treated plots. How-
ever, it was generally not higher than in plots treated with
florpyrauxifen-benzyl at 0.16 or 0.32 g ae L�1. As a result,
there was not a clear dose–response relationship established
in these studies for florpyrauxifen-benzyl efficacy on
OWCF. Future dose–response studies in controlled condi-
tions with a greater range of concentrations could help to
clarify this.

Fourth, the study at Taylor Creek indicated florpyrauxi-
fen-benzyl banded treatments applied to the lower 120 cm
of climbing OWCF cover without poodle cutting will not
control higher OWCF climbing cover, whereas the addition
of poodle cutting at the same height does. The poodle cut-
ting followed by florpyrauxifen-benzyl treatment at LNWR

TABLE 3. OLD WORLD CLIMBING FERN (OWCF) CLIMBING COVER RESPONSE TO HERBICIDE BAND TREATMENT AND POODLE CUTTING NEAR TAYLOR CREEK, FL.

Herbicide band treatment1 Concentration g ae L�1 Poodle cut 0 MAT2 1 MAT 3 MAT 6 MAT 12 MAT

-------------------------------------% Cover 3 ------------------------------------
Florpyrauxifen-benzyl 0.08 No 78 a 78 a 78 a 69 a 79 a
Florpyrauxifen-benzyl 0.08 Yes 74 a 0 b 3 b 3 b 24 b
Florpyrauxifen-benzyl 0.16 No 79 a 77 a 79 a 74 a 89 a
Florpyrauxifen-benzyl 0.16 Yes 58 a 0 b 0 b 0 b 8 b
Glyphosate 14.4 No 74 a 54 a 55 a 46 a 76 a
Glyphosate 14.4 Yes 63 a 0 b 0 b 0 b 13 b
Nontreated – No 76 a 55 a 73 a 75 a 89 a
Nontreated – Yes 74 a 1 b 5 b 4 b 11 b
1Herbicide band treatments were applied to the climbing rachis below 1.2 m and all OWCF ground cover in each 25-m2 plot.
2MAT¼ months after treatment.
3Means within columns followed by the same letter are not significantly different according to Tukey’s honest significant difference (P ¼ 0.05).

TABLE 4. OLD WORLD CLIMBING FERN COVER RESPONSE TO HERBICIDE TREATMENT OVER TIME IN THE OPERATIONAL STUDY CONDUCTED ON TREE ISLANDS IN THE LOXAHATCHEE

NATIONAL WILDLIFE REFUGE.

Herbicide Concentration g ae L�1 0 MAT1 3 MAT 6 MAT 13 MAT 17 MAT

-----------------------------------------------% Cover 2-----------------------------------------------
Florpyrauxifen-benzyl 0.08 72 a 4 b 6 b 21 b 25 b
Florpyrauxifen-benzyl 0.16 79 a 1 bc 1 bc 6 bc 9 c
Triclopyr 5.4 68 a 0 bc 1 bc 5 bc 9 c
Glyphosate 14.4 63 a 0 c 0 c 5 c 5 c
Nontreated – 69 a 76 a 78 a 89 a 59 a
1MAT¼ months after treatment.
2Means within columns followed by the same letter are not significantly different according to Tukey’s honest significant difference (P ¼ 0.05).
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confirmed that the combination treatment is operationally
effective to control OWCF climbing cover.

Finally, the low use rates associated with florpyrauxifen-
benzyl may represent an opportunity to reduce the total
amount of herbicide necessary to achieve control. Future
research should focus on establishing the proper concentra-
tions necessary to maintain efficacy 12 MAT and beyond
and the necessary retreatment intervals required to main-
tain control long-term. In addition, there is limited infor-
mation available about the response of many native wetland
species to florpyrauxifen-benzyl, so research examining
directed applications of florpyrauxifen-benzyl to desirable
vegetation could help to minimize potential nontarget dam-
age to the native plant community when making applica-
tions to OWCF.
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