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PURPOSE: This research evaluated low concentrations and short exposure times of the recently 
registered aquatic herbicide florpyrauxifen-benzyl (4-amino-3-chloro-6-(4-chloro-2-fluoro-3-
methoxyphenyl)-5-fluoro-pyridine-2-benzyl ester) on the target plant Eurasian watermilfoil 
(Myriophyllum spicatum L., hereafter referred to as EWM) as well as selectivity towards the 
nontarget submersed species Illinois pondweed (Potamogeton illinoensis Morong), elodea (Elodea 
canadensis Michx.), and coontail (Ceratophyllum demersum L.)  

BACKGROUND: Prior to 2018, only 14 herbicides with eight modes of action comprised the entire 
portfolio of the US Environmental Protection Agency’s (USEPA) registered aquatic herbicides 
(Netherland and Jones 2012; University of Florida 2018). Recently, the arylpicolinate herbicide 
florpyrauxifen-benzyl was registered for use in aquatic sites in the United States (University of 
Florida 2018). Initial small-scale research reported florpyrauxifen-benzyl effectively controlled 
dioecious hydrilla (Hydrilla verticillate L.f. Royle), EWM, crested floating heart (Nymphoides 
cristata [Roxb.] Kuntze), megalodonta (Bidens beckii Torr. Ex Spreng), elodea, alligatorweed 
(Alternanthera philoxeroides [Mart.] Griseb.), fanwort (Cabomba caroliniana Gray), monoecious 
hydrilla, and parrot’s-feather (M. aquaticum [Vell.] Verdc.) (Netherland and Richardson 2016; 
Richardson, Haug, Netherland 2016). However, these earlier published studies investigated 
florpyrauxifen-benzyl under static exposures, and the plants were tested using the Organization for 
Economic Cooperation and Development (OECD) method that uses apical shoots (that is, small 
fragments) to test sensitivity instead of actively growing, rooted plants. Recently, Beets, Heilman, 
and Netherland (2019) evaluated florpyrauxifen-benzyl against well-established and mature EWM, 
hybrid water milfoil (M. spicatum x M. sibiricum), and seven native submersed plants and found that 
concentrations of 3, 9, and 27 µg 1 active ingredient (a.i.) L-1 at exposures of 6 and 24 hr resulted in 
significant control of the invasive water milfoils and minimal negative impacts to the native species. 
Under field conditions, especially where herbicide exposures are limited due to partial lake 
treatments or applications to flowing water, target plant control may be limited. Therefore, this study 
conducted a growth chamber trial to evaluate the response of established EWM, as well as sensitivity 
of the non-target species Illinois pondweed, elodea, and coontail under shorter exposure times to 
florpyrauxifen-benzyl.  

MATERIALS AND METHODS: A growth chamber experiment was conducted at the US Army 
Engineer Research and Development Center (ERDC) in Vicksburg, Mississippi, in 2019 to evaluate 
efficacy and selectively of florpyrauxifen-benzyl when applied subsurface to EWM, Illinois 
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pondweed, elodea, and coontail. The experiment was conducted in a controlled-environment 
chamber equipped with 55 L glass aquaria, artificial lighting, and air bubblers designed for 
submersed plant culture (Netherland, Green, and Getsinger 1991; Mudge and Theel 2011). 
Conditions for the duration of experiments were air temperature, 22°C; water pH, 7.5–8.0; and a 14 
hr:10 hr (light:dark) photoperiod. Plants were obtained from the following sources: EWM, ERDC 
ponds; elodea, ERDC stock cultures; Illinois pondweed, Lake Alfred (Lake Alfred, Florida); and 
coontail, Lake Swoope (Lake Alfred, Florida). On 1 March 2019, three EWM apical meristems 
(15 cm long), three elodea stem clippings (15 cm long), two coontail stem clippings (15 cm long), 
and two Illinois pondweed stem clippings (25 cm long), were planted individually into 750 ml 
plastic containers filled with 3:1 top soil:sand. This soil mix was amended with Osmocote (19-6-
12, The Scotts Company, Marysville, Ohio) fertilizer (2 g kg-1 sediment) and saturated with water. 
A 1 cm layer of silica sand was added to the soil surface to reduce particulate matter and nutrient 
resuspension into the water column to prevent algal contamination. One container of each species 
was placed in each aquaria (that is, four species per aquaria) and filled with growth culture solution 
(Smart and Barko 1985).  

On 2 April 2019, four weeks after planting, florpyrauxifen-benzyl was applied subsurface to aquaria 
at concentrations of 3, 6, or 9 µg a.i. L-1. Following assigned exposure times of 0.5, 1, or 3 hr, aquaria 
were drained and refilled twice with reverse osmosis (RO) water and a third time with fresh growth 
culture solution (Smart and Barko 1985) to remove aqueous herbicide residues. Nontreated control 
(reference) aquaria were also used to compare plant growth in the absence of herbicide. Trials were 
set up in a completely randomized design and factorial arrangement of treatments with four 
replications. All viable shoot tissue was harvested six weeks after treatment (WAT, 17 May 2019), 
dried to a constant weight at 65°C and weighed. Biomass data were subjected to an analysis of 
variance (ANOVA) and means separated using Fisher’s Protected LSD (α = 0.05). 

RESULTS AND DISCUSSION: All florpyrauxifen-benzyl treatments resulted in rapid injury to 
EWM and complete plant control (Figure 1). The higher herbicide concentrations and longer 
exposure treatments resulted in faster symptomology compared to the shorter concentration exposure 
time (CET) treatments. Injury symptoms including epinasty (twisting), swollen nodes, and chlorosis 
were observed within the first one to three days after treatment (DAT), which are similar to previous 
hybrid water milfoil growth chamber research studies conducted under similar CET treatment 
scenarios (Mudge et al. 2021). All florpyrauxifen-benzyl CET treatments resulted in 100% 
reductions in EWM biomass by 5 WAT (Figure 1). Mudge et al. (2021) noted that this systemic 
herbicide applied at 3 µg a.i. L-1 for 0.5 hr reduced hybrid water milfoil biomass by 50%, whereas 
the treatments consisting of 3 (4 hr exposure), 6 (≥0.5 hr exposure), and 9 µg a.i. L-1 (≥0.5 hr 
exposure) provided ≥95% plant control. These data also support previous findings that the 
Myriophyllum species (that is, hybrid water milfoil, parrot’s-feather, and variable water milfoil) are 
highly sensitive to florpyrauxifen-benzyl at low doses and short exposure times (Netherland and 
Richardson 2016; Richardson, Haug, Netherland 2016; Mudge et al. 2021).  
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Figure 1. Eurasian watermilfoil mean dry weight (± standard error) 6 
weeks after treatment (WAT) of subsurface applications of 
florpyrauxifen-benzyl in a controlled-environment growth 
chamber. Numbers behind herbicide concentrations (µg a.i. 
L-1) represent exposure time (hr). Horizontal line represents 
pretreatment biomass. Treatments with the same letter are 
not significant according to Fisher’s Protected LSD (α= 0.05, 
n = 4). 

The nontarget aquatic species Illinois pondweed, elodea, and coontail were tolerant to the low 
concentrations and short exposures of florpyrauxifen-benzyl (Figures 2, 3, and 4). Coontail began to 
show injury symptoms 9 DAT that consisted of swollen nodes and bleached epinastic leaflets. By 
24 DAT, coontail still showed minor visual injury symptoms; however, signs of recovery and new 
growth were present. Elodea and Illinois pondweed showed minimal to no injury throughout the 
duration of the trial. None of the florpyrauxifen-benzyl CET treatments resulted in biomass 
reductions of Illinois pondweed, elodea, and coontail (Figures 2, 3, and 4) when treated with the 
same CET treatments as EWM. In fact, five of the nine CET treatments resulted in an increase in 
elodea dry weight 6 WAT (Figure 3). Although not tested in the current trial, elodea data suggest 
that low concentrations of florpyrauxifen-benzyl may induce hormesis, which has been observed in 
other plant species exposed to low herbicide doses (Belz and Duke 2014; Cedergreen 2008). 
Similarly, elodea was not sensitive to florpyrauxifen-benzyl at concentrations of 3, 6, and 9 µg a.i. 
L-1 when plants were exposed for 0.5 to 4 hr in a previous growth chamber trial (Mudge et al. 2021). 
These data along with previous research (Netherland and Richardson 2016; Richardson, Haug, and 
Netherland 2016; Mudge et al. 2021), indicate that Myriophyllum species can be selectively 
controlled with lower herbicide concentrations using florpyrauxifen-benzyl than the previously 
utilized auxin herbicides 2,4-D and triclopyr that require concentrations ≥270 µg acid equivalent 
(a.e.) L-1 to reduce shoot biomass 95–100% (Poovey et al. 2007). 
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Figure 2. Illinois pondweed mean dry weight (±standard error) 6 WAT 
of subsurface applications of florpyrauxifen-benzyl in a 
controlled-environment growth chamber. Numbers behind 
herbicide concentrations (µg a.i. L-1) represent exposure time 
(hr). Horizontal line represents pretreatment biomass. There 
were no significant differences among treatments. 
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Figure 3. Elodea mean dry weight (± standard error) 6 WAT of 
subsurface applications of florpyrauxifen-benzyl in a 
controlled-environment growth chamber. Numbers behind 
herbicide concentrations (µg a.i. L-1) represent exposure time 
(hr). Horizontal line represents pretreatment biomass. There 
were no significant differences among treatments. 
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Figure 4. Coontail mean dry weight (± standard error) 6 WAT of 
subsurface applications of florpyrauxifen-benzyl in a 
controlled-environment growth chamber. Numbers behind 
herbicide concentrations (µg a.i. L-1) represent exposure time 
(hr). Horizontal line represents pretreatment biomass. There 
were no significant differences among treatments. 

ACKNOWLEDGMENTS: The authors would like to thank Jan Freedman, William Prevost, Dr. 
Mark Heilman, and Dean Jones for technical assistance during these experiments. This research was 
sponsored by the US Army Engineer Research and Development Center Aquatic Plant Control 
Research Program. 

REFERENCES 

Beets, J., M. Heilman, and M. D. Netherland. 2019. “Large-scale mesocosm evaluation florpyrauxifen benzyl, a novel 
arylpicolinate herbicide on Eurasian and hybrid watermilfoil and seven native submersed plants.” Journal of 
Aquatic Plant Management 57:49-55. http://www.apms.org/wp/wp-content/uploads/japm-57-02-49-1.pdf. 

Belz, R. G., and S. O. Duke. 2014. “Herbicides and plant hormesis.” Pest Management Science 70(5):698-707. 
https://doi.org/10.1002/ps.3726. 

Cedergreen, N. 2008. “Herbicides can stimulate plant growth.” Weed Research 48(5):429-438. 
https://doi.org/10.1111/j.1365-3180.2008.00646.x. 

Mudge, C. R., B. T. Sartain, K. D. Getsinger, D. Michael, and M. D. Netherland. 2021. Efficacy of florpyrauxifen-
benzyl on dioecious hydrilla and hybrid watermilfoil - concentration and exposure time requirements. ERDC/EL 
TR-21-8. Vicksburg, MS: U.S. Army Engineer Research and Development Center.  

Mudge, C. R., and H. J. Theel. 2011. “Endothall concentration exposure time evaluation against Eurasian watermilfoil 
at a lower water temperature.” APCRP Technical Note Collections. ERDC/TN APCRP-CC-15. Vicksburg, MS: 
U.S. Army Engineer Research and Development Center. 

 

Herbicide Treatments

Cont
rol

3–
0.5 3–

1
3–

3
6–

0.5 6–
1

6–
3

9–
0.5 9–

1
9–

3

M
ea

n 
D

ry
 W

eig
ht

 (g
/ta

nk
)

0

1

2

3

4

5

https://doi.org/10.1002/ps.3726


ERDC/TN APCRP-CC-24 
SEPTEMBER 2021 

7 

Netherland, M. D., and R. J. Richardson. 2016. “Evaluating sensitivity of five aquatic plants to a novel arylpicolinate 
herbicide utilizing an Organization for Economic Cooperation and Development protocol.” Weed Science 
64(1):181-190. https://doi.org/10.1614/WS-D-15-00092.1 

Netherland, M. D., and K. D. Jones. 2012. “Registered herbicides and improving their efficacy on aquatic weeds.” 
Aquatics 34(3):12-15. 

Netherland, M. D., W. R. Green, and K. D. Getsinger. 1991. Endothall concentration and exposure time relationships 
for the control of Eurasian watermilfoil and hydrilla. Journal of AquaticPlant Management 29:61-67. 

Poovey, A. G., J. G. Slade, and M. D. Netherland. 2007. “Susceptibility of Eurasian watermilfoil (Myriophyllum 
spicatum) and milfoil hybrid (M. spicatum x M. sibiricum) to triclopyr and 2,4-D amine.” Journal of Aquatic 
Plant Management 45:111-115.  

Richardson, R. J., E. J. Haug, and M. D. Netherland. 2016. “Response of seven aquatic plants to a new arylpicolinate 
herbicide”. Journal of Aquatic Plant Management 54:26-31.  

University of Florida. 2018. Plant management in Florida waters - An integrated approach. Background on the aquatic 
herbicides registered for use in Florida. https://plants-archive.ifas.ufl.edu/manage/control-methods/chemical-
control/details-about-the-aquatic-herbicides-used-in-florida/. Accessed 20 July 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE: The contents of this technical note are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such products. 


	PURPOSE
	BACKGROUND
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




