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Four years ago, in response to a request by the Coastal Resources Division, we produced a short paper concerning herbicide use near the coastal marshlands.  The present document, which serves as a companion to our original summary, is focused on four specific herbicides (Plateau, Roundup, Garlon 3A, and Habitat) and how each might interact with Spartina alterniflora, the predominant plant species in the marsh.  Rather than address a particular formulation of these herbicides (which would require access to the individual product label), we present information on their active ingredients: Roundup® (glyphosate), Plateau® (imazapic), Habitat® (imazapyr) and Garlon 3A® (triclopyr)
.  These herbicides are used for weed control in natural areas and along railbeds, roadways and rights of way.  Each of them may be applied to foliage and all are downwardly mobile (which means the compound can travel from the leaves to other growing points in the plant such as root tips, shoots, and storage organs; Ross 1996).  
The sections below provide information on each herbicide, including a general description, information on its usage, environmental characteristics, and its effects on plants.  Where possible, we have focused on studies specific to Spartina species.  These studies were often performed in the context of Spartina eradication programs developed for the west coast, where Spartina alterniflora is an introduced species that has become established in Washington, Oregon and California and has formed a hybrid with the native species, S. foliosa.  Animal toxicity studies, human effects and safety considerations are beyond the scope of this report.  However, these issues are covered in many of the references cited (Durkin 2003, Durkin 2004, ENSR 2005, Entrix 2003, Thurston County WA 2009, Tu 2001, US EPA 1998, US EPA 2006, US EPA 2009, WA State Dept of Ecology 2004). 
Many parts of this document are taken directly from other sources. In particular, information compiled by The Nature Conservancy (Tu 2001) provided us with an environmental overview of each compound, and those summaries are cited here.  We have used quotation marks and offset these passages throughout.  Interested readers who would like further details or want to cite this information are encouraged to consult the primary sources.  A complete list of references is provided at the end of the document.
Glyphosate

Description:

Herbicide family: unique

Formula: N-(phosphonomethyl) glycine.  Some formulations contain the isopropylamine salt of the active ingredient; others may contain one of eight other salts of glyphosate (Kegley 2008, see Glyphosate, isopropylamine salt, related chemicals).
Trade names: Accord, Bronco, Buccaneer, Campain, ClearOut 41 Plus, Expedite, Fallow Master, Forest Star, Gallup, Glyphomax, Glyphos, Glypro, Glystar, Honcho, JuryR, Landmaster, Mirage, Pondmaster, Protocol, Ranger, Rascal, Rattler, Razor Pro, Rodeo, RoundUp, Silhouette, Sonic, Sting, Touchdown, WeatherMax and others.  Since Monsanto’s patent expired in 2000, several additional manufacturers have begun formulating glyphosate products. 

Mode of action: Non-selective. Glyphosate inhibits aromatic amino acid (tyrosine, tryptophan and phenylalanine) synthesis by inhibiting enolpyruvylshikimic acid-3-phosphate synthase.  The target enzyme, which is not present in animal cells, is also part of the biosynthetic pathway to auxin, lignin, plastoquinones and many other secondary products (Ross 1996).

Usage:

Typical use: Glyphosate is a broad spectrum herbicide which may be applied to foliage, stems, or cut stumps.  Although it is a common lawn and garden herbicide for homeowner application, the largest sector for glyphosate use is agriculture.  Glyphosate-resistant transgenic soybeans have been commercially available since 1996 and several other such crops have been developed (canola, corn, cotton, sugar beets and wheat) (US EPA 2009).  Glyphosate is also widely used in forestry. 

Registered for aquatic uses? Yes (some formulations, e.g. Rodeo)

Application rate:  Often listed as 2 pounds acid equivalent per acre.  The maximum US Forest Service application rate is 7 pounds acid equivalent per acre (Durkin 2003).
Environmental Characteristics: (from Tu 2001, unless noted)

Chemical characteristics:
Water solubility: 900,000 parts per million
Adsorption potential: high

Primary degradation mechanism: slow microbial metabolism

Average soil half-life: 47 days

Mobility potential: low

Summary of environmental information: “Glyphosate is degraded primarily by microbial metabolism. Glyphosate is believed to be susceptible to photodegradation (Lund-Hoie & Friestad 1986), but the extent to which this occurs is uncertain. Glyphosate is not significantly degraded by other chemical mechanisms in the field. Glyphosate is strongly adsorbed to soil, which can slow microbial metabolism but prevents excessive movement in the environment. Glyphosate is non-volatile (T. Lanini, pers. obs).  Glyphosate binds readily with soil particles, which limits its movement in the environment. It is degraded through microbial metabolism with an average half-life of two months in soils and two to ten weeks in water. In plants, glyphosate is slowly metabolized.”

Glyphosate is currently undergoing re-registration review (US EPA 2009)
.  It is anticipated that many additional study results will become available during this process, as some citizen groups have been vocal about their concerns regarding impacts of glyphosate on environmental and human health.

Dispersion: “Feng et al. (1990) found that 10-meter buffer zones limited unintentional effects through chemical drift and off-target deposits into streams during application, while Marrs et al. (1993) concluded that 20 meters was a safe buffer width.” 
As part of a 2007 Spartina eradication study in Washington State, researchers were required to test for glyphosate at the treatment areas before and after herbicide treatment.  Three herbicide study sites were sampled pre-and post-application (at first tide) and a fourth area was also sampled to determine if off-site transport occurred.  No glyphosate was detected (above the Practical Quantifiable Limit, 5 to 20 parts per billion) in water samples collected from any of the four sampling sites (Anderson 2008).
Effects on Plants:

Exposed plant symptoms:  Plants wilt and become yellow or mottled brown. Growing tissues become chlorotic (sometimes purple) and then necrotic. This is a slow process and may require 10 to 14 days. Trees and shrubs (and some perennials) treated with sublethal doses (or treated during the autumn) may initiate new leaves in the next growing season which are twisted, curled, or generally malformed (Durkin 2003, Ross 1996). 

Effects on Spartina and other non-target species: When applied to Spartina, the plants turn completely brown within 7 to 21 days (Patten presentation cited in Pless 2005).  However, studies that have used glyphosate to control Spartina alterniflora on the west coast have had mixed results. Several studies summarized by Kilbride 2001 found that direct application of Rodeo reduced densities of Spartina by anywhere from 75 to 100%
.  When used to eliminate non-native S. alterniflora in coastal Washington State, glyphosate provided only 45 and 81% control at relatively high application rates (6.4 and 7.5 pounds per acre, respectively; Entrix, 2003).  Aerial applications of glyphosphate were less effective than direct application: those studies (also summarized by Kilbride 2001) found a reduction of Spartina densities by 0 to 75%
.  

Other species also show mixed responses to glyphosphate.  Field experiments were conducted to evaluate the effects of glyphosate on the invasive species, Phragmites australis) along the Connecticut River (Warren 2001).  A 1.25% glyphosate solution (with a surfactant) was sprayed onto a Phragmites-dominated marsh at 460 L/hectare (or 5.1 pounds active ingredient per acre)
.  Frequency of plant species along 40-m transects in herbicide-treated and control plots were compared after one year.  Here we have listed only the three most dominant species in the study (Spartina patens, Juncus gerardii and P. australis).  S. patens was not affected by the herbicide treatment, whereas the other two species (particularly P. australis) showed reduced survival. 
	
	Plant frequency along transect

	Species
	no treatment 
control
	glyphosate treated

	Juncus gerardii
	0.31
	0.21

	Phragmites australis
	0.98
	0.53

	Spartina patens
	0.27
	0.25


A study that evaluated the effect of glyphosphate on invasive S. densiflora in SW Spain found that “glyphosate inhibited photochemical efficiency of photosynthesis from day one. Net photosynthetic rate, stomatal conductance and photosynthetic pigments and the number of new tillers were reduced. Glyphosate at high doses (ca. 7200 g a.i. ha−1 [= 6.4 pounds active ingredient per acre])
 could be an appropriate method of control, since it has a negative effect over the photosynthetic apparatus and growth of S. densiflora. Furthermore, glyphosate and its main metabolite, AMPA, were not extracted from the soil, since they were retained by the very high iron and aluminum oxide content of this soil.”  (Mateos-Naranjo 2009)
Imazapic
Description:

Herbicide family: Imidazolinone

Formula: (±)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1Himidazol-2-yl]-5-methyl-3-pyridinecarboxylic acid

Trade names: Cadre, Oasis, Plateau.  N.B. Imazapic is also sometimes referred to as imazameth.
Mode of action: Inhibits branched chain amino acid (valine, leucine, isoleucine) synthesis via inactivation of the plant enzyme acetolactate synthase (also called acetohydroxy acid synthase) (Ross 1996).  
Usage:

Typical use: “Imazapic is used in the control of grasses, broadleaves, and vines, and for turf height suppression … Imazapic may be applied by directed foliar, broadcast foliar, or aerial (Plateau only) methods” (Durkin 2004).  The application rate plays a role in which species of plants are susceptible to treatment with imazapic: this makes it a somewhat selective herbicide (ENSR 2005).

Registered for aquatic uses?  No

Application rate: “For Plateau, the labeled application rates range from 2 to12 ounces of Plateau per acre, corresponding to 0.03125 to 0.1875 lbs a.e. [acid equivalent] imazapic/acre” (Durkin 2004).      
Environmental Characteristics: (from Tu 2001, unless noted)
Chemical characteristics:

Water solubility: 2200 mg/L [or parts per million] at 25° C

Adsorption potential: low

Primary degradation mechanism: microbial activity

Average soil half-life: 120 days

Mobility potential: low
Summary of environmental information: “Imazapic is moderately persistent in soil, but has only limited mobility.  It is soluble, but not degraded, in water. Imazapic is however, rapidly photodegraded by sunlight in aqueous solution. ‘Leakage’ of imazapic from plant roots is unlikely.”

Dispersion:  “Imazapic has limited horizontal mobility in soil, and generally moves just 6 to 12 inches, although it can leach to depths of 18 inches in sandy soils (R. Lym, pers. comm.). Soil binding is a complex function of soil pH, texture, and organic matter content. Imazapic adsorption to soil may increase with time. Imazapic does not volatilize from the soil surface and photolytic breakdown on soils is negligible. The major route of imazapic loss from soil is through microbial degradation (WSSA 1994; American Cyanamid 2000)”.
Evaluations of imazapic mobility have yielded highly variable results.  “The estimated mobility range of imazapic is wide, with Koc
 values ranging from 7 to 8,140, indicating that imazapic under a variety of conditions could have low to high mobility in soil… Field half-lives for imazapic have been reported from 7 to 410 days” (ENSR 2005).

Effects on Plants:
Exposed plant symptoms: Susceptible species (resistance to imazapic is not uncommon; Heap 2009) will stop growing shortly after exposure, leading to a compact habit with short internodes.  This will be followed by interveinal chlorosis and eventually necrosis. Plants begin to die only after their stores of the branched chain amino acids are depleted. Purpling of leaves and root pruning may also be observed. Imidazolinones are fairly slow in acting with symptoms lingering three to four weeks or longer in affected plants. (Tu 2001, Ferrell 2007)

Effects on Spartina and other non-target species: We have found no specific studies addressing use of imazapic herbicides on or near Spartina.  However, the label indicates that imazapic is approved for used on Conservation Reserve Program lands, many of which have been planted with ‘native’ range grasses. This indicates a tolerance of these grasses to imazapic exposure.  One study evaluated imazapic applied both pre- and post emergence to many different plants.  In the pre-emergence study, only rye grass emergence and survival were affected.  Post-emergence, imazapic was toxic to several plants.

Imazapyr

Description:

Herbicide family: Imidazolinone

Formula: (+)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-3-pyridinecarboxylic acid

Trade names: Arsenal, Assault, Chopper, Contain, Habitat, Polaris, Stalker.  Imazapyr may be formulated as the acid or the isopropylamine salt.
Mode of action: Non-selective. Inhibits branched chain amino acid (valine, leucine, isoleucine) synthesis via inactivation of the plant enzyme acetolactate synthase (also called acetohydroxy acid synthase) (Ross 1996).
Usage:

Typical use: “Imazapyr is used for pre- and post-emergence control of a broad range of weeds, including terrestrial annual and perennial grasses, broad-leaved herbs, woody species, and riparian and emergent aquatic species.  Imazapyr is also registered for use on a variety of commercial and residential use sites, including forestry sites, rights-of-way, fence rows, hedge rows, drainage systems, outdoor industrial areas, outdoor buildings and structures, domestic dwellings, paved areas, driveways, patios, parking areas, walkways, various water bodies (including ponds, lakes, streams, swamps, wetlands, stagnant water, and urban areas)” (US EPA 2006). 
Registered for aquatic uses?  Yes (some formulations, e.g. Arsenal, Habitat)

Application rate:  Usage ranges from 0.014 to 1.5 pounds acid equivalent per acre (US EPA 2006).
Environmental Characteristics: (from Tu 2001, unless noted)
Chemical characteristics:
Water solubility: 11,272 mg/L (or parts per million) at 25° C

Adsorption potential: low

Primary degradation mechanism: slow microbial metabolism and photolysis
Average soil half-life: 25-141 days

Mobility potential: high

Summary of environmental information: “Imazapyr is slowly degraded by microbial metabolism and can be relatively persistent in soils. It has an average half-life in soils that range from one to five months. At pH above 5, it does not bind strongly with soil particles and can remain available (for plant uptake) in the environment. In water, imazapyr can be rapidly degraded by photolysis with a half-life averaging two days. There have been a few reports from the field of unintended damage to desirable, native plants when imazapyr has either exuded out of the roots of treated plants into the surrounding soil, or when intertwined roots transfer the herbicide to non-target plants. Make sure to not overapply imazapyr, and also confirm that soil particles with imazapyr are not moved in-contact with desirable species.” 

Dispersion: As part of a 2007 Spartina eradication study in Washington State, researchers were required to test for imazapyr at the treatment areas before and after herbicide treatment.  Three herbicide study sites were sampled pre-and post-application (at first tide) and a fourth area was also sampled to determine if off-site transport occurred.  No imazapyr was detected (above the Practical Quantifiable Limit, 0.1 to 5 parts per billion) in water samples collected at any of the four sampling sites (Anderson 2008).


“Imazapyr is highly mobile in aquatic environments, with high water solubility (10,500 mg/L [or 10500 ppm]) and a low Koc (348 mL/g), suggesting it will not bind strongly to sediments and soils. It generally dissipates over time with current and photolysis, but has a very long soil aerobic half-life (507 days), and is stable to hydrolysis in aqueous solution. Photolytic half-lives are 3-5 days in water.” (S. Kegley, personal communication)
Effects on Plants:
Exposed plant symptoms: Treated plant will stop growing shortly after exposure, leading to a compact habit with short internodes.  This will be followed by interveinal chlorosis and eventually necrosis. Plants begin to die only after their stores of the branched chain amino acids are depleted. Purpling of leaves and root pruning may also be observed. Imidazolinones are fairly slow in acting with symptoms lingering three to four weeks or longer in affected plants (Tu 2001, Ferrell 2007).  

Effects on Spartina and other non-target species: Imazapyr is being used to control invasive Spartina species in California (where it wasn’t registered for aquatic uses before 2005), but the most definitive studies we located come from Willapa Bay, Washington State (Roberts 2006).  These studies show that imazapyr provided highly variable control in tidal estuarine habitats.  “Across all sites and experiments described in Patten’s 2002 paper, 58 and 88% cordgrass control was obtained with [direct] imazapyr applications at 0.84 kg ae/ha [=0.75 pounds/acre] and 1.68 kg ae/ha [=1.5 pounds/acre]
, respectively” (Entrix 2003).  On Spartina, it takes 4-8 weeks after treatment for effects, i.e. yellow flagging of the leaf margin, to show and complete plant death can take several months (Patten presentation cited in Pless 2005).  Dr. Kim Patten indicates that “Spartina is really hard to kill with herbicides.  We need long dry time and good canopy coverage and only then do we get control with imazapyr – nothing else.”  He goes on to say that “I doubt that anything that was applied as a road spray and then acted as ‘runoff’ would be very effective in killing Spartina.” (Patten, personal communication)
Triclopyr

Description:

Herbicide family: Picolinic acid / Pyridine

Formula: [(3,5,6-trichloro-2-pyridinyl)oxy] acetic acid.  Used as the triethylamine salt (triclopyr amine or salt) or the butoxyethyl ester (triclopyr ester).

Trade names: Brush-B-Gone, Garlon 3A, Turflon Amine.  An ester formulation is sold under the names Garlon 4 and Turflon Ester.  Other trade names include Access, Crossbow, ET, PathFinder II, Redeem, and Remedy.
Mode of action: Selective for broad-leaf plants (as opposed to grasses).  Triclopyr is a growth hormone (auxin) mimic which causes uncontrolled and disorganized plant growth that leads to plant death (Ross 1996).
Usage:

Typical use:  Triclopyr is an herbicide used against broadleaf weeds and brush in rangeland and pasture, rights-of-way, and turf (including residential lawns).  It is also used in agricultural applications (rice, forestry) and to control submerged, floating, or emergent plants in aquatic sites (US EPA 1998).
Registered for aquatic uses?  Yes, some triethylamine formulations (e.g. Renovate3) (Washington State Department of Ecology 2004).
Application rate:  For homeowner application, the rate is often 0.6 pounds per acre or less.  Forage grasses are not treated above 1 lb per acre to ensure an acceptable residue limit.  Certain applications (including rights of way) have registered rates up to 12 pounds per acre (US EPA 1998).  
Environmental Characteristics: (from Tu 2001)

Chemical characteristics:
Water solubility: 430 parts per million (acid), 23 mg/L (ester), 2,100,000 mg/L (salt)
Adsorption potential: Intermediate (higher for ester than salt) 

Primary degradation mechanisms: microbial metabolism, photolysis, and hydrolysis
Average soil half-life: 30 days

Mobility potential: intermediate

Summary of environmental information: “Because imazapyr is a weak acid herbicide, environmental pH will determine its chemical structure, which in turn determines its environmental persistence and mobility. Below pH 5 the adsorption capacity of imazapyr increases and limits its movement in soil. Above pH 5, greater concentrations of imazapyr become negatively charged, fail to bind tightly with soils, and remain available (for plant uptake and/or microbial breakdown).”
Dispersion: “Both the ester and amine formulations are degraded by sunlight, microbial metabolism, and hydrolysis. In soils, both the ester and amine formulations will degrade rapidly to the parent compound, triclopyr acid. The acid and ester formulations bind well with soils, and therefore, are not likely to be mobile in the environment. The salt however, does not readily adsorb and can be mobile … The acid degrades with an average half-life of 30 days. In water, the salt will remain in the water column until it is degraded, which can occur in as little as a few hours under favorable conditions. The ester formulation, however, is not water-soluble and can take significantly longer to degrade in water. Within plants, both the salt and ester formulations are hydrolyzed to the acid form, and transported through the plant.  Residues can persist in the plant until the tissues are degraded in the environment.”

Effect on Plants:
Exposed plant symptoms: The first symptom of injury is usually stem twisting followed by deformities in terminal tissue which may lead to cupping or strapping of the leaves and total bending and twisting of the stems (Ross 1996).


Effects on Spartina and other non-target species: We found no specific information about the effects of triclopyr on Spartina.  However, this herbicide acts specifically against dicots (broad-leaf plants), so it is unlikely to affect monocots (including Spartina, Juncus, or other grasses and rushes).  In fact, a triethylamine-type of this herbicide has been registered for use against broad-leaf weeds on turf grass sites since 1984 and in cultivated rice since 1995 (Washington State Department of Ecology 2004).  
References

Note: All websites were accessed between September and November of 2009.  If the site lists a specific year or version date, that year is given.  Otherwise, 2009 is given, with the understanding that the cited information may have been posted in a prior year.
Anderson, K.  2008.  2007 Spartina Eradication Program Water Quality Monitoring.  Washington State Department of Agriculture.  http://agr.wa.gov/plantsinsects/Weeds/NPDESPermits/docs/MonitoringResultsSpartina.pdf
Durkin, P. 2003.  Glyphosate - Human Health and Ecological Risk Assessment, Final Report.  USDA, Forest Service, Forest Health Protection. GSA Contract No. GS-10F-0082F.  USDA Forest Service BPA: WO-01-3187-0150. http://www.fs.fed.us/foresthealth/pesticide/pdfs/04a03_glyphosate.pdf

Durkin, P. and Follansbee, M.  2004.  Imazapic - Human Health and Ecological Risk Assessment, Final Report.  USDA, Forest Service, Forest Health Protection. GSA Contract No. GS-10F-0082K.  USDA Forest Service BPA: WO-01-3187-0150 http://www.fs.fed.us/foresthealth/pesticide/pdfs/122304_Imazapic.pdf
ENSR
, International. 2005.  Imazapic Ecological Risk Assessment, Final Report. Bureau of Land Management (Reno, Nevada) Contract No. NAD010156.  ENSR Document Number 09090-020-650.   

Entrix.  2003.  Ecological Risk Assessment of the Proposed Use of the Herbicide Imazapyr to Control Invasive Cordgrass (Spartina spp.) in Estuarine Habitat of Washington State. Washington State Department of Agriculture (Olympia, Washington). Project no. 3000901.  http://www.spartina.org/referencemtrl/Washington%20ERA-Imazapyr.pdf
Ferrell, J.A., W. M. Stall, and G.E. MacDonald, 2007.  Diagnosing Herbicide Injury.  University of Florida Institute of Food and Agricultural Sciences Extension (Publication #SS-AGR-15), http://edis.ifas.ufl.edu/WG053
Heap, I.  2009.  The International Survey of Herbicide Resistant Weeds (WeedScience.org).  Herbicide Resistance Weeds Summary Table. http://www.weedscience.org/summary/MOASummary.asp
Kegley, S.E., Hill, B.R., Orme S., Choi A.H. 2008.  PAN Pesticide Database, Pesticide Action Network, North America, http://www.pesticideinfo.org. September 16th, 2008: Version 8.1.  
Kilbride, K. M., Paveglio, F. L. 2001. Long-Term Fate of Glyphosate Associated with Repeated Rodeo Applications to Control Smooth Cordgrass (Spartina alterniflora) in Willapa Bay, Washington. Arch. Environ. Contam. Toxicol. 40: 179–183.
http://www.springerlink.com/content/9386m1bb1ccx3eqm/fulltext.pdf
Mateos-Naranjo, E., Redondo-Gómez, S., Cox, L., Cornejo, J., Figueroa, M.E. 2009. Effectiveness of glyphosate and imazamox on the control of the invasive cordgrass Spartina densiflora.  Ecotoxicology and Environmental Safety 72:1694–1700.  
Pless, P. 2005.  Use of Imazapyr Herbicide to Control Invasive Cordgrass (Spartina spp.) in the San Francisco Estuary.  San Francisco Estuary Invasive Spartina Project.  http://www.spartina.org/referencemtrl/SF-Imazapyr-EA.pdf

Roberts, P.D. and Pullin, A.S.  2006. The Effectiveness of Management Options Used for the Control of Spartina Species. Systematic Review No. 22. Collaboration for Environmental Evidence. http://www.environmentalevidence.org/Documents/SR22.pdf

Ross, M. A. and Childs, D. J. 1996.  Herbicide Mode-Of-Action Summary. Cooperative Extension Service, Purdue University. WS-23-W. http://www.ces.purdue.edu/extmedia/WS/WS-23-W.html

Thurston County, Washington.  2009.  Integrated Pest Management: Table of reviewed terrestrial herbicides.  Potential hazards in 8 categories are evaluated (low, high, moderate, or unable to find useful data).  On this basis, herbicides are given a use rating of Pass, Fail, or Conditional.  Each compound on the chart is linked to a report with references to source material. http://www.co.thurston.wa.us/health/ehipm/ehipm_terrestrialreview.html

Tu, M.; Hurd, C.; and Randall, J. M.  2001.  Weed Control Methods Handbook: Tools and Techniques for Use in Natural Areas.  Version date: April 2001 (individual chapters were updated more recently)  http://www.invasive.org/gist/handbook.html

US Environmental Protection Agency (US EPA). 1998.  Reregistration Eligibility Decision (RED) Triclopyr. EPA 738-R-98-011. http://www.epa.gov/oppsrrd1/REDs/2710red.pdf

US Environmental Protection Agency (US EPA). 2006.  Reregistration Eligibility Decision for Imazapyr. EPA 738-R-06-007. http://www.epa.gov/oppsrrd1/REDs/imazapyr_red.pdf

US Environmental Protection Agency (US EPA).  2009.  Glyphosate Summary Document Registration Review: Initial Docket.  EPA-HG-OPP-2009-0361.  http://www.regulations.gov/search/Regs/home.html#documentDetail?D=EPA-HQ-OPP-2009-0361-0003

Warren, R. Scott, Fell, Paul E., Grimsby, Jonna L., Buck, Erika L., Rilling, G. Chris, and Fertig, Rachel A. 2001. Rates, Patterns, and Impacts of Phragmites australis Expansion and Effects of Experimental Phragmites Control on Vegetation, Macroinvertebrates, and Fish within Tidelands of the Lower Connecticut River. Estuaries 24 (1): 90–107. http://www.springerlink.com/content/n4r77648g5h7g614/fulltext.pdf
Washington State Department of Ecology.  2004.  Environmental Impact Statement (EIS) for Permitted Use of Triclopyr. Publication Number 04-10-018, revised.  http://www.ecy.wa.gov/biblio/0410018.html
Washington State Department of Ecology.  2009.  Aquatic Plant Management - Aquatic Herbicides website. http://www.ecy.wa.gov/programs/wq/plants/management/aqua028.html
Other Useful Resources  
Glyphosate

Sorting Through the Glyphosate Jungle

Alan C. York,  N. C. State University

http://www.ces.ncsu.edu/martin/glyphosate.html

Salts of Glyphosate -  some listed in Table 3

http://www.bioone.org/doi/pdf/10.1614/WT-040271R2.1
Triclopyr

Triclopyr Questions and Answers

Washington State Department of Ecology

http://www.ecy.wa.gov/Programs/wq/pesticides/final_pesticide_permits/noxious/triclopyr_faq.pdf
General

National Pesticide Information Center
Environmental and Chemical Properties Databases

http://npic.orst.edu/tech2.htm#ecpd
San Francisco Estuary Invasive Spartina Project

http://www.spartina.org/

� It should be noted that additional compounds used in a formulation can be more deleterious than the herbicide itself  (Henry, Higgins and Buhl, 1994 as cited in Tu, Hurd and Randall, 2001; US EPA 2009).  


� The US EPA evaluates each pesticide after 15 years of registration.


� “Kilbride et al. (1995) sprayed Spartina clones (dense circular patches) on Willapa National Wildlife Refuge and achieved 84% control 1 year after treatment.  Major and Grue (1997) found 80–90% … reductions in stem densities 1 year after treatment of Spartina clones in Willapa Bay on sites with muddy substrates associated with spraying Rodeo (5% solution)…  Chamberlain (1995) found 100% control (no resprouting) 1 year following Rodeo treatment (2% solution) of Spartina in south San Francisco Bay. Since 1994, ground treatments of Spartina at Don Edwards San Francisco Bay National Wildlife Refuge with Rodeo (2–4% solutions) have resulted in 75–95% control 1 year after treatment (U.S. Fish and Wildlife Service, unpublished data). “ (from Kilbride 2001) 


� “Kilbride et al. (1995) found 32% declines in Spartina for clones aerially sprayed in August 1992 with Rodeo (4.7 L/ha [2.2 kg acid equivalent a.e. glyphosate/ha]) in Willapa Bay. In August 1995, a 2-ha plot within a Spartina meadow (Kaffee-Lewis Slough) was aerially sprayed with Rodeo (8.8 L/ha [4.1 kg a.e. glyphosate/ha]); pre- and posttreatment (1 year) data (stem densities) indicated no Spartina control (Major and Grue 1997). In addition, a Spartina meadow (152 ha) at Kaffee-Lewis Slough that included the 2-ha plot treated in 1995 as well as a 12-ha meadow at Seal Slough were aerially sprayed in early July 1996 with Rodeo (8.8 L/ha [4.1 kg a.e. glyphosate/ ha]); visual (aerial) inspection of the treated meadows 5 weeks after application indicated approximately 65–75% brown down with no seed set (C. Moore, Washington Department of Agriculture, personal communication).” (Kilbride 2001). Note: 2.2 kg/ha  = 1.96 lbs/acre, 4.1 kg/ha = 3.65 lbs/acre


� 460 L/hectare x 0.107 (conversion) = 49.2 gallons/acre.  49.2 gallons per acre x 0.0125 (dilution) = 0.615 gallons per acre.  0.615 gallons per acre x 8.32 pounds per gallon (for aqueous solution) = 5.11 pounds per acre


� 7200 g per hectare x 0.00089 (conversion) = 6.4 pounds per acre


� Koc = The soil organic carbon-water partitioning coefficient, a prediction of mobility in soil based on partitioning of the compound in various solvents.  Higher Koc values correlate to less mobility.


� “In the pre-emergence study, no effects on emergence were noted for any plants (NOEC [no observed effect concentration] = 0.064 lb/acre) except ryegrass (NOEC� = 0.032 lb/acre and EC25 of 0.055 lb/acre). NOEC values for survival were also 0.064 lb/acre except for ryegrass, which evidenced an NOEC of 0.016 lb/acre. Imazapic was much more toxic in the post-emergence assay, with 21-day NOEC values for visual injury of 0.001 lb/acre for cabbage, cucumber, and tomato; 0.002 lb ai/acre for onion, oat, and radish; 0.004 lb/acre for ryegrass, 0.008 for soybean, 0.016 for corn, and 0.032 for lettuce.”  (Durkin 2004)


� Conversion: kg per hectare x 0.892 = pounds per acre 


� ENSR, International is an environmental research firm founded in the 1960s (now owned by AECOM - Architectural, Engineering and COnstruction Management).  Although it is likely an acronym, we were unable to find out what ENSR stands for. 
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