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Evaluation of 12 foliar applied non-aquatic
herbicides for efficacy against giant salvinia
(Salvinia molesta)
BRADLEY T. SARTAIN AND CHRISTOPHER R. MUDGE*
ABSTRACT
Registered aquatic herbicides are frequently used for
managing the invasive aquatic fern giant salvinia (Salvinia
molesta D.S. Mitchell). Unfortunately, there is a limited
number of efﬁcacious and economically feasible products
available for large-scale management. Therefore, outdoor
mesocosm trials were conducted to evaluate nonaquatic
registered herbicides for efﬁcacy against giant salvinia. In
the ﬁrst trial, metsulfuron and sulfometuron were the most
effective. Both treatments caused plants to become necrotic,
lose buoyancy, and desiccate as early as 2 wk after treatment
(WAT) and 100% plant mortality was documented by 8
WAT. In addition, clomazone, halosulfuron, and bensulfuron provided 69, 76, and 77% control, respectively. Herbicide treatments that provided  30% control in Trial 1
(with the exception of clomazone) were re-evaluated in Trial
2 at additional rates. All herbicide treatments in Trial 2
signiﬁcantly reduced giant salvinia biomass compared with
the nontreated reference. In addition, all three rates of
metsulfuron and sulfometuron provided 98 to 99% control.
Although sulfometuron and metsulfuron did not provide
100% giant salvinia control in Trial 2 at 12 WAT, no new
frond growth was observed and harvested material consisted
of small rhizome fragments that had little to no viability.
The results of these studies conclude that giant salvinia is
sensitive to low use rates of metsulfuron (21 g ai ha1) and
sulfometuron (158 g ai ha1) and regrowth of treated plant
material is minimal.
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INTRODUCTION
Giant salvinia (Salvinia molesta D.S. Mitchell) is a freeﬂoating aquatic fern that originates from Brazil (Jacono
1999, Jacono and Pitman 2001, McFarland et al. 2004). Over
the past 80 yr, giant salvinia has spread outside of its native
range in South America (Oliver 1993, Jacono and Pitman
2001) to Africa (Mitchell and Tur 1975, Cilliers 1991), India
(Cook 1976), Sri Lanka (Room 1990), Southeast Asia (Baki et
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al. 1990), Australia (Forno and Harley 1979), and the United
States (Johnson 1995). The ﬁrst reported documentation of
giant salvinia established in the United States occurred in
1995 in South Carolina (Johnson 1995). Since 1995, it has
been found in an additional 11 states including Alabama,
Arizona, California, Florida, Georgia, Hawaii, Louisiana,
Mississippi, North Carolina, Texas, and Virginia (Thayer et
al. 2018).
Giant salvinia exhibits very rapid growth, with plant
biomass doubling under greenhouse conditions in only 2.2 d
(Cary and Weerts 1983). Conversely, ﬁeld observations have
shown the amount of time for a twofold increase in plant
biomass to range from 1 to 8 d (Finlayson 1984, Room 1986).
In addition, it forms dense mats made of multiple plant
layers that have been documented up to 1 m thick
(McFarland et al. 2004). Dense plant growth impedes
navigation, irrigation, and recreational use of infested water
bodies (Pimentel et al. 1999), leading to not only environmental impacts, but economic impacts and public health
concerns (McFarland et al. 2004). These negative impacts
have led to situations where giant salvinia needs to be
intensively managed to limit its growth and spread to
surrounding water bodies.
Small-scale research and large-scale ﬁeld operations have
shown that aquatic herbicides are capable of managing
giant salvinia infestations in the United States (McFarland et
al. 2004). Currently, 14 active ingredients are registered by
the U.S. Environmental Protection Agency (USEPA) for use
in or around aquatic sites; however, only 10 have activity on
giant salvinia (Table 1) (Nelson et al. 2001, Glomski et al.
2003, Glomski and Getsinger 2006, Mudge and Harms 2012,
Mudge et al. 2012, 2013, Glomski and Mudge 2013, Mudge
2016). To date, glyphosate and diquat applications are the
most effective for giant salvinia control (Mudge et al. 2016),
but other herbicides including carfentrazone-ethyl, ﬂumioxazin, bispyribac-sodium, penoxsulam, and topramezone have demonstrated varying levels of control when
applied alone or in combination with other chemistries
(Glomski and Getsinger 2006, Mudge and Harms 2012,
Mudge et al. 2012, Glomski and Mudge 2013, Mudge 2016,
Mudge et al. 2016).
A combination of glyphosate (3.4 kg ae ha1), diquat (0.5
kg ai ha1), and two surfactants has been used almost
exclusively for giant salvinia control by the Louisiana
Department of Wildlife and Fisheries (Mudge et al. 2016)
as well as other federal and state agencies in Louisiana and
Texas. Despite this combination being effective against
giant salvinia, the continuous use of one herbicide or one
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TABLE 1. REGISTERED

AQUATIC HERBICIDES THAT ARE EFFICACIOUS ON GIANT SALVINIA.

Herbicide
Bispyribac-sodium
Carfentrazone-ethyl
Copper
Diquat
Endothall
Flumioxazin
Fluridone
Glyphosate
Penoxsulam
Topramezone

Mode of Action1

Application Method

ALS inhibitor
PPO inhibitor
Not classified
Photosystem I inhibitor
Not classified
PPO inhibitor
Carotenoid biosynthesis
inhibitor
EPSP synthase inhibitor
ALS inhibitor
Carotenoid biosynthesis
inhibitor

Foliar/subsurface
Foliar/subsurface
Foliar/subsurface
Foliar/subsurface
Foliar/subsurface
Foliar/subsurface
Subsurface
Foliar
Foliar/subsurface
Foliar

1
Abbreviations: ALS ¼ acetolactate synthase, PPO ¼ protoporphyrinogen oxidase,
EPSP ¼ enolpyruvyl shikimate-3-phosphate.

spray mixture will be detrimental if giant salvinia were to
develop resistance to either herbicide in the future (Mudge
et al. 2016). Although herbicide resistance in aquatic weed
management has been limited to ﬂuridone-resistant hydrilla
(Hydrilla verticillata L.f. Royle) (Michel et al. 2004) and diquatresistant landoltia duckweed [Landoltia punctata (G. Meyer)
D.H. Les and D.J. Crawford] (Koschnick et al. 2006), over 250
herbicide-resistant plant species have been documented
globally at a rate of 11 new cases per year (Heap 2014, Heap
2017). Best management practices that promote the
rotation of herbicides are encouraged to decrease the
chances of establishing resistant plant populations. As a
result of the overuse of two active ingredients and a limited
number of efﬁcacious aquatic herbicides, it is important to
evaluate other potential chemistries (i.e., herbicides with
different modes of action) and/or nonaquatic herbicides.
Herbicide screenings for giant salvinia have been limited
because it is considered a regional weed compared with
more widespread invasive aquatic species such as hydrilla
and Eurasian watermilfoil (Myriophyllum spicatum L.). Regional weed problems represent a small market for the
herbicide industry and essentially it is not economically
beneﬁcial to develop new chemistries for a regional weed
species. Products including bispyribac, carfentrazone, ﬂumioxazin, imazamox, penoxsulam, and topramezone were
screened, developed, and registered for aquatic use after
ﬂuridone-resistant hydrilla was discovered in the late 1990s
(Haller 2011, Haller and Gettys 2017). Therefore, the
objectives of this research were to 1) evaluate the efﬁcacy
of 12 non-aquatic herbicides against giant salvinia and 2)
further evaluate products that provided . 30% control at
additional rates.
MATERIALS AND METHODS
Two outdoor mesocosm trials were conducted and
repeated at the Louisiana State University (LSU) Aquaculture Research Facility in Baton Rouge, LA in 2016 (July and
September) and 2017 (May and August). In Trial 1, the
efﬁcacy of 12 herbicides not registered for aquatic use was
evaluated against giant salvinia. In Trial 2, herbicides that
provided at least a 30% reduction of giant salvinia biomass
in trial 1 (excluding clomazone) were re-evaluated at
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TABLE 2. HERBICIDE

1
RATES (G AI HA ) APPLIED TO THE FOLIAGE OF GIANT SALVINIA

AND THE NUMBER OF WEEKS UNTIL PLANTS DOCUMENTED
HERBICIDE SCREENING

 25%

VISUAL INJURY IN

TRIAL 1.

Rate1

 25% Visual Injury

Herbicide Treatments

g ai ha1

WAT

Bensulfuron
Clomazone
Flumiclorac
Glufosinate
Halosulfuron
Metsulfuron
Florpyrauxifen-benzyl
Rimsulfuron
Saflufenacil
Sethoxydim
Sulfometuron
Trifloxysulfuron

70
1,393
60
882
290
42
117
35
150
526
315
21

2
2
1
1
2
2
N/A
N/A
1
N/A
2
3

1

Abbreviations: WAT ¼ weeks after treatment, N/A ¼ not applicable; indicates that
plant injury never exceeded 25%.

additional rates. Giant salvinia used in this research was
collected from cultures maintained at LSU Aquaculture.
In both trials, plants were cultured in 76-L plastic
containers (49.5 cm diam by 58.4 cm height) ﬁlled with 60
L of pond water (pH 8.5). Before planting, pond water was
amended with sphagnum peat moss (14 g) to lower the pH to
, 7.0. Equal amounts of fresh plant material, enough to
cover approximately 85% of the water surface, were placed
in each 76-L container. In addition, 2.1 g of Miracle-Grot1
water-soluble lawn food (24–8–16) was applied to each
container at planting and every 2 wk throughout both trials
to encourage plant growth. Plants were allowed to acclimate
to container conditions for 2 wk before herbicide application. At herbicide application, plants had reached ca. 100%
coverage, with mean dry weights of 33.76 6 1.59 and 28.72
6 2.03 g for trials 1 and 2, respectively. Culture and
planting techniques were adapted from previous giant
salvinia research (Nelson et al. 2007, Mudge et al. 2012,
Mudge et al. 2016).
Herbicides evaluated during trials 1 and 2 included
acetolactate synthesis inhibitors (ALS): bensulfuron,2 halosulfuron,3 metsulfuron,4 rimsulfuron,5 sulfometuron,6 triﬂoxysulfuron;7 protoporphyrinogen oxidase inhibitors
(PPO): saﬂufenacil8 and ﬂumiclorac;9 carotenoid biosynthesis inhibitor: clomazone;10 glutamine synthesis inhibitor:
glufosinate;11 synthetic auxin: ﬂorpyrauxifen-benzyl12 (4amino-3-chloro-6-[4-chloro-2-ﬂuoro-3-methoxyphenyl]-5ﬂuoro-pyridine-2-benzyl-ester); and acetyl CoA carboxylase
inhibitor: sethoxydim13 (Tables 2 and 3).
All herbicides were applied at maximum application
rates on the basis of the USEPA Section 3 label in their
respective use sites (i.e., row crops, horticulture, turf, rightof-way, etc.) for trial 1 and additional rates in Trial 2. Each
treatment included a modiﬁed vegetable oil and nonionic
organosilicone surfactant blend14 at 0.25% v/v. A nontreated reference was also included. A completely randomized design was utilized, with four replicates per treatment.
Herbicide treatments were applied to the foliage of giant
salvinia using a CO2-powered sprayer at an equivalent of
935 L ha1 diluent delivered through a single TeeJett15 800067 nozzle at 20 psi. All viable plant biomass was harvested
J. Aquat. Plant Manage. 56: 2018

TABLE 3. HERBICIDE

1
RATES (G AI HA ) APPLIED TO THE FOLIAGE OF GIANT SALVINIA

AND THE NUMBER OF WEEKS UNTIL PLANTS DOCUMENTED
HERBICIDE SCREENING

Herbicide Treatments
Bensulfuron
Halosulfuron
Metsulfuron
Saflufenacil
Sulfometuron
Trifloxysulfuron
1

 25%

VISUAL INJURY IN

TRIAL 2.

Rate

. 25% Visual Injury

g ai ha1

WAT1

70
140
289
578
21
42
84
300
158
315
630
42

3
3
3
2
3
3
2
1
3
2
2
3

Abbreviation: WAT ¼ weeks after treatment.

12 wk after treatment (WAT), dried to a constant weight (65
C), and recorded as grams of dry weight biomass. Dry weight
data from each trial were subjected to an analysis of
variance using Proc Glimmix procedure in SASt version 9.4
(2017) statistical software with trial replicates as a random
effect. Means were separated using Fishers Protected LSD
test (P  0.05).
RESULTS AND DISCUSSION

Figure 1. Dry weight biomass (mean 6 SE) response of giant salvinia 12 wk
after treatment with foliar-applied nonaquatic herbicides in Trial 1. Bars
sharing the same letter are not signiﬁcantly different according to Fisher’s
Protected LSD test; P  0.05; n ¼ 8. Horizontal dashed line represents
pretreatment biomass. Numbers following the treatment represent g ai
ha1.

The nonaquatic herbicides evaluated as foliar applications against giant salvinia provided a variety of injury
symptoms. In trial 1, injury to giant salvinia from
saﬂufenacil, ﬂumiclorac, and glufosinate resulted in chlorosis and necrosis to giant salvinia less than 1 WAT. Despite
saﬂufenacil and ﬂumiclorac having the same mode of action
(PPO inhibitors), saﬂufenacil resulted in faster injury
symptoms than ﬂumiclorac. Although rapid plant injury
was documented with the aforementioned products, plant
recovery was evident 2 WAT, and all three herbicide
treatments failed to provide . 35% control 12 WAT (Figure
1).
Clomazone-treated plants exhibited bleaching and chlorosis , 2 WAT, with peak visual injury observed 5 WAT.
Halosulfuron and bensulfuron treatments exhibited chlorosis of existing fronds and growth reduction of newly
formed fronds 2 WAT; plants were necrotic by 4 WAT.
Unfortunately, plant recovery was documented  6 WAT
and was very noticeable by the conclusion of the 12-wk
study in clomazone, halosulfuron, and bensulfuron treatments, which resulted in 69, 76, and 77% control,
respectively. Florpyrauxifen-benzyl caused short-term and
minimal visible injury ( 10%), with newly formed fronds
appearing slightly stunted 3 WAT; however, no injury
symptoms were visible at 5 WAT. Sethoxydim and rimsulfuron treatments did not produce any visible injury
symptoms and dry weight biomass was not signiﬁcantly
different from reference treatments at the conclusion of
trial 1. Metsulfuron and sulfometuron were the most
effective treatments and provided 100% control of giant
salvinia at the end of the 12-wk study (Figure 1). Both
treatments caused plants to become necrotic, lose buoyancy,

and desiccate as early as 2 WAT. At 6 WAT,  85% of the
plant material fell below the water surface and deteriorated,
and by 7 WAT only a few small chlorotic and necrotic
fronds remained at the water surface. By 8 WAT, 100%
plant mortality was documented for both treatments.
Because of the level of control provided by bensulfuron,
halosulfuron, metsulfuron, saﬂufenacil, sulfometuron, and
triﬂoxysulfuron, these products were further evaluated in
trial 2 at additional rates. All herbicide treatments in trial 2
reduced giant salvinia biomass 53 to 99%, in comparison
with the nontreated reference 12 WAT (Figure 2). The 23
rate of saﬂufenacil (300 g ai ha1) in trial 2 provided better
control (89%) compared with trial 1 (31%, 150 g ai ha1);
however, plant recovery was observed 3 WAT. The 23 rate
of triﬂoxysulfuron in trial 2 provided 53% control, which
was modestly higher than the 44% control observed in trial
1. There were no differences in plant response between
plants treated with the 13 or 23 rate of bensulfuron or
halosulfuron in trial 2, with each providing 92 to 96%
control, respectively. All three rates of metsulfuron and
sulfometuron provided 98 to 99% control.
Saﬂufenacil (trial 1 and 2) and ﬂumiclorac (trial 1)
performed similarly to the contact herbicides ﬂumioxazin
and carfentrazone, which are also PPO-inhibiting herbicides
currently registered for aquatic use by the USEPA (Netherland 2014). Flumioxazin and carfentrazone are efﬁcacious
when applied to the foliage of giant salvinia (Glomski and
Getsinger 2006, Richardson et al. 2008); however, regrowth
frequently occurs, especially when multiple plant layers are
present (Mudge et al. 2016). These previous ﬁndings (Mudge
et al. 2016) are similar to observations documented in the
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Figure 2. Dry weight biomass (mean 6 SE) response of giant salvinia 12 wk
after treatment with foliar-applied nonaquatic herbicides in Trial 2. Bars
sharing the same letter are not signiﬁcantly different according to Fisher’s
Protected LSD test; P  0.05; n ¼ 8. Horizontal dashed line represents
pretreatment biomass. Numbers following the treatment represent
herbicide rates in g ai ha1.

current studies with saﬂufenacil- and ﬂumiclorac-treated
plants, documenting recovery  3 WAT.
Clomazone, halosulfuron, and bensulfuron are currently
registered by the USEPA and labeled for use in several row
crops for control of broadleaf weeds, sedges, and grass
species (Shaner 2014). Giant salvinia exposed to bensulfuron
and halosulfuron documented typical ALS herbicide symptomology. Fronds that developed after herbicide application appeared crinkled, stunted, and chlorotic, whereas
older fronds gradually became necrotic, lost buoyancy, and
deteriorated. These injury symptoms are similar to the
registered aquatic herbicide penoxsulam, which is also an
ALS inhibitor that is efﬁcacious against giant salvinia as a
foliar or subsurface application (Mudge et al. 2012).
Bensulfuron has previously been documented as efﬁcacious
against fern species. Toxicity tests of bensulfuron against
the aquatic ferns Salvinia natans (L.) All., Azolla japonica
Franch. & Sav., and Marsilea quadrifolia (L.) indicated an
estimated dose to kill 50% of the test population of less than
1/20th the recommended application rate (51 to 75 g ai ha1)
for bensulfuron in Japanese rice paddy ﬁelds (Aida et al.
2004). Although clomazone efﬁcacy was observed in trial 1,
it was excluded from trial 2 because of potential volatility
issues and off-site injury of sensitive plants (Mervosh et al.
1995) that may decrease the probability of achieving an
aquatic label for giant salvinia control.
It is evident from the results of these screenings that
sulfometuron and metsulfuron are highly efﬁcacious against
giant salvinia. Both treatments provided noticeable visual
injury symptoms  2 WAT and 98 to 100% plant control as
early as 8 WAT across all the rates evaluated. Although
sulfometuron and metsulfuron did not provide 100% giant
salvinia control in trial 2, no new fronds were observed and
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harvested material consisted of small rhizome fragments
that had limited viability.
Sulfometuron is registered for use in conifer and
hardwood sites for the control of annual and perennial
broadleaf and grass species, and late fall/early winter
applications in unimproved turf sites (Shaner 2014).
Sulfometuron activity on nonaquatic fern species has been
previously documented. Horsley (1988) reported 100%
control of hay-scented fern [Dennstaedtia punctilobula (Michx.)
Moore] and New York fern [Thelypteris noveboracensis (L.)
Nieuwl.] 2 yr after applications of sulfometuron at 102, 204,
and 408 g ai ha1. In addition, sulfometuron and tank mixes
of sulfometuron þ glyphosate have been successfully
implemented to reduce hay-scented fern densities in
forested areas of the northeastern United States (Fei et al.
2010).
Metsulfuron is registered for control of broadleaf weeds
in grain crops, pasture grass species (Shaner 2014), turf
grass, and brush control (Bayer 2017a). In addition,
metsulfuron can be applied under the authority of a Federal
Insecticide, Fungicide, and Rodenticide Act Special Local
Need (SLN) 24(c) label to control Old World climbing fern
[Ligodium microphyllum (Cav.) R. Br; OWCF] and for use in
lake restoration projects in dewatered zones of lakes in
Florida (Bayer 2017b, 2017c). The efﬁcacy of metsulfuron on
OWCF subsequently led to the testing of metsulfuron on
giant salvinia in the current herbicide screening trials.
Langeland and Link (2006) documented 100% control of
OWCF with foliar applications of metsulfuron at 40 and 80
g ai ha1, which is comparable with the results of trials 1 and
2 in the current research.
Nontarget injury to native aquatic plants is also a major
concern when managing infestations of invasive weeds.
Hutchinson and Langeland (2008) documented several
broadleaf wetland plants sensitive to applications of
metsulfuron; however, sand cord grass (Spartina bakeri
Merr.), soft rush (Juncus effusus L.), swamp lily (Crinum
americanum L.), and buttonbush (Cephalanthus occidentalis L.)
were more tolerant to applications  42 g ai ha1. Chiconela
et al. (2004) reported no signiﬁcant effects on torpedograss
(Panicum repens L.), knotgrass (Paspalum distichum L.), paragrass [Urochloa mutica (Forssk) T.Q. Nguyen], or softstem
bulrush [Schoenoplectus tabernaemontani (C.C. Gmel.) Palla] at
metsulfuron rates  70 g ai ha1 , but pickerelweed
(Pontederia cordata L.) and arrowhead (Sagittaria lancifolia L.)
were negatively affected. It should be noted that the
majority of giant salvinia infestations in Louisiana and
Texas are vast monotypic mats that have negatively affected
infested water bodies for nearly 2 decades (A. Perret,
personal comm. 2017). Thus, any negative impacts of
metsulfuron applications to co-occurring native aquatic
plant species would likely be minimal when targeting giant
salvinia.
This research provides the ﬁrst documentation of
metsulfuron and sulfometuron efﬁcacy on giant salvinia,
and that giant salvinia is sensitive to low use rates of
metsulfuron (21 g ai ha1) and sulfometuron (158 g ai ha1),
with minimal regrowth of treated plant material. Sulfometuron is classiﬁed as general-use herbicide with an acute and
chronic toxicity of low to very low for rats (oral 50% lethal
J. Aquat. Plant Manage. 56: 2018

dose [LD50] . 5,000 mg kg1 body weight) and a 96-h 50%
lethal concentrationl (LC50) . 12.5 mg L1 in bluegill
(Lepomis macrochirus) and rainbow trout (Oncorhychus mykiss)
(Shaner 2014). Hydrolysis and photolysis are two degradation pathways of sulfometuron in aquatic environments.
Harvey et al. (1985) reported sulfometuron to readily
hydrolyze at pH 5.0 (half-life ~ 2 wk) compared with pH 7
and pH 9, where it remained stable throughout the 30-d test
period. Harvey et al. (1985) also reported the photolytic
half-life of sulfometuron to be in the order of 1 to 3 d.
The acute and chronic toxicity of metsulfuron is also
classiﬁed as low to very low for rats (LD50 . 5,000 mg kg1)
and bluegill sunﬁsh (96-h LC50 . 150 mg L1) (Bayer 2015).
Although metsulfuron has low toxicity to aquatic fauna, its
persistence in aquatic habitats could be a concern. Common
degradation pathways in sulfonylurea herbicides include
chemical hydrolysis and microbial degradation (Beyer et al.
1988), with degradation decreasing under alkaline conditions. Typically, in an aquatic habitat, pH is generally at or
slightly above neutral (pH 7). Sarmah et al. (2000) reported
metsulfuron hydrolysis to be most rapid below pH 6.2 (halflife 9.6 d) and above pH 10.2 (half-life 11.2 d); however, it
remained relatively stable at pH 7 to 9. Thompson et al.
(1992) reported metsulfuron at 10 lg L1 to have an
estimated DT50 (time required for 50% of the pesticide
concentration to dissipate) of 29 d in natural waters (pH 6.7
to 7.3), which is more rapid than the 33-d hydrolytic half-life
reported by Beyer et. al. (1988) at pH 5 (25 C). This suggests
that other mechanisms may be affecting metsulfuron
dissipation in natural waters (Thompson et. al. 1992).
Sulfometuron is highly susceptible to photolysis, with a
DT50 of 3 d (Harvey et al. 1985), and considering the
structural similarities of metsulfuron and sulfometuron, it is
reasonable to expect similar photolytic degradation between the two products (Thompson et al. 1992), although
this degradation mechanism has been previously reported
as insigniﬁcant in the environmental dissipation of metsulfuron (Beyer et al. 1988).
The lower toxicity to nontarget aquatic organisms, its
efﬁcacy on giant salvinia, and the SLN label already
available in Florida make metsulfuron a more suitable
potential candidate for registration as an aquatic herbicide
or SLN label in Louisiana and Texas, where giant salvinia
infestations are spreading annually. The SLN label in
Florida for controlling OWCF allows applications in/on
freshwater marshes (sloughs, wet prairies, and sawgrass
marshes), ﬂoodplains, swamps, and Everglades tree islands
(Bayer 2017b). This landscape is similar to giant salviniainfested areas of Louisiana and Texas. Future research
should examine efﬁcacy toward additional nontarget
vegetation and its persistence in natural waters. In addition,
alternative application techniques such as in-water injection
treatments and lower use rates  21 g ai ha1 should be
examined.
SOURCES OF MATERIALS
1

Miracle-Grot Lawn Fertilizer, The Scotts Company, P.O. Box 606,
Marysville, OH 43040.
2
Londaxt, RiceCo LLC, 5100 Poplar Ave., Suite 2458, Memphis, TN
3817.
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3
Halomaxe, Aceto Agricultural Chemicals Corporation, 4 Tri Harbor
Ct., Port Washington, NY 11050.
4
Cimarront Max part A, E.I. du Pont de Nemours and Company, 1007
Market St., Wilmington, DE 19898.
5
TranXitt, E.I. du Pont de Nemours and Company, 1007 Market St.,
Wilmington, DE 19898.
6
Oustt XP, E.I. du Pont de Nemours and Company, 1007 Market St.,
Wilmington, DE 19898.
7
Envoket, Syngenta Crop Protection LLC, P.O. Box 18300, Greensboro,
NC 27419-8300.
8
Sharpent, BASF Corporation, 26 Davis Dr., Research Triangle Park,
NC 27709.
9
Resourcet, Valent U.S.A. Corporation, P.O. Box 8025, Walnut Creek,
CA 94596-8025.
10
Commandt 3ME, FMC Corporation, Agriculture Products Group,
Philadelphia, PA 19103.
11
Libertyt, Bayer CropScience LP, P.O. Box 12014, 2 T.W. Alexander
Dr., Research Triangle Park, NC 27709.
12
Procellacore EC, SePro Corporation, 11550 N. Meridian St., Suite
600, Carmel, IN 46032.
13
Poastt, BASF Corporation, 26 Davis Dr,, Research Triangle Park, NC
27709.
14
Turbulencee, Winﬁeld Solutions LLC, P.O. Box 64589, St. Paul, MN
55164.
15
TeeJett, Spraying Systems Co., P.O. Box 7900, Wheaton, IL 60187.
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