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ABSTRACT

Field, greenhouse and laboratory experiments were conducted to investigate fomesafen
soil behavior, degradation, dissipation and cotton tolerance. Fomesafen adsorption to soil was
significantly affected by pH and clay content while desorption was correlated to sand, silt, clay
fraction, pH and soil organic matter. Fomesafen degradation was minimum in Cecil sandy loam
or Tifton loamy sand during a 90 day laboratory incubation. Under field conditions, fomesafen
persistence varied significantly between Cecil sandy loam and Tifton loamy sand. The half-life
in the respective soils was 47 and 6 d for 280 g 4j &ad 34 and 4 day for 560 g ai‘haCotton
was not damaged when fomesafen applied preemergence within the 280 to 428 g ai ha
registered use rates. However stand count, height and yield may be reduced by fomesafen rates
exceeding 1120 g ai Ha Herbicide tolerance and efficacy were initiated for Miscanthus x
giganteus in laboratory, greenhouse and field, with the objective of screening potential
herbicides to control weeds during M. gigantestablishment and eradicating giganteus for
crop rotation and invasive control. Preemergence herbicide screening in greenhouse experiments
indicated M. giganteushizomes were tolerant of atrazinemm@tolachlor, mesotrione,

pendimethalin, acetochlor and metribuzin. However, experiments that screened preemergence



herbicides using M. gigantedertile seeds indicated seed germination failed completely when
treated with dinitroanilines, cellulose synthesis inhibitor, and protoporphyrinogen oxidase
inhibitors; germination responses to very long chain fatty acid inhibitors varied from 46 to 94%.
In postemergence herbicide screening experiments, nicosulfuron, trifloxysulfuron, sulfometuron,
pyrithiobac, clodinafop and fluazifop reduced shoot dry weight of rhizome-established M.
giganteusbut only sulfometuron and fluazifop affected shoot regrowth from rhizomes. The
glyphosate rate to reduce 50% growth compared to nontreated control for Miscanthus shoot dry
weight, underground biomass and regrowth shoot dry weight were 702, 1174 and 163% g ae ha
respectively. Single glyphosate application of 1.68 kg dedduced shoot height and dry

weight, but did not affect underground biomass and shoot regrowth; two applications were
required to eliminate regrowth. Postemergence glyphosate tank mixed with fluazifop, imazapyr,

pyrithiobac or sulfometuron improved control efficacy compared to glyphosate alone.

INDEX WORDS: Fomesafen, soil behavior, degradation, soil dissipation, cotton tolerance,
Miscanthus x giganteygradication, weed control, glyphosate,
preemergence and postemergence herbicides, seed germination.
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CHAPTER 1

LITERATURE REVIEW
Fomesafen introduction, weed control and applicatio in agronomic crops.Fomesafen, 5-(2-
chloro-u, a, a-trifluoro-p-tolyloxy)-N-mesyl-2-nitrobenzamide, is a protoporphyrinogeidase
(PPO) inhibitor used for weed control in cott@oEsypium hirsuturh), soybeans@lycine max
L. Merr.), snap bearPhaseolus vulgari&,) pepper Capsicumspp.), tomatofolanum
lycopersicumi.) and potato$olanum tuberosuin.) (Campbell et al. 2012; Syngenta 2014).
Fomesafen is an active ingredient in 27 produsts,df which are registered by Syngenta Crop
Protection (Flexstar, Flexstar GT, Flexstart GT, B&efix, Reflex) (Campbell et al. 2012). Itis a
weak acid (pK=2.7) with solubility of 50 mg 1X at pH 7, and its solubility and bioavailability in
soil are affected by pH (solubility <1 mgtlat pH 1) (Weber 1993). Fomesafen is rapidly
absorbed by leaf tissue within 1 hr from a postigyaece (POST) application, and is primarily
xylem mobile. Fomesafen injured plants typicaltgguce symptoms such as chlorosis,
necrosis, and leaf desiccation within 3 d; subdktloses cause foliar bronzing on young leaves.
Due to the rapid expansion of herbicide resistag#ds in the Southeast, especially glyphosate
and acetolactate synthase (ALS) inhibitor residtaitmer amaranth, fomesafen pre-emergence
(PRE) applied has become an indispensable compohemed control in cotton and soybean
(Culpepper 2009; Sosnoskie et al. 2009; Wise €1(04]9).
Fomesafen can provide control of many weed spétiagronomic crops, including pigweed
spp., Amaranthusspp.), morningglory speciegpppmoeaspp.), jimsonweedatura stramonium

L.), wild mustard §inapis arvensik. ssp.Arvensi3, black nightshadeSplanum nigrunt..) and



ragweed Ambrosiaspp.) (Senseman, 2007). Culpepper (2009) reportgllifosinate-resistant
cotton, fomesafen plus pendimethalin at 280 andgs@bhat applied PRE, followed by
glufosinate POST and diuron plus MSMA POST-dire¢teD) provided the best late season
Palmer amaranth control (95%) and greatest se¢oihcgield (1341 kg hid) over other herbicide
systems evaluated. Fomesafen plus pendimethali®aand 602 g ai HaPRE, followed by
glyphosate plus pyrithiobac POST and diuron pluswASapplied PD provided 88% late season
control of Palmer amaranth and 1300 kg Beed cotton yield in glyphosate-resistant cotton
(Culpepper 2009). In another study, fomesafeniaggre-plant incorporated (PPI) at 280 g ai
ha! was the least effective treatment to control Palanearanth (69%); however, increasing rate
to 420 g ai hd improved control to 81%; PRE treatments at 2804#lg ai ha provided 72

and 81% control of Palmer amaranth, respectivElymesafen split applications provided the
most effective control (> 91%) of Palmer amaranttoag all treatments examined (Kichler and
Culpepper 2012). Treatments containing fomesafgmaved early-season common cocklebur
(Xanthium strumariunk..) andlpomoeaspp. control when properly activated by irrigatmn
precipitation (Stephenson et al 2004). Anothedgtuggested fomesafen plus pendimethalin
(280 and 1120 g ai Harespectively) applied PRE followed by glufosinatiel-POST provided
over 90% control of Palmer amaranth, common lamétgquChenopodium alburh.), common
ragweed Ambrosia artemisiifolid..), large crabgras®fgitaria sanguinalisL.) and goosegrass
(Eleusine indicéElein) (Everman et al. 2009). Fomesafen tank thixgh flumeturon at 0.42
and 1.68 kg ai harates provided higher weed control than eithebicate used alone;
fomesafen applied 0.42 kg ai-him a tank mixed with MSMA at 2.24 kg ai‘harovided
excellent control of yellow nutsedg€yperus esculentus), morningglory species and pigweed

species when PD to cotton (Lunsford et al. 19%8)wever, fomesafen did not control purple



nutsedgeyperus rotundus.) and sicklepod§enna obtusifoli&.) (Murdock and Keeton,
1998).

Previous research indicates fomesafen half-lifesGpvaries significantly under different
environmental and soil conditions. Fomesafen fi2gldo was reported from 28 to 66 d with an
average of 50 d, after 0.18 kg ai‘halone or 0.09 followed by 0.18 kg aihapplications in
July and August in NY. Fomesafen residue wasdgilectable 350 d after treatment in this
Madalin silty clay loam (Rauch et al. 2007). Foafea dissipation under anaerobic conditions
was less than 3 wk but soil persistence variedfsggntly under aerobic field conditions with
DTso varying from 6 to 12 months (Senseman, 2007). tDuesidual persistence, fomesafen
may injure susceptible rotational crops, such gaheetsBeta vulgarisL.), sunflowers
(Helianthus annuus.) and sorghum3orghum bicolot..) up to one year after application
(Senseman, 2007). The minimal rotational intefeabmall grains such as wheatiticum
aestivumL.), barley Hordeum vulgard..) and rye $ecale cerealk.), is 4 months and for corn
(Zea mayd..), peanut Arachis hypogaed.), peas Pisum sativuni..) and rice Qryza sativa..)
is 10 months (Syngenta 2014). In one study, alltloassay crops, shap bean, sunflower,
watermelon Citrullus Schrad), cucumberQucumis sativug.) and mustardgrassica juncea
(L.) Czern], exhibited various level of injury (28%) when planted 2 wk after a 0.28 kg at ha
fomesafen application. Injury on snap bean, swelp cucumber and mustard was 35, 42, 11
and 100% when planted back 11 wk after treatmerin@on and Talbert, 1993). Dotray et al.
(2010) reported fomesafen injury on peanut wheniegh®RE, AC (at cracking) and EPOST at
two TX locations as unacceptable (> 46%) even thaugenerated good to excellent control of
some broadleaf weeds. In this experiment, fomesabelied PRE at 280 and 560 g attha

applications caused up to 46 and 59% peanut injaspectively. Late season injury was



apparent and yield reduction was observed in miastectreatments (Dotray et al. 2010). Gilbert
et al. (2009) reported fomesafen applied from 22860 g ai ha caused significant peanut
injury and yield reduction was common regardlesapglication timing (PRE, AC and EPOST)
in all four trial locations (Lamesa TX, Tifton G&itra FL and Lewiston-Woodville NC).

Fomesafen is mainly used in cotton PPI or PRE feedwvcontrol. The fomesafen cotton
registration allows preplant surface applicatiomgdium or fine-textured soils for rates of 280
ai haland PRE application to coarse-textured soils ftasraf 280 to 420 g ai H{Syngenta,
2014). The use of fomesafen in cotton productias fapidly increased over the past decade.
Total usage of fomesafen in all cotton produciragest increased by 4.9-fold from 2007 to 2010.
A total of 66,636 ha in 2007 was treated with foafes in GA and this number increased to
220,742 hain 2010. (USDA-NASS, 2010). Howevettan are concerned for fomesafen injury
on cotton. Kichler and Culpepper (2012) reporteshtest fomesafen cotton injury was observed
12 DAT. PRE treatment caused 8 and 15% injury wapplied at 280 and 420 g aihavhile
PPI treatments only produced 0 and 2% injury ferrdspective rates. Murdock and Keeton
(1998) reported fomesafen cotton injury was geheggieater when applied PRE than PPI,
average injury was 5, 9, 14 and 23% respectivelgniiomesafen was applied PRE at 280, 426,
560 or 840 g ai i When applied PPI, average injury was 1, 4, 5% for those respective
rates. Schrage et al. (2012) concluded low segaf wincurred 20% greater fomesafen injury on
cotton and deep planting at 2.5 cm caused 15% mjmg than at 0.6 cm.

Similar to fomesafen, other PPO inhibitors havenbeported to cause injury to cotton and
soybean. Flumioxazin was very effective againgbic&le resistant Palmer amaranth but due to
crop injury concerns, it can only be applied astelad d before cotton planting. If planted within

14 d of flumioxazin application, a strip-tillagenseded to safen cotton from flumioxazin injury,



but this may decrease weed control by 25 to 40%pgpwer 2009; Kichler et al. 2007).
Flumioxazin injury on cotton leaves occurred wheavy rainfall splashed treated soil onto leaf
surface of 15 cm tall cotton (Wilcut et al. 2000)erefore, flumioxazin application should be
restricted to the cotton bark when PD applied arshpplication over the top or to small cotton
with green stems can cause serious injury (Wiltal.€2000; Cranmer et al. 2000). Similar
restriction has been specified in fomesafen labkich forbid POST application over cotton
foliage. PD fomesafen applications in cotton neelde made with precision, hooded or shielded
application equipment (Syngenta 2014). In soybsalfentrazone at 0.22 and 0.44 kg at ha
caused greater soybean injury, reduced stand aidiigia soil with 1.1% organic content (OC)
as compared to soils with 2.3% and 2.9% OC whehexpp d before planting, at planting and

at 50% hypocotyl emergence (Reiling et al. 2006has been noted that early season injury on
cotton may delay plant development, fruiting andurigy, so plants were greener at harvest,
causing more trash in the lint and lower qualitpyes et al. 1981). Overall, little work has been
done to systematically examine solil types andmoiperties on fomesafen injury. Considering
limited information is available regarding the inspaf fomesafen injury on cotton yield, further
research is needed to evaluate cotton toleranimrtesafen and provide recommendations for

growers.

Fomesafen soil behavior and dissipation in soifoil properties, adsorption, desorption,
mobility and biological degradation are importaattbrs that determine pesticide persistence
and bioavailability. Fomesafen is a weak acid wia of 2.7 (Senseman, 2007), therefore,
increased sorption of fomesafen at low pH or acdit surfaces may reduce the water

solubility, mobility and bioavailability of this kicide in soil, due to the formation of



hydrophobic bonding between fomesafen moleculdigoghilic sites on the organic colloidal
surfaces (Weber 1993a; Tanford 1973). Weber (1993fpgested for weak acids like
fomesafen, adsorption occurred by physical fora neutral pH and hydrophobic bonding or
precipitation at low pH.

Freundlich isotherms is frequently used to desgoidsicide adsorption and desorption
processes (Stougaard et al. 1990; Weber 1993a;6bady1997)

Cs = KsCe'/m (1)
whereCs (umol kg') is the amount of pesticide adsorbed at the daitilin concentratioCe
(umol L'Y); K and 1h are constants that characterize the relative sorgtapacity and the
sorption intensity, respectivelK: is the mathematical description of distributiortloé pesticide
between the solid and liquid phases, which reptedbie amount of adsorbed pesticide on the
sorbent when equilibrium concentration is 1 pmaél Koc (soil organic carbon adsorption
coefficient) is usually calculated as:

Koc = (Kf —~OC %) X 100 (OC= organic carbon) 2

In one study, decreasing soil pH from 6.05 to 3mBeased imazapyr (pK 3.8) adsorption
(Ky) to two soils by 10.9 and 2.6 fold respectivelygifo et al. 1997), possibly due to the
formation of hydrophobic bonding. Moreover, at@gymic soil pH ranges (5 to 8), adsorption
to Fe and Al oxides could occur to many weak abgitsause they mainly appear in their anionic
forms (Newby and White 1981; Pusino et al. 199¥0. published literature is available
regarding the effect of soil Fe and Al oxides omésafen adsorption. But in one study
investigating adsorption and desorption of imazapyrich is also a weak acid, correlation
results indicated that imazapyr adsorption and gi®m in soil were highly related to iron oxide

content, CEC, and soil organic matter (OM). Thsoagtion coefficientKq) of imazapyr to iron



oxide was 32.7 at pH 4.8, which was higher thanibwoid and C# saturated humate, but it
drastically decreased to 1.7 at pH 7.1. Thesdtsasuay imply the complicity of weak acid
herbicide adsorption and desorption since theseegses could be affected by multiple soil
components simultaneously.

Guo et al. (2003) reported Freundlich isothermipled good description of fomesafen
adsorption to soil Ks varied from 1.38 to 3.02 on six Chinese soils. @\ pH were
significantly correlated to fomesafen adsorptiohdnil pH was more important than organic
matter content. Weber (1993a) investigated ioiromadnd sorption of fomesafen by soil and soil
constituents at suspension pH of 2 to 6.3. Theesdrused in this study included Bnd C&"™
saturated soil organic matter, Caaturated montmorillonite clay, Norfolk sandy loand
Drummer silt loam. Results suggested decreasisgesision pH to 2 increased fomesafen
adsorption to all sorbents by 5.3 to 42.1 fokd.of Drummer silt loam and Norfolk sandy loam
was 3.6 and 3.5, respectively {4 for the respective soils was 86 and 700, whicleda8. 1
fold. This indicated there were soil constituesttser than OM involved in fomesafen
adsorption. Usually, a hydrophobic molecule shdade relatively constait,c over different
soil types since this molecule could partition fraqueous phase into soil and form strong
hydrophobic bonds with OM in soil (Morillo et al0@4). However, this may not be the case for
fomesafen since it is an ionizable molecule wittafimity to OM which can also be affected by
soil pH.

Fomesafen has been suggested to have moderatamgpokential (Newby and White
1981). In afield study, 60% of applied fomesafieas found 0 to 10 cm deep 63 d after a 0.3 kg
ai ha' application with 660 mm of precipitation (Weisséerd Poole 1982). Guo et al. (2003)

concluded that fomesafen did not move in thredeffive soils tested in the soil thin-layer



chromatography study; 89.92% of the appli#&-fomesafen remained in the top 5 cm when
investigated with one soil under field condition&eber (1993b) reported different leaching
potential of fomesafen in four soils. Fomesafehileited higher mobility in sandier Norfolk
sandy loam than three other soils when irrigat@d tm d for 40 d or 50 cm water
continuously. Liming the Norfolk sandy loam alssulted in greater fomesafen mobility.
Correlation results indicated fomesafen mobility@l was negatively related to CEC, OM,
humic matter and pH but was not affected by clayteat. The results of these studies
suggested, fomesafen mobility might vary dramadiydagtween soils since this process could be
affected by multiple soil components and properti®snilarly, previous research on imazapyr
(pKa = 3.8) suggested that imazapyr desorption fsoits were highly related to OM, soil pH,
CEC and Fe oxide.

Fomesafen persistence in soil varies significaatigl half-life (Do) ranges from 6 to 12
month under aerobic conditions. However, fomesdfgradation under anaerobic conditions
was less than 3 wk (Senseman, 2007). Rauch &Cal7) reported fomesafen applied at 0.18 kg
ai ha' or 0.09 followed by 0.18 kg ai ftdad field Do varied between 28 to 66 d, with an
average of 50 d in a Madalin silty clay loam. Coditet al. (1997) reported fomesafen was
detected in 0-5 cm, 5-10 cm and 10-20 cm of a Baawsoil (61% clay, 26% sand, OM 3.92%,
pH 6.1) 232 d after 0.25 and 0.5 kg aitfaplication and most of the fomesafen concentriated
the 0-10 cm. Oymada and Kuwatsuka (1988) invetstibthe persistence of three diphenylether
herbicides in soil and found the EyVaried greatly by soils and environmental condgioffhe
DTsowas 9 to 173 d for chlornitrofen, 3 to 87 d forofen and 8 to 64 d for chlomethoxynil.
Similar to fomesafen, these herbicides dissipaaptity under anaerobic and low redox

potential conditions. It has been noted in thieegch that D& was negatively related to soil



redox potentials and soil microorganisms may haenbnvolved in the dissipation process
since adding organic matter expedited fomesaferadatjon, but no direct data supported this
assumption. Since fomesafen is now widely useambiton on a wide range of soils, it is
imperative to know how soil properties affect foes behavior, considering limited published

data regarding its persistence and degradatioailin s

Miscanthus x giganteus. a promising bioenergy crop in the USM. giganteushas been grown
in Europe as a cellulosic bioenergy crop for sevideaades and is currently under field
evaluation at multiple locations in the US. Thag&Miscanthusconsists of 17 species and
originated from East Asia (Greef and Deuter 199@)e specific genotype used in Europe and
US for bioenergy productiol). giganteuswvas introduced to Denmark from Japan in the 1930’s
(Greef and Deuter 1993; Lewandowski et al. 2000).giganteuss a natural hybrid between
Miscanthus sinensisndMiscanthus sacchariflorugith 57 somatic chromosomes. Due to
triploidy, M. giganteusseeds are sterile and therefore, reproductiomtuaral habitat solely relies
on vegetative propagation (Lewandowski et al. 2Q0fe-Laursen 1993). Previous tests have
shown thatl. giganteusiomass can be used as solid fuel, constructidemats such as
pressed particle-board, and as a source of celulgey disadvantages include relatively high
establishment costs, narrow genetic base and ltahtalerance in the first winter following
establishment (Lewandowski et al. 2000).

M. giganteushas potential as a bioenergy crop because af#isant biomass production
advantage compared to maiZeed mayd..) for ethanol production and other bioenergycsps
such as switchgrasB&nicum virgatuni.) (Heaton et al2008). Field trials have shown that at

many locations in Europ®). giganteushas yielded the greatest energy of all potentadiergy



crops in terms of net MJ Ha It also has the highest energy-use efficiendyHE in terms of the
energy cost of production, due to relatively higglds and low inputs (Heaton et al. 2004). In
Europe, experiments conducted from Denmark and @&ayrauggested yields without irrigation
typically ranged from 10-25 t dry matter (DM)-h@_ewandowski et al. 2000); irrigated trials
generally produced yields in excess of 30t.hResearch data suggeshdgiganteugproduced
an average yield of 30 t DM fiand maximum yield of 61 t DM Hain lllinois trials over 3
years and in the same study, regionally adaptettisgrass variety ‘Cave-in-Rock’ generated
lower yields (10 t hd) (Heaton et al. 2008). Another review paper analyhedublished yield
data of Miscanthus and switchgrass from peer-reskearticles (97 observations for Miscanthus,
77 for switchgrass) and the authors suggested Miisaa can potentially produce an annual
biomass of 22 t hacompared to 10 t Heof switchgrass (Heaton et al. 2004). In contrast
maize grainM. giganteusalso has an advantage in ethanol production cust & requires

lower management (i.e. tillage, nitrogen fertilizeesticide) and financial input (Lewandowski
et al. 2000). The energy balance ratios (outpatgyiinput energy) of maize amdl giganteus
were 1.4-3.8 and 12-66, respectively (Venturi amthtdri, 2003). The net energy balance of
ethanol (NEB) obtained from maize grain ranged fid@¥80 GJ hd yr! while NEB range of
ethanol derived fronM. giganteuscellulose biomass was 250-550 G2 ga! (Yuan et al.

2008)

M. giganteuss a G grass with high water use efficacies and high lissryield. Plants with
Csphotosynthesis may out yield @lants because of higher radiation, water andgén use
efficacies, but they require a warmer climate tbate growth in spring (Long 1983). Usually,
M. giganteushizomes begin growth when soil temp reaches 1I2t€ (Clifton-Brown 1997).

The water use efficiency of pot and field-estatdi$hl. giganteuganged from 250 to 340 g'g
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and 80 to 330 g Yrespectively (mass of water per unit dry matt@uaaulated) (Lewandowski
et al. 2000). Although water use efficiency ishegthan most of £plants, growth is often
water limited (Beale and Long 1997). giganteusdoes not respond well to nitrogen
fertilization, however, supplemental nitrogen ma&ynecessary in areas where it is limiting
(Lewandowski et al. 2000). There have been norted plant disease and insects which
significantly reduced the yield ®fl. giganteugLewandowski et al. 2000).

Although an excellent bioenergy crop candidaterela@e two major challenges that liriwit
giganteusproduction, low tolerance to cold and high es#ishent cost (Lewandowski et al.
2000; Lewandowski 1998M. giganteushizomes are killed when soil temperatures go below
3.5 C while its parentl. sinensighizomes can tolerate cold stress to -6.5 C @li#rown and
Lewandowski 2000). Therefore, in areas wheretsailperatures fall below -3.5 C, more cold-
tolerant genotypes . sinensisaare recommended (Clifton-Brown et al. 2001). Giugly
suggested rhizome size, planting depth, rhizomag#length and storage conditions have
significant effect on the survival ®. giganteuswithin the first year of establishment, (Pyter et
al. 2010). Clifton-Brown et al. (2011) studied theesse temperatures below which the
germination of at least 50% viable seeds ceasedegpudited that the base temperature for
perennial ryegrasd ¢lium perenné..) and maize were 3.4 and 4.5 C, respectively. Howeve
the base temperature Miscanthusggenotypes varied from 9.7 to 11.6 C, which waséighan
maize and switchgrasB#&nicum virgatuni..).

High establishment cost is another major obstarch. igiganteugproduction. Because of
seed sterilityM. giganteusstands are typically established with vegetatiapagated rhizomes
which are more expensive to produce and storeddficlilt to plant as compared to seed. Also,

some special planting equipment is needed to plendmes and may not be available to
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growers, therefore, the adoption of steklegiganteushas been slow (Heaton et al. 2010).
Lewandowski et al. (2000) estimated stand estafkstt could cost $3906 to $7811fvaith
rhizomes and requires special planting equipmelawever, cell culture techniques and micro-
propagated plants from somatic cells or meristerag significantly reduc®l. giganteus
establishment cost to $456 halones (2009) suggested propagation through eifiseret culture
or rhizomes could cost $2586hand is largely supported by EU grants of some t@m
Planting cost usiniyl. giganteudertile seeds would be $608h¢Clifton-Brown et al. 2011),
which could significantly reduce establishment exges as compared to rhizome propagation.
Fertile varieties oM. giganteusare currently under development and may be comailbrci
available in a near future (Smith and Barney 2(Ra@ss 2011) but these varieties have raised
concerns over their invasive potential (Matlaga Biadis 2013; Quinn et al. 2011; Smith and
Barney 2014).

Due to slow initial growth oM. giganteusweed control in the first year is crucial to
successful establishment and high biomass yield/&belowski et 2000; Anderson et al. 2011).
Up to date, limited information is published comiag herbicide options available .
giganteus Some researchers suggested herbicides registerearn Zea may4..) are
generally safe oM. giganteugLewandowski et al. 2000); however, several exoepthave
been identified. Corn herbicides EPTC applied4a®4g ai ha, nicosulfuron applied at 35 g ai
ha? and trifloxysulfuron applied at 16 g ai-heeducedVl. giganteusshoot height and dry weight
(Li et al. 2013). In another study, foramsulfuapplied at 37 g ai ha glyphosate applied at
840 g ai hd, imazamox applied at 44 g ai‘hand nicosulfuron applied at 35 g ai‘haroduced
lower M. giganteusaboveground and belowground biomass than norettediteck (NTC)

(Everman et al. 2011). Anderson et al. (2010)wataidM. giganteudolerance to 11 PRE and
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16 POST treatments in greenhouse and 24 treatnnefiééd. They reported 8980 g ai-ha
atrazine, 284 g ai hlaimazethapyr, 316 g ai éasoxaflutole, 6400 g ai hgpendimethalin, 420 g
ai halisoxaflutole caused injury and reduced shoot drights in greenhouse trial. However,
these herbicides, if applied at lower rates, didgnoduce any negative effect bh giganteus
growth. For POST treatments, clethodim, imazethapyazapic, sethoxydim, tembotrione and
topramezone produced various level of injury (1%%&nd dry weight reductions on
greenhouse plants as compared to NTC. In fieddistrireatments containing imazamox 44 to

176 g ai hdgenerally decreased shoot dry weights.

Invasive potential and eradication ofM. giganteus. The invasive potential of sterile and fertile
M. giganteushas been evaluated in previous publications (Matknd Davis 2013; Quinn et al.
2011; Smith and Barney 2014). SteMegiganteushas been reported to possess less invasive
potential than fertile varieties (Smith and Bar2éyL4). SterileM. giganteuseceived a low
score in the widely accepted Australian weed rsdeasment (WRA) protocol and was
considered ‘minor risk’ for invading natural areaghe US. Other bioenergy species received
‘evaluated further’ and ‘reject’ score in this avation, except for sterile genotypes of
switchgrass in California (Barney and DiTomaso,&00Gordon et al. (2011) evaluated the
invasive potential of 12 bioenergy species propasddorida and the US and sterlg
giganteuswvas given the lowest invasive score (-8 and -$eesvely for FL and the US) among
all 12 species using WRA and was considered adslepta FL and the US. Matlaga and Davis
(2013) suggested the growth rate of stevllegiganteusvas slightly smaller than 1 (value less
than 1 means growth of the population can not corsgite the portion lost senescence,

physical and environmental damages, etc.), indigatie population is not self-sustainable and
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would gradually decline over time without clonatmgitment. They also concluded that a sterile
M. giganteugpopulation may increases in number and spaceibahnual rhizome sprouting is
greater than 20% and rhizome production is equgteater than 1 per plant. Although no single
case of escape has been reported in Europe fde $tergiganteusafter nearly three decades of
research and production (Lewandowski et al. 2000gs been suggested that stele
giganteusshould be grown away from riparian areas, riverlsaarkd areas experience frequent
soil disturbance (Matlaga and Davis 2013).

Compared to sterile variety, the new fertile vaeeifM. giganteuscan largely decrease
planting cost, but also raised concerns over theasiveness since these fertile varieties could
produce large number of viable seeds in field (Brartd Barney 2014). It has been reported that
a singleM. giganteugplant can produce over 100 inflorescences aftrsgyear of growth,
with each inflorescence can generate an averafi?@0 spikelets. These could total over 2.5
billion spikelet per ha per yr (Smith and Barneyl2p Miscanthudruits (caryopses) are low in
weight (0.8 to 1 mg per seed) and known to be dsgakby wind in native grassland because of
the silky hairs on the caryopses (Ohtsuka et &31Quinn et al. 2011). Previous experiments
indicated most Miscanthus caryopses (95%Mosinensisand 77% foiM. giganteu}y were
captured within 50 m of source, but a small por{i@:2% -3%) was found at 300 m and 400 m
(Quinn et al. 2011). Caryopses could travel exethér in high wind speeds and these fertile
seeds will be nearly impossible to contain (Matlagd Davis 2013; Quinn et al. 2011). Smith
and Barney (2014) compared the invasive potentialfertile variety ofM. giganteugo five
invasive and three noninvasive species at sevetaktaim VA and GA. Their results suggested
overall seed germination rate was low for all theces evaluated in all geographies and

habitats. Final seedling mortality rate for fextil. giganteusvas 99.9% (one in 16,000 spikelet
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survived and was 4 cm tall at the end of 6 mo gtu@milar toM. giganteusM. sinensiseeds
yielded only 3% survival rate 12 wk after sowindh(Stian et al. 2005). Although survival and
germination rate were low, the invasive potentidedile M. giganteusstill warrant further
investigation due to the massive amount of seatitefgarieties can produce during one season
(2.5 billion spikelet ha) (Smith and Barney, 2014). Model estimates suggesterile and
fertile M. giganteugpossess remarkably different invasive potentialt{dm and Davis 2013).
For the fertile varieties, rapid population expanss possible even if the seed viability and
survival rate is low (Matlaga and Davis 2013). tharmore, some ideal traits of bioenergy crops
(C4 photosynthesis pathway, high water, nitrogen @isgency and biomass accumulation
ability, no or few pests and diseases, etc.) miagmtperfect invasive weeds (Raghu et al. 2006).
One parent oM. giganteusM. sinensishave long history of escaping cultivation in East
United States, particularly within the Appalachragion (Quinn et al. 2010M. sinensidgs a G
perennial grass native to eastern Asia and pasléads. It was introduced to the US from
Japan in 19 century (Dougherty et al. 2014). It has beconeetiost popular and recommended
ornamental grass in the US (Maynard 2012) and sl sinensisn NC amounts to nearly
$40 million (Trueblood 2009). There have been imgerests of developiniyl. sinensisas a
bioenergy crop and breeding germplasm for novekliofM. giganteugStewart et al. 2009).
However M. sinensigan produce viable seeds (Meyer and Tchida 198®ran tolerate a
number of stressful conditions, such as low feytilcold temperatures, heavy metal
contamination, low pH, shade and frequent burnBtgWart et al. 2009; Meyer 2003; Horton et
al. 2010). Itis considered to be more droughgstht tharM. giganteuqClifton-Brown et al.
2002). Dougherty et al. (2014) surveyed 18 naizedM. sinensigopulation from NC to MA

and they concluded th&t. sinensisstrongly favor highly disturbed and unmanaged tagébsuch
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as roadsides and forest edges. Soil types angnuéivailability did not affected population size
and plant morphology (tiller height, number andabasameter) while low light availability did
not have impact on plant size and vigor. Thesearehers suggestddl sinensican tolerate
broad range of climatic conditions and environmémtfie eastern US and the invasion beyond
its current distribution is possible. Some resears recommended that sterile varietieMof
sinensisshould be developed due to its invasive pote(@ainn et al. 2010).

Eradication of Miscanthus with herbicides and gigehas been evaluated in previous
experiments. Currently, control options heavilly @n glyphosate because of its efficacy
against perennial grasses and mobility to undergtohizomes (Everman et al 2011; Anderson
et al. 2011a, 2011b; Omielan et al. 2012; Cuttd.2011; Spencer et al. 2008, 2011). Everman
et al. (2011) reported glyphosate applied at 0g3dé ha produced the lowest aboveground and
underground biomass among 17 POST herbicides eramiforamsulfuron applied at 0.037 kg
ai hat, imazamox at 0.044 kg ai hianicosulfuron at 0.035 kg ai ialso resulted decreased
aboverground and underground biomass. Glyphosatansulfuron and nicosulfuron produced
the most injury among all treatments examined 824and 28% respectivelyM. sinensisould
be effectively controlled (> 90% control at 397 DYy glyphosate alone at 1.26 kg a€' laad
in combination with imazapyr 560 g ai-héOmielan et al. 2012). Anderson et al. (2011a)
reported one application of 1.7 kg ae'tyhyphosate applied at either fall or spring did no
reduce dry weight and summer shoot number of gstdblished/. giganteusboth fall and
spring applications were needed to decrease dightvand shoot number. Tillage was effective
to decrease shoot dry weight and number. Spiiagei with one or two application of 2.5 kg ae
hat glyphosate reduced aboveground biomass by 94 Z#dr&spectively, and reduced shoot

number by 38 and 67% respectively in the same gr@weason. Although tillage and
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glyphosate were effective options to eradiddtggiganteusthese researchers believed it would
still take more than one year to completely remestablishedV. giganteudrom field due to
large amount of underground rhizome mat. In arrathely, rotating mature fielsl. giganteus
to glyphosate resistant (GR) corn and soybean wasi@ed (Anderson et al. 20110)1.
giganteuswere harvested 10 cm to the ground in the previaiijsand then field was tilled prior
to planting GR corn and soybean. Two applicatiminglyphosate at 1.26 kg ae haere made

in corn during the season. For soybean, firstlgbgate application was 1.74 kg a¢! had
second one was 0.79 kg aetha heir results showed that two applications gppbsate plus
manual weeding (remove all the weeds except Miscatresulted in highest crop yield, lowest
M. giganteusshoot number and height among all treatments iin barn and soybeariM.
giganteuswas suppressed but not eradicated in the tegtledduring the growing season.
Therefore, they concluded rotating glyphosate tastsrops afteM. giganteuds feasible
without yield loss but complete removalMf giganteusvould require more than one growing
season. Considering the difficulty of removivggiganteusand the increasing popularity of
this crop for energy production, further study éeded to increase the control efficacyvbf

giganteuswith more effective herbicide options and agromopriactices.
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CHAPTER 2

ADSORPTION, DESORPTION AND DEGRADATION OF FOMESAFEN SOIL?

1 Xiao Li, Timothy L. Grey, and William K. Vencill.To be published in Pest Management

Science.
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Adsorption, desorption and degradation of fomesafem soil

Xiao Li, Timothy L. Grey, and William K. Vencift

Fomesafen provides excellent control of glyphosasestant Palmer amaranth in cotton but
limited information is available regarding its sbéhavior and degradation in southern soils.
Therefore, fomesafen adsorption and desorption exmiiated on three GA soils (Cecil sandy
loam, Greenville sandy clay loam and Tifton loarapd) and four soils from KY, CO, ID and
TX (Sonora silt loam, Haxtun Sandy Loam, MinidoKalsam and Tremona sand, respectively).
The Freundlich distribution coefficieriK{) was generally low for all soils (1.30 to 9.28)he
desorption study indicated fours soils had a desnrpate varied from 11 to 29%, while
Tremona sand, Haxtun Sandy Loam and Tifton loamy sdiowed higher desorption rate (26 to
81%). There was a negative correlation betwedrpsbandKs, while clay content positively
correlated td<s. Organic matter (OM), clay, and silt content wieneersely related to fomesafen
desorption, while pH and sand content were posjtiredated to desorption. Soil pH had the
largest impact ok, and OM showed greatest effect on fomesafen desorptn fomesafen

degradation study, a Cecil sandy loam and Tift@mlp sand treated with fomesafen was

2 First and third author: Graduate research assiatahProfessor, Department of Crop and Soil
Sciences, University of Georgia, Athens GA 3060&;dd author: Professor, Department of
Crop and Soil Sciences, University of Georgia,dnfGA 31793. Corresponding author’s E-

mail: xIsteve@uga.edu.
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incubated at 0.28 and 0.56 kg ai'tia conical flasks under 20 C and ambient soil muésfor

90 d. No significant reduction in fomesafen coricaion was observed in any of the soil by the
end of the study. Non-linear regression using agptial decay model indicated the slope
parameter (I failed to be significant for both soils. Thesedy results indicated fomesafen soll
behavior, mobility and bioavailability could be efted by multiple soil properties such as pH,
sand clay and organic content, and fomesafen wasusceptible to biological degradation in
soils during the incubation. Therefore, long foafea persistence in soil under adverse
environmental conditions should be expected.

Nomenclature Fomesafen; Palmer amarammaranthus palmers. Wats. AMAPA, cotton,
Gossypium hirsuturh.

Key words: Fomesafen, soil behavior, adsorption, desorpbaripgical degradation.
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Introduction

Fomesafen is registered in cotton and soyb&dyci{ne MaxL.) for weed control at rates of
280 to 420 g ai ha(Syngenta Crop Protection, 2014). Fomesafentisardiphenylether
herbicide family, the mechanism of action is intidn of protoporphyrinogen oxidase (PPO).
Fomesafen can be applied PRE or POST and contanly tnoublesome broadleaf weeds,
including pigweed speciediiharanthusspp.), morningglory speciegppbmoeaspp.),
jimsonweed Datura stramoniuni.), wild mustard §inapis arvensit. ssp.Arvensi3, black
nightshade $olanum nigrunt..) and ragweed specie&rbrosiaspp.) (Senseman, 2007).
Published research indicates that fomesafen siigtence varied significantly and half-life
(DTs0) ranges from 6 to 12 months under aerobic conustia lab experiments. However,
fomesafen degradation under anaerobic conditiossle@ss than 3 wk (Senseman, 2007). Rauch
et al. (2007) reported fomesafen field f9Varied between 28 and 66 d, with an average af 50
in a Madalin silty clay loam from NY. Oymada andwatsuka (1988) investigated the
persistence of three diphenylether herbicides ilnesa noted the Dyvaried greatly by
environmental conditions. The yfanged from 9 to 173 d for chlornitrofen, 3 to 8ibd
nitrofen and 8 to 64 d for chlomethoxynil. Simitarfomesafen, these herbicides dissipated
rapidly in anaerobic conditions. Soil microorgangssmay have been involved in the dissipation
process, since adding organic matter expediteddafea degradation.

Soil properties, adsorption, desorption, mobilityl diological degradation are important
factors that determines fomesafen persistence digdgiconditions. Fomesafen is a weak acid
with pKa of 2.7. The solubility of fomesafen is 50 mg at pH 7 and decreases to less than 1
mg Lt at pH 1 (Senseman, 2007). Therefore, increasgdi@o of fomesafen at low pH or at

acidic soil surfaces may reduce the water solybititobility and bioavailability in soil because
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of the formation of hydrophobic bonding betweenftiraesafen molecule and lipophilic sites on
the organic colloidal surfaces (Weber 1993a; Tahi®73). Weber (1993a) reported that
decreasing the suspension pH from 6.3 to 2 greathgased adsorption of fomesafen by all
sorbents of this study (Hand C&" saturated soil organic matter,“aaturated soil organic
matter, C4" saturated montmorillonite clay, Norfolk sandy loand Drummer silt loam).
Fomesafen sorption to Drummer silt loam and Nor&akdy loam increased 4.1 and 19 fold
respectively, when decreasing natural soil pH {6tDrummer silt loam and 5.3 for Norfolk
sandy loam) to 2. Guo et al. (2003) tested theration, desorption and mobility of fomesafen
in six soils from China and noted that soil pH wasre important than soil OM for adsorption.
In addition, 44 to 81% of the absorbed fomesafes aesorbed from these soils with one
desorption process, therefore making it more rgadihilable for herbicidal activity. At
agronomic soil pH ranges (5 to 8), fomesafen adsnrpo Fe and Al oxides could occur
because many weak acids mainly appear in theinanforms (Newby and White 1981; Pusino
et al. 1997).

Similar to fomesafen, other weak acid herbicidashsas chlorsulfuron, perfluridone, and
imidazolinones, have been reported to have lessadsorption with moderate to high mobility
under neutral or alkaline conditions (Ketchersid &erkle 1975; Weber 1993a, 1993b). Mersie
and Foy (1986) reported chlorsulfuron mobiliR Y was positively correlated to soil pH (r=0.97)
and negatively correlated to organic carbon (O€).@3) in a soil thin-layer chromatography
study. Chlorsulfuron was 2.6 fold more mobile iart@nsville loamy sand (pH 6.9, OC=0.16%)
than in Acedale silt loam (pH 4.6, OC=1.42%). O@IY% of the applied perfluridone was
detected at 15.24 cm of a Sawyer loamy sand witd phbwever, 72% of the applied

perfluridone was found at the same depth whenpébilvas elevated to 8.5 with lime.
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Increasing pH from 4 to 8.5 also dramatically irsed the mobility of 2, 4, 5-T and picloram in
a Sawyer loam sand (Ketchersid and Merkle, 19%&milarly, imidazolinones (imazamox,
imazethapyr and imazaquin) exhibit greater adsonp soil at pH 5 as compared to pH 7 and
herbicide metabolism in soil was negatively relatedoil adsorption (Aichele and Penner 2005).
Imazapyr soil adsorption was strongly affectedhmy/pH and the charge of the absorbing
component; enhanced imazapyr adsorption to amogkRewxide was observed, likely due to
ligand exchange process (Pusino et al. 1997)ndthar study, imazethapyr persistence in
Crosby silt loam and carryover injury of imazaqamcorn in Hoytville clay increased as pH
decreased (Loux and Reese 1993). These resultated weak acid herbicides exhibit greater
adsorption and low mobility under agronomic low pbhditions.

Leaching could be another dissipation pathwaydandsafen from the soil surface. Weber
(1993b) suggested fomesafen leaching occurregsiadesoils when irrigated. Fomesafen
exhibited higher mobility in sandier Norfolk sanidym than other three soils when irrigated
1.25 cm d for 40 d or 50 cm water continuously. Fomesafeuility was negatively related to
soil OM, humic matter, pH and CEC while soil limimgreased fomesafen mobility in a Norfolk
sandy loam. Although there has been publishedreeegarding fomesafen adsorption,
desorption and soil mobility, limited informatios available regarding fomesafen behavior in
southern US soils, and the effect of biologicalrddgtion on fomesafen persistence under
aerobic condition. Therefore, the objective o§thkperiment was to: 1) evaluate fomesafen soill
behavior as affected by various soil properties 2ndvestigate fomesafen biological

degradation in two GA soils.
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Materials and Methods

Adsorption and desorptiotseven distinct soils were used to evaluate fofeasadsorption and
desorption (Table 1). From each soil, 10 g ofdaied and sieved soil with 20 ml of CaCl
solution containing 3, 6, 12, 24 and 48 umdldf fomesafen was added to 50 ml polypropylene
centrifuge tubes and mixed. Fomesafen sodiun{Raftex 2SL, Syngenta Crop Protection, Inc.
Greensboro, NC 27419) was used to prepare the>Galdtions mixed with soil samples. Mixed
samples were shaken for 24 h at 22 C to reachilegurh. Then, slurry was centrifuged at 4000
RPM (Beckman Model TJ-6 centrifuge, Indianapoli, 46268) for 5 min and 2 ml of
supernatant was filtrated with 0.25 pm nylon syeifiger (Fisher Scientific, Pittsburgh, PA.
15275) for HPLC analysis. Fomesafen quantificati@s performed with Waters 2695 HPLC
and Waters 2996 PDA detector. Separation was abedly a Waters XTerra Shield RP18
column (4.6 mm x 250 mm, gm. Waters Co. Milford, MA. 01757) at 60 C, usingotwobile
phases, 0.1% formic acid in water (A) and acetdai(B). Flow program ratio was set as 62%
A/ 38% B initially and linearly decreased to 10%39% B in 7.5 min, then held isocratic for 2
min. Fomesafen was eluted at 6.95 min withoutfatence. System flow rate was 0.75 ml min
1 and detection wavelength was 290 nm. Quantibicatimit of fomesafen in water was 0.05 ug
mlt. The concentration difference between the inéia final equilibrium solutions was used
to calculate fomesafen adsorption to soil. Theyshad three replications and was repeated
twice.

Samples of each soil that mixed with 6, 24 and @®L* fomesafen solution were used to
perform desorption study. The supernatant wasrdedafter initial equilibrium had been
reached and 20 ml of blank CaGblution was added into each tube and shaken2# hr

achieve new equilibrium. Following preparationg@rdures were similar as the adsorption study
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and final liquid samples were analyzed by HPLC e @kesorption process was conducted only
once on selected soil samples.
Adsorption data was fitted to the logarithmic foofithe Freundlich isotherms (Stougaard et
al. 1990; Weber 1993a; Grey et al. 1997):
log Cs = logKs + 1/n logCe 1]
whereCs (umol kg') is the amount of herbicide adsorbed at the dayitiln concentratioCe
(umol LY); Kr and 1h are constants that characterize the relative sorgtpacity and the
sorption intensity, respectivel is the mathematical description of distributiortfoeé
herbicide between the solid and solution phaggxalue for each soil is reported akdc (soil
organic carbon adsorption coefficient) is calcudeds:
Koc = (Kt /OC%) x 100 [2]
OC% = OM% x 0.58 [3]
Fomesafen incubatiorA fomesafen soil dissipation experiment was cateltiin the laboratory
using a Cecil sandy loam and Tifton loamy sand.inlteate the experiment, 50 g of dry soil was
added to 250 ml conical flasks and brought to 18#onsoisture with 6 ml of fomesafen
solution. Initial fomesafen soil concentration veas$ as 0.5 mg ki to simulate a 560 g ai fa
field PPI application. Incubation flasks were séalith parafilm to prevent soil drying and then
soil samples were incubated under lab conditid®2RaE. Soils were sampled at 1 hr after
treatment, 1, 2, 7, 14, 28, 56 and 90 d afterrmeat (DAT). Samples were kept in the dark
storage at O C until extraction. Fomesafen reswae extracted by shaking soil sample in each
bioassay flask with 100 ml 50:50 HPLC grade watet dichloromethane plus 0.5% acetic acid
for 2 hr. Then slurry of each sample was pouréa 5® ml polypropylene centrifuge tubes and

centrifuged at 4000 RPM for 5 min. After centrifygupernatant was transferred to a separation
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funnel, where lower phase (dichloromethane) wakec@d. Dichloromethane was evaporated
to dryness, fomesafen residues was re-dissolved®mt of 70:30 water and acetonitrile solution
by sonication, then filtrated throughun nylon syringe filter for HPLC detection. Fome=af
recovery efficiency was proven to be over 90%. &kgeriment included 3 replications and was
repeated twice.

Statistical analysisThe PROC CORR procedure in SAS (Version SA&S Institute Inc.
Cary, NC. 27513) was used to conduct pairwise @@iroa in order to evaluate the effect of soil
properties on fomesafen adsorption and desorpfR@arson correlation coefficients and
corresponding P values were reported in Tablealcalculate the fomesafen Byl non-linear
regression was performed using Sigmaplot 12.0 &b iftware, Inc. San Jose, CA 95110)
using a two-parameter exponential decay function,

f(x) = boe™1®) [4]

where y is the fomesafen concentration in soil dami is the initial value of fomesafen

concentration (y) when incubation time X is zerg;j®8the rate of decline of concentration

(slope) and X is incubation time.

Results and Discussion
Fomesafen adsorption kineticBhe adsorption kinetics of fomesafen to Cecildydoam is
shown in Figure 1. Approximately 66% fomesafethia solution was adsorbed to Cecil sandy
loam at 30 min. Adsorption increased to 72% at artd final adsorption rate was 76% after 24
hr continuous shaking. This is consistent with @ual. (2003) who reported that fomesafen
adsorption and desorption could reach equilibridter &haking for 1 hr. Exposing additional

sorption sites on soil particles as a result ofgrged shaking, could have caused the increased
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herbicide sorption after the initial rapid phasa &e and Wauchope 1974; Walker and Jurado-
Exposito 1998; Ferrell et al 2005).
Adsorption and desorptiohree GA soils, one TX soil and one KY soil wereluded in the
experiment as these soils occur in major cottonsaytbean growing regions in the Southern US,
where fomesafen is applied (Table 1). GA soilsdsity have higher sand fraction and lower
pH as compared to other soils in this study. ThetttaSandy Loam from CO and Minidoka silt
loam from ID were also chosen in order to evalfiateesafen behavior in soils with high pH
and low sand fraction. The coefficidft of the Freundlich adsorption isotherms were listed
Table 2 for soils used in this study and this camistepresents the amount of pesticide adsorbed
to the surface of an absorbent at an equilibriunteatration of 1 pmol L Therefore, it is a
good description of pesticide adsorption to soifaste at low concentration. Adsorption non-
linearity has occurred in this experiment sincevllue ranged from 0.54 to 0.99 and Freundlich
adsorption isotherms equation provided a good gesur of data with ¥ value> 0.97 for all
seven soils (Figure 2).

Fomesafen adsorption was generally low for soislun this study (Table 2). The highest
Kt was recorded with Cecil sandy loam (9.28) and Iéwakie was observed on Tremona sand
(1.3), possibly due to a high sand fraction and @M in this soil type. Similarly, the Tifton
loamy sand had a lo®s, OM, and high sand fraction. Most of the soilamined had &
value lower than 3.0, which indicates that fomesafay not be tightly bounded to surface in
these soils and leaching is possible under cegtanronmental conditions. Fomesatesin
this study varied significantly (11.7-fold) andgtsuggested that OM was not the major
adsorptive fraction in the soil matrix and therewd be other soil factors influence fomesafen

adsorption process. Typically, a hydrophobic malkeshould have higher possibility to enter
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organic phase from aqueous phase in soil and folnghydrophobic bonds with OM in soill.
This process should be relatively independentherasoil factors an#oc of this molecule
should be relatively constant across a range ¢ @diorillo et al. 2004). This prediction was
consistent with the observed data (Ferrell et@052 on flumioxazin soil adsorption, in which
Koc Of flumioxazin only varied 1.6-fold over 6 soilsnce this compound has low water
solubility (1.78 mg ) and is not ionizable (Harper 1994). Howevers thias not the case for
fomesafen because it is a weak acid{p&2.7) with moderate water solubility (50 mgf)L

The fomesafen desorption rate varied dramaticatywben soils examined (Table 3).
Fomesafen on the Cecil sandy loam, Sonora silt lmadMinidoka silt loam showed lower
desorption rate than other soils examined. Thedsggfomesafen desorption values were
recorded for the Tremona sand, Tifton loamy sartiHaxtun Sandy Loam. This was likely due
to high sand fraction, high pH and low OM. Typlgafomesafen was more readily desorbed
from soil surface at higher initial concentratitiamn lower concentration, which suggested
fomesafen molecules could be tightly adsorbed licssdface at low concentrations and
therefore, it is harder to desorb them. Similadiings have been reported by Morillo et al.
(2004) on norflurazon desorption from 17 Europeals and by Pusino et al. (1997) on
imazapyr desorption from 6 Italian soils.

Pairwise correlation (Table 4) results suggestédosy clay and OM played significant role
during adsorption. Pearson correlation coefficfenpH, clay and OM t& was -0.6832, -
0.6444 and 0.4286 with corresponding p-value od0@8) 0.0016 and 0.0525, respectively. This
indicated pH was more important for fomesafen gutsmm than clay and OM, and it was
inversely correlated to fomesafen adsorption. Brevstudies have reported that soil pH was

more important than OM during fomesafen adsorptiosoils (Guo et al. 2003). Fomesafen is a
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weak acid and its solubility, mobility and affinity soil could be affected by soil pH (Weber,
1993a). Low pH decreases fomesafen water solylaiht increases its affinity to soil OM due
to the formation of hydrophobic bonds between faafess molecule and lipophilic sites on the
organic colloidal surfaces (Tanford 1973). Fora#pson, all soil parameter listed in Table 4
were significant except for CEC. OM and sand foachad the greatest impact on fomesafen
desorption, followed by pH, silt and clay. Sand anil pH were positively related desorption
while silt, clay and OM were negatively relateddwsorption, which indicates fomesafen
leaching potential may be escaladed in alkalinks sath high sand fraction and low OM
content. Increased fomesafen leaching has beenteepn a Norfolk sandy loam compared to
other soils with higher OM and lower sand fractfgveber 1993b). Moreover, liming this
Norfolk soil increased fomesafen mobility. In amatfield bioassay study, cotton plants
exhibited more stand and height reduction in Tittwermy sand as compared to bioassays in
Cecil sandy loam and Greenville sandy clay loanssfmy due to less fomesafen adsorption and
more desorption from this sandy soil (Li et al. Ubjished data). These research data suggested
fomesafen may possess stronger mobility and bitahibiy to plants when soil properties favor
less fomesafen adsorption and more desorption $mhsurface. Similarly, Stougaard et al.
(1990) reported mobility of imazaquin and imazetrapcreased when increasing soil pH from
5to 7. More wheat height reduction was obsentgiHa7 compared to pH 5 for both herbicides.
Imazaquin and imazethapyr caused 15 to 20% hegghiction at pH 5 and reduction increased
to 40 to 60% at pH 7, as compared to non-treatedkchThis is possibly caused by more
herbicide desorption from soil surface at high pHlis increased their availability for plant

uptake.

38



Fomesafen biological degradatiolt has been reported that fomesafen degradatouarced
rapidly in soil under anaerobic conditions (Sensgn2807), however, little published data
regarding fomesafen biological degradation undestae condition is available up to present.
Lab incubation data suggested fomesafen was baegiraded by soil microorganisms in both
Cecil sandy loam and Tifton loamy sand during t@el9ncubation, with ambient temperature
and soil moisture (Figure 3). Approximately 79 &896 of the applied fomesafen still remained
in Cecil sandy loam and Tifton loamy sand 90 DAAIthough a decreasing trend was observed
in Cecil sandy loam, non-linear regression witlva-parameter exponential decay model
suggested slodailed to be significant for both soils (data nbbwn). The results of this study
demonstrated that biological degradation may nahbemajor pathway for fomesafen
dissipation under aerobic condition in field. Samresults have been reported that fomesafen
had first order half-life of 90 wk in Frensham logsand, 75.3 wk in Gore silty clay loam and
29.7 wk in a Wisborough silty clay loam when inctdshat 20 C and 40% soil water holding
capacity (EPA 2006). Meanwhile, a fomesafen faikbipation study in GA determined that
fomesafen D3p in the top 7.5 cm layer was 34 and 4.5 d respelgtivor Cecil sandy loam and
Tifton loamy sand after 560 g ai-happlication. Fomesafen residue lasted over 1ip0Qkcil
sandy loam but was not detectable in Tifton loamnyds28 DAT (Li et al. Unpublished data).
Together, these findings demonstrated that biokdglegradation was not likely to be the major
pathway for fomesafen dissipation in these soilghér adsorption to Cecil sandy loam may
account for the greater [Bdand longer fomesafen retention in this soil asgamed to the Tifton
loamy sand. Fomesafen may possess higher maildybioavailability to crops in soils with

high sand fraction, high pH and lower OM.
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Table 1. Soil information of adsorption and desorpstudy?

Location Soil type Taxonomy pH OM Sand Silt Clay CEC
% % % %
Athens GA Cecil sandy loam Fine, kaolinitic, thexmypic Kanhapludults 5.5 2.1 72 12 16 2.6
Plains GA  Greenville sandy clay loam Fine, kadilinithermic Rhodic Kandiudults 5.6 3.8 60 10 30 17
Tifton GA  Tifton loamy sand Fine-loamy, kaolinitithermic Plinthic Kandiudults 5.6 1.0 90 6 4 2.5
Texas Tremona sand Loamy, fine sand, thermic A4uénic Paleustalfs 7.9 0.4 92 2 6 4.2
Kentucky Sonora silt loam Fine-loamy, mixed, seitiva@; mesic Typic Paleudalfs 6.9 3.5 38 46 16 14.0
Colorado Haxtun sandy Loam Fine-loamy, mixed, sagiere, mesic Pachic 8.0 1.4 60 26 14 26.0
Argiustolls

Idaho Minidoka silt loam Coarse-silty, mixed speitacmesic Xeric Haplodorid 7.0 2.3 30 54 16 12.0

@ Soil information was provided by University of Ggia Soil Testing Laboratory. Athens GA
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Table 2. Sorption coefficient estimates for fomesgaf

Soil type Kt (z SEM) Koc 1/n (x SEM) R
Cecil sandy loam 9.28+0.68 810+32 0.54 +£0.02 0.97
Greenville sandy clay loam 7.76 £+0.45 371+12 67& 0.02 0.99
Tifton loamy sand 1.70+£0.15 323+15 0.64+£0.02 0.98
Tremona sand 1.30+0.12 578+30 0.67 +0.02 0.98
Sonora silt loam 1.35+0.13 694 0.99 £0.02 80.9
Haxtun sandy Loam 205+0.15 266+11 0.64 £ 0.02 0.98
Minidoka silt loam 287017 2317 0.91+£0.01 0.99
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Table 3. Percentage of fomesafen desorbed from soil

% of desorptiori

Soil type 6 pMol/L 24 pMol/L 48 pMol/L

Cecil sandy loam 11 19 29
Greenville sandy clay loam 28 20 24

Tifton loamy sand 26 36 49
Tremona sand 40 49 81
Sonora silt loam 17 16 23
Haxtun sandy Loam 40 48 70
Minidoka silt loam 10 11 16

2Data presented was desorption rate after one gdddurption
process. Rate represented initial fomesafen soluti

concentration.
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Table 4. Correlations of soil parameter&t@nd desorption

Ks Desorption
Parameters  Correlation  P-value Correlation P-value
Sand 0.0101 0.9655 0.5812  0.0057
Silt -0.2789 0.2209 -0.4883  0.0247
Clay 0.6444 0.0016 -0.4502 0.0406
pH -0.6832 0.0006 0.4922 0.0234
CEC -0.3648 0.1039 0.1664 0.4710
OoM 0.4286 0.0525 -0.6328 0.0021
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Figure 1. Fomesafen adsorption to Cecil sandy loaen 24 hr period. Error bars

represent standard error of each mean

47

25



30

Absorbed fomesafen ( ug g'l)

Cecil sandy loam

Tifton loamy sand
Greenville sandy clay loam
Sonora silt loam

Minidoka silt loam
Tremona sand

Haxtun Sandy Loam

30

35 40

Fomesafen equilibrium concentration (umol L'l)

Figure 2. Fomesafen adsorption isotherms on 7.soils

48

45



0.7

Fomesafen soil concentration (ppm)

0.2
® Cecil sandy loam
O  Tifton loamy sand
0.1 -
OO T T T T T
0 20 40 60 80 100
Time (DAT)

Figure 3. Fomesafen degradation in Cecil sandy laadhTifton loamy sand under
laboratory environment. Error bars represent stethdrror of each mean. Two-
parameter exponential decay model was used toidesbe data. F-test indicated that

both models failed to be significant at 0.05 level.
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CHAPTER 3

FOMESAFEN SOIL DISSIPATION AND COTTON RESPONSE

3 Xiao Li, Timothy L. Grey, Brian H. Blanchett, Widm K. Vencill. Theodore M.

Webster. To be published in Journal of Cotton iSme
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Fomesafen Soil Dissipation and Cotton Responée

Xiao Li, Timothy L. Grey, Brian H. Blanchett, Wiim K. Vencill and Theodore M.

Webster*

Fomesafen provides effective control of glyphosasestant Palmer amaranth when
applied PRE in cotton. However, cotton seedlingrinis possible under adverse
environmental conditions and coarse texture sehados. Therefore, greenhouse and
field experiments were conducted at three locatinrGeorgia (Athens, Plains and Ty
Ty) to evaluate cotton growth and yield responsemneesafen applied PRE (0, 70, 140,
280, 560, 1120 and 2240 g ai'ha Fomesafen dissipation under field conditions wa
also evaluated at Athens on a Cecil sandy loanilgniby on Tifton loamy sand.
Greenhouse cotton bioassay indicated fomesafereddiotton height and dry weight
with increasing rate in the Cecil sandy loam aritbfiloamy sand but not in the
Greenville sandy clay loam. In Athens, fomesafiehndt negatively affect field cotton

height as compared to NTC during the course of#ason. At Plains, cotton exhibited

4 First and fourth author: Graduate research assiatad Professor, Department of Crop
and Soil Sciences, University of Georgia, Athens 8&02; Second and third author:
Professor and Graduate research assistant, Depamdim@rop and Soil Sciences,
University of Georgia, Tifton GA 31793; fifth authdresearch Agronomist, USDA-

ARS, Tifton GA 31793. Corresponding author’'s E-mxlisteve@uga.edu.
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height reduction when treated with the 2240 g dirage and at Ty Ty, cotton height was
reduced by the two highest rates (1120 and 224g@up to 71 d after treatment
(DAT). Seed lint cotton yield was not affectedfbynesafen at any location. Laboratory
analysis indicated fomesafen field dissipatione@significantly between soils.
Fomesafen persisted over 120 d for the Cecil séaiy, but was not detectable past 28
DAT for the Tifton sandy loam. The half-life (Bd) of fomesafen applied at 280 g ai ha
1 was 47 and 6 d for Cecil sandy loam and Tiftomigaand, respectively. When
applied at 560 g ai hfathe DTso was 34 and 4 d for Cecil sandy loam and Tiftomiga
sand, respectively. These data indicated fomegadesistence varied in different soils
and cotton was not affected by fomesafen within-280 g ai h& label rate.
Nomenclature Fomesafen; Palmer amaranmaranthus palmeis. Wats. AMAPA,;
cotton,Gossypium hirsuturh.

Key words: Fomesafen, cotton tolerance, growth responseq staunt, field persistence.
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Introduction

Since the adoption of glyphosate resistant (GRpsrberbicide-resistant Palmer
amaranth has become common throughout the southeasitton-growing region
(Sosnoskie et al. 2011; Wise et al. 2009). Dumudtiple herbicide-resistance to
glyphosate and acetolactate synthase (ALS) inhiitwo effective topical option is
available for growers to control GR and ALS-inhibitesistant Palmer amaranth in
glyphosate based cropping system (Culpepper, 2@ oskie et al. 2011). Herbicide
resistant Palmer amaranth can be controlled bysginéte, however, crop cultivars need
to be glufosinate-resistant and applications havgettimely on small Palmer amaranth
seedlings less than 10 cm tall (Culpepper et &92Marshall 2009). Therefore, it is
recommended that growers use residual herbicidisdiferent mechanisms of action in
cotton to improve Palmer amaranth control and teimmize further herbicide resistance
development. These residual herbicides are carslde be the key component in the
current weed control programs for cotton.

Previous research has confirmed fomesafen wastie#fdo control GR and ALS
resistant Palmer amaranth in cotton (Culpepper 2B6&d et al. 2006; Gardner et al.
2006; Troxler et al. 2002). Fomesafen is a diplethgr herbicide that inhibits
protoporphyrinogen oxidase (PPO). Fomesafen co#gistration allows preplant
surface application to medium or fine-textured stk rates of 280 ai Hand PRE
application to coarse-textured soils for rates&@ B 420 g ai h&(Syngenta, 2014).
Fomesafen controls annual broadleaf weeds inclugigngeed speciesA(maranthus
spp.), morningglory speciegppmoeaspp.), imsonweed)atura stramoniunt..), wild

mustard $inapis arvensik. ssp.Arvensi$, black nightshadeSplanum nigrunt..) and

53



ragweed specieg\(nbrosiaspp.) (Senseman, 2007). Treatments containing$afen
improved early-season common cockleBar{thium strumariuni.) andlpomoeaspp.
control when properly activated by irrigation oegipitation (Stephenson et al 2004).
Fomesafen plus pendimethalin (280 and 1120 g 3ifespectively) applied PRE
followed by glufosinate mid-POST provided excelleantrol (> 90%) of Palmer
amaranth, common lambsquart€hénopodium alburh.), large crabgras®fgitaria
sanguinalisL.) and goosegrasglkeusine indicé&lein) (Everman et al. 2009). Fomesafen
tank mixed with flumeturon at 0.42 and 1.68 kgat hates resulted in higher weed
control than either herbicide used alone; fomes@féa kg ai ha tank mixed with

MSMA at 2.24 kg ai hd effectively controlled yellow nutsedge, morningylspecies
and pigweed species when POST-directed to cottongfiord et al. 1998). Another
research indicated that average control of Palmmaranth by fomesafen at 280 and 426
g ai halwas 94% and yellow nutsedg@yerus esculentus) control ranged from 68 to
77% and 90 to 98% respectively at two SC locatibns fomesafen did not control
purple nutsedgedyperus rotundus.) and sicklepod$enna obtusifolid.) (Murdock

and Keeton, 1998).

A major concern from cotton growers regarding foafies is potential injury to
cotton seedlings, especially when applied PRE tsnsoil (Kichler and Culpepper,
2012). Murdock and Keeton (1998) reported fomesategton injury was generally
greater when applied PRE than PPI; average injay %y 9, 14 and 23% respectively
when fomesafen applied PRE at 280, 426, 560 andj@4Ma’. When applied PPI,
average injury was 1, 4, 5 and 15% for those reése@ates. Schrage et al. (2012)

concluded cotton seeds with low vigor incurred 2§8ater fomesafen injury, and deep
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planting at 2.5 cm caused 15% more injury thantpigrat 0.6 cm. Similar to
fomesafen, other PPO inhibitors have been repdoteduse various levels of injury on
cotton and soybears{ycine max..). One research has noted significant cottquryn
occurred when flumioxazin applied at planting atg7él hat, but injury was not greater
than 12% and cotton yield was not affected (Askeal.2001). Some researchers
reported severe flumioxazin injury on cotton leagesurred when heavy rainfall
splashed treated soil onto leaf surface of 15 dinca&ton (Wilcut et al. 2000).

Therefore, flumioxazin application should be reséd to the cotton bark and a
misapplication over the top or to small cotton wgtieen stems could cause serious injury
(Wilcut et al. 2000; Cranmer et al. 2000). In segb, sulfentrazone at 0.22 and 0.44 kg
ai ha' caused greater soybean injury, reduced standialetiy a soil with 1.1% organic
content (OC) as compared to soils with 2.3% ané&o23C when applied 7 d before
planting, at planting and at 50% hypocotyl emerggiireiling et al. 2006). Moreover,
15 soybean varieties exhibited different leveladétance to flumioxazin and
sulfentrazone; injury from sulfentrazone was 10%aggr than flumioxazin over 3 rates
evaluated and sulfentrazone at 224 g ditealuced plant height 23 to 53% and caused
18 to 38% visual injury in greenhouse (Taylor-Ldeglal. 2001).

Fomesafen is a weak acid with p&f 2.7 (Senseman, 2007). Therefore, its solybilit
and bioavailability are expected to be affected(YWber 1993). Previous research
indicated fomesafen half-lives (Iso) varied dramatically under different environmental
and soil conditions. Rauch et al. (2007) repoftedesafen field D3o was 28 to 66 d
with an average of 50 d. Fomesafen dissipatioreuadaerobic conditions was less than

3 wk, but persistence in soil varied significantlyder field conditions with Dsp varying
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from 6 to 12 months (Senseman, 2007). Oymada andhtsuka (1988) investigated the
persistence of three diphenylether herbicidesiin Jte DTsovaried from 9 to 173 d for
chlornitrofen, 3 to 87 d for nitrofen and 8 to 64od chlomethoxynil due to differences in
chemical and soil properties. Similar to fomesathase herbicides degraded rapidly
under anaerobic conditions. Due to long soil igegace, fomesafen residue may injure
susceptible crops, such as sugar bdstsa( vulgarisL.), sunflowers delianthus annuus
L.) and sorghumSorghum bicoloL.) up to one year after application (Sensemafi720
The minimal rotational interval for small grainschuas wheatTriticum aestivuni..),
barley Hordeum vulgard..) and rye $ecale cerealk.) is 4 months and for corZéa
maysL.), peanut Arachis hypogaed.), peas Pisum sativuni..) and rice Qryza sativa
L.) is 10 months (Syngenta 2014). Dotray et &1(® reported fomesafen injury on
peanut when applied PRE, AC (at cracking) and EP&SWo TX locations was
unacceptable even though it provided good to eseketiontrol of some broadleaf weeds.
In this experiment, 280 and 560 g ai‘tepplications caused up to 59% mid-season
injury in 2008 experiment and 46% injury in 200pexment. Late season injury was
apparent and yield reduction was observed in mia$teotreatments (Dotray et al. 2010).
Gilbert et al. (2009) reported fomesafen appli@dnf220 to 560 g ai hacaused
significant peanut injury. Yield reduction was amwn regardless application timing
(PRE, AC and EPOST) in all four trial locations (hesa TX, Tifton GA, Citra FL and
Lewiston-Woodville NC).

Fomesafen application in cotton production areasdnamatically increased in the
past a few years. Total usage of fomesafen ioadllbn producing states increased by

4.92-fold from 2007 to 2010. Total usage in GA W8s573 kg on 66,636 ha in 2007 and

56



increased to 65,232 kg on 220,742 ha in 2010 (UBIASS, 2010). However, there is
limited information regarding its soil dissipatigegtential injury to cotton and carryover
to susceptible crops in GA. Therefore, the obyectf this research was to evaluate
fomesafen field dissipation and study the cottawgih response to fomesafen when

applied PRE in greenhouse and field experimen@An

Materials and Methods
Greenhouse cotton respong&ntton response to fomesafen was evaluated inesity
of Georgia greenhouse in Athens, GA from Februanylay 2012. The experiment was
a complete randomized design with 5 reps, repdatied. Plants were grown with a
30/20 C temperature setting and 16 hr photoperidte cotton variety was
FM1845LLB2 (Fibermax®, Bayer Cropscience. RTP, I2C709) with seeds planted 1
cm deep in containers (25cm long, 6.5 cm diamdétgl with either Cecil sandy loam
from Athens GA, Greenville sandy clay loam fromiR$aGA or Tifton loamy sand from
Ty Ty GA. Fomesafen (Reflex®, 239 g af LSyngenta Crop Protection, LLC.
Greensboro, NC. 27419) was applied at 0, 70, 180, 260, 1120 and 2240 g aiha
with XR 9003VK (Teejet®, Spraying Systems Co. WheatlL. 60187) flat-fan nozzle
tips calibrated to deliver 183 L fiat 187 kpa. Herbicide treatments were applieal in
spray chamber on the day of planting, and containere irrigated immediately after
application (1.5 cm). After emergence, cotton wagated and fertilized biweekly with
Miracle Gro® (The Scotts Company, LLC. Marysvili@H. 43041). Seedling height and
visual injury were evaluated 1 month after treatteerd aboveground biomass was

harvested for dry weights.
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Field cotton tolerance to fomesafdfield trials were conducted at three location& M

in 2013 (Table 5) using a randomized complete btekign. Athens and Plains
experiments had four replications while Ty Ty locathad three. Athens, Plains and Ty
Ty plots were 6, 10 and 7.5 m long and cotton wastpd in 0.9 m-wide rows at each
location. Athens plots had two rows while Plaind diy Ty plots had four. The cotton
variety was ‘DP1137B2RF’ (Deltapine®, Monsanto C&t.,Louis, MO. 63167). Soil
texture, planting and harvesting dates were ligtéhble 5. Fomesafen was applied at O,
70, 140, 280, 560, 1,120, 2,240 g aithad 280 g ai hawith pendimethalin at 924 g ai
hat at the day of planting, using backpack sprayeh ¥atir nozzle tips (11003VK flat
fan nozzles, Teejet®, Spraying Systems Co. Whedto60187) propelled by
compressed CO Spray volume was 187 L hat 207 kPa. Treated plots were irrigated
immediately after fomesafen application to enswikagtivation, and then plots were
irrigated as needed during growing season. Tatafall and irrigation in season
amounts to 84.5, 67.5 and 94.5 cm respective, thers, Plains and Ty Ty trials. Plots
were maintained weed-free throughout the growiragse with glyphosate (Roundup
Weathermax®, 540 g ae'l Monsanto Co., St. Louis, MO. 63167) and hand weged
Cotton was defoliated one week prior to harvesh w80 g ai ha ethephon and 105 g

ai ha' cyclanilide (Finish 6®, Bayer Cropscience. RTP,.I2€709) plus 1.85 g ai Ha
pyraflufen ethyl (ET®, 25 g ai't, Nichino America, Wilmington, DE. 19808) plus 2.34
L hat crop oil. Cotton stand was evaluated on 1 m steord 35 to 42 DAT, and height
data was recorded four times from 29 to 71 DATIldbaations. Stand count, height
measure, and cotton seed-lint yield were averagedtbe two center rows for statistical

analysis.
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Fomesafen residue persistence in fi€diantitative analysis of fomesafen was conducted
in University of Georgia Tifton campus in 2013. il3amples were taken from Athens,
Plains and Ty Ty field plots that treated with 28@ 560 g ai hhof fomesafen.
Sampling dates were 1 hr after treatment, 1, 24742, 56, 84, 98 and 126 DAT. Soil
samples were taken from surface to 7.5 cm deep,wWhapped in aluminum foil and kept
frozen until extraction. Fomesafen residue wasaekd by shaking 50 g soil of each
sample with 100 ml 50:50 water: dichloromethanes @1L5% acetic acid for 2 hr. Then
supernatant of each sample was centrifuged (Bechiwalel TJ-6 centrifuge,
Indianapolis, IN. 46268) at 4000 RPM for 5 min arahsferred to a separation funnel,
where lower phase (dichloromethane) was colleci@idhloromethane was evaporated to
dryness, re-dissolved with 2 ml of 70:30 water anetonitrile solution, filtrated through
2 um nylon syringe filter (Fisher Scientific, Pittsigin; PA. 15275) for HPLC analysis.
Fomesafen recovery efficiency was proven to be 808&s.

Residue quantification was performed with Water82BPLC and Waters 2996
PDA detector. Separation was conducted in a Wxi€esra Shield RP18 column (4.6
mm x 250 mm, um. Waters Co., Milford, MA. 01757) at 60 C, usimgptmobile
phases, 0.1% formic acid in water (A) and acetdai(B). Flow program was set as
62% A/38% B initially and linearly decreased to 18980% B in 7.5 min, then held
isocratic for 2 min. Fomesafen peak eluted at &2@5without interference. System
flow rate was 0.75 ml mihand detection wavelength was 290 nm. Quantificalimit
in soil was 0.002 ppmw or 2ug &g
Statistical analysisAll greenhouse and field data was convertedgeraentage of the

non-treated control (NTC) prior to statistical aysas. Non-linear regression did not
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provide a good description of field data, therefdihese data was processed with PROC
GLIMMIX procedure and means were separated with E3IMS statement in SAS 9.3
(SAS Institute Inc. Cary, NC. 27513). Fomesafda veas considered a fixed effect,
while block and measuring dates were treated asa@om effect. Since treatment-
location interaction was significant constanthysuks of field cotton height, stand count
and yield were analyzed and presented by locafiandescribe greenhouse cotton and
fomesafen field dissipation data, non-linear regj@swas performed with Sigmaplot 12
software (Systat Software, Inc. San Jose, CA 954Dy a two-parameter exponential
decay function

f(x) = boe™1™) (5)
, Where y is the greenhouse cotton seedling hedghtweight or fomesafen concentration
in field; b is the initial value of the response variableviyien rate X is zero;:bs the
decline rate of the response variable (slope) amih¢rbicide rate. Parameter estimates

were given in table 3, 4 and 7, andias compared between treatments with LSD.

Results and discussions
Greenhouse cotton respon§mtton response to fomesafen varied significantipiag
three solil types (Figure 4). Fomesafen reducetedteight and dry weight in Cecll
sandy loam and Tifton loamy sand, but not in Grdensandy clay loam. Slopei(b
parameter) of non-linear regression revealed tleaheight of seedlings in Cecil sandy
loam was most responsive to fomesafen, followeditign loamy sand and Greenville
sandy clay loam (Table 6). Similar to height, onttiry weight showed greatest response

to fomesafen in Cecil sandy loam, followed by Tifloamy sand and was not affected
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by fomesafen in Greenville sandy clay loam (TableThe GRoin Cecil sandy loam
was 1733 and 1155 g ai‘haespectively, for cotton height and dry weight bould not
be calculated with the rates examined in the Grdersandy clay loam and Tifton loamy
sand. Cotton received similar amount of injurgCiecil sandy loam as compared to
Tifton loamy sand, with 20%, 35% and 70% injury 5&0, 1120 and 2240 g ai haates,
respectively, when evaluated 2 WAT. Fomesaferrymgvaluated 4 WAT on these two
soils was 7.5%, 25% and 59% respectively, for 36020 and 2,240 g ai Haates. No
significant injury was observed on cotton seedlimg&reenville sandy clay loam at any
rate. High organic content and clay fraction ire@ville sandy clay loam may have
reduced fomesafen injury on cotton by decreasiagthount of fomesafen available in
soil solution for absorption. Similarly, Baumarntraé (1998) reported fomesafen applied
from 560 and 840 g ai Hareatment resulted up to 47% cotton injury in Arthaisandy
clay loam when applied PPl and PRE, but no injuag wbserved in Houston black clay
when same treatments were applied. These resugigested soil texture is a critical
factor determining fomesafen injury to cotton.

Field cotton tolerance to fomesafégdotton stand was evaluated between 35 to 42 DAT
at each location (Table 8). In general, no eftéddomesafen on cotton stand was
observed with any treatment except for the highatst (2,240 g ai h¥, which reduced
the stand by 24%, 39% and 52% in Athens, PlainslTgntly, respectively, as compared
to the NTC. Cotton height was recorded four timesveen 29 to 71 DAT in all three
locations and combined for data analysis. Ovei@thesafen did not adversely impact
cotton height in Athens, but the highest rate redumtton height in Plains by 24%.

Cotton was more responsive to fomesafen rates atyTlgan other locations: the highest
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rate and 1,120 g ai Hdreatment reduced height by 41% and 27%, resgdgfitelative

to the NTC. Although high rates of fomesafen mayenhthe possibility to reduce cotton
height and stand, cotton yield was not affectedbinyesafen at any location (Table 9)
since fixed effect fomesafen rates failed to baificant at 0.05 level for all locations.
The only noticeable difference was the highest odfemesafen caused a 29% vyield
reduction in Ty Ty compared to NTC. These resslliggested a good overall cotton
tolerance to fomesafen but cotton could be respertsivery high rates of fomesafen in
soils with large sand fraction and low OC. So geasswshould be cautious if high rate of
fomesafen is accidentally applied in these soiks tumiscalculation, spraying error,
overlapping, etc.

Fomesafen plus pendimethalin was included in tinidysas a standard weed control
practice in cotton growing area and this treatnaihinot incur any negative impact on
cotton growth and yield at any location. Main let(2012) evaluated fomesafen
applications on cotton from 0 to 840 g ai'fiafive Southern states. Fomesafen caused
injury early to mid-season in three states andoogield was only reduced in North
Carolina by 23 to 25% with 560 and 840 g at hates. Baumann et al. (1998) reported
fomesafen applied PPI at 560 and 840 g #idsused 22 and 47% early season injury in
an Amarillo sandy clay loam, while mid-season igjdecreased to 15 and 23%; PRE
and POST-directed application in this soil resuless$ than 10% injury and no yield
reduction observed for any treatments appliedigdbil. These results suggested cotton
demonstrated good tolerance to fomesafen and wiatdnot affected when following
label rates, but initial injury may be apparent enadverse environmental and soll

conditions.
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Fomesafen residue persistence in fifite field fomesafen dissipation experiment
revealed significant differences among dissipataig in Cecil sandy loam and Tifton
loamy sand (Figure 5, 6). The Bybf the 280 and 560 g ai H&reatment was 47 and 34
d respectively for Cecil sandy loam. In Tiftonmegsand, the Dgof fomesafen was 6
and 4 d, respectively, for the 280 and 560 g ditreatment (Table 10). Fomesafen
residues from the 280 and 560 g at r@atments were detectable up to 126 DAT in
Cecil sandy loam and 70 DAT in Greenville sandy d¢tam (data not shown), but were
not found in Tifton loamy sand 28 DAT. Non-lingagression indicated that dissipation
rate (k) varied between soils and rates (Table 10). Fafeasapplied at 560 g ai ha
rate in Tifton loamy sand had the highest dissquatate, followed by 280 g ai Han
Tifton loamy sand and the 560 g ai‘tia Cecil sandy loam. Fomesafen applied at 280 g
ai ha! in Cecil sandy loam had the slowest dissipationragrall treatments. Dissipation
of herbicides in soil and on plants was dependerihe physicochemical properties of
the herbicides and environmental conditions (Ying ®illiams 2000). Differences in
soil dissipation have been reported for diphengetterbicides. Fomesafen E3Vvaried
from 6 to 12 months under field conditions (Sense2@07) and the Dshthree
diphenylether herbicides (chlornitrofen, nitroferdachlomethoxynil) varied from 9 to
173 d, 3to 87 d and 8 to 64 d, respectively, aapanese soils. Previous research has
confirmed that fomesafen has lower affinity to difttoamy sand, in term &fq andKs ,
and higher desorption rate as compared to Ceadilyslam and microbial degradation
was not the major dissipation pathway in theseguwits (Li et al. Unpublished data). So

it is reasonable to speculate that fomesafen meg leached out of the sampling zone
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within 28 d in Tifton loamy sand under field condits and more fomesafen remained in
the sampling zone in Cecil sandy loam becauses dfigh affinity to this soil.

Overall, cotton exhibited tolerance to fomesaferiaup,240 g ai hain this study,
although lower height and stand reduction may ogtiield. Significant cotton visual
injury (50 to 70%) was common early in the seasloiing high rate applications
(1,120 and 2,240 g ai i but injured plants gradually recovered during tourse of
this experiment. Fomesafen applied to soils wigih Isand fraction and low organic
matter may have more possibility to cause injuny egduce crop growth due to greater
presence in soil solution than adsorbed to soil@@dsurface (Li et al. Unpublished
data). However, the benefits that fomesafen pes/id cotton grower in controlling
resistant Palmer amaranth could far exceed theyipotential of this herbicide (Main et
al. 2012; Kichler et al. 2010). Meanwhile, fomesaDTso and field persistence varied
significantly between Cecil sandy loam and Tiftoarhy sand, which is likely due to the
affinity difference of fomesafen to these soila.aleas where environmental and soll
conditions are not favorable for fomesafen dissypatgrowers need to be cautious about
the potential carryover injury to susceptible craps strictly follow the plant-back

interval on fomesafen label.
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Table 5. Locations, planting and harvesting datessmil information of field cotton triafs

Location Planting date Harvesting date  Soil texture pH OM% Sand Silt Clay
Athens  May 1% Nov 22th Cecil sandy loam 549 208 719 120 16.1
Plains May 2t Nov 21st Greenville sandy clay lodm5.56 3.8 59.8 10.1 30.1
Ty Ty May & Oct 31st Tifton loamy sarfd 563 096 899 6.0 41

@ Soil information was provided by University of Gga Soil Testing Laboratory. Athens GA.
b Fine, kaolinitic, thermic Typic Kanhapludults.
¢ Fine, kaolinitic, thermic Rhodic Kandiudults.

4 Fine-loamy, kaolinitic, thermic Plinthic Kandiudsul
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Table 6. Parameter estimates of greenhouse cotighth

Soil type b + SEM b+ SEMP GRso¢ (g ai hal) Fvalue P value
Cecil sandy loam 100.35.0 4.00x1d +8.12x1¢a 1733 31.00 0.0026
Greenville sandy clay loam 110£23.5 3.29x16 + 3.23x1¢° NA 0.01 0.9227
Tifton loamy sand 94.83.6 2.00x10+5.35x10° b NA 27.97  0.0032

2 Two-parameter exponential decay mofiet) = b,e ~?1*) was used for regression. SEM = standard error
of the mean.

b Means followed by the same letter were not sigaift at 0.05 level using LSD separation.

. GRso: The herbicide rate causing 50% of growth reductitn this study, 50% or greater height reduction

was not observed in Greenville sandy clay loam&fidn loamy sand at any rates evaluated.
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Table 7. Parameter estimates of greenhouse catyomedght®

Soil type b+ SEM b+ SEMP GRso (g ai hal) Fvalue P value
Cecil sandy loam 95.63.0 6.00x1d+7.0x10° a 1155 147.50 < 0.0001
Greenville sandy clay loam 107#5.3 4.26x10 +5.36x10° NA 0.65 0.4573
Tifton loamy sand 89.34.6 3.00x10 +8.18x1FPb NA 21.51  0.0056

2 Two-parameter exponential decay mofiet) = b,e "1™ was used for regression. SEM = standard error
of the mean

b Means followed by the same letter were not sigaift at 0.05 level using LSD separation.

. GRso: The herbicide rate causing 50% of growth reductitn this study, 50% or greater height reduction

was not observed in Greenville sandy clay loam&fidn loamy sand at any rates evaluated.
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Table 8. Field cotton stand count and height asct#tl by fomesaféeh

Treatment Stand Count Height®
(g ai ha? Athens Plains Ty Ty Athens Plains Ty Ty
% of NTC
0 100a 100a 100a 100cd 100c 100ab
70 88a 128a 110a 101cd 110ab 97abc
140 93a 128a 85a 119ab 115a 95bc
280 101a 130a 110a 115ab 116a 98ab
560 100a 100a 100a 110bc 105bc 106ab
1120 95a 106a 87a 96d 103bc 83c
2240 76b 61b 48b 97d 76d 59d

Fomesafen +

Pendimethali? 99%a 130a 118a 125a 104bc 110a

2 Means followed by same letter in the same coluramat significant at = 0.05 level

by Fisher’s protected LSD. Data was expressecda®ptage of non-treated control (0 g
ai ha! treatment in the table).

b Stand data was recorded 35 DAT at Athens, 43 DiFlains and 42 DAT at Ty Ty.

¢ Height data was taken four times from 29 to 71 D&l three locations and

combined for analysis.

4 Fomesafen + Pendimethalin at 280 + 924 g @i ha
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Table 9. Cotton yield as affected by fomesdafen

Treatment Cotton Yield®
(g ai haV Athens Plains Ty Ty
% of NTC
0 100a 100a 100bc
70 103a 99a 107abc
140 103a 111a 130abc
280 89a 122a 118abc
560 132a 124a 170a
1120 92a 111a 132abc
2240 98a 102a 71c

Fomesafen +

Pendimethali® 136a 115a 143ab

@ Means followed by same letter in the same coluremat
significant ato = 0.05 level by Fisher’s protected LSD. Data
was expressed as percentage of non-treated c¢Digahi hat
treatment in the table). Fixed effect treatmeitédbto be

significant at 0.05 level at all three locations.
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Table 10. Parameter estimates of fomesafen persesia soils under field conditiods

Soil type Rate (gaihd bo+t SEM b+ SEMP DTso¢ Fvalue P value

Cecil sandy loam 280 0.16990.0222 0.014A#0.0055d 47 13.82 0.0059
560 0.3987+ 0.0234 0.0206: 0.0035c¢c 34 101.68 < 0.0001

Tifton loamy sand 280 0.1829+ 0.0215 0.1136:0.0414b 6 60.67 < 0.0001
560 0.3358+ 0.0120 0.165%0.0177a 4 667.16 < 0.0001

2 Two-parameter exponential decay mofiet) = bye 1™ was used for regression. SEM = standard error of
the mean.
b Means followed by the same letter are not sigaificat 0.05 level using LSD separation.

¢. DTso: Days required for 50% herbicide dissipation.
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CHAPTER 4
TOLERANCE EVALUATION OF VEGETATIVELY-ESTABLISHED MISCANTHUS x

GIGANTEUS TO NUMEROUS HERBICIDES

5 Xiao Li, Timothy L. Grey, Brian H. Blanchett, R. ey Lee, Theodore M. Webster and
William K. Vencill. Published in Weed Technology:235-740. Reprinted here with

permission of the publisher.
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Tolerance evaluation of vegetatively-establishescanthus x giganteus® numerous herbicides

Xiao Li, Timothy L. Grey, Brian H. Blanchett, R. [dey Lee, Theodore M. Webster and

William K. Vencill ©

Miscanthus x giganteus under consideration as a biofuel crop in the hifsvever there is little
information on weed management for the establisthmuet survival of this crop. Therefore,
greenhouse and field studies using ornamentalvpets conducted in summer 2011 at Tifton,
GA with the objective of screening potential PFREPand POST emergence herbicides and
herbicide combinations fovl. giganteusvhen establishing from vegetative rhizomes. Rert
POST treatment$/. giganteusvas established from rhizomes in 7.6 L containetke field

and treated with 27 POST herbicides to evaluateagfy. Thifensulfuron, metsulfuron,
tribenuron, chlorimuron, halosulfuron, rimsulfurahgransulam, pinoxaden, bentazon and
metribuzin did not cause significant lower shodghg reduced shoot dry weight and increased
injury compared to non-treated control (NTC) whealeated at 4 wk after treatment (WAT).

Nicosulfuron, trifloxysulfuron, sulfometuron, clodifop, fluazifop and pyrithiobac caused

® First and sixth author: Graduate Student and Bsofe Department of Crop and Soil Sciences,
University of Georgia, Athens GA 30602; Secondidfaind fourth authors: Professor, Graduate
student and Professor, Department of Crop andS®aginces, University of Georgia, Tifton GA
31793; fifth author: Research Agronomist, Crop &ctbn and Management Research Unit,

USDA-ARS. Tifton GA 31793; Corresponding authorsail: xIsteve@uga.edu
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greatest injury, reduced plant height and dry wesigis compared to the NTC. Sethoxydim,
diclofop, flumioxazin, imazamox, imazapic and imidwgyr decreased plant heights or resulted
in increased injury. PPl and PRE emergence tregsmnecluded 21 herbicides and herbicide
combinations applied at two rates. Results indtahost treatments containing atrazine,
metribuzin, pendimethalin, acetochlor, metolaclalod mesotrione did not cause significant
injury and growth stunting; however, EPTC at 4.5ak$a’ significantly reduced height and dry
weight and oxadiazon resulted in higher injury cangg to NTC at both rates. These data
indicated that PPI, PRE, and POST emergence heesican be utilized for establishmenivbf
giganteudrom vegetative rhizomes. Further experimentsaexled in field trials to evaluate
establishment success and weed control spectrlimngithese herbicides. Moreover,
considering the invasive potential df giganteusseveral POST herbicides evaluated in this
study like fluazifop, pyrithiobac and sulfometunoay be viable options to control this specie if
becomes invasive.

Nomenclature: Acetochlor, atrazine, bentazon, chlorimuron, abadiop, cloransulam, diclofop,
EPTC, fluazifop, flumioxazin, halosulfuron, imazaxmanazapic, imazethapyr, mesotrione,
metribuzin, metolachlor, metsulfuron, nicosulfuromadiazon, pendimethalin, pinoxaden,
pyrithiobac, rimsulfuron, sethoxydim, sulfometurdmfensulturon, tribenuron, trifloxysulfuron,
Miscanthus x giganteus

Key words: Carbon assimilation, cellulosic biofuel cropogth reduction, herbicide injury,

invasive species, weed control.
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Introduction
Miscanthugs a genus of perennial rhizomatous grasses wibhGtosynthesis, indigenous to
East Asia but now found throughout a wide climatege due to its superior adaptability
(Numata 19691974; Greef and Deuter 1993)liscanthus giganteus a triploid with 57
somatic chromosomes, derived from a natural croddiscanthus saccharioru&liploid) and
Miscanthus sinensi@etraploid). The triploidy resulted in steriliof this plant and it cannot
produce viable seeds (Greef and Deuter 1993; Liraleon 1993).

M. giganteudhas potential as a bioenergy crop due to its fsogmit yield advantage
compared to maiz&Zga may4..) in ethanol production and other bioenergy sgedike
switchgrassFanicum virgatuni.) (Heaton et al2008. Heaton et al. (2008) reportédl
giganteusachieved an average yield of 30 t'tand maximum yield of 61 t Han a side-by-side
trial with switchgrass in lllinois over 3 years, iehswitchgrass in this study averaged 10t.ha
In contrast to maize grailV). giganteusalso has an advantage in ethanol production cust &
requires lower management (i.e. tillage, nitrogemilfzer, pesticide) and financial input
(Lewandowski et al. 2000). The energy balanc@sdibutput energy/input energy) of maize and
M. giaganteusvere 1.4-3.8 and 12-66, respectively (Venturi ¥edturi, 2003). Net energy
balance of ethanol (NEB) obtained from maize graivged from 10-80 GJ tayr! while NEB
range of ethanol derived froM. giganteusellulose biomass was 250-550 GJ ya® (Yuan et
al. 2008)

Despite many merits dfliscanthusspp., they have also been problematic weeds inAsis
and Japan for many years. For instaitesinensishas infested roadsides, ric@ryza sativ,
grassland and tree plantations at multiple aredapan $ugimoto 2002, Hirata et al. 200%

et al. 1982). As a foreign crop to the US, theasive potential oM. giganteuseeds to be
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further evaluated, although the potential is re&dyi lower compared to its pare¥t sinensis

and some other bioenergy crop candidates suclaasrgied Arundo donax..) and switchgrass
due to its natural sterility and vegetative propgega(Barney and DiTomaso 2008; Quinn et al.
2010; Lewandowski et al. 2000). Previous resesrgitates that allopolyploidy does not
guarantee continued sterility (Gray et al. 1991 aegetative propagation is often associated
with invasiveness (Daehler 1998; Kolar and Lodg@120 Some of the ideal traits of bioenergy
crops (i.e. @ photosynthesis pathway, high water and nitrogenetdiiciency, high biomass
accumulation ability, no or few pests and diseastes) increased the risk of invasiveness
(Raghu et al. 2006).

Grass weed control during crop establishment kas la major challenge M. giganteus
management as there are no herbicides registerédafoa crop in the US. It is postulated that
herbicides registered for maize could be utilizedweed control iM. giganteugBullard et al.
1995; Lewandowski et al. 2000; Anderson et al. 20 hderson et al. (2010) tested various
PRE and POST herbicide treatmentdvbrgiganteusn greenhouse and field studies. They
concluded that PRE and POST herbicides with mdardwdleaf activity did not injuril.
giganteusor reduce its biomass as compared to herbicidésgrass weed control activity,
which caused injury rating up to 71% and reduceaniaiss up to 78%. Field experiments
generally confirmed these results from greenhoxperaments. Their data support the previous
recommendation that herbicides safe on maize arergky safe foM. giganteusbut with a
few exceptions. Research studies compared respohkk giganteusandM. sinensido 18 and
10 POST herbicide treatments, respectively (Everetah 2011). The study results suggested
thatM. giganteuswas injured by glyphosate at 840 g a& (84% injury), foramsulfuron at 37 g

ai ha! (32% injury), nicosulfuron at 35 g ai f828% injury), and imazamox at 44 g ai‘hd 0%
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injury); these treatments also produced the loabstreground biomass values among all POST
treatments.M. sinensisexhibited greater tolerance to POST herbicidetuated in this study
thanM. giganteus

Although progress has been made, growers still hanred options to selectively control
grass weed species without causing excessive itguvly giganteus In Georgia, common
bermudagrassdynodon dactylofL.) Pers.), nutsedg€yperusspp.) and crabgrasBigitaria
spp.) were dominant weed species that caused idsueg crop establishment M. giganteus
trials (Li, personal observation). These weedswearly non-controllable in the establishment
year ofM. giganteusn Southeast due to multiple factors: lack of klde herbicide options,
aggressive weed growth, prolonged growing seasdrslaav canopy closure ®fl. giganteus
These weed species will likely compromidegiganteugproduction in the Southeast.
Therefore, the objectives of this research wevaduate PPI, PRE and POST herbicides that
primarily target monocot weeds and determiningrttost promising candidates to pursue in

terms of crop safety in future large-scale fieldl$:

Materials and Methods
Tolerance to PPl and PRE herbicidésgreenhouse experiment was conducted at TiEa,
from June to September 2011. There was no supplaighting and temperature in the
greenhouse ranged from 25 to 40 C. The experigesign was completely randomized with 7
replicates and was repeatdd. giganteughizomes with excellent vigor (> 90% sprouting)reve
obtained locally (Lewis Taylor Farms Inc. TiftonAG1794). Only rhizomes exceeding 5 cm in
length with at least one actively growing bud wesed in the experiment. Selected rhizomes

were planted horizontally 5cm deep in 1L pots diligith Tifton loamy sand (fine-loamy,
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kaolinitic, thermic, Plinthic Kandiudult); 87%, 7%nd 6% sand, silt, and clay, respectively.
PRE herbicide treatments included 21 different icgbs or herbicide combinations; each
applied at two rates (Table 11) within 3 d of plagt All herbicide treatments were applied in a
spray chamber calibrated to deliver 187 L/ha atKg#busing C@as a propellant. The single
nozzle system included a Teejet XR8002VS nozzléhtp was 45 cm above the pots.
Following herbicide applications, pots receivedh2 @verhead irrigation to provide soil
activation of the herbicides. Due to potential ER/Iatility, it was soil incorporated by a soil
tumbler immediately following application, and rbimes were planted immediately after
herbicide incorporation. Throughout the duratibthe experiment, pots were maintained in
trays that allowed for subsurface irrigation. Sodisture and soil fertility (56 kg HaN by 10-
10-10 to each pot) were kept optimum fbr giganteughizome growth.

Crop shoot height and visual ratings of crop injusyng a scale of 0% (no injury) to 100%
(plant death) were recorded at 2 and 4 wk aftettnent (WAT). Above ground plant biomass
was sampled at 4 WAT by severing the shoots asaiidevel and drying them prior to
measuring biomass. Rhizomes were allowed to redsghoots for another 4 wk and the second
shoot harvest was conducted 8 WAT. Between hayestitments were maintained under the
previously described growing conditions.

Tolerance to POST herbicideBhis study was conducted in Tifton, GA betweely dind
November 2011 in a nursery field site in pots. €kperiment was arranged as a completely
randomized design with 7 replicates and was redeateme. M. giganteugplants were
established in 7.6 L pots with pre-sprouted rhizetmat had approximately 15 cm of shoot
growth. Potting soil used was amended with orgaredium containing composted pine bark

fines, perlite and reed sedge peat (Robin hood ipramotting soil, Robin Hood Landscaping
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Products, Inc. Adel, GA 31620). Pots were arrariggte field with a spacing of 90 cm by 90
cm and received daily drip irrigation throughout #xperiment. There were 27 POST herbicide
treatments (Table 12), applied whdn giganteusshoots had an average height of 40 cm. All
treatments were sprayed in the field using a k&@kpack sprayer calibrated to deliver 187 L/ha
at 4.8 km/h and 110 kpa with Teejet XR8002VS nosple

Data were collected as previously described irPlR& herbicide study, which included crop
injury rating and shoot height measurements at?4aWAT; shoot dry biomass was evaluated
at 4 WAT and reevaluated 8 WAT for the re-sprowtasb.
Statistical analysisData were subjected to ANOVA using PROC GLIMMISAS Institute Inc,
2012). Dry shoot biomass, crop shoot height, aod mjury were analyzed in a mixed model
containing fixed effects of herbicide treatmentdiade rate, and their interaction, while
random effects included trial repetitions and thgogiated interactions. All treatment means

were compared to the non-treated control (NTC)a@iBlaonnett’s test ai = 0.05 level.

Results and Discussion
Tolerance to PPl and PRE herbicid€sxed effect of trial repetitions and interactioftrial
repetitions by treatment were not significant, atadvas combined for analysis and presentation.
Relative to the NTC, crop injuries at 2 WAT weresetved from both rates of oxadiazon (13 to
18%), the lower rate of pronamide (9%), highersatkatrazine plus mesotrione (11%) and
imazethapyr plus pendimethalin (9%). All otheatreents did not injur®l. giganteusat 2
WAT and there were no crop injury differences amanyg treatments at 4 WAT (Table 11).
Derr (2002) determined two ornamental typeMoskinensigdolerated oxadiazon up to 9 kg ai ha

Lwithout causing significant shoot weight reductidtiowever, any rate of oxadiazon in this
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experiment caused significant greater injury abh@ 4 WAT compared to NTC, but dry weights
were not significantly reduced. Another noticedbiding is EPTC, applied at 4.5 kg aiha

with safener, caused significant reductionMingiganteusshoot heights at 2 and 4 WAT as well
as decreased shoot biomass at 4 WAT, relativeasttC. EPTC is a widely used
thiocarbamate herbicide registered in maize whetiep4.5 to 6.7 kg haPPI (Senseman

2007) and a common notion is herbicides used oraraie generally safe M. giganteus
production (Bullard et al. 1995; Lewandowski et24100). For this study, PRE and POST
experiments identified several herbicides thatrditicorroborate this conclusion, including
EPTC, primisulfuron and nicosulfuron. Similar t8EC, shoot heights at 4 WAT were reduced
by the high rate of imazethapyr plus metolachldrdinoot heights and weights in all other
treatments were not reduced relative to the NTE\WAT; and there were no detectable
differences in crop injury among any treatment$ WAT. Following the first harvest of shoot
biomass at 4 WAT, new shoots emerged from rhizonezs allowed to grow for 4 more wk; at
8 WAT, there were no shoot biomass differences anamy treatments to the NTC, which
indicated no PRE treatment in this experiment sdyenjuredM. giganteughizomes and
prevented shoot regrowth (Data not shown). Andeei@l. (2010) suggestédl giganteus
rhizomes grown in greenhouse demonstrated goorhtale to acetochlor, atrazine,
pendimethalin an&metolachlor up to 9.8, 4.5, 3.2 and 7.1 kg at,lraspectively. These PRE
herbicides also provided similar shoot length, simwnber per plant and shoot dry weight
compared to the weeded NTC under field conditiddased on the results of this study, several
PRE herbicides including atrazine, pendimethalket@chlor, metolachlor and mesotrione may
have the potential to be applied in combinationsnduestablishment d¥l. giganteufrom

rhizomes, to provide better and broader spectrumeefd control. The current recommendation
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of PRE herbicide treatment &h giganteudor growers in GA is atrazine plus pendimethalin,
which is insufficient to control multiple aggressiweed species in late spring and early summer
(Li, personal observation). Utilizing combinatiansluding mesotriones-metolachlor and
acetochlor will increase control efficacy of nutgedind various grass species, which are the
most troublesome weeds durikly giganteusestablishment in GA. However, further field tsial
are still needed to evaluate the performancesesiefPRE combinations on weed control and
crop injury.

Tolerance to POST herbiciddsa.the POST emergence study, there was no significain

effect of trial repetitions and associate intexat$iand data was therefore combined for analysis
and presentation. Large differences of herbicidierance were observed among treatments,
especially with the sulfonylureas (Table 12). Badonylurea herbicide treatments that were
safe in terms of crop height, shoot dry weight anuky ratings at 2 and 4 WAT included
thifensulfuron, tribenuron, chlorimuron, primisulun and halosulfuron. Sulfonylureas that
caused initial injury at 2 WAT were metsulfuron amdsulfuron, but plants grew out of the
injury and stunting by 4 WAT and shoot dry weigivsre not affected. The most injurious
sulfonylureas were nicosulfuron, trifloxysulfurondasulfometuron, all of which reducétl
giganteusshoot height%22%), with>18 and>11% injury at 2 and 4 WAT and shoot biomass
<57% relative to the NTC 4 WAT (100%). Nicosulfurand trifloxysulfuron are registered in
maize and sugarcangdccharum officinarurh.) as POST herbicides, respectively, but injured
M. giganteusn this study. Four imidazolinone herbicides wgeaerally injurious toJ.
giganteusand produced higher injury and reduced plant haightpared to the NTC 2 WAT,;
these injuries were not reflected in the shoot laissrd WAT but plant height was decreased by

imazamox, imazethapyr and imazapic at 4 WAT. Asderet al. (2010) confirmed that
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imazethapyr (142 g ai 3 imazamox (22, 44, 88 g ai Reand imazapic (53, 106 g ai'Haall
reducedM. giganteusshoot dry weight under greenhouse conditions.riaga et al. (2011)
concluded that rimsulfuron and halosulfuron wefrfe smM. giganteusut nicosulfuron caused
injury that reduced biomass as compared to the NFhi@zethapyr and imazamox significantly
reduced above-ground and below-ground biomassseTtesults confirmed the differential
responses between sulfonylureas existed and inlidanes could produce more injury kb
giganteustherefore, caution is needed when applying inotiaanes onMl. giganteus For
another two ALS-inhibitors in the POST study, clesalam did not affed¥l. giganteusyrowth
but pyrithiobac produced lowest plant height (5E¥)l dry weight (11%) compared to NTC
(100%) among all treatments at 4 WAT; it also pratlithird highest injury 4 WAT (23%)
among all treatments, only behind fluazifop (37%l sulfometuron (25%).

Fluazifop caused the greatest injury at 2 and 4 VAiIbng all of the ACCase inhibitors; it
reduced dry weight by 80% and plant height by 3@¥hgared to the NTC (100%). Clodinafop
reduced dry weight by 45% and plant height by 368dersethoxydim, diclofop and pinoxaden
treatments resulted in both higher injury and loplant height compared to the NTC. Two
protoporphyrinogen oxidase inhibitors (carfentragditumioxazin) and two HPPD-inhibitors
(tembotrione, topramezone) used in this study didc@duce plant height or dry weight but they
caused visual injuries, especially with flumioxaaimd topramezone which produced 29% and
23% injury 2 WAT as well as 17% and 14% at 4 WAAnderson et al. (2010) suggested
tembotrione and topramezone caused significangiidriinjury compared to the NTC but plant
dry weight and leaf length were not affected, whiolhrespond to the data of this study. PS I

inhibitors bentazon and metribuzin were consideadd onM. giganteussignificant injuries
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were reported at 2 WAT with both treatments buvisoal injury, reduced height and dry weight
were observed at 4 WAT.

A second-shoot harvest was conducted at 8 WAT &fuate the effects of POST herbicide
on shoot regrowth. Data suggested only sulfometara fluazifop reduced dry weight of new
shoots as compared to the NTC (Table 12), indigdtiese two herbicides may have
translocated to the underground rhizomes and effiesttioot regrowth later on. This finding will
be helpful forM. giganteuscontrol if this specie becomes invasive in theifeit

The PPI, PRE and POST emergence studies havefidémnarious herbicides that have the
potential to be utilized during and aftdr giganteusestablishment from vegetative rhizomes.
Combinations of PRE herbicides plus multiple agglans of POST herbicides will provide
long-term weed control during the establishmentctviwill greatly improve the overall
productivity of this crop due to its relatively sle@stablishment and canopy closure. However,
further experiments are needed in field trialsualeate establishment success and weed control
efficacy utilizing these herbicides. Meanwhileyal POST herbicides in this experiment have
demonstrated the potential to contkdl giganteusand its shoot regrowth, but the control
efficacy of these herbicides has not been compaitidthe standard glyphosate application.
Thereforeyesearch studies are currently underway to evaR@®T control efficacy of these

herbicides compared to glyphosate and to idengft bption foM. giganteuscontrol.
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Table 11. Responses M. giganteugo 21 different PPl and PRE herbicides or herlgi@dmbinations

applied at two ratés

Treatment Rate Height Injury Height Shoot dry
g ai’ha 2 WATP 2 WAT® 4 WAT weight
4 WAT
% of nontreated contreb——
Ethalfluralin 630 121 0 148 146
1260 185 0 169 150
Oryzalin 2239 207 0 174 214
4478 106 5 109 82
Trifluralin 560 116 0 94 79
1120 112 0 92 64
EPTC 2239 110 6 99 111
4478 31* 4 31* 14*
EPTC + Atrazine 2239+2239 125 5 140 146
4478+4478 59 2 98 79
Oxadiazon 2239 132 13* 120 114
4478 133 18* 97 61
Imazethapyr 70 115 8 90 71
140 119 7 118 96
Flufenacet + Metribuzin 123+31 184 0 172 139
246+62 183 142 129
Metribuzin 280 122 96 71
560 233 5 177 157
Pronamide 1119 175 9* 143 175
2238 159 2 136 146
Atrazine + Pendimethalin 2239+831 154 3 155 157
4478+1662 156 6 139 154
Atrazine + Acetochlor 2239+1343 123 7 133 161
4478+2686 153 2 125 146
Atrazine + Metolachlor 2239+1422 116 3 106 100
4478+2844 109 3 99 86
Atrazine + Mesotrione 2239+105 154 6 123 93
4478+210 99 11* 104 114
Atrazine + Imazethapyr 2239+70 119 4 106 104
4478+140 119 6 92 86
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Mesotrione + Acetochlor 105+1343 180 3 172 157

210+2686 133 0 133 132
Mesotrione + Pendimethalin 105+831 109 6 106 71
210+1662 141 2 129 150
Mesotrione + Metolachlor 105+1422 102 4 20 64
210+2844 143 3 164 182
Mesotrione + Imazethapyr 105+70 116 2 97 96
210+140 93 4 74 54
Imazethapyr + Metolachlor 70+1422 88 2 64 89
140+2844 65 7 60* 61
Imazethapyr + Pendimethalin 70+831 79 4 74 79
140+1662 112 9* 109 93
NTC® 100 0 100 100

a. * indicates significant lower value comparedhe non treated control (NTC). The value showrhin t
table is the ratio of treatment mean versus theesponded mean of NTC. Injury at harvest data s no
shown because no treatment was significant diffesempared to the NTC.

b. WAT= Weeks after treatment.

c. Injury rating varies from 0% (no injury) to 100&omplete death).

d. Due to volatility of EPTC, treatments that iradul it were mechanically incorporated into soil.

e. Original mean values for NTC were 8.1 cm, 0%9 I#n and 0.28 g for height 2 WAT, injury 2 WAT,
height 4 WAT and shoot dry weight 4 WAT, respedijve
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Table 12 M. giganteusshoot dry weight, height and injury affected byPX3ST herbicide%

Treatment Rate Height Injury Height  Injury Shootdry  Shoot
gai/ha 2WATP 2WATS 4WAT 4WAT® weight regrowth
4 WAT 8 WAT
% of nontreated contreb—————

Thifensulfuron 4 98 6 107 1 108 109
Metsulfurond 4 87* 9* 106 2 123 116
Tribenuron® 18 98 4 107 0 113 113
Chlorimuron® 9 93 4 100 0 93 108
Nicosulfuron? 35 78* 18* 65* 11* 57* 70
Primisulfurond 40 70 7 89 4 87 73
Halosulfuront 35 107 2 115 0 139 108
Rimsulfurond 35 74* 10* 89 4 85 76
Trifloxysulfuron? 16 72% 30* 59* 21* 33* 65
Sulfometurorf 105 72* 30* 57* 25* 19* 51*
Imazamox 79 67* 10* 73* 5 75 73
Imazethapyf 70 69* 8 79* 5 84 77
Imazaquirf 137 72* 11* 90 6 90 87
Imazapic 67 72% 10 70* 3 77 72
Pyrithiobact 107 67* 15* 51* 23* 11* 83
Cloransulant 44 81* 8 95 4 95 86
Sethoxydim 315 72* 9* 82* 7 73 83
Clodinafop® 70 70 34 64* 18 45% 61
Diclofop 1119 80* 13* 88* 10* 75 84
Fluazifopf 210 76* 48* 61* 37* 20* 39*
Pinoxadenr! 60 85* 9= 102 4 118 100
Carfentrazoné 18 96 13* 107 4 108 113
Flumioxazind 107 87 29% 89 17* 70 76
Tembotrione? 92 100 15* 103 12* 84 118
Topramezoné 18 98 23* 98 14* 96 113
Bentazon 1119 98 o* 100 6 98 98
Metribuzin® 390 94 10* 94 3 20 104
NTCk 100 0 100 0 100 100

a. * indicates significant lower value comparedhe non treated control. The value shown in thésteb
the ratio of treatment mean versus the corresponzth of NTC.
b. WAT = Weeks after treatment.
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c. Injury rating varies from 0% (no injury) to 1%0(complete death).
d. Sprayed with adjuvant NIS 0.25% v/v.

e. Sprayed with NIS 0.25% v/v + 2.24 kg'haMS.

. Sprayed with COC 1% v/v.

g. Sprayed with MSO 0.25% v/v.

h

. Built in adjuvant.

—h

i. Sprayed with COC 1% + AMS 1.68 kgha

j. Sprayed with COC 1% + AMS 2.8 kg-ha

k. NTC = Non-treated control. Original mean valé@msNTC were 54 cm, 0%, 65.6 cm, 0%, 11.9 g and
9.3g for height 2 WAT, injury 2 WAT, height 4 WAThjury 4 WAT, shoot dry weight 4 WAT and
regrew shoot dry weight 8 WAT, respectively.
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CHAPTER 5
PREEMERGENCE HERBICIDE SCREENING AND TOLERANCE EVAIATION FOR

SEEDED-TYPE MSICANTHUS x GIGANTEUS

7 Xiao Li, Timothy L. Grey, R. Dewey Lee, William R/encill. To be published in Weed

Technology.
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Preemergence Herbicide Screening and Tolerancei&iah for Seeded-typdiscanthusx

giganteu$

Xiao Li, Timothy L. Grey, R. Dewey Lee and Williakh Vencill*

Miscanthusx giganteushas been considered as a potential bioenergyictbyg US for over a
decade. However, very limited information concegwveed control during establishment from
hybrid seed is available for this crop. Therefdine, objective of this research was to evaléte
giganteushybrid seed response to PRE herbicides and tstassveed control during
establishment. Herbicide screening using peth dissay indicated thit. giganteudolerated
atrazine, flufenacet plus metribuzin, mesotrioe@liotrione, and acetochlor at concentrations
equivalent to field use rates of 2239, 305 +760%, B2, 1343 g ai hla respectively; there were
no reductions in seed germination as comparedetaoh-treated control (NTC)S-metolachlor,
pyroxasulfone, trifluralin, ethalfluralin pendimetim, sulfentrazone and indaziflam reduced or
resulted in germination failure ®. giganteus Additional studies oM. giganteusseed
germination in response to four rates of mesotrianetochlorSmetolachlor and atrazine were

conducted in petri dishes and greenhoudegiganteuseed germination in petri dishes was not

8 First and fourth author: Graduate Student andeBsufr, Department of Crop and Soil Sciences,
University of Georgia, Athens GA 30602; Second #dmidl authors: Professor and Professor,
Department of Crop and Soil Sciences, Universitebrgia, Tifton GA 31793. Corresponding

author’'s E-mailxlsteve@uga.edu
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affected by acetochlor, atrazine and mesotrion®4#80, 4480 and 224 g ai-haespectively.
However,S metolachlor at 1108 and 2216 g aillssgnificantly reduced. giganteus
germination relative to NTC. Greenhouse bioassajisated thaM. giganteusseed
germination was mostly reduced ymetolachlor, followed by mesotrione and acetochiad
was least susceptible to atrazine. Dose respanasday in soil indicated herbicide rates
causing 50% shoot dry weight reduction $ametolachlor and acetochlor were 84 and 1386 g ai
hat, respectively; and rates causing 50% shoot hegghtction were 291, 3209 g aiha
respectively, folS- metolachlor and acetochlor. However, those rateatrazine and
mesotrione were not achieved within the rate rangduated in this bioassay. Results of this
study indicated several PRE herbicides have thenpiat to be evaluated during seeded-type
giganteusestablishment for weed control in field trials.

Nomenclature Acetochlor, atrazine, dinitroanilines, flufenaagiesotrione, metolachlor,
metribuzin, PPO inhibitors, tembotriondjscanthusx giganteus

Key words: Herbicide tolerance, seeded-tydescanthus giganteuserbicide injury, PRE

herbicides, dose-response, growth reduction.
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Introduction

Miscanthusx giganteushas been grown in Europe as a cellulose bioeraayyfor several
decades and currently under field evaluation atipiallocations in the US. Gendiscanthus
consists of 17 species and genetically originatechfEast Asia (Greef and Deuter 1993). The
specific genotype used in Europe and US for biagnproductionMiscanthusx giganteuswas
introduced to Denmark from Japan in the 1930’'s ¢Gamd Deuter 1993; Lewandowski et al.
2003). M. giganteuss a natural cross betwebhscanthus sinens@ndMiscanthus
saccharifloruswith 57 somatic chromosomes. Due to triploillly,giganteusseeds are sterile
and therefore, reproduction in natural habitatlgakeies on vegetative propagation
(Lewandowski et al. 2003; Linde-Laursen 1993).

M. giganteuss a G grass species with excellent nutrient use effyeamd high biomass
yield. In Europe, experiments from Denmark and Garymoted yields without irrigation
ranged from 10 to 25 t dry matter (DM)h@_ewandowski et al. 2000). Heaton et al. (2004)
reportedMVl. giganteusproduced an average yield of 30 t DMYand maximum yield of 61 t
DM hat in lllinois trials over a 3-year study. Due towlinitial growth ofM. giganteusweed
control in the first year is crucial to succes&stablishment and high biomass yield. Some
researchers suggested herbicides registered faer@aa may4d..) are generally safe dvi.
giganteugLewandowski et al. 2000); however, several exoepthave been identified (Li et al.
2013). There have been no reports of plant dissasesects that significantly reduce the
productivity ofM. giganteugGreef and Deuter 1993).

Although being an excellent bioenergy crop candigtitere are two major challenges that
limit M. giganteugproduction in Europe and the US: low cold tolemaad high establishment

cost due to vegetative establishment (Lewandowski. 2000; Lewandowski 1998M.
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giganteughizomes are killed when soil temperatures go beR&C, in constrasM. sinensis
rhizomes can tolerate soil temperature as low &C-6Clifton-Brown and Lewandowski 2000).
Therefore, in areas where soil temperatures cdrelyv -3.5C, more cold-tolerant genotypes or
M. sinensiss recommended (Clifton-Brown et al. 2001). Onalyg suggested successful
growth of M. giganteuswithin the first year of establishment, was aféecby rhizome size,
planting depth, rhizome storage length and stocagelitions (Pyter et al. 2010). Clifton-Brown
et al. (2011) studied the base temperatures belmahvwhe germination of at least 50% viable
seeds ceased. They reported that the base tenmedi@t perennial ryegraskdlium perenne
L.) and maize were 3.4 and 4.5 C, respectively. Howele base temperature of ten
sinensigyenotypes varied from 9.7 to 11.6 C, which was @éighan maize and switchgrass
(Panicum virgatunt..).

High establishment cost is another major obstarch. igiganteugproduction. Due to seed
sterility, M. giganteusstands are typically established with vegetatiggpgated rhizomes,
which are more expensive and difficult to plantampared to seed. Lewandowski et al. (2000)
estimated establishing stand cost $3906 to $781 with rhizomes. However, utilizing cell
culture technigues and micro-propagated plants omatic cells or meristems may
significantly reduce establishment cost to $456. hdones (2009) suggested propagation
through either tissue culture or rhizomes could 8586 ha and is largely supported by EU
grants of some countries. Planting cost if sowihgjiganteusseeds would be $608 ha
(Clifton-Brown et al. 2011), which could reduceadishment expenses as compared to rhizome
propagation. However, field establishment usirgfdse under development, but there are
challenges given the small seed size, low nutriesgrves, and the high temperature and

moisture requirements during germinatidvl. giganteuseed require optimum germination
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conditions for successful field establishment, weextrol is essential as this species competes
poorly against weeds during the first year of gtoy@reef and Deuter 1993; Anderson et al.
2010). Some herbicides have been evaluated anthreended foM. giganteughizomes but
none have been selected for seeded-Wpgigantes (Anderson et al. 2010; Li et al. 2013).
Therefore, the objective of this study was to eadand identify PRE herbicides which have the
potential to be safely used dh giganteusvhen establishing from hybrid seeds using bioassay

methods.

Material and Methods

PRE Herbicide screeningtudies were conducted in the herbicide planshygy lab of
University of Georgia from March to June, 2012.e ®xperiment was a randomized complete
design with 5 replications (petri dishes) for eaehnbicide treatment, and repeated twice. The
effects of 13 PRE herbicides (Table 13)Mngiganteuseed germination were evaluated in
plastic disposable petri dishes (100 x15 mm, Fisdnsat) using similar setting as described by
Voigt and Tischler (1996) and Emmerich and Hardedi®91). HybridM. giganteuseeds
(cultivar MX-45) were acquired from Mendel Biotedhogy (Hayward, CA. 94545-3720) and
were disinfected with 1% sodium hypochlorite sa@atand 70% isopropyl alcohol prior to
experimentation. Seed vigor test indicated thaatgr than 90% of the disinfected seed
germinated on filter paper with adequate moisti8eed mold development from pathogens
during the germination experiments was less than 5%

To initiate experiments, two layers of filter papegre placed in each petri dish to retain
moisture. TemM. giganteuseeds were placed on filter paper in each pethni @il 3 ml of

herbicide solution was added with a pipette. Hadai solutions were made based on the typical
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field use rate of each PRE herbicide and 3 ml dbib&le solution delivered equivalent amount
of active ingredient (Al) as being applied on thesaof one petri dish (78.5 &by a
conventional sprayer in field. Herbicide solutiomsre made with commercially formulated
products. After addition of herbicide solutionfpeéishes were sealed with parafilm to prevent
filter paper from drying, and were then stored@tC2under room light with no supplementary
light for 14 d before data collection. Number efminated seed and seed with visible green
shoot in each petri dish were recorded to evaligeand shoot growth. Germination was
defined as 5mm or longer radicle emergence.

Dose response bioassdesponses d¥l. giganteusseed to four rates of acetochlor,
metolachlor, atrazine and mesotrione were evaluatadaboratory using petri dishes and soil
filled pots in a greenhouse. Herbicides rates Wesel, 2 and 4X plus a non-treated control
(NTC), where 1X rates for acetochl&metolachlor, atrazine and mesotrione were 1120, 50
1120 and 56 g ai Narespectively. Seed were germinated in petrieisksing the same
procedures described for the PRE herbicide scrgeniperiments.

For greenhouse dose response bioassay] tgmganteuseeds were planted at 1 cm depth in
0.26 L plastic cups filled with Cecil sandy loantefeey, kaolinitic, thermic Typic
Kanhapludult). Experiments were randomized conepdieisigns with 5 replications (plastic
cups), and repeated twice. Treatments were sapetaslish dose response bioassay and
sprayed in a compressed air propelled spray chammeediately after planting; nozzle tip was
Teejet XR 8003VK and spray rate was 183 [* ha207 kpa pressure. After spray application,
1.25 cm equivalent of irrigation was applied toleaap to activate herbicides and pots were
then kept in a greenhouse (30/20C day and nightty b8 photoperiod). Plants were irrigated

properly and fertility optimally maintained withveeekly application of Miracle Grow (The
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Scotts company, LLC. Marysville, OH. 43041). Nepeamage or plant pathogens were
observed throughout the experiments. Data inclsgedling height and shoot biomass
collected 60 d after treatment.
Data analysisData for repeated experiments was combined falyais since trial repetition
was not significant. PRE herbicide screening agtd dish dose response data were subjected to
SAS PROC GLIMMIX procedure. Mixed models usednalsize PRE herbicide screening data
included fixed effect of herbicide treatment anddam effect of trial repetition. All treatment
means were compared to the non-treated control Nitd Dunnett’s test at = 0.05 level.
Nonlinear regression model was applied to descidse response data obtained in petri
dishes and greenhouse; height and shoot dry weigi# fitted into the two-parameter
exponential decay equation,
f(x) = boe™1™) (6)
where y is the seed germination, height or shaohhss oM. giganteusly is the initial
germination rate, height or shoot dry weight whate iX is zero (NTC); bis the slope of
regression and X is the herbicide rate (g dijhaNonlinear regression analysis was performed
with SAS nonlinear regression procedure (PROC NLpdyameters and rate to cause 50%
growth reduction (GR) were provided in table 3 and 4 based on SAS déutplope of

regression model was separated with LSD.

Results and Discussions
PRE Herbicide screenin@ hirteen PRE herbicides with six mechanisms tibacvere
evaluated in the herbicide screening experimerl€ra3). Two HPPD inhibitors mesotrione

and tembotrione, mainly used in maiZeé may4..), did not adversely affedtl. giganteuseed
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germination and shoot growth as compared to the;NMib@ever the majority of shoots were
chlorotic with white color attributed to both hecloies. M. giganteusseed germination with
subsequent root and shoot growth were not affdryestrazine or flufenacet plus metribuzin.
M. giganteusseeds exhibited different responses when treaitédvery long chain fatty acid
inhibitory (VLCFA) herbicides: acetochlor did ndtect seed germination, but seed germination
and green shoot emergence were reduced by pyréxaswEndS-metolachlor;S-metolachlor
caused greater reductions in germination than athileroacetamide tested in this study.
Acetochlor,S-metolachlor and pyroxasulfone are herbicides phatide selective PRE control
of grass weeds in maize and other small grainssg@ean 2007). Pyroxasulfone effectively
controlled rigid ryegras4d.6lium rigidumL.) with little or no effect on wheaf (iticum aestivum
L.) (Walsh et al. 2011). Doub et al. (1988) repdrinetolachlor controlled > 80% of large
crabgrassigitaria sanguinalisL.) at the end of a 5 year study but incurred adwghift to more
tolerant fall panicumRKanicum dichotomifloruriMichx). In a New Zealand study, metolachlor
was the most effective one among acetochlor, diemgtimid, alachlor and other PRE herbicide
mixtures in controlling large crabgrass and bristixtail (Setaria verticillatal.); however all
chloroacetamides were less effective against Isegeed broom corn millePé&nicum
miliaceumL.) than other grasses (James and Rahman 200@priRdérom the literature are
consistent with the results of this research irnttigethatM. giganteusselectivity varied among
VLCFA herbicides, with metolachlor caused greatguiriy.

The dinitroaniline herbicides trifluralin, ethalfllin and pendimethalin caused germination
failure with symptoms of short, round and swollents or shoots, possibly due to the fact that
dinitroaniline herbicides inhibit spindle fiber phaction during cell mitosis, which causes cell

division failure. Most seeds initiated germinatfnocess, and 38 to 56% had visible green
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shoots, but growth ceased at very early stagelesththan 5mm of roots emerged. At the end of
germination study, most of the dinitroaniline texhseeds were molded or dead. It is well
known that dinitroaniline herbicides primarily tatgat small-seed grasses and broadleaf weeds:
tumble pigweedAmaranthus albug.) control in grain sorghunSrghum bicolot..) was at
least 99% with atrazine plus pendimethalin orurdélin when applied early POST or late POST
and Texas panicuntfochloa texangBuckley) R. Webster] control was at least 97% wité
same treatments applied early POST (Grichar &0&l5). Pendimethalin provided superior
control of California bromeBromus carinatugiook. & Arn) and perennial ryegradsofium
perennel..) (Mueller-Warrant 1999) while trifluralin wasewy effective against green foxtail
[Setaria viridis(L.) P. Beauv.] (Kirkland 1996). Due to the fagatM. giganteuseeds are
small and low in nutrient reserves and dinitroaieii mainly control small seed grass and
broadleaf weeds (Vaughn and Lehnen 1991; Lewandatsi. 2000), they may not have the
potential to be used for weed control in seeded tffM. giganteus

Cellulose biosynthesis inhibitor indaziflam and PRIX inhibitors sulfentrazone and
flumioxazin caused complete germination failuralirreps and no treatéd. giganteuseed
showed any sign of germination at the end of expent. Indaziflam controlled annual
bluegrassFoa annud..) in bermudagrassdynodon dactylofL.) Pers.] turf and it also
controlled smooth crabgradsifjitaria ischaemun{Schreb.) Schreb. ex Muhl.] (Brosnan et al.
2012). Flumioxazin and sulfentrazone can offerotar levels of activity on grass: flumioxazin
control of Texas millet ranged from 36 to 76% wia@plied at 0.11 kg ai hia(Grichar 2006)
while sulfentrazone showed good control of greeaaib (Lyon and Wilson 2005). Results of

this study suggested indaziflam, sulfentrazoneflumlioxazin injured M. giganteus seedlings

106



and would not be weed control options during esthbient. It is possible that they may have
the potential to control seeds produced by otheitdéVliiscanthusspecies, liké. sinensis

Dose response bioassaRResults of dose response bioassay in petri disttbsated root growth
and shoot emergence M giganteuseed were not negatively affected by acetochlor,
mesotrione and atrazine; no significant differensese found between any rates compared to
NTC (data not shown). However, as seen in the R&Eicide screening studg;metolachlor
caused reduced germination with its two highestsr@Data not shown). At 1008 g aiha
germination decreased to 65% and further reducéeltw 5% when treated with highest rate of
2016 g ai ha; both root and shoot emergence were inhibite8-metolachlor.

Dose response bioassay conducted in soil cupseangopuse generated slightly different
results M. giganteuseeds were more sensitive to PRE herbicides irttenil in petri dishes.
Acetochlor and mesotrione showed significant eftecseedling height, whils-metolachlor had
most impact on seedling height among all herbic{@&gure 7). Atrazine did not have any effect
on height within the rate range evaluated sincétl{the slope) was not significant different
from O ata=0.05 level. GR, for acetochlor an&metolachlor on plant height were 3209 and
291 g ai hd, respectively, and not available for atrazine aredotrione in the rate range
evaluated in this bioassay (Table 14).

Shoot dry weight followed the same trend as segdigight:S-metolachlor was the most
injurious herbicide td/. giganteuseeds (Figure 8). Most of the seeds treated Vai@i8 hnd
2016 g ai ha of Smetolachlor did not germinated by the end of &xgeriment. Shoot dry
weights were significantly reduced by any rat&afietolachlor and G& was 84 g ai ha
Moreover, acetochlor, atrazine and mesotrioneffdtted shoot biomass within the rates

evaluated (Table 15). Gor acetochlor on shoot biomass was 1386 g dahd was not
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applicable for atrazine and mesotrione within @uege studied. Slope comparisons revealed that
M. giganteuseedling biomass were most responsivé-teetolachlor when rate increased;
followed by mesotrione and acetochlor, with leasponse to atrazine.

Overall, propagatingyl. giganteuswith seeds may significantly reduce production cosl
results of this study suggested several PRE hedsalid not significantly inhibit seed
germination and seedling establishment; they hiaggotential for evaluation in large scale field
trials. Nevertheless, what requires special atians the different response to PRE herbicides
betweenM. giganteuseeds and rhizomes. Up to present, various PRP&ST herbicides
have been screened fdr. giganteusvhen propagating with rhizomes: Anderson et al1(®0
foundM. giganteughizomes tolerated acetochlor é&dhetolachlor up to 9,788 and 7,140 g ai
ha?; rhizomes also showed good tolerance to high ates of atrazine and pendimethalin when
evaluated under greenhouse and field condition®t &l. (2013) studied the responsedfof
giganteugrhizomes to 21 PRE herbicides and herbicide coatioins with 8 mechanism of
action: only EPTC at 4,478 g aihaignificantly reduced shoot dry weight 1 montreaft
application. These study results indicated bétierance of rhizomes to PRE herbicides
compared to seeds, possibly due to greater nutesetves and faster shoot and root growth. In
the greenhouse dose response bioassay of this stiuehage shoot height of plants propagated
by seeds was 17.5 cm 60 d after planting, butlibets emerged from rhizomes which planted
at the same time averaged 100 cm under the saraelhgnese conditions. Differences in
establishment speed may explain the response eartarherbicides between rhizome and seed.
Similar toM. giganteusjohnsongrassSorghum halepende) is a perennial rhizomatous grass
but it has the ability to produce viable seedssdRes-Robles et al. (1999) evaluated the

influence of growth stage, herbicide rate and distament method on POST johnsongrass
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control. Johnsongrass plants established by rrescnd seeds were sprayed with three rates of
nicosulfuron, primisulfuron, fluazifop and clethadat four growth stages. Their results
suggested rhizome plants grew faster than seepllargs and for all four herbicides, rhizome
plants required higher rate than seedling plantsach> 90% control at each growth stage,
likely due to bigger size and more nutrient resgerve

Therefore, based on the results of this study aedigus research, herbicide
recommendations for rhizomes should not be infediegttly to seeds due to lower tolerance to

PRE herbicides, otherwise severe injury or comgletenination failure may occur.
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Table 13 M. giganteusseed germination and shoot emergence as affegted b

preemergence herbicides in petri dish agsay

Treatment Rate Seed germinatfonShoot emergence
g ai ha %
Mesotrione 105 95 93
Tembotrione 92 95 96
Atrazine 2239 90 90
Flufenacet plus Metribuzin 305 + 76 94 94
Acetochlor 1343 89 91
Metolachlor 1422 46* 33*
Pyroxasulfone 300 81~* 73*
Trifluralin 560 0* 46*
Ethalfluralin 840 o* 38*
Pendimethalin 1064 0* 56*
Flumioxazin 89 0* o*
Sulfentrazone 140 0* 0*
Indaziflam 63 0* 0*
NTC NA 93 93

@ Means followed by asterisk indicate significarffatiences compared to the NTC in the
same column. Seeds were evaluated 2 weeks aftacidertreatment.

b Seed germination defined as 5 mm or longer ragicé&usion.

¢Shoot emergence represented the percentage oihseach treatment that produced

visible green shoots.
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Table 14. Parameters bF. giganteusheight and GR for the PRE herbicides used in the

greenhouse bioassay

Herbicide ) by P 95% Cl of b R2 GRso©

(g ai hat)

Acetochlor  18.7247 2.16x*M®  (1.10 x 16, 3.23 x 1) 0.8604 3209
Atrazine® 16.4955 5.61 x 10 (-6.00x 1, 6.40 x 1)  0.0003 NA
Mesotrione 17.3620 1.61x%@ab (8.20x 16, 3.15x 16) 0.9360 NA

Metolachlor 16.7519 2.38x f&  (1.26 x 16, 3.51 x 16) 0.9088 291

@ Means followed with the same letter were not sigant at 0.05 probability level. Data was
described with a two parameter exponential decayei(x) = boe‘bl(x).

® Means followed by the same letter are not sigaiftat 0.05 level using LSD separation.
Parameter B(Slope) of atrazine failed to be significanat 0.05 level.
¢ GRso: The herbicide rate causing 50% of growth reduct&®% or greater growth reduction

was not obtained for atrazine and mesotrione atrateg evaluated in this study.
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Table 15. Parameters BF. giganteusshoot biomass and G§for the PRE herbicides used in the

greenhouse bioassay

Herbicide 6 b, P 95% Cl of h R? GRso®

(g ai ha)

Acetochlor 0.2522 5.00x (3.78 x 1¢, 6.21 x 16) 0.9747 1386
Atrazine 0.2637 1.19 x 1d (7.50 x 16, 1.63 x 10" 0.9754 NA
Mesotrione 0.2678 2.96 x 2 (2.01 x 16, 3.90 x 16) 0.9206 NA

Metolachlor  0.2589  8.26 x f(r (4.81x16, 1.17 x 16) 0.9957 84

2 Means followed by same letter in one column atesigmificant at 0.0%robabilitylevel. Data

was described with a two parameter exponentialydewalel f (x) = boe‘bl(x).
® Means followed by the same letter are not sigaiftat 0.05 level using LSD separation.

€. GRso: The herbicide rate causing 50% of growth redunct&% or greater growth reduction

was not obtained for atrazine and mesotrione atrateg evaluated in this study.
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Figure 7.M. giganteusheight affected by metolachlor (A), acetochlor,(B)esotrione (C) and
atrazine (D) at various rates. Error bars represtamdard error of each mean. Data were
subjected to nonlinear regression and responsesdescribed by the two-parameter

exponential decay model. Regression parameterS&S&eaglare listed in Table 2.
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Figure 8.M. giganteusshoot biomass affected by metolachlor (A), acdtogliB), mesotrione
(C) and atrazine (D) at various rates. Error bapsasent standard error of each mean. Data were
subjected to nonlinear regression and responsesdescribed by the two-parameter

exponential decay model. Regression parameterS&Raglare listed in Table 3.
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CHAPTER 6
GROWTH AND PHYSIOLOGICAL RESPONSES OF MISCANTHUSGIGANTEUS TO

POST HERBICIDES

° Xiao Li, Timothy L. Grey, R. Dewey Lee and Williakh Vencill. To be published in Invasive

Plant Science and Management.
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Growth and physiological responsedWitcanthusx giganteuso POST herbicides

Xiao Li, Timothy L. Grey, R. Dewey Lee, William Kancill 1°

Miscanthusx giganteusestablished from rhizomes were evaluated for nespdo glyphosate
applied alone or when used in combination with#ltap, imazapyr, pyrithiobac and
sulfometuron. In glyphosate dose-response resgates to reduce 50% of growth (&Rwere
702, 1,174 and 1,637 g aehaspectively, for shoot dry weight, undergrounohisass and
regrowth of shoot dry weight (after clipping to thal surface), respectively. Shoot regrowth
was not eliminated with glyphosate rates of 4 kdpateor less Glyphosate at 10 kg ae ha
decreased 50 and 43%Mf giganteuschlorophyll content and photosynthesis system (PS)
efficiency (Fv/Fm) respectively, 10 d after treatth@DAT) as compared to non-treated control
(NTC). Glyphosate at 2 kg ae haeduced chlorophyll content and Fv/Fm by 34 and 21%
respectively, at 10 DAT. A single glyphosate &§8Llkg ae hadecreaseM. giganteushoot
height and shoot dry weight by 8 and 17% respédgtias compared to the non-treated control
(NTC) but itdid not cause visual injury or reduce undergrouiednass and it did not prevent

shoot regrowth. Two applications of glyphosaté.88 kg ae haincreased control efficacy as

0 First and fourth author: Graduate research assiatahProfessor, Department of Crop and
Soil Sciences, University of Georgia, Athens GA @B6Second and third authors: Professor and
Professor, Department of Crop and Soil Sciences/dusity of Georgia, Tifton GA 31793.

Corresponding author’'s E-mail: xIsteve@uga.edu.
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compared to the single application; shoot dry wesigind underground biomass were reduced by
59 and 69% compared to NTC and visual injury wak%,7énd shoot regrowth was eliminated.
Glyphosate 1.68 kg ae fiplus 240 g ai haof fluazifop, 2240 g ai haimazapyr, 120 g ai hia
pyrithiobac or 120 g ai hasulfometuron in a single application caused greasaial injury (33

to 41%), shoot height, dry weight, and undergrobiothass reductions (24 to 25%, 33 to 41%
and 43 to 56%, respectively) than glyphosate agplene at 1.68 kg ae hand these
combinations completely eliminated shoot regrowtiwo applications of combination
treatments further reduced shoot dry weight anckrgrdund biomass. Reductions of
chlorophyll content and Fv/Fm by glyphosate plusififop, imazapyr, pyrithiobac or
sulfometurorvaried from 18 to 28% and 8 to 23%, respective\DEX. These data suggested
complete control oM. giganteushizomes and shoot regrowth would require highsrate
multiple applications of glyphosate, and contrdicaicy could be improved by addition of POST
herbicides that possessing activity against grasses

Nomenclature: Glyphosate, fluazifop, imazapyr, pyrithiobac, satfeturon Miscanthusx
giganteus]. M. Greef and Deuter ex Hodk. and Renvoize.

Key words: Invasive species, underground biomass, shoobwalyr physiological response,

glyphosate, POST herbicides.

120



Introduction

Miscanthuss a genus of perennial rhizomatous grasses withghotosynthetic pathway
and the ability to yield greater biomass when camg@o other bioenergy crops (Heaton et al.
2004, 2008; Lewandowski et al. 2000liscanthusoriginated from East Asia and has excellent
adaptability to different environments, despite imial genetic variationNumata 19691974,
Greef and Deuter 1993; Barney and DiTomaso 200B)giganteuss a triploid with 57 somatic
chromosomes from a natural crossvb$canthus sacchariorusndMiscanthus sinensisThis
species is considered sterile and cannot prodat®#evseeds (Greef and Deuter 1993; Linde-
Larson 1993). Therefore, propagatiormvhfgiganteuselies on vegetative propagules which
increases establishment cost (Lewandowski et 80;20ones 2009). Grower adoption of sterile
M. giganteushas been slow since reproduction and storage @tage propagules are
expensive and field planting requires specializpgiment (Heaton et al. 2010; Lewandowski et
al. 2000; Smith and Barney 2014).

Although sterile varieties increase productiontcesed sterility also led to lower invasive
risk to the introduced environment (Heaton et @04). SterileM. giganteugeceived a low
score in the widely accepted Australian weed risdeasment (WRA) protocol and was
considered “minor risk” for invading natural areashe US (Barney and DiTomaso, 2008).
Gordon et al. (2011) evaluated the invasive poéofil2 bioenergy species proposed in Florida
and the US with WRA and steriM. giganteusvas given the lowest invasive score of -8 and -9
respectively and was considered acceptable in BlitamUS (low WRA score represents low
invasive risk); scores of other species ranged ftam24. Matlaga and Davis (2013) suggested
the growth rate of sterilsl. giganteugpopulation was slightly smaller than 1 (Value lgsn 1

means the population growth can not compensatedpelation lost to senescence, physical or
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biological damages, etc.), which indicates its patpon would gradually decline over time
without clonal recruitment. Moreover, no singlseaf escape has been reported in Europe for
sterileM. giganteusafter two decades of research and production (bdaaski et al. 2000). It
has been noted that fertile varietiesvbfgiganteusare under development and may be
commercially available in the future (Smith and Bar 2014; Ross 2011). These new fertile
varieties can largely decrease planting cost lsat ilised concerns over their invasiveness
(Matlaga and Davis 2013; Quinn et al. 2011; Smitti Barney 2014)

Glyphosate has been used as a standard to elinhiogieergy species such as napiergrass
(Pennisetum purpureuchum) (Cutts et al. 2011), giant reeduido donax..) (Spencer et al.
2008, 2011)M. sinensigOmielan et al. 2012) arnd. giganteugAnderson et al. 2011a;
Everman et al. 2011) for field crop rotation. Hwan et al. (2011) noted that glyphosate applied
at 0.84 kg ai hAwas the most effective treatment to reduce botivedround and underground
biomass oM. giganteusamong 18 POST treatments evaluated. Glyphosateedpvith POST
herbicides that possess grass activity (i.e., ipyzand fluazifop), can effectively control
Miscanthusspecies (Speller 1993; Omielan et al. 2012).a# been suggested that other
perennial grasses, such as quackgragsopyron repenglL.) Beauv] and johnsongrass
[Sorghum halepengé.) Pers.] could also be controlled by glyphog&tamill and Zhang 1995;
Parochetti et al. 1975). Spring and fall quackgasserage was reduced by over 80% with
glyphosate at 0.56 and 0.84 kg ai'lrasoybeanGlycine max_..) and corn Zea mayd..)

(Hamill and Zhang 1995). Glenn et al. (1986) répaicontrol of johnsongrass with fluazifop,
sethoxydim and glyphosate in conventional tillagd ao-tillage fields. Common reed
[Phragmites australi¢Cav.) Trin. ex Steud.] control was 80 to 100%wgtyphosate plus

imazapyr at 2.2 and 0.5 kg ai-héRensburg 1996).
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Glyphosate translocates in the symplast and acatesin meristimatic and underground
tissues (Senseman 2007). Research suggestedilaniteunt of glyphosate applied, only 2 to
8%, was translocated to the underground rhizomg@shosongrass (Lolas and Cobel 1980) and
7% was translocated to the rhizomes of alligatod\j@dternanthera philoxeroide@Vart.)

Griseb] (Bowmer et al. 1993). Moreover, Andersbale(2011a) reported single spring or fall
application of glyphosate at 2.5 kg ae'hid not reduce the number of shoot emerged in the
following summer as compared to NTC and it did caitrol establishet. giganteusn field.
Multiple glyphosate applications plus tillage ogewveral growing seasons may be needed to
provide complete control. These researchers aiggested that glyphosate might not
sufficiently translocate to the rhizome mass totadrshoot regrowth.

Considering that insufficient information and liegtresearch has been conducted/lon
giganteuseradication, the objective of this experiment wasl) evaluaté. giganteugyrowth
and physiological responses to various rates gftglgate, and 2) to compare control efficacy of
POST glyphosate applied alone and in combinatidh flaazifop, imazapyr, pyrithiobac and

sulfometuron oM. giganteus

Materials and Methods
Glyphosate dose-response bioassiye experiment was conducted in a University ebfgia
greenhouse in Athens from May to August 2012 apeated twice. All experiments were
completely randomized designs with four replicasioh each treatment. giganteughizomes
were dug from field plots with shovels, cleaned aakcted to ensure quality. Rhizomes were
10-15 cm long with 1 or 2 healthy buds, and rhizamadility was tested to be greater than 98%.

Two rhizomes were planted 3 cm deep in Cecil sanaiy (Fine, kaolinitic, thermic Typic
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Kanhapludults, pH 5.6, OM 2.6%) in 7.5 L pots. rieéawere then allowed to establish in the
greenhouse for 2 month, with irrigation and fez@l applied as needed. Each pot typically had 2
to 3 actively growing shoots ranged from 130 to &B0tall. During establishment,
temperatures were regulated to 35/25 (x 5) C dllymath no supplemental lighting. No plant
disease or insects infestations were observedglthgexperiment. Prior to trial initiatiol.
giganteusplants were taken outside of greenhouse to hdotehwk and shoots were trimmed
to 130 cm in height to ensure uniformity at treatineAlong with a NTC, glyphosate (Roundup
Weathermax®, 540 g ae'l Monsanto Co., St. Louis, MO. 63167) was applied.5, 1, 2, 4, 6,

8 and 10 kg ae ha Treatments were sprayed in a compressegip@a@pelled backpack sprayer
with one nozzle tip (XR 8003VK flat-fan nozzles,ejet®, Spraying Systems Co. Wheaton, IL.
60187) at 183 L hhat 120 kpa pressure. Treated plants were kepei@nhouse for 1 month
before shoots were harvested for dry weights. THemomes were given another month to
regrow. Regrowth shoots and underground biomas¢s(iand rhizomes) in each pot were
harvested 2 month after treatment for dry weights.

Physiological responses to herbicidégaf chlorophyll content and Fv/Fm were measuvid

a chlorophyll meter (SPAD-502plus. Konica MinolRamsey, NJ. 07446) and OS5p modulated
fluorometer (Opti-Sciences, Hudson, NH. 0.051)evittus research has demonstrated good
correlation between SPAD meter readings and Idafaphyll content on multiple plant species
(Ling et al. 2011; Uddling et al. 2007; Loh et2002). Fv/Fm has been widely used as the
maximum quantum yield and overall efficiency of P&nd the value of Fv/Fm varied from 0.78
to 0.84 on healthy plants (Bjorkman and Demmig 198igra et al. 2012). Chlorophyll content
and Fv/Fm measurements were taken on NTC and glaated once with glyphosate alone at 2

and 10 kg ae hi glyphosate 1.68 kg ae han combination with fluazifop at 0.22 kg ai‘ha
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imazapyr at 2.24 kg ai Hapyrithiobac at 0.11 kg ai Hand sulfometuron at 0.11 kg aiha

Data were collected from 0 to 10 DAT on the fingtyf expanded leaf continuously. SPAD
readings were measured at the midrib of leaf threes and averaged for each plant, readings of
healthy non-treated plants generally varied frodt6.0.4. Leaf was fully dark adapted before
Fv/Fm was measured with fluorometer by wrappingcandeaf-section in aluminum foil 30 min.
The initial Fv/Fm before treatments ranged fronb0@ 0.81 when measured pre-dawn.

POST control efficacy evaluatioBxperiments were conducted from July to Octobdr220
University of Georgia green houses as a complet@ormized designM. giganteuglants were
established and managed similar as used for thhgbate dose-response bioassay. Each
treatment was replicated four times and repeatezbtwGlyphosate at 1.68 kg ae’hsas

applied alone or in combination with fluazifop a2® kg ai hd, imazapyr at 2.24 kg ai Ha
pyrithiobac at 0.11 kg ai Haor sulfometuron at 0.11 kg ai‘hand an NTC was included.
Nonionic surfactant at 0.25% v/v was added as rieed@ecatments were applied using the same
equipment and settings as the glyphosate dosenssfimoassayM. giganteuglants were
trimmed to 130 cm in height, hardened 1 wk outgiadEnhouse and were randomly divided into
two sets before treated. For the set treated@mtg, shoot height and visual injury was
evaluated and aboveground shoots were harvesteliyfaveights 3 wk after treatment (WAT).
Rhizomes were kept in greenhouse for another 3naktlaen regrowth shoot height, dry weights
and underground biomass were collected 6 WAT. tlik®@iset that was treated twice, second
treatment was applied 3 wk after initial treatm@WAIT), then shoot height, dry weights and
visual injury were evaluated 6 WAIT. Rhizomes wallewed to grow another 3 wk to
reproduce shoots and then regrowth shoot heightwdights (if any) and underground biomass

were collected 9 WAIT.

125



Statistical analysisAll data was converted to % of NTC prior to datealysis. Four-parameter
log-logistic model was fitted to shoot dry weighhderground biomass and regenerated shoot

dry weight data in glyphosate dose-response bigassa

D-C
1+exp[b(log(x)—10og(GRso))]

fx)=C+ (7)

where C = lower limit, D = upper limit, b = redumi rate or slope and Gf*= the dose that
produce 50% of response on the dependent varidlelat chlorophyll content and Fv/Fm data
was described with a two-parameter exponentialydeuzadel,

f(x) = bpe =1 8)
in which hy is the initial value of the dependent variable wiheés 0, h is the slope or the decline
rate of dependent variable and x is the time (DAT).

Data from POST control efficacy study was procesgitd PROC GLIMMIX procedure in
SAS® (Version 9.3, SAS institute, Cary, NC. 275138jJial repetition was not significant,
therefore data from two repetitions were combira@dahalysis. Each dependent variable was
analyzed with a mixed model containing fixed effetctreatment and random effect trial
repetition. Means of treatments were separatddIMEANS statement under PROC

GLIMMIX procedure ato = 0.05.

Results and Discussion
Glyphosate dose-response bioasshly giganteusshoot dry weight, underground biomass and
regrowth shoot dry weight all decreased with insheg rate of glyphosate (Figure 9, 10) and
parameter estimates of non-linear models were geavin Table 16. Glyphosate at 1 kg a& ha
reduced shoot dry weight and underground biomag¥land 26%, respectively. Glyphosate at

2 kg ae hd decreased shoot dry weight and underground bionad8 and 43% respectively at
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1 mo after treatment. When glyphosate rates wéigake ha and greater, there were no
differences in shoot dry weight and undergrounahiaiss reduction. Shoot regrowth did not
occur with 4 kg ae hhand higher rates. Gior shoot dry weight, underground biomass and
regrowth shoot dry weight was 702, 1,174 and 1¢g3a& ha. This indicated shoot growth was
most sensitive to glyphosate application and irsgdaates are needed to control underground
rhizomes and prevent shoot regrowth, possibly duerited translocation to rhizomes.
Anderson et al. (2011a) reported one applicatioglyhosate at 1.7 kg ae hdid not control
field M. giganteusAt that rate, glyphosate might not have adequadtahslocated to the entire
rhizome mass to control new shoot growth effecyivd8owmer et al. (1993) studied glyphosate
translocation in alligatorweed noting only 7% oé pplied“C-glyphosate translocated to
rhizomes and roots with up to 42% remaining inttbated leaf. Lolas and Coble (1980)
reported that most of the applitiC-glyphosate remained in leaf surface (15 to 37ééjted
area (6 to 10%) and rest of the treated leaf (78b) of johnsongrass, only 2 to 8% was
translocated to the rhizomes. These results stegesost of the absorbed glyphosate may have
remained in treated leaves and this could resuitgher concentration in leaf tissue, thus a
lower GRyo for leaf dry weight. This mechanism allowed p@iahgrasses to sacrifice
dispensable shoots for the survival of reproduabrgans (rhizomes and buds). So, controlling
rhizomes and inhibiting new bud formation of peri@hgrasses might require increased rates or
multiple glyphosate applications.

By comparing with previous studies th giganteuscontrol, it has been noted that lardyer
giganteuswould require higher rates of glyphosate to aaghi®milar levels of control than on
smaller seedlings. Everman et al. (2011) repddt8d kg ae haglyphosate caused 65%

reduction of aboveground and belowground biomas$0ocmM. giganteus.In another study,
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0.4 kg ae ha glyphosate application decreased shoot dry weig5% onM. giganteuplants
varying in height from 40 to 100 cm (Anderson et2fl11a). In this study, a 0.5 kg ae*ha
glyphosate treatment resulted in 20 and 25% recluct shoot dry weight and underground
biomass respectively, likely due to the bioassaytsl in this study was bigger (130 cm in
height) and was established longer in greenhowsettiose used in studies described above.
Some researchers also suggested perennial graasges$sess large aboverground and
underground biomass may ‘dilute’ absorbed glyphosat sub-lethal concentration in
rhizomes, after a low dose application, thus all@mauds and rhizomes to survive glyphosate
application (Hamill and Zhang, 1994). Therefornghler rate of glyphosate or multiple
glyphosate applications may be necessary to acle#va concentration in rhizomes and
effectively control mature stand bf. giganteuswith considerable amount of aboveground and
underground biomass.

Physiological responses to herbicideBhe Fv/Fm and chlorophyll contentMf giganteus
exhibited a steady decline over time. Glyphosai®&kg ae hareduced Fv/Fm by 43% as
compared to NTC (Figure 11). Glyphosate at 2 khatereduced Fv/Fm by 21% at 10 DAT
compared to NTC. Slope comparison suggested gigntfdifferences in reduction rate of
Fv/Fm between 10 kg aehand 2 kg ae hérate of glyphosate (Table 17)M. giganteuplants
treated with one application of glyphosate pluszaggr or pyrithiobac produced similar level of
Fv/Fm reduction as 2 kg ae hglyphosate (Figure 12; Table 17), but not for tlysate plus
fluazifop or sulfometuron. Glyphosate at 10 kchaéreduced chlorophyll content by 50% 10
DAT, as compared to 34% reduction by 2 kg aé ¢igphosate (Figure 11). After comparing
slopes of non-linear regression model, most ottrmabination treatment had similar reduction

rate of chlorophyll content as 2 kg aethilyphosate except for glyphosate plus fluazifop
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(Figure 13, Table 18). Fv/Fm M. giganteusshowed significant decrease within 2 d by
glyphosate treatment in this study, prior to argthle injury occurred. Chlorophyli
fluorescence, particularly Fv/Fm, has been prowedoketuseful and convenient to detect
physiological injury and environmental stressesipio visible signs of injury (Percival and
Fraser 2001, 2002; Percival 2004). In one stuelsgearchers detected Fv/Fm reduction as soon
as 24 hr after 0.086 and 0.86 kg a& hate glyphosate applications on non-glyphosatstesd
soybean (Huang et al. 2012). Meanwhile, the redaaif chlorophyll content itM. giganteus
was in a good concurrence with the progress ofdelairosis and necrosis. Ketel et al. (1996)
suggested low-dose application of 90, 180 and 3&i0hg' of glyphosate resulted similar or
higher chlorophyll content in common lambsqua@n€nopodium alburh.) than the NTC and
most of the treated plants survived low dose appbas. They concluded that higher doses of
glyphosate would cause chlorophyll breakdown, dd, growth inhibition and eventually
plant death. These findings agreed with the oladienvs of this study.

POST control efficacy stud@ne application of glyphosate at 1.68 kg aéreduced 8% shoot
height and 17% dry weight compared to NTC, butrshtlaffect underground biomass, while
visual injury was not observed on glyphosate tictatants (Table 19). One application of four
combination treatments produced more visual in(66/to 64%), more reduction of shoot height
(24 to 25%), shoot dry weight (48 to 51%) and ugdaund biomass (43 to 56%) as compared to
glyphosate applied alone. There were no signifidéferences among the control efficacy of
combination treatments in any category. Shootowtr was also eliminated by these treatments
but not glyphosate applied alone, no differenceevi@ind between glyphosate alone and NTC
in shoot regrowth. When treated twice (Table B0)phosate decreased shoot height, dry

weight and underground biomass by 34, 59 and 6%¥ertively, and reductions were similar to
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the combination treatments except for shoot dryghtei Combination treatments constantly
resulted in highest injury (83 to 94%) and lowdsiat dry weight (87 to 81% of reduction)
when applied twice.

In this study, two applications of glyphosate maltigemproved control efficacy as
compared to one application and prevented shoobwly. Similar to this finding, previous
reports suggested that two applications of glypteosssulted in lower shoot numbers, height and
dry weight than one application in a fidltl giganteusontrol study (Anderson et al. 2011a,
2011b). Meanwhile, four POST combination treatrag@nerated greater control as compared
to glyphosate alone, which suggested glyphosategalafficacy might be increased with
addition of POST herbicide with grass activity.h#ts been reported that imazapyr provided
excellent control of common reeBlragmites australi¢Cav.) Trin. ex Steud.] in a container
trial and 93% control in field experiments (Der03). Fluazifop, sulfometuron and pyrithiobac
applied at 0.21, 0.11 and 0.11 kg ai*moduced severe injury and greatest dry weighicton
among all treatments dvi. giganteuqLi et al. 2013). Thus glyphosate plus fluazifop,
sulfometuron, pyrithiobac or imazapyr may havegbgential to provide greatéd. giganteus

control than glyphosate alone.

130



Literature Cited

Anderson EK, Voigt TB, Bollero GA, Hager AG (2011a) Miscanthus gigantesonse to
tillage and glyphosate. Weed Technol 25:356-62

Anderson EK, Voigt TB, Bollero GA, Hager AG (2011b) Rotating a field of mature Miscanthus
x giganteudo glyphosate-resistant crops. Agron J 103:1383-88

Anderson MA, Schnabel RR, Curran WS, Stout WL, Genito D, Tracy BF (2004) Switchgrass
and big bluestem hay, biomass and seed yield response to fire and glyphosate treatment.
Agron J 96:1688-92

Barney JN, DiTimaso JM. (2008) Nonnative species and bioenergy: Are we cultivating the next
invader? BioSci 58:64-70

Bjorkman O, Demmig, B (1987) Photon yield of O2 evolution and chlorophyll
fluorescence characteristics at 77 K among vascular plants of diverse origins. Planta
170:489-04

Bowmer KH, Eberbach PL, McCorkelle G (1993) Uptake and translocatif€ aflyphosate
Alternanthera philoxeroide@Mart.) Griseb. (alligator weed) I. Rhizome concentrations
required for inhibition. Weed Res 33:53-57

Cutts GS, Webster TM, Grey TL, Vencill WK, Lee RD, Tubbs RS, Anderson WF (2011)
Herbicide effect on napiergras3gnnisetum purpureunecontrol. Weed Sci 59:255-62

Derr JF (2008) Common reeBi{ragmites australjsresponse to postemergence herbicides.
Invasive Plant Sci Manag 1:153-57

Everman WJ, Lindsey AJ, Henry GM, Glaspie CF, Phillips K, McKenney C (2011) Response of

Miscanthus x gigantewmnd Miscanthus sinensis postemergence herbicides. Weed Technol

131



25:398-03

Glenn, S, Peregoy RS, Hook BJ, Heimer JB, Wiepke T. (1986) Sorghum hal@pégisss.
control with foliar-applied herbicides in conventional and no-tillage soybeans. Weed Res
26:245-50

Greef, JM, Deuter M (1993) SyntaxonomyMiscanthus x giganteUSREEF et DEU.
Angewandte Botanik 67:87-90

Gordon DR, Tancig KJ, Onderdonk DA, Gantz CA (2011) Assessing the invasive potential of
biofuel species proposed for Florida and the United States using the Australian weed risk
assessment. Biomass Bioenerg 35:74-79

Hamill AS, Zhang J (1995) Quackgrass control with glyphosate and SC-0224 in corn and
soybean. Can J Plant Sci 75:293-99

Heaton EA, Voigt T, Long SP (2004) A quantitative review comparing the yields for two
candidate C4 perennial biomass crops in relation to nitrogen, temperature and water. Biomass
Bioenerg. 27:21-20

Heaton EA, Dohleman FG, Long SP (2008) Meeting US biofuel goals with less land: the
potential of Miscanthus. Global Change Biol. 14:2000-14

Heaton EA, Dohleman FG, Miguez AF, Juvik JA, Lozovaya V, Widholm J, Zabotina OA,
Mcisaac GF, David MB, Voigt TB, Boersma NN, Long SP (2010) Miscanthus: A Promising
Biomass Crop. Adv Bot Res 56:75-137

Huang Y, Thomson SJ, Molin WT, Reddy KN, Yao H (2012) Early detection of soybean plant
injury from glyphosate by measuring chlorophyll reflectance and fluorescence. J of Agric Sci
4:117-24

Jones JVH (2009) Testing the economic viability of energy crop production in competition with

132



alternative land uses. Proc of the 17th International Farm Management Congress. 1:402-23
Ketel DH (1996) Effect of low doses of metamitron and glyphosate on growth and chlorophyll
content of common lambsquate@hgenopodium albumWeed Sci 44:1-6
Lewandowski I, Clifton-Brown, Scurlock JM, Huisaman W (2000) Miscanthus: European
experience with a novel energy crop. Biomass Bioenerg19:209-27
Li X, Grey TL, Blanchett BH, Lee RD, Webster TM, Vencill WK (2013) Tolerance evaluation
of vegetatively establishédiscanthusx giganteus to Herbicides. Weed Technol 27:735-40
Linde-Laursen IB. (1993). Cytogenetic analysis of Miscantf@iganteus', an interspecic
hybrid. Hereditas 119:297-300
Ling Q, Huang W, Jarvis P (2011) Use of a SPAD-502 meter to measure leaf chlorophyll
concentration in Arabidopsis thalianBhotosynth Res 107:209-14
Loh FCW, Grabosky JC, Bassuk NL (2002) Using the SPAD 502 meter to assess chlorophyll
and nitrogen content of Benjamin Fig and cottonwood leaves. Hort Tech 12:682-86
Lolas PC, Coble HD (1980) Translocation of 14C-glyphosate in johnson§ash(m
halepensé.. Pers.) as affected by growth stage and rhizome length. Weed Res 20:267-70
Matlaga DP, Davis AS (2013) Minimizing invasive potential of Miscanthus x gigagteum
for bioenergy: identifying demographic thresholds for population growth and spread. J Appl
Ecol 50:479-87
Misra AN, Misra M, Singh R (2012) Chlorophyll fluorescence in plant biology. Pp.171 in
Biophysics, Dr. Prof. Dr. A.N. Misra (Ed.), ISBN: 978-953-51-0376-9, InTech, Available

from: http://www.intechopen.com/books/biophysics/chlordbfiyorescence-in-plant-

biology

Numata M (1969) Progressive and retrogressive gradient of grassland vegetation measured by

133



degree of succession-Ecological judgment of gradstandition and trend IV. Vegetatio.
19:96-127

Numata, M. Editor. 1974. Grassland vegetation. Tiaeaod vegetation of Japan. Tokyo:
Elsevier: pp. 125-47

Omielan J, Gumm D, Witt W (2012) Evaluation of management options for control of Chinese
silvergrassMiscanthus sinensi&8nders.) Poster, Southeast exotic pest plant council annual
meeting. May 8-10, 2012. Auburn AL. Available from:

http://www?2.ca.uky.edu/pss/weeds/ivm/pdf/Miscanth@8%oster%20for%20AL.pdf

Parochetti JV, Wilson HP, Burt GW (1975) Activity of glyphosate on johnsongrass. Weed Sci
23:395-400

Percival GC, Fraser GA (2001) Measurement of the salinity and freezing tolerance of Crataegus
genotypes using chlorophyll fluorescence. J Arboric 27:233-45.

Percival GC, Sheriffs C (2002) Identification of drought-tolerant woody perennials using
chlorophyll fluorescence. J. Arboric 28:215-24

Percival GC (2004) Evaluation of physiological tests as predictors of young tree establishment
and growth. J. Arboric 30:80-91

Quinn LD, Matlaga DP, Stewart JR, Davis AS (2011) Empirical evidence of long-distance
dispersal in Miscanthus sinensis and Miscanthggyanteusinvasive Plant Sci Manage
4:142-50

Raghu S, Anderson RC, Daehler CC, Davis AS, Wiedenmann RN, Simberloff D, Mack RN
(2006) Adding biofuels to the invasive species fire? Science 313:1742

Rensburg, E. V. 1996. Reed eradication under transmission powerlines in South Africa using

microlight aircraft. Pages 1095-1101. in Proc of the Second International Weed Control

134



Congress, Copenhagen, Denmark, 25—-28 June 1996. Slagelse, Denmark: Department of
Weed Control and Pesticide Ecology.

Rioux R, Bandeen JD, Anderson GW (1974) Effects of growth stage on translocation of
glyphosate in quackgrass. Can J Plant Sci 54:397-401

Ross M (2011) New Miscanthus development possible biomass game changer? FarmWeek, May
16, 2011. pp. 9

Senseman SA, ed (2007) Herbicide HandbobBle® Lawrence, KS: Weed Science Society of
America. pp 243

Speller CS (1993) Weed control in Miscanthus and other annually harvested biomass crops for
energy or industrial use. pp. 671-676BImghton Crop Protection Conf., Weeds. Proc. of an
Int. Conf., Brighton, UK. 22—-25 Nov. 1993. British Crop Protection Council (BCPC),
Farnham UK.

Spencer DF, Tan W, Liow P, Ksander GG, Whitehan LC (2008) Evaluation of glyphosate for
managing giant reed\(undo donak Invasive Plant Sci Manage 1:248-54

Spencer DF, Ksander GG, Tan W, Liow PS, Whitehand LC (2011) Influence of application
timing on the impact of glyphosate on giant re&tuido donax..). J Auat plant manage
49:106-10

Uddling J, Gelang-Alfredsson J, Piikki K, Pleijel H (2007) Evaluating the relationship between
leaf chlorophyll concentration and SPAD-502 chlorophyll meter readings. Phtotsynth Res

91:37-46

135



Table 16. Parameter estimatedvbfgiganteushoot dry weight, underground biomass and regenerated

shoot dry weight as affected by various rates of glyphdsate

Responsive
variable dt SEMP c + SEM b+SEM GR+SEMP F-value P-value
Shoot dry
weight 42.61+ 3.59 100.24+ 3.73 -3.25+1.02 702+ 130 69.29 0.0007
Underground

biomass 34.63%14.88 99.67+4.27 -1.97+£0.95 1174+755 49.01 0.0013

Regenerated

shoot dry
weight -2.59+2.23 98.31+2.74 -6.46+0.85 1637+ 86 437.13 <0.0001

2 Four parameter log-logistic model was used to describe fiétg.= C + P (loglz;)c o8 GR)]
- 50

b SEM = standard error of the mean.

¢ GRso= Rate of glyphosate that cause 50% growth reduction.
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Table 17. Parameter estimatedvbfgiganteusPSl| efficiency (Fv/Fm}

Treatment Rate (gaiffp  byx SEMP b1+ SEM¢® F value P value
Glyphosate 2000 0.978+0.015 0.026 +0.003 b 66.48 < 0.0001
Glyphosate 10000 0.976 £0.028 0.073 +0.007 a 116.19 < 0.0001
Glyphosate +
Imazapyr 1680 + 2240 0.887 £0.028 0.028 £ 0.007 b 13.92 0.0029
Glyphosate +
Fluazifop 1680 + 240 0.949 +£0.027 0.015+0.006 c 5.89 0.0320
Glyphosate +
Pyrithiobac 1680 + 120 0.974+0.018 0.030 £0.004 b 45.29 <0.0001
Glyphosate +
Sulfometuron 1680 + 120 0.969 +0.016 0.011+£0.004 c 9.24 0.0103

a Two-parameter exponential decay model was used to describefilath= bye

b SEM = standard error of the mean.

—bi(x)

¢ Means followed by the same letter are not significant at 0.05 level using LSD separation.
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Table 18. Parameter estimatedvbfgiganteuschlorophyll content

Treatment Rate (g aifp o+ SEMP b1+ SEM® Fvalue P value
Glyphosate 2000 0.952 + 0.027 0.042 £0.006 b 44.37 <0.0001
Glyphosate 10000 0.956 +0.027 0.082+0.007a 136.59 <0.0001
Glyphosate +
Imazapyr 1680 + 2240 1.003+0.017 0.038+0.004b 90.49 < 0.0001
Glyphosate +
Fluazifop 1680 + 240 0.893+0.022 0.025+0.006 c 19.48 0.0008
Glyphosate +
Pyrithiobac 1680 + 120 1.004 £0.014 0.040+0.003b 150.55 < 0.0001
Glyphosate +
Sulfometuron 1680 + 120 1.029£0.017 0.038+0.004 b 91.50 < 0.0001

a Two-parameter exponential decay model was used to describef@a)a= bye 21

b SEM = standard error of the mean

¢ Means followed by the same letter are not significant at 0.05 level using LSD separation.
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Table 19M. giganteugesponse to a single application of POST treatnients

Rate
Shoot Underground

Treatment (g ai ha) height VI¢ Shootdw’  biomass’ RSD® RSH'

% of NTC

Glyphosate 1680 92b 2a 83b 88a 88a 98a
Glyphosate + 1680 +

Imazapyr 2240 75¢ 59b 52c 57b Ob Ob
Glyphosate +

Fluazifop 1680 + 240 76¢C 60b 51c 47b Ob Ob
Glyphosate +

Pyrithiobac 1680 + 120 75¢ 67b 50c 44b Ob Ob
Glyphosate +
Sulfometuron 1680 + 120 75c 64b 49c 44b Ob Ob

NTC 0 100a Oa 100a 100a 100a 100a

2 Means followed by same letters in each column are not significant at 0.05 level.
Results were presented as % of NTC. No injury was observed on regrowth shoots.

b Shoot height and dry weight was collected 3 WAT.

¢Visual injury (VI) evaluated 3 WAT and rating varied from 0% (no injury) to 100% (complete
death).

4 Underground biomass reflected the dry weight of all underground biomass, including rhizomes
and roots. Data was collected 6 WAT.

¢RSD = Regrowth shoot dry weight. Data collected 6 WAT.

"RSH = Regrowth shoot height. Data collected 6 WAT.
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Table 20 M. giganteugesponse to a two applications of POST treatnfents

Rate
Underground
Treatment (gaiha?)  Shoot height VI¢ Shootdw biomass RSD' RSH?
% of NTC
Glyphosate 1680 66b 76¢ 41b 31b Ob Ob
Glyphosate +
Imazapyr 1680 + 2240 60b 94a 15¢c 14b Ob Ob
Glyphosate +
Fluazifop 1680 + 240 58b 83b 19c 15b Ob Ob
Glyphosate +
Pyrithiobac 1680 + 120 55b 83b 18c 16b Ob Ob
Glyphosate +
Sulfometuron 1680 + 120 57b 88ab 13c 14b Ob Ob
NTC 0 100a od 100a 100a 100a  100a

@ Means followed by same letter in each column are not significant at 0.05 level. Results were presented
as % of NTC. Second application was made 3 weeks after initial treatment (WAIT).

® Shoot height was measured 6 WAIT.

¢ Visual injury (VI) evaluated 6 WAIT and rating varied from 0% (no injury) to 100% (complete death).

4 Shoot dry weight was measured 6 WAIT.

¢ Underground biomass reflected the dry weight of all underground biomass, including rhizomes and
roots. Data was collected 9 WAIT.

" RSD = Regrowth shoot dry weight. Data collected 9 WAIT.

9 RSH = Regrowth shoot height. Data collected 9 WAIT.
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Figure 9. Response of M. gigantesi®ot dry weight and underground biomass to various doses
of glyphosate. Error bars represent standard error of each mean. Four-parameter log-logistic
model was used to describe shoot and underground biomass dry weight data. Parameter

estimates were given in Table 1
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Figure 10. Response M. giganteugegrowth shoot dry weight to various doses of glyphosate.
Error bars represent standard error of each mean. Four parameter log-logistic model was used to

describe regenerated shoot dry weight data. Parameter estimates were given in Table 1.
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Figure 11. Response df. giganteushlorophyll content and PSII efficiency (Fv/Fm) to two
rates of glyphosate. Error bars represent standard error of each mean. Data was described with

two-parameter exponential decay model. Parameter estimates were given in Table 2 and 3.
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Figure 12. M. giganteuBSlI efficiency (Fv/Fm) as affected by four POST combination
treatments. Error bars represent standard error of each mean. Two-parameter exponential decay

model was used to describe the data. Parameter estimates were given in Table 2.
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Figure 13. M. giganteushlorophyll content as affected by four POST combination treatments.

Error bars represent standard error of each mean. Two-parameter exponential decay model was

used to describe the data. Parameter estimates were given in Table 3.
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CONCLUSIONS

Experiment was conducted to evaluate fomesafen soil adsorption and desorption on 7 soils
from GA, KY, CO, ID and TX (Cecil sandy loam, Greenville sandy clay loam, Tifton loamy
sand, Sonora silt loam, Haxtun Sandy Loam, Minidoka silt loam and Tremona sand). Freundlich
isotherms provided good description of fomesafen adsorption WitineRter than 0.97 for all
soils used in this experiment. Adsorption equilibrium was reached after 1 hr shaking in a Cecil
sandy loam. The Freundlich distribution coefficiefy) (vas generally low andsKvalue varied
from 1.30 to 9.28. Highe#ts was recorded with the Cecil sandy loam and lowest was found
with the Tremona sanoc ranged from 69 to 810, which suggests fomesafen adsorption was
not primarily determined by soil organic matter (OM). Desorption rate after 24 hr shaking varied
from 10 to 81%, with highest value observed with Tifton loamy sand, Tremona sand and Haxtun
sandy loam. Fomesafen adsorption was negatively related to pH and positively related to clay
content, while desorption was positively related to sand and pH and negatively related to silt,
clay and OM. Lab incubation results indicated that fomesafen was barely degraded by soll
microorganisms in Cecil sandy loam and Tifton loamy sand up to 90 d after treatment (DAT)
under aerobic conditions. Non-linear regression using two-parameter exponential decay model
suggested that model failed to be significant at 0.05 level in both soils. These results suggested
fomesafen soil behavior largely depends on soil properties, microbial degradation may not be the

major pathway for fomesafen dissipation in field.

Results of fomesafen greenhouse experiment suggested that the height and dry weight of

cotton seedlings responded to increasing rate of fomesafen (0 to 2240%yiaidn&ecil sandy

146



loam from Athens and a Tifton loamy sand from Ty Ty, but not in a Greenville sandy clay loam
from Plains. Field trials in Athens, Plains and Ty Ty showed that highest rate of fomesafen
(2240 g ai h&) reduced cotton stand count in all three locations as compared to the nontreated
check (NTC). Cotton height was decreased by 2240 g'dbh@esafen in Plains and 1120, 2240
g ai hal in Ty Ty as compared to NTC, but was not reduced in Athens at any rate evaluated in
this study. Seed cotton yield was not affected by fomesafen since fixed effect rate failed to be
significant at 0.05 level. The only significant yield reduction was observed with the highest rate
in Ty Ty. Fomesafen persistence in Cecil sandy loam and Tifton loamy sand varied greatly.
Fomesafen persisted over 120 d for the Cecil sandy loam, but was not detectable past 28 DAT
for the Tifton sandy loam. The half-life (B3 of fomesafen applied at 280 g ai*haas 47 and
6 d for Cecil sandy loam and Tifton loamy sand, respectively. When applied at 560gtaeha
DTso was 34 and 4 d for Cecil sandy loam and Tifton loamy sand, respectively. These data
indicated fomesafen persistence varied in different soils and cotton was not affected by
fomesafen within 280 to 420 g ai‘h&bel rate. However, initial injury and growth reduction
might occur when high rate of fomesafen was accidentally sprayed to sandy soils due to
miscalculation, overlapping and spraying errors, etc.

The growth response of rhizome-established Miscantihgiganteugo various PRE and
POST herbicides was evaluated in greenhouse and field. Most treatments containing atrazine,
metribuzin, pendimethalin, acetochlor, metolachlor and mesotrione did not cause significant
injury and growth stunting; however, EPTC at 4.5 kg di significantly reduced height and dry
weight and oxadiazon resulted in higher injury compared to NTC at both rates. None of the PRE
treatments affected shoot regrowth. In POST study, Thifensulfuron, metsulfuron, tribenuron,

chlorimuron, halosulfuron, rimsulfuron, cloransulam, pinoxaden, bentazon and metribuzin did
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not cause significant lower shoot height, reduced shoot dry weight and increased injury
compared to NTC when evaluated at 4 wk after treatment. Nicosulfuron, trifloxysulfuron,
sulfometuron, clodinafop, fluazifop and pyrithiobac caused greatest injury, reduced plant height
and dry weights as compared to the NTC. Sethoxydim, diclofop, flumioxazin, imazamox,
imazapic and imazethapyr decreased plant heights or resulted in increased injury. Within all the
POST treatments studied, only fluazifop and sulfometuron injured M. gigathieosnes and
reduced shoot regrowth. These results indicated that many PRE and POST herbicides in this
study have the potential to control weeds in M. giganitefisture field trials.

The germination response of M. gigantéersile seeds to various PRE herbicides were
studied in petri dishes and greenhouse. Atrazine, flufenacet plus metribuzin, mesotrione,
tembotrione, and acetochlor at concentrations equivalent to field use rates of 2239, 305 +76.3,
105, 92, 1343 g ai hfarespectively, did not affected seed germination and shoot formation as
compared to NTC. However, sulfentrazone, indaziflam, trifluralin, ethalfluralin and
pendimethalin caused total germination failure at the end of this two-wk study while S
metolachlor, pyroxasulfone significant reduced germination. M. gigasg®gsgermination in
petri dishes was not affected by acetochlor, atrazine and mesotrione up to 4x rates (4480, 4480
and 224 g ai hj respectively), however- 8netolachlor at 1108 and 2216 g ailtsgnificantly
reducedM. giganteuggermination. In greenhouse dose-response sMdgiganteuseed height
and dry weight were most responsive tor@tolachlor, followed by mesotrione, acetochlor and
were least responsive to atrazine. Dose response bioassay in soil indicated herbicide rates
causing 50% reduction (Gh of shoot dry weight fo& metolachlor and acetochlor were 84 and
1386 g ai hd, respectively; and GRfor shoot height were 291, 3209 g ai*theespectively, for

S metolachlor and acetochlor. However, those rates for atrazine and mesotrione were not
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achieved within the rate range evaluated in this bioassay. Results of this study indicated several
PRE herbicides have the potential to be evaluated during seeded-type M. gigatablishment
in large field trials. Moreover, what requires attention is several PRE herbicides proven safen on
M. giganteughizomes, such as pendimethalin, trifluralin anth&olachlor, may result in
reduced germination or complete germination failure if used on fertile M. gigessgeds due to
tolerance differences.

Responses of rhizome-established M. gigantewsirious rates of glyphosate and glyphosate
in combination with fluazifop, imazapyr, pyrithiobac and sulfometuron were evaluated in
greenhouse. The Gpof glyphosate was 702, 1174 and 1637 g akrbapectively, for shoot
dry weight, underground biomass and regrowth shoot dry weight, respectively. Shoot regrowth
was eliminated with 4 kg ae hand higher rates of glyphosate. Glyphosate at 10 kg-ae ha
decreased 50 and 43%Mf giganteus chlorophyll content and photosynthesis system (PS) Il
efficiency (Fv/Fm) respectively, 10 d after treatment (DAT) as compared to non-treated control
(NTC). Glyphosate at 2 kg ae haeduced chlorophyll content and Fv/Fm by 34 and 21%
respectively, at 10 DAT. One application of glyphosate at 1.68 kg agidhaot reduced
underground biomass or cause significant visual injury, but it decreased shoot height and shoot
dry weight by 8 and 17% respectively relative to NTC. Single application of glyphosate at 1.68
kg ae ha did not have any effect on shoot regrowth. Two applications of glyphosate at 1.68 kg
ae ha dramatically improved control efficacy as compared to one application; shoot dry weights
and underground biomass were reduced by 59 and 69% compared to NTC and visual injury was
76%. Shoot regrowth was eliminated with two application of glyphosate at 1.68 kg.ae ha
Glyphosate 1.68 kg ae halus fluazifop, imazapyr, pyrithiobac and sulfometuron at 240, 2240,

120 and 120 g ai Narespectively, in a single application caused more visual injury (33 to 41%),
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shoot height, dry weight, and underground biomass reductions (24 to 25%, 33 to 41% and 43 to
56%, respectively) than glyphosate applied alone at 1.68 kg'aam#these combinations
completely eliminated shoot regrowth. Two applications of combination treatments reduced
more shoot dry weight and underground biomass than one application. Reductions of
chlorophyll content and Fv/Fm by glyphosate plus fluazifop, imazapyr, pyrithiobac or
sulfometuron varied from 18 to 28% and 8 to 23%, respectively 10 DAT. These results
suggested controllinl. giganteughizomes and shoot regrowth would require high rates or
several application of glyphosate while control efficiency could be elevated by addition of POST

herbicides that possessing activity against grasses.
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