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Abstract

yellow nutsedge, barnyardgrass, and

Following the commercial launch of forpyrauxifen-benzyl, complaints and concerns surrounding the of-target
movement of forpyrauxifen-benzyl to soybean arose. Consequently, research was initiated to evaluate an application
method to alleviate damage from of-target movement and retain weed control in rice. Field and self-contained tub
experiments were conducted in 2020 and 2021 to determine if coating forpyrauxifen-benzyl or mixtures containing
forpyrauxifen-benzyl on urea would provide equivalent levels of weed control as spray applications. In the tub
experiment, forpyrauxifen-benzyl sprayed at 30 g ae ha* and a mixture of forpyrauxifen-benzyl at 24 g ae ha* plus
penoxsulam at 41 g ai ha coated on urea resulted in 100% visible control, mortality, and no biomass production for
experiment, coating forpyrauxifen-benzyl or the mixture containing penoxsula
visible ducksalad control than spray applications at 5 WAT. However, coated urea applications containing forpyrauxifen-
benzyl were less efective than the spray and provided 50% and 76% visible California arrowhead and yellow nutsedge
control, respectively. Coating either herbicide on urea resulted in 80% or less yellow nutsedge control compared to
96% or greater control following spray applications when applied to ~25-cm rice fatsedge. Coating forpyrauxifen-
benzyl on urea provided comparable hemp sesbania, rice fatsedge, and ducksalad control a spray application. Adding
penoxsulam to forpyrauxifen-benzyl improved barnyardgrass and yellow nutsedge control when coated on urea.

Keywords: g licati0 n meth0 d; APY licati0 n techn0 % gy; Off-ta get
m vement; Rice; Weed < nto 1

Introduction

Ricei a tflef dgaingl ballyand ne fthem t§ dHfctive
0 0 0
¢ § in the mid- Rhe n United State . Rice | g wn in the United
State in the Akana Gand P aiie, Mi i ®§i Delta, GNfC at,
and the Sac ament Valleyo f Cali{) nia (USDA-ERS 2022). A o f
2021, icei ec ndt _ybeaninA kana ¢ §% dMcti nin{lanted
0 0

hecta e and ve alf)? d ﬂctio n valfle (USDA-NASS 2022). In 2021,
A kan a ice} dfce ha ve ted 9 ximately 483,000 hecta e o f
ice, val fled at_ve $1 billi0 n (USDA-NASS 2022) [1].

CMtivating ice inclMde many diffe ent i igati n y tem : the
tw m tcmmnaefl di igatedand f1 w-i igated. In 2020,
a\?? Oxima‘:ely 83% f ice g, wnin A kan a wa fl_d-i igated, with
¢ nventj nal levee ¢ n t Acted ¢ maintain fl. _ding th fgh & the
ea_n, and the emaining ice wa {1 w-i igated (Ha dke 2021).
Envi_nmental and il ¢ nditi n c eated by fl o ding ice can be
¢ ndMcivet theg wthand & dﬂction fa Maticand emia fatic
weed (Smith 1988). While fl ded ¢ nditi n ¢ eate a ¢ nd fcive
. : , 00 o 0 ;
envi nment £ g wing ice, weed can al ~fl "ih 'nde the
ame ¢ nditi n . Initial | d e tabli hment ccf ~ata 5-f 7.5-cm
de th when “ice begin tille ing (f -t five-leaf g wth tage) and
i maintained fntil ha ve t (Hen y et al. 2018). Addisi nally, fl_d
o 00
def th can be inc ea ed { 10 t 15 cm at mid ea nt aid dieae
®¢ e i n (Hen yetal 2018). Fl _ding de th al infl fence  weed
o, . . 90 .
eed ge mmatb n, e tabli hment, " vival, and g6 wth [2,3].

Acg ding { a ﬂveyof A kan a ice weed i fle in 2020,

banyadga and Cfe ! §§. [ice flat edge, yell w n'k edge,
mallfl we fmb ella edge (Cp¢ ras d oy s L), and white-ma gined
flat edge (Cpires flavgp a5 Mchx) we e identified a the m t
$ Dblematic weed in fl _ded ice (Bt et al. 2022). Additi na?ly,
Bt etal (2022)a Clated yield] e £505¢ 959 kg ha with
inte fe ence called l())y the inflfence f ba r\y;) dga . Alth figh
ba nya dg a and iceflat edgea ef blematic weed infl_ ded ice,
ta getinga malle ,m efa% able weed ize¢ fd aid0 ve ¢ nt01[4].

Weed ize at the time f &§ licati n can al _ infl flence he bicide
efficacy. In an exf e iment ¢ nd fcted by Selle ‘ (2009), he bicide
efficacy dec ea eda d_ gfennel [Ep atorym cg N folpm (Lam.) Small
exP te &B itt n] heightinc ea edf m36-f 154-cm, ega dle o f

ate and mixt e ofvicfy,.fl Ho xR}y » 2,4-D amine, and dicamba.
Simila ly, bi{y ibac- _difim, fer, xd § § -ethyl + eth xy e n,
and{ en x flam + cy al £§ weele effective at ¢, nt lling eight-
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leaf banyadga ¢ mfaedt f N -leaf ba nya dga (Chafhan

and Ab ﬂgh0 2012). Late he bicide 1 licatio n timing can be le

efficaci ! dfe S la ge weed ize at the timeof &¥ licati n [5].

Rega dle  fthe ate, glif h ate § vided le ¢ nt 1 ?henﬁ’
o 0 0 0

e bania at mid and late§  teme gence &§ licati n timing Q ny a ed

§, ea ly?o teme gence (] dan et al. 1997).

An effective § efl d he bicide §ti n i needed with fl _ded
. . 00 . . .
ice envi nment ¢ nd Acive §, 8, wing § blematic weed fch
a banyadga and Cpéras
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3.8-m { lanted in ice and 3.8-m bae g _ Mnd [11]. SO il textM e, in
2020, wa a Dewitt ilt 10 am ¢ n i ting0 f27% and, 54% ilt, and 19%
clay with 1.8% = ganic matte . § il textfe, in 2021, wa a Cal%) way
ilt %am cniting f1% and, 83% ilt, and 16% clay with 2.3%
o ganic matte . Q Mizal %? - eitant ice cfMtiva ‘PVLOL (P0 vi ia®
techn | gy, BASF, Fl0 (ilam Pa k, NJ 07932) wa § lanted in 3 oW at
72 eed §e mete Ofthe oW with 76-cm oW § acing ol A il 10,
2020, and May 14, 2021. Rice wa § lanted with 76-cm _w § acing
t § m te additi nal weed g _ wth between the ice w.Al§lt
o'lo
eceived af eeme gence & § licati n _f c] maz ne (C. mmand 3ME,
0 o 0 0
FMC, Philadel hia, PA 19104) at 336 g ai(fla'1 at{ lanting tO minimize
the eme gence fga weed. P%t we e maintained g a -f ee ! ing
§ teme gence 1§ licati n _f Mizal £§ (P viia®, BASF, Fl ham
0 0o 00 0 0
Pa k, NJ 07932) when nece a y [12].

Bo th exf e iment we e cond fcted a a ando mized com?lete
bl ck'de ign with a tw -fact fac{ ial t eatment t fctf eand th ee

licati0 n ,withthetw factO beinghe bicideand ¥ licati nmeth_d.
feefi t facy  fhe Bicide incl Med tw he bicide : fl ?y a xifen-
benzyl at 30 g ae ha' and a mixtfe T il fy a fxifen-benzyl § 11
H en x fMlam at 24 and 41 g ae/ai ha', e ? ectively. fe ec_nd fact o f
the ¢ licati n meth_d incl *ded he bicide being § ayed-#§ lied and
c ated n Kea. Fl ?y a Kxifen-benzyl and fl § y a fxifen-benzyl§ 11
¢ Lt d 317 kg ha' #¢a at the af ementi ned
fen x Mlam we ec ated nt g
ate . e c ating? ce wa a de c ibedin thef evioql exf e iment.
Each bay wa mea 1 ed 5 dete mine the he bicide—co ated fe tilize
e fating ¢ the af ementi ned ate . Addit nally, n nt eated f ea
at 317 kg(ﬁa'1
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e Mied in 100% ba nya dg a ¢ nt L Unlike when fl §y a Mxifen-
benzyl wa § ay-#{ lied at 30 g ae ha’, the he bicide wa m fich le
effective at ¢t lling ba nya dg a when < atedo n M eaatthe ame

ate. Fl0 § vy a*xifen-benzyl at 30 g ae ha'! S atedo nfMlea nly} vided
26% and 27% ba nya dga ¢ nt lat 3 and 4 WAT, e% ective(iy. e
lack f ba nya dg a ¢t f m ﬂ0 § v afxifen-benzyl < ated n
Plea(|3 int t the im{ tance ?f lia- he bicide inte cf ti. n £ the

o ) ) 0
effectivene  ffl §y afkifen-benzyl nga c nt I like B ave man
0 0. 0
(1995) £ ﬂnc?whencoating ﬂinc%) ac nt fe tilize [16].

A tw -way inte actiO n between & § licati n methO d and he bicide
wa be Vedg bO thba nya dg a elative%iO ma and m tality. A
? evi My tatedinTable2,fl §y afxifen-benzylat30 gaeha' § ay-
#9 lied and the mixte ffl §y akifen-benzyl, b th § ay-#{ lied
0o o 0 .
and ¢ ated n feaat24 gaeha'and{en x flam at 41 g ai ha' all
§ vided 100% ba nyadga c nt 1 C ne fently, the} evi Nly
. o .0 . .0
mentj ned t eatment e Mted with ba nya dga elative bb ma
being 0%, and ba nya dg a m tality being 100%. H weve , failed
banyadga c nt 1f1l wingfl §y alkifen-benzyl at 30 g ae ha
0. . . . .
¢ ated n M ea cafed diffe ence” in  elative bi ma and m ' tality
between he bicide and &§ licatio n methO d. Since all X mbinatio n f
fact0 § OVided 100% yell w n f edge and hen e bania ¢ nt 1,
elative bi ma andm tafity and excl Aded f _m Table 3. Diffe ence
. . O, R o
in elatlvebb ma andm0 talitywe e nly b e vedf banyadga ,
whe e fl 7y afkifen-benzyl wa le effective at ¢ nt lling the weed
{ ecie ?17].

Ove all, elative ba nya dg a bio ma % 110 wing a ingle § ay

4 licati0 no ffl 9y akkifen-benzyl at 30 g ae ha'! wa 87% f the
n nt eated elative ba nya dga bi ma (Table 3). An inve e
ef ne in banyadga m tality wa _beved ¢ mfaed 5
the ~elative bi0 ma . Whe e the e wa 10 we elative ba nya dg a
bio ma afte &§ lying ﬂ0 § vy a’kifen-benzyl at 30 g ae ha' ¢ ated

n, highe banyadga m tality ccl ed Alack fba nya 8g a
o . do o .. . Y .
contol e Mtedinba nya dga m_ tality being 24% when combmed
between 2020 and 2021. Since fl §y a fxifen-benzyl at 30 g ae ha
S atedo n fea lightly dec ea ed’ba nyadga elative bi ma and
m_tality, the e Mt indicated that the he bicide ¢ ated n M ea had
o 0 0
me activity n banyadga bM wa limited. Banyadga i
ch ently notli teda ac ntolled0 B9 e edweedf &¢ lication
JHflfya Mxifen-benzyl ¢ ated n " ea (An, nym, 172021). Hence,
fl. ¥y akifen-benzyl at 30 g ae ha'! al ne c ated n Mea h Md

0 e (o

n t be exf ected S ntol ba nya dg a eff)ecnvely. Even tho ish
ﬂg ¢y a’kifen-benzyl al nec ated n fMeafailedt § vide ade Mate
c
0

nt l0 f ba nya dg ao, ﬂooﬁ’ ya ﬁ;(ifen-benzyl cooate ol N ea at 24

gaeha'and} en x Mam at 41 gai ha'} _vided} omiing e Mt S
hef c nt Ithey blematic weed while Ff)tilizir\g the new & { licati_ n

0, 0 0 o
methO d.

Coating orpyrauxifen-benzyl on urea to control small (~10-
cm) rice atsedge

While o nly 3 §e centage § int € aated the am Mnt f ice
flat edgec nt lat4and5 WAT? e ectively,a ignificant inte acti n
between § licati n meth d wa _b e ved. When § ayed t eatment
¢, ntaining ﬂ0 § v a'kifen-benzyl wa &1 lied, ice flat edge wa 100%
Gt lled at 4 and 5 WAT. When ﬂ0 § v akifen-benzyl wa % ated
ol Nea and &§ lied, ba nya dg a AN lwa 97% at 4 and 5 WAT.
Alth fgh tati tically diffe ent, b th &} licati n meth d | ffe ed high
levePO f ice flat edge ¢ nt lat4 and 5 WAT. Rice flat edge ¢ nt 1

ating at ice heading elicited a tw -way inte acti n between he bicide
and 49§ lica':io n meth d whe e ﬂ0 § v akifen-benzyl S ated n flea
! 0vided the'l we t 890%) d fck alad ¢ nt lc mfaedt w%en the
he bicide wa § ayedO mixed with§ en x flam in eithe ¥ licati0 n
me‘(h0 d. Pe Mille and N w thy (2018), § ayed ﬂo § v akifen-
benzyl at 30 g ae ha'§ vided 94% AL 10 f ice flat edge, o b0 th
&9 licati nmeth d § videdc mfaable e Mt t § evi 1 eeach
18], o o 0 0 0

APY licati n meth0 d wa the nly fact that elicited diffe ence
in Calif nia a _whead ¢, nt | at the ice heading ating timing.
S aye(i) 1 lica'ai0 n ¢ ntaining fl ¢y akifen-benzyl § OVided
31 §ecentagef int geate ¢ nt | f Calif nia a whead than

0
when any he bicide t eatment wa % atedO n Nea. At ice heading,
§ ayed ¥ licatiO n fﬂ0 ¢ v akifen-benzyl§ o vided 81% Cali{) nia
a _whead ¢ nt 1, while c_ating the he bicide _n fea nly§ vided
0 Q
50% ¢t L H weve , an o”o ite effect f &§ licati n methO d
ccll ed dWek alad ¢ 0t 1 When ﬂO ?y aﬂxifen—l())er\zyl a
mixt e ffl fya fxifen-benzyl and§ en x fMam wa ¢ ated n M ea,
d fick alad wa < ntolled 197 e centage§ int g eate than § ayed
& ¥ licati n at 5 WAT, achieving 94% vi i%le d fck alad ¢ nt 1. i
level fdfMck aladc nt 1i ¢ m a ablet0 e ea chbyRf {m (2020),
whe ¢ dfck alad wa c.nt_lled 89 ¢ 99% with fl § v a Kxifen-benzyl
o o
at11¢ 29.5gae ha'!. ¥4e inc ea ed vi ible d fick alad % ntol flgge t
that dec ea ed f lia inte cf ti n _ffl §y afkifen-benzyl-c ntaining
0 0 0 o ..
¢ ated n N ea t eatment all wed g eate am Mt f he bicide 5
bec me M§ ended in the fl o d, hinde ing d ick aladog wth at thi
! eﬂoo d4y lica'ci0 nwhichi inve e, fwhat wa ex ected.

H weve , dck alad and Cali% niaa whead a e a flatic weed
that ge minated late thanth e at thef eﬂOo d timing. Ty ically, co?

Barnyardgrass
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e id fle inte cef tn dec ea e o il activity | f§ eeme gence he bicide
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Conclusions Agicience. C/teva § vided fatial e each fhnding and
o ) ﬂ §y akifen- berlzyl Additi nal f Inding f thi eeach wa

Finding f m thee efeiment indicate that cﬂ:tm 8 " Vlded by the A kan a Rice Check ffp g am admini te ed by

ﬂ 7y ahifen- benzyl at 30 g ae ha’ o @ mixt ! €o f ﬂ 7y alkifen- the A kan a Rice Re ea ch and P m ti rloB a d. La tly, facilitie

benzylat 24gaehaf 1M} fen x Mlam at 41 gai ha '\ feaha valfea and e M ment we e§ _vided by the Unive it ity fAkana Sytem
an alte native &% hcatlo nt ¢ ntol ice weed . P efl Lo d &9 licati n Divi i n_fAg ic eONO ¢, nflict

of eithe he bicide teatmer\t X ated n fead vided c nto?of
ice flat edge, hemf e bania, and d?ck alad < mf a able 5 § ay
a??hcatlon like e Mt § dfced by Mille and N w thy (2018).
Simila ly, adding § en,x flam ¢ f| fl §y aMkifen-benzyl ? o Vided an
add1t1 nal he bicide ite- f-acti nt c nt 1 -‘Icef tible ba nya dg a
o 0. 00 o0
acce §.n when ¢ ated ’n # ea H weve 1 7y afkifen-benzyl al ne
c ated0 n Meadid n_tade fately ¢ nt 1 ba nyadga , mdlcatmg
the need g) ve Iy ing ea ly- ea_n e id fal he bicide with thi
#¥ l1cat1on tin. G onitent, effective yel%)w nft edge ¢ ntol
h0 fid nt be ex? ected f 11 wing the & licati ing f ﬂ fy agmfen—
benzyl ¢ atedO nfleae ec1ally a weed inc ea ein Jze (~25 cm).
Iti e mmended that ﬂo y a kifen-benzyl coated n Nea be
Y l1ed° tfl d(An nym_ 1 2021). ¥ef 0?0 ed e mmenda.lon
b Md incl Ade Y hcatlo n atthef e-fl 'dtiminga many ae ial N
Q% licati n | ccl bef e fl,ding.  fl fy axifen-benzyl h_ fld
be eval ated n , ta(fl i"ﬂe fe tilize < fid be m e ea ily a?é)hed
?0 tﬂ Lo d, b % diffe ent e M may be exﬂ’ ected. fee e Mg fom thi
eeach lead { the ¢ nclf i n that ¢ ating fl §y a Kxifen-benzyl
amixtfe ffl §yaMkifen-benzyl andf en X Mam nt Meaat
abeled ate ffe § tential f ¢t 1 f meweed evalfated he e
b f Mnlikely ¢ § o vide G i tent effective ¢ nt l0 fbanyadga .
Weed 1§ ect (ﬁm and ize will la gely im§ act whethe &Y licati n
of fi 7y afkifen-benzyl ¢ ated n fea ae Mfece fM. Addi nal
®ceach h Md be ¢, nd Rted § eval fate the | ff-ta get m vement
? ter\tlal fothl Y hcatl n meth d.

o finte e t have been decla ed.
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