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Abstract
Following the commercial launch of florpyrauxifen-benzyl, complaints and concerns surrounding the off-target 

movement of florpyrauxifen-benzyl to soybean arose. Consequently, research was initiated to evaluate an application 
method to alleviate damage from off-target movement and retain weed control in rice. Field and self-contained tub 
experiments were conducted in 2020 and 2021 to determine if coating florpyrauxifen-benzyl or mixtures containing 
florpyrauxifen-benzyl on urea would provide equivalent levels of weed control as spray applications. In the tub 
experiment, florpyrauxifen-benzyl sprayed at 30 g ae ha-1 and a mixture of florpyrauxifen-benzyl at 24 g ae ha-1 plus 
penoxsulam at 41 g ai ha-1 coated on urea resulted in 100% visible control, mortality, and no biomass production for 
yellow nutsedge, barnyardgrass, and �experiment, coating florpyrauxifen-benzyl or the mixture containing penoxsulam on urea resulted in greater 
visible ducksalad control than spray applications at 5 WAT. However, coated urea applications containing florpyrauxifen-
benzyl were less effective 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 flatsedge. Coating florpyrauxifen-
benzyl on urea provided comparable hemp sesbania, rice flatsedge, and ducksalad control a spray application. Adding 
penoxsulam to florpyrauxifen-benzyl improved barnyardgrass and yellow nutsedge control when coated on urea.

Keywords: Application method; Application technology; Off-target 
movement; Rice; Weed control

Introduction
Rice is a staple food grain globally and one of the most productive 

crops in the mid-southern United States. Rice is grown in the United 
States in the Arkansas Grand Prairie, Mississippi Delta, Gulf Coast, 
and the Sacramento Valley of California (USDA-ERS 2022). As of 
2021, rice is second to soybean in Arkansas crop production in planted 
hectares and overall production value (USDA-NASS 2022). In 2021, 
Arkansas rice producers harvested approximately 483,000 hectares of 
rice, valued at over $1 billion (USDA-NASS 2022) [1].

Cultivating rice includes many different irrigation systems: the 
two most common are flood-irrigated and furrow-irrigated. In 2020, 
approximately 83% of rice grown in Arkansas was flood-irrigated, with 
conventional levees constructed to maintain flooding throughout the 
season, and the remaining rice was furrow-irrigated (Hardke 2021). 
Environmental and soil conditions created by flooding rice can be 
conducive to the growth and reproduction of aquatic and semiaquatic 
weeds (Smith 1988). While flooded conditions create a conducive 
environment for growing rice, weeds can also flourish under the 
same conditions. Initial flood establishment occurs at a 5-to 7.5-cm 
depth when rice begins tillering (four-to five-leaf growth stage) and 
is maintained until harvest (Henry et al. 2018). Additionally, flood 
depth can be increased to 10 to 15 cm at midseason to aid disease 
suppression (Henry et al. 2018). Flooding depth also influences weed 
seed germination, establishment, survival, and growth [2,3].

According to a survey of Arkansas rice weed issues in 2020, 

barnyardgrass and Cyperus spp. [rice flatsedge, yellow nutsedge, 
smallflower umbrella sedge (Cyperus difformis L), and white-margined 
flatsedge (Cyperus flavicomus Michx.) were identified as the most 
problematic weeds in flooded rice (Butts et al. 2022). Additionally, 
Butts et al. (2022) associated yield losses of 505 to 959 kg ha-1 with 
interference caused by the influence of barnyardgrass. Although 
barnyardgrass and rice flatsedge are problematic weeds in flooded rice, 
targeting a smaller, more favorable weed size could aid over control [4].

Weed size at the time of application can also influence herbicide 
efficacy. In an experiment conducted by Sellers et al. (2009), herbicide 
efficacy decreased as dogfennel [Eupatorium capillifolium (Lam.) Small 
ex Porter & Britton] height increased from 36-to 154-cm, regardless of 
rates and mixtures of triclopyr, fluroxypyr, 2,4-D amine, and dicamba. 
Similarly, bispyribac-sodium, fenoxaprop-p-ethyl + ethoxysulfuron, 
and penoxsulam + cyhalofop were less effective at controlling eight-
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leaf barnyardgrass compared to four-leaf barnyardgrass (Chauhan 
and Abugho 2012). Later herbicide application timings can be less 
efficacious due to larger weed sizes at the time of application [5]. 
Regardless of the rate, glyphosate provided less control of hemp 
sesbania at mid and late postemergence application timings compared 
to early postemergence (Jordan et al. 1997).

An effective preflood herbicide option is needed with flooded 
rice environments conducive to growing problematic weeds such 
as barnyardgrass and Cyperus
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3.8-m planted in rice and 3.8-m bare ground [11]. Soil texture, in 
2020, was a Dewitt silt loam consisting of 27% sand, 54% silt, and 19% 
clay with 1.8% organic matter. Soil texture, in 2021, was a Calloway 
silt loam consisting of 1% sand, 83% silt, and 16% clay with 2.3% 
organic matter. Quizalofop-resistant rice cultivar ‘PVL01’ (Provisia® 
technology, BASF, Florham Park, NJ 07932) was planted in 3 rows at 
72 seeds per meter of the row with 76-cm row spacings on April 10, 
2020, and May 14, 2021. Rice was planted with 76-cm row spacings 
to promote additional weed growth between the rice rows. All plots 
received a preemergence application of clomazone (Command 3ME, 
FMC, Philadelphia, PA 19104) at 336 g ai ha-1 at planting to minimize 
the emergence of grass weeds. Plots were maintained grass-free using 
postemergence applications of quizalofop (Provisia®, BASF, Florham 
Park, NJ 07932) when necessary [12].

Both experiments were conducted as a randomized complete 
block design with a two-factor factorial treatment structure and three 
replications, with the two factors being herbicide and application method. 
The first factor of herbicide included two herbicides: florpyrauxifen-
benzyl at 30 g ae ha-1 and a mixture of florpyrauxifen-benzyl plus 
penoxsulam at 24 and 41 g ae/ai ha-1, respectively. The second factor of 
the application method included herbicides being sprayed-applied and 
coated on urea. Florpyrauxifen-benzyl and florpyrauxifen-benzyl plus 
penoxsulam were coated onto 317 kg ha-1 urea at the aforementioned 
rates. The coating process was as described in the previous experiment. 
Each bay was measured to determine the herbicide-coated fertilizer 
equating to the aforementioned rates. Additionally, nontreated urea 
at 317 kg ha-1TeeJet TT*
[(teciecatSs ongThel1% IL 62703 07nozzlrbi )0.uDw480.5(using )T6
0.122 (euareriAence applicaibetweeThe � )0.6(expe occur mea urea a )0-l andn me plots 
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resulted in 100% barnyardgrass control. Unlike when florpyrauxifen-
benzyl was spray-applied at 30 g ae ha-1, the herbicide was much less 
effective at controlling barnyardgrass when coated on urea at the same 
rate. Florpyrauxifen-benzyl at 30 g ae ha-1 coated on urea only provided 
26% and 27% barnyardgrass control at 3 and 4 WAT, respectively. The 
lack of barnyardgrass control from florpyrauxifen-benzyl coated on 
urea points to the importance of foliar herbicide interception for the 
effectiveness of florpyrauxifen-benzyl on grass control, like Braverman 
(1995) found when coating quinclorac onto fertilizers [16].

A two-way interaction between application method and herbicide 
was observed for both barnyardgrass relative biomass and mortality. As 
previously stated in Table 2, florpyrauxifen-benzyl at 30 g ae ha-1 spray-
applied and the mixture of florpyrauxifen-benzyl, both spray-applied 
and coated on urea at 24 g ae ha-1 and penoxsulam at 41 g ai ha-1 all 
provided 100% barnyardgrass control. Consequently, the previously 
mentioned treatments resulted with barnyardgrass relative biomass 
being 0%, and barnyardgrass mortality being 100%. However, failed 
barnyardgrass control following florpyrauxifen-benzyl at 30 g ae ha-1 
coated on urea caused differences in relative biomass and mortality 
between herbicide and application method. Since all combinations of 
factors provided 100% yellow nutsedge and hemp sesbania control, 
relative biomass and mortality and excluded from Table 3. Differences 
in relative biomass and mortality were only observed for barnyardgrass, 
where florpyrauxifen-benzyl was less effective at controlling the weed 
species [17].

Overall, relative barnyardgrass biomass following a single spray 
application of florpyrauxifen-benzyl at 30 g ae ha-1 was 87% of the 
nontreated relative barnyardgrass biomass (Table 3). An inverse 
response in barnyardgrass mortality was observed compared to 
the relative biomass. Where there was lower relative barnyardgrass 
biomass after applying florpyrauxifen-benzyl at 30 g ae ha-1 coated 
on, higher barnyardgrass mortality occurred. A lack of barnyardgrass 
control resulted in barnyardgrass mortality being 24% when combined 
between 2020 and 2021. Since florpyrauxifen-benzyl at 30 g ae ha-1 
coated on urea slightly decreased barnyardgrass relative biomass and 
mortality, the results indicated that the herbicide coated on urea had 
some activity on barnyardgrass but was limited. Barnyardgrass is 
currently not listed as a controlled or suppressed weed for applications 
of florpyrauxifen-benzyl coated on urea (Anonymous 2021). Hence, 
florpyrauxifen-benzyl at 30 g ae ha-1 alone coated on urea should 
not be expected to control barnyardgrass effectively. Even though 
florpyrauxifen-benzyl alone coated on urea failed to provide adequate 
control of barnyardgrass, florpyrauxifen-benzyl coated on urea at 24 

g ae ha-1 and penoxsulam at 41 g ai ha-1 provided promising results to 
help control the problematic weed while utilizing the new application 
method.

Coating florpyrauxifen-benzyl on urea to control small (~10-
cm) rice flatsedge

While only 3 percentage points separated the amount of rice 
flatsedge control at 4 and 5 WAT, respectively, a significant interaction 
between application methods was observed. When sprayed treatment 
containing florpyrauxifen-benzyl was applied, rice flatsedge was 100% 
controlled at 4 and 5 WAT. When florpyrauxifen-benzyl was coated 
on urea and applied, barnyardgrass control was 97% at 4 and 5 WAT. 
Although statistically different, both application methods offered high 
levels of rice flatsedge control at 4 and 5 WAT. Rice flatsedge control 
ratings at rice heading elicited a two-way interaction between herbicide 
and application method where florpyrauxifen-benzyl coated on urea 
provided the lowest (90%) ducksalad control compared to when the 
herbicide was sprayed or mixed with penoxsulam in either application 
method. Per Miller and Norsworthy (2018), sprayed florpyrauxifen-
benzyl at 30 g ae ha-1 provided 94% control of rice flatsedge, so both 
application methods provided comparable results to previous research 
[18].

Application method was the only factor that elicited differences 
in California arrowhead control at the rice heading rating timing. 
Sprayed applications containing florpyrauxifen-benzyl provided 
31 percentage points greater control of California arrowhead than 
when any herbicide treatment was coated on urea. At rice heading, 
sprayed applications of florpyrauxifen-benzyl provided 81% California 
arrowhead control, while coating the herbicide on urea only provided 
50% control. However, an opposite effect of application method 
occurred for ducksalad control. When florpyrauxifen-benzyl or a 
mixture of florpyrauxifen-benzyl and penoxsulam was coated on urea, 
ducksalad was controlled 19 percentage points greater than sprayed 
applications at 5 WAT, achieving 94% visible ducksalad control. This 
level of ducksalad control is comparable to research by Rustom (2020), 
where ducksalad was controlled 89 to 99% with florpyrauxifen-benzyl 
at 11 to 29.5 g ae ha-1. The increased visible ducksalad control suggests 
that decreased foliar interception of florpyrauxifen-benzyl-containing 
coated on urea treatments allowed greater amounts of herbicide to 
become suspended in the flood, hindering ducksalad growth at this 
preflood application which is inverse of what was expected.

However, ducksalad and California arrowhead are aquatic weeds 
that germinated later than those at the preflood timing. Typically, crop 

  Barnyardgrass
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residue interception decreases soil activity of preemergence herbicides 
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Conclusions
Findings from these experiments indicate that coating 

florpyrauxifen-benzyl at 30 g ae ha-1 or a mixture of florpyrauxifen-
benzyl at 24 g ae ha-1 plus penoxsulam at 41 g ai ha-1 on urea has value as 
an alternative application to control rice weeds. Preflood applications 
of either herbicide treatment coated on urea provided control of 
rice flatsedge, hemp sesbania, and ducksalad comparable to spray 
applications like results produced by Miller and Norsworthy (2018). 
Similarly, adding penoxsulam to florpyrauxifen-benzyl provided an 
additional herbicide site-of-action to control susceptible barnyardgrass 
accessions when coated on urea. However, florpyrauxifen-benzyl alone 
coated on urea did not adequately control barnyardgrass, indicating 
the need for overlapping early-season residual herbicides with this 
application option. Consistent, effective yellow nutsedge control 
should not be expected following the application of florpyrauxifen-
benzyl coated on urea, especially as weeds increase in size (~25 cm). 
It is recommended that florpyrauxifen-benzyl coated on urea be 
applied postflood (Anonymous 2021). The proposed recommendation 
should include applications at the pre-flood timing as many aerial N 
applications occur before flooding, or florpyrauxifen-benzyl should 
be evaluated on potash. The fertilizer could be more easily applied 
postflood, but different results may be expected. The results from this 
research lead to the conclusion that coating florpyrauxifen-benzyl 
or a mixture of florpyrauxifen-benzyl and penoxsulam onto urea at 
labeled rates offers potential for control of some weeds evaluated here 
but unlikely to provide consistent, effective control of barnyardgrass. 
Weed spectrum and size will largely impact whether applications 
of florpyrauxifen-benzyl coated on urea are successful. Additional 
research should be conducted to evaluate the off-target movement 
potential of this application method.
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