ABSTRACT

DEAN, BROCK ALAN. Integration of Herbicide-Coated Fertilizer for Residual Weed Control in
Cotton (Gossypium hirsutum). (Under the direction of Dr. Charles W. Cahoon).

Due to the increasing prevalence of multiple herbicide-resistant weed species and the
subsequent rise in weed control costs, there is great need for additional weed management
strategies in cotton production. Residual herbicide-coated granular ammonium sulfate (AMS)
fertilizer could offer growers an economical alternative for managing multiple herbicide-resistant
weed biotypes. Experiments were conducted to investigate the utility and efficacy of residual
herbicide-coated fertilizer and its integration into North Carolina cotton production.

Palmer amaranth is one of the most troublesome weeds infesting North Carolina cotton.
An experiment was conducted in 2022 and 2023 to evaluate herbicide-coated fertilizer for cotton
tolerance and Palmer amaranth control. Treatments included acetochlor; atrazine; dimethenamid-
P; diuron; flumioxazin; fluometuron; fluridone; fomesafen; linuron; metribuzin; pendimethalin;
pyroxasulfone; pyroxasulfone + carfentrazone; S-metolachlor; and sulfentrazone. Each herbicide
was individually coated on granular AMS (321 kg ha'!) and top-dressed onto 5- to 7-leaf cotton.
All herbicides resulted in transient cotton injury, except metribuzin. In 2022, metribuzin caused
11 to 39% and 8 to 17% injury at Clayton and Rocky Mount, respectively. In 2023, metribuzin
caused 13 to 32% injury at Clayton and 73 to 84% injury at Rocky Mount. Pyroxasulfone (91%)),
pyroxasulfone + carfentrazone (89%), fomesafen (87%), fluridone (86%), flumioxazin (86%),
and atrazine (85%) controlled Palmer amaranth > 85%. Pendimethalin and fluometuron were the
least effective treatments, resulting in 58% and 62% control, respectively. As anticipated, early
season metribuzin injury resulted in cotton yield loss; plots treated with metribuzin yielded 640
kg ha! and were only comparable to linuron (790 kg ha'). This research suggests, with the

exception of metribuzin, residual herbicides coated on AMS may fit cotton production, providing



growers with additional modes of action for late season control of multiple herbicide-resistant
Palmer amaranth.

Two additional experiments were conducted in 2022 and 2023 to determine the optimal
granular AMS rate and application timing for pyroxasulfone-coated AMS. In the rate study, AMS
rates included 161, 214, 267, 321, 374, 428, and 481 kg ha’!, equivalent to 34, 45, 56, 67, 79, 90,
and 101 kg N ha!, respectively. All rates were coated with pyroxasulfone at 118 g ai ha'! and
top-dressed onto 5- to 7-leaf cotton. In the timing study, pyroxasulfone (118 g ai ha'!) was coated
on AMS and top-dressed at 321 kg ha™! (67 kg N ha'!) onto 5- to 7-leaf, 9- to 11-leaf, and
first bloom cotton. In both experiments, weed control and cotton tolerance to pyroxasulfone-
coated AMS were compared to pyroxasulfone applied postemergence (POST) and
postemergence-directed (POST-directed). Pyroxasulfone applied POST was the most injurious
treatment in both experiments (8 to 16%), while pyroxasulfone-coated AMS resulted in < 4%
cotton injury. With exception of the lowest rate of AMS (161 kg ha™!'; 79%), all AMS rates coated
with pyroxasulfone controlled Palmer amaranth > 83%, comparable to pyroxasulfone applied
POST (92%) and POST-directed (89%). In the timing study, the method of application did not
affect Palmer amaranth control, but the mid- and late-timing applications outperformed early
applications. These results indicate that pyroxasulfone-coated AMS can control Palmer amaranth
comparable to pyroxasulfone applied POST and POST-directed, with minimal risk of cotton
injury. However, application timing may warrant an additional POST treatment to achieve

adequate late-season weed control.
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INTRODUCTION

In recent years, cotton producers have navigated high production costs, which increased
$459 ha'! between 2018 and 2022 (USDA-ERS 2023a). This increase is partly due to the
prevalence of multiple herbicide-resistant (HR) weed biotypes, like Palmer amaranth
(Amaranthus palmeri S. Watson; Washburn 2024). Extensive herbicide programs, sophisticated
application technology, and the price of herbicide-tolerant cottonseed have further exposed the
true cost of managing multiple HR weed biotypes (Devore et al. 2012; Korres et al. 2019; Ofosu
et al. 2023; Shaner et al. 2014). Since 1990, herbicide-tolerant cottonseed prices have increased
463% (USDA-ERS 2023b), and in 2023, 97% of US cotton was planted to cultivars with at least
one herbicide-tolerant trait (USDA-NASS 2023). In addition to weed control, fertilizer prices
have contributed to the rise in production costs, increasing 39% since 2018 (USDA-ERS 2023a).

Several characteristics, including rapid growth (Horak and Loughin 2000), immense
fecundity (Ehleringer 1983), extended germination (Ward et al. 2013), and wide genetic
variability (Chandi et al. 2013), contribute to the weediness of Palmer amaranth (Cardina 2021;
Van Wychen 2022). When coupled with widespread herbicide resistance, these traits can
adversely affect cotton yield and harvest efficiency (Fast et al. 2009; Norsworthy et al. 2014). At
densities of 3 and 8 plants m™!, Palmer amaranth can reduce cotton yield by as much as 28 and
92%, respectively (MacRae et al. 2013; Morgan et al. 2001; Rowland et al. 1999). If left
unmanaged, Palmer amaranth densities of 1,300 weeds ha™! can reduce harvest efficiency by as
much as 2 hours (Smith et al. 2000). Managing Palmer amaranth continues to worsen where
biotypes have evolved resistance to many of the herbicides registered in cotton (Heap 2024).

After the introduction of herbicide-tolerant cotton, it was common to manage Palmer

amaranth by concurrently using herbicide-tolerant cultivars and POST herbicides. However,



glyphosate- and acetolactate synthase (ALS)-resistant Palmer amaranth is now commonplace in
every cotton-producing state in the U.S. and continues to evolve resistance to additional modes
of action (MOAs; Bond et al. 2006; Culpepper et al. 2006; Norsworthy et al. 2008; Poirier et al.
2014). Palmer amaranth biotypes have developed resistance to 2,4-D in Kansas (Kumar et al.
2019), dicamba in Tennessee (Foster and Steckel 2022), and glufosinate in Arkansas and North
Carolina (Jones 2022; Priess et al. 2022). In addition to the looming threat of resistance, a
Federal district court in Arizona recently issued an order to vacate the labels for dicamba
products registered for POST over-the-top (OTT) use in cotton and soybean (Cahoon 2024;
Everman 2024; Messina 2024). This raises concerns, especially where dicamba remains effective
in controlling Palmer amaranth. With resistance and regulatory concerns, many growers have

returned to an integrated approach to weed management (Culpepper et al. 2010).

Residual herbicides in cotton

Before the advent of glyphosate-tolerant cotton, it was common practice to layer residual
herbicides with multiple effective MOAs (Keeling and Abernathy 1989; Laws 2016). A standard
recommendation would have included pendimethalin or trifluralin applied pre-plant
incorporated, followed by a preemergence application of a photosystem II (PSII)-inhibitor, such
as diuron or fluometuron. If warranted, a postemergence-directed (POST-directed) application,
including cyanazine, diuron, fluometuron, or prometryn plus MSMA or DSMA, would follow to
ensure adequate late-season weed control (Wilcut et al. 1995). Utilizing layered soil-residual
herbicides and multiple effective MOAs can prevent weed emergence throughout the growing
season and further delay the evolution of herbicide-resistant weed biotypes (Busi et al. 2020;

Chahal et al. 2021; Neve et al. 2011; Robinson 2017). Like the aforementioned strategy, similar



programs are currently advised by extension weed specialists to effectively manage multiple
herbicide-resistant Palmer amaranth and other weeds (Cahoon and York 2024; Culpepper 2019).

Among residual herbicides registered for PRE use in cotton, fomesafen, a
protoporphyrinogen oxidase (PPO)-inhibitor, is commonly used for its effectiveness against
Palmer amaranth (Bauman et al. 1998; Everman et al. 2009; Gardner et al. 2006). When timely
activating rainfall is received, fomesafen has been observed to control Palmer amaranth 74 to
99% (Sweat et al. 1998; Whitaker et al. 2011). In addition to fomesafen, the PSII-inhibitors,
diuron and fluometuron, are routinely applied PRE to control Palmer amaranth in cotton.
Previous research by Whitaker et al. (2011) reported diuron and fluometuron controlled Palmer
amaranth 55 to 91% and 49 to 86%, respectively. However, both diuron and fluometuron are
under review by the Environmental Protection Agency, bringing to question the longevity of
these critical chemistries as tools for controlling Palmer amaranth (Haigwood 2022). In the
potential absence of diuron and fluometuron, additional options, including the very-long-chain-
fatty-acid (VLCFA)-inhibitor acetochlor and the phytoene desaturase-inhibitor fluridone, remain
available. Earlier studies found acetochlor and fluridone controlled Palmer amaranth 84 and
97%., respectively (Braswell et al. 2016; Cahoon et al. 2015a).

Residual herbicides registered for POST OTT use in cotton are relatively limited; the
VLCFA-inhibitors, including acetochlor, dimethenamid-P, and S-metolachlor, are the
predominate options. These herbicides provide effective residual control of Palmer amaranth, but
do not control emerged weeds (Geier et al. 2006; Hay 2017; Knezevic et al. 2009; Riar et al.
2012). On this account, these products are often applied in combination with glufosinate,
glyphosate, dicamba, or 2,4-D (Cahoon and York 2024; Culpepper and Vance 2023, 2021). While

glyphosate-resistant Palmer amaranth is commonplace in North Carolina, the herbicide remains



valuable for controlling many broadleaf and grass weeds. Previous research reported S-
metolachlor plus glyphosate and 2,4-D to control Palmer amaranth 95% (Houston et al. 2020).
Additional research by Cahoon et al. (2015b) reported 94% control of Palmer amaranth when
acetochlor and S-metolachlor were applied with glufosinate. Postemergence OTT applications of
VLCFA-inhibitors can, and frequently do, result in moderate cotton injury (Cahoon et al. 2014;
Collie et al. 2014). Despite moderate injury, symptoms are generally absent 21 days after
treatment (DAT) and cotton yield is unaffected (Everman et al. 2007; Inman et al. 2014).

In 2024, transgenic cotton cultivars with tolerance to 4-hydroxyphenylpyruvate
dioxygenase (HPPD)-inhibiting herbicides were commercially launched. Following the release
of Alite™ 27, the cotton formulation of the HPPD-inhibiting herbicide isoxaflutole, growers will
gain an additional tool for managing herbicide-resistant weeds PRE and/or early POST (Farr et
al. 2022; Joyner et al. 2022; Unglesbee 2020). Earlier studies evaluated isoxaflutole PRE and
reported 61 to 99% control of Palmer amaranth four weeks after application (WAA), but like the
VLCFA-inhibitors, isoxaflutole does not effectively control emerged weeds (Foster et al. 2022;
Joyner 2021; Stephenson and Bond 2012). The ALS-inhibiting herbicides, including
trifloxysulfuron and pyrithiobac, provide additional POST residual options in cotton. However,
Palmer amaranth biotypes resistant to ALS-inhibiting herbicides are widespread, ultimately
hindering their use (Molin et al. 2016; Nakka et al. 2017; Nandula et al. 2012; Norsworthy et al.
2008). Aside from the aforementioned herbicides, no other POST OTT residual herbicides are
available in cotton production.

Despite limited POST OTT residual herbicides, there are additional options through
POST-directed lay-by and hooded sprayer applications. These options include the PSII-inhibitors

diuron, fluometuron, and prometryn, the VLCFA -inhibitors (acetochlor, S-metolachlor, and



pyroxasulfone), and the PPO-inhibitors fomesafen and flumioxazin (Cahoon and York 2024;
Everman et al. 2009; Wilcut et al. 1995). Previous studies evaluated cotton tolerance to POST
applications of fluometuron, pyroxasulfone, and flumioxazin. When applied POST to cotyledon
and 2- to 4-leaf cotton, fluometuron caused nearly 40% injury (Kendig et al. 2007). Research on
cotton tolerance to pyroxasulfone has generally varied. Eure et al. (2013) reported 30 to 40%
cotton injury and 19 to 25% yield loss, whereas Kroger et al. (2008) observed 13 to 17% cotton
injury and yield was unaffected. Stephenson IV et al. (2019) evaluated reduced rates of
flumioxazin applied POST in cotton and reported 69 to 97% injury.

Of the herbicides registered for POST-directed use in cotton, pyroxasulfone, flumioxazin,
and fomesafen are among the most efficacious in controlling Palmer amaranth (Barkley et al.
2016; Grey et al. 2013; Janak and Grichar 2016; Stephenson et al. 2017). Previous research by
Whitaker et al. (2011) found fomesafen and flumioxazin more effective than diuron,
fluometuron, and prometryn. Other studies found flumioxazin and pyroxasulfone to control
Palmer amaranth 82 to 100% and 96 to 100%, respectively (Cahoon et al. 2015¢; Doherty et al.
2014; Steele et al. 2005). Although numerous residual herbicides are registered for POST-
directed use in cotton, these products are seldom used in this capacity. This is partly because
POST-directed applications are time- and labor-intensive, and following the commercialization
of glyphosate-tolerant cotton, many growers replaced such methods of weed control for simple
and cost-effective POST-only programs (Duke and Powles 2008; Webster and Sosonskie 2010).
In addition, POST-directed applications require a height differential between the cotton and
targeted weeds to prevent crop injury, which is particularly difficult to obtain due to the robust

growth of Palmer amaranth (Askew et al. 2002, Askew and Wilcut 1999).



Due to the infrequent use of POST-directed herbicides, selection pressure for weed
biotypes resistant to the few POST OTT residual options has intensified. Currently, Palmer
amaranth biotypes have evolved resistance to both HPPD- and VLCFA-inhibitors, bringing to
question the longevity of these important MOAs (Brabham et al. 2019; Heap 2024; Jhala et al.
2014; Mahoney et al. 2020). It is therefore imperative to investigate additional weed

management tactics (Beckie and Harker 2017; Duke and Heap 2017; Kniss 2018).

Residual herbicides beyond cotton

Aside from cotton production, various residual herbicides have proven effective in
controlling Palmer amaranth. These options include the PSII-inhibitors atrazine, metribuzin, and
linuron, as well as the PPO-inhibitor sulfentrazone. Atrazine has long been considered a staple
PRE and POST product in corn and has been reported to control glyphosate-resistant Palmer
amaranth 100% 28 DAT (Norsworthy et al. 2008; Swanton et al. 2007; Williams et al. 2010).
Apart from its efficacy, atrazine is cost-effective and offers growers compatibility in tank-mixes
(Rodriguez et al. 2023; Walsh et al. 2012). Previous studies evaluated metribuzin in sweetpotato
and reported 100 and 77% control of Palmer amaranth 4 and 10 WAA, respectively (Meyers et
al. 2017). Moore et al. (2021) observed similar control with linuron in sweetpotato, with control
ranging from 86 to 98% 4 WAA. In soybean and peanut production systems, sulfentrazone has
been reported to control Palmer amaranth 77 to 97% (Belfry et al. 2015; Grey and Wehtje 2005).

Although effective in controlling Palmer amaranth, the use of metribuzin and linuron is
prohibited on coarse-textured soils typical of North Carolina cotton production due to injury
concerns (Anonymous 2024b, 2024e). In addition to soil texture, crop tolerance to metribuzin
and linuron depends on the timing and rate of rainfall following application (Shaner 2014).

Coble and Schrader (1973) reported greater soybean sensitivity to metribuzin after heavy rainfall



was received within the first 10 days following application on coarse-textured soil with low
organic matter. Conversely, research from VanGessel et al. (2017) indicated that substantial
rainfall on sandy soil may have leached metribuzin beneath the upper soil profile, thus resulting
in greater wheat tolerance to metribuzin. If heavy rain occurs after linuron is applied PRE to
corn, soybeans, carrots, parsnips, and potatoes, severe injury could result (Anonymous 2024b).
Use restrictions also apply to atrazine as the herbicide has demonstrated the ability to cause
injury on coarse-textured soils, especially when applied PRE to sorghum (Anonymous 2024a).
Despite these herbicides not being registered for use in cotton, the lack of POST OTT
residual herbicides and the infrequent use of POST-directed herbicides have heightened the need
for alternative weed management strategies. This is further compounded by the increasing
prevalence of multiple HR Palmer amaranth and the subsequent rise in weed control costs. An

economical alternative could be the use of the aforementioned herbicides coated on fertilizer.

Nitrogen fertility in cotton

In a typical growing season, recommended rates of nitrogen range from 34 to 89 kg ha™!
for non-irrigated systems (Gatiboni and Hardy 2024). However, recommended fertilizer rates and
application timings vary by location, soil texture, and estimated yield potential. On deep, sandy
textured soils, typical of the southeastern cotton production region, many growers find it
appropriate to apply a split or replacement application of nitrogen due to leaching potential
(Edmisten and Collins 2024; Hons et al. 2004). Since cotton is less responsive to nitrogen early
in the growing season, the bulk of nitrogen should be applied at match-head square. When a
replacement application is necessary, the applied nitrogen rate should not exceed 34 kg ha™!. It is
generally optimal to side-dress nitrogen 2- to 3-weeks after first bloom to ensure adequate

nitrogen is accessible at early bloom (Gatiboni and Hardy 2024). On well-irrigated soils capable



of yielding 2- to 3-bale cotton, some growers may apply upwards of 112 kg nitrogen ha'!
(Gatiboni and Hardy 2024). Even then, most farmers apply the bulk of fertilizer when flower
buds begin to set. Of the available nitrogen sources, nitrogen solutions, ammonium nitrate,
ammonium sulfate, and urea are most regularly used. For herbicide-coated fertilizer, nitrate-
based fertilizers are not recommended as they do not absorb herbicide (Anonymous 2024d;

2024f).

Utility of herbicide-coated fertilizer

The practice of impregnating and/or coating granular fertilizer with liquid herbicide
began around 1955 and was commonly employed through the mid- to late-1990s (Folckemer et
al. 1955; Furtick 1968; Hoyt 1995). A survey conducted by Rabaey and Harvey (1994) estimated
43,300 ha'! were treated with herbicide-coated fertilizer in Wisconsin between 1992 and 1993.
During this time, many growers favored herbicide-coated fertilizer due to the convenience of
applying both fertilizer and herbicide in a single operation, thereby reducing time, labor, and soil
compaction (Albright and Harvey 1997; Buhler 1987; Meyer et al. 1973). Herbicide-coated
fertilizer has been top-dressed in conventional tillage systems due to its ability to penetrate a
crop canopy and residue more effectively than a spray (Kells and Meggitt 1985).

In turfgrass and container nurseries, herbicide-coated fertilizer, often called “weed and
feed” material, was commonly used to prevent herbicide volatility and run-off and to increase
efficiency (Case et al. 2005; Derr 1994; Yelverton 1998). Postflood aerial applications of
quinclorac and bensulfuron in rice were occasionally applied via granular fertilizer to mitigate
off-target movement to cotton and soybean, which are typically grown in the Southern rice
production region (Braverman 1995). Cotter (2023) discovered florpyrauxifen-benzyl coated

urea reduced rice injury compared to spray applications when applied at rates exceeding label
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recommendations. One could expect less crop injury by herbicide-coated fertilizer since less
herbicide would be intercepted by foliage compared to standard liquid spray applications.
Although various studies have investigated herbicide-coated fertilizer, there are concerns
pertaining to its use. Overall, limited distribution centers are processing herbicide-coated
fertilizer, bringing to question the availability of this material to growers. Top-dressing herbicide-
coated fertilizer with a broadcast spreader is generally less precise than a foliar spray, which
could adversely affect weed control and crop response (Wells and Green 1991). If herbicide-
coated fertilizer is used in the early growing season with a low fertilizer rate, there are concerns
of achieving adequate ground coverage to optimize weed control. With nitrogen being applied at
various timings within a growing season and a lack of research evaluating herbicide-coated
fertilizer at these different timings, concerns arise regarding its utility in cotton. Despite these

concerns, herbicide-coated fertilizer has demonstrated effective residual weed control.

Efficacy of herbicide-coated fertilizer

In wheat, diammonium phosphate fertilizer proved to be an effective carrier for
triasulfuron and was more efficacious controlling henbit than triasulfuron sprayed POST
(Koscelny and Peeper 1996). Braverman (1995) observed greater duckweed control in rice when
using granular fertilizer as a carrier for bensulfuron. Oxadiazon coated on controlled-released
fertilizer effectively suppressed prostrate spurge and large crabgrass (Crossan et al. 1997). One
study, conducted by Yelverton (1998), reported effective weed control with herbicide-coated
fertilizer depended on particle coverage and application timing. This is further supported by
Skoglund and Gandrund (1984), which reported herbicide-coated fertilizer generally provides

weed control consistent with standard spray applications if applied at appropriate fertilizer rate.
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Another study determined propachlor, alachlor, naptalam, and chloramben controlled
annual grasses and broadleaved weeds in container-grown stock when coated on dicalcium
phosphate fertilizer. However, effective control depended upon the amount of treated fertilizer
placed in each container (Ruizzo et al. 1983). In corn, alachlor- and cyanazine-coated fertilizer
controlled giant foxtail (Setaria faberi Herrm.) at least 89%, comparable to control observed by
each herbicide applied pre-plant incorporated (Rabaey and Harvey 1994). Additional research,
conducted by Grey et al. 2010, reported fomesafen-coated fertilizer controlled Palmer amaranth

comparable to a standard spray application.

Herbicide-coated fertilizer in cotton

Currently, pendimethalin and pyroxasulfone are the only herbicides registered to be
applied coated on granular fertilizer in cotton (Anonymous 2024c¢, 2024f). Pendimethalin-coated
fertilizer has been shown to control Texas millet (Urochloa texana R. Webster) similarly to
pendimethalin sprayed at planting (Grey et al. 2008). Although previous work evaluated
pendimethalin-coated fertilizer, minimal research has investigated pyroxasulfone-coated fertilizer
in cotton (Steckel 2021). Pyroxasulfone is registered to be coated on non-nitrate-based fertilizers
and applied at rates ranging from 225 to 785 kg ha™!. Applications can be made on cotton from 5-
leaf to beginning bloom stage (Anonymous 2024f). With pyroxasulfone rarely POST-directed in
cotton and given its efficacy and length of residual activity against Palmer amaranth (Mueller
2017; Mueller and Steckel 2011; Westra 2012), it is imperative to optimize pyroxasulfone-coated
fertilizer in cotton. Additionally, concerns regarding the appropriate fertilizer rate and application
timing when utilizing herbicide-coated fertilizer warrants additional research.

The primary objectives of this research were to evaluate herbicide-coated granular

ammonium sulfate (AMS) for cotton tolerance and Palmer amaranth control. This research
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assessed the optimal application timing and AMS rate for pyroxasulfone-coated AMS and
evaluated various other residual herbicides to determine if herbicides not labeled for POST OTT

use in cotton could be integrated via herbicide-coated fertilizer.
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ABSTRACT

Two experiments were conducted in 2022 and 2023 near Rocky Mount and Clayton, NC,
to determine the optimal granular ammonium sulfate (AMS) rate and application timing for
pyroxasulfone-coated AMS. In the rate study, AMS rates included 161, 214, 267, 321, 374, 428,
and 481 kg ha’!, equivalent to 34, 45, 56, 67, 79, 90, and 101 kg N ha™!, respectively. All rates
were coated with pyroxasulfone at 118 g ai ha™! and top-dressed onto 5- to 7-leaf cotton. In the
timing study, pyroxasulfone (118 g ai ha'!) was coated on AMS and top-dressed at 321 kg ha'!
(67 kg N ha'!) onto 5- to 7-leaf, 9- to 11-leaf, and first bloom cotton. In both experiments, weed
control and cotton tolerance to pyroxasulfone-coated AMS was compared to pyroxasulfone
applied postemergence (POST) and postemergence-directed (POST-directed). The check in both
experiments received non-herbicide treated AMS (321 kg ha™!). Prior to treatment applications,
all plots (including the check) were maintained weed free with glyphosate and glufosinate; no
residuals were used prior to applications. In both experiments, pyroxasulfone applied POST was
the most injurious (8 to 16%), while pyroxasulfone-coated AMS resulted in < 4% injury.
Additionally, no differences in cotton lint yield were observed in both experiments. With
exception of the lowest rate of AMS (161 kg ha'!; 79%), all AMS rates coated with
pyroxasulfone controlled Palmer amaranth > 83%, comparable to pyroxasulfone applied POST
(92%) and POST-directed (89%). In the timing study, the method of application did not affect
Palmer amaranth control, but the mid- and late-timing applications outperformed early
applications. These results indicate that pyroxasulfone-coated AMS can control Palmer amaranth
comparable to pyroxasulfone applied POST and POST-directed, with minimal risk of cotton
injury. However, application timing may warrant a follow-up POST treatment to achieve

adequate late-season weed control.
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Nomenclature: pyroxasulfone; cotton, Gossypium hirsutum L.

Keyword: Cotton tolerance; fertilizer; impregnated

INTRODUCTION

Palmer amaranth (Amaranthus palmeri S. Watson) has become one of the most
troublesome weeds across the southern US cotton (Gossypium hirsutum L.) production region
(Van Wychen 2022). If left unmanaged, Palmer amaranth at 3 and 8 plants m™! can reduce cotton
yield by as much as 28 and 92%, respectively (MacRae et al. 2013; Morgan et al. 2001; Rowland
et al. 1999). In addition to adversely affecting cotton yield, Palmer amaranth densities of 1,300
weeds ha™! can reduce harvest efficiency by as much as 2 hours (Smith et al. 2000). Management
concerns continue to rise where Palmer amaranth biotypes have evolved resistance to many of
the chemical control options registered in cotton production (Heap 2024).

In recent years, cotton producers have had to navigate high production costs, which
increased an estimated $459 ha™! from 2018 to 2022 (USDA-ERS 2023a). A portion of these
expenses are attributed to fertilizers, insecticides, and other agrichemicals for early-season cotton
development and crop maintenance (Edmisten and Collins 2024). However, the increasing
prevalence of multiple herbicide-resistant (HR) weed biotypes, like Palmer amaranth, has
rendered weed control one of the more expensive components of cotton production (Washburn
2024). The costs associated with managing multiple HR weed biotypes have been exacerbated
through extensive herbicide programs, sophisticated application technology, and the price of
herbicide-tolerant cottonseed, which increased 463% between 1990 and 2020 (Devore et al.
2012; USDA-ERS 2023b). Timely pesticide and fertilizer applications are critical for
maximizing cotton yield; however, this is generally difficult to achieve due to the complexities of

cotton weed management (Tariq et al. 2020). Given the importance of efficiency and the
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necessity to effectively manage multiple HR Palmer amaranth, there is great need to incorporate
alternative weed management strategies to control this troublesome species.

In 2020, pyroxasulfone, a very-long-chain-fatty-acid-(VLCFA)-inhibitor, received an
amended label allowing it to be coated on granular fertilizer and top-dressed onto cotton
(Anonymous 2024). Before the label amendment, pyroxasulfone could only be postemergence-
directed (POST-directed) in cotton. This posed challenges, as many growers are ill-equipped or
hesitant to apply herbicides POST-directed. Such applications are time- and labor-intensive and
require a height differential between the cotton and the targeted weeds, which is often difficult to
achieve (Askew et al. 2002; Wilcut et al. 1995). However, pyroxasulfone-coated fertilizer offers
growers an alternative to POST-directed lay-by applications and the potential to conserve inputs.
Previous research has shown that a simultaneous application of herbicide and granular fertilizer
can reduce fuel and labor costs, as well as soil compaction (Buhler 1987).

In addition to the ease of application and the ability to minimize inputs with
pyroxasulfone-coated fertilizer, pyroxasulfone has been reported to control Palmer amaranth
well. Studies evaluating pyroxasulfone applied preemergence (PRE) and postemergence (POST)
reported 100 and 96% control 21 and 28 days after treatment (DAT), respectively (Cahoon et al.
2015; Steele et al. 2005). Aside from Palmer amaranth, pyroxasulfone has also demonstrated
activity on troublesome grasses in cotton, including Texas millet [Urochloa texana R. Webster.],
goosegrass [Eleusine indica (L.) Gaertn.], and barnyardgrass [ Echinochloa crus-galli (L.) P.
Beauv.]; (Kharel et al. 2022; Steele et al. 2005; Stephenson et al. 2017; Van Wychen 2022).
Although research on pyroxasulfone-coated fertilizer is limited, other studies have demonstrated
effective weed control in row crop production systems using herbicide-coated fertilizer (Grey et

al. 2008; Grey and Webster 2013; Rabaey and Harvey 1994). One study, conducted by Yelverton
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(1998), reported effective weed control with herbicide-coated fertilizer depended on particle
coverage and the timing of application.

Currently, pyroxasulfone is registered to be coated on non-nitrate-based fertilizers and
applied at rates ranging from 225 to 785 kg ha™!. Applications can be made on cotton from 5-leaf
to beginning bloom stage (Anonymous 2024). However, recommended fertilizer rates and
application timings vary by location, soil texture, and estimated yield potential. On deep, sandy
textured soils, typical of the southeastern cotton production region, many growers find it
appropriate to apply a split or replacement application of nitrogen due to leaching potential
(Hons et al. 2004). These applications generally result in small amounts of nitrogen being
applied early in the growing season, with the remainder applied at match-head square (Gatiboni
and Hardy 2024). Depending on the timing of application, pyroxasulfone-coated fertilizer may
be well-suited for these situations, as it could provide necessary late-season residual following
residuals applied at earlier growth stages (Matthew Inman, BASF Corporation, personal
communication). However, there are concerns if pyroxasulfone is applied coated on a low rate of
fertilizer, the lack of distribution of the herbicide may jeopardize weed control (Anonymous
2024). Due to frequent applications of low fertilizer rates and variability in application timing, it
is imperative to optimize pyroxasulfone-coated fertilizer in cotton production.

The objectives of this research were to determine (1) the optimal granular ammonium
sulfate (AMS) rate for applying pyroxasulfone-coated AMS and (2) the optimal application

timing for pyroxasulfone-coated AMS to effectively control Palmer amaranth in cotton.

Materials and Methods

Shared Methodology for Both Experiments
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Two separate experiments were conducted in 2022 and 2023 at the Upper Coastal Plains
Research Station near Rocky Mount, NC (35.89, 77.68), and the Central Crops Research Station
near Clayton, NC (35.67, 78.51). The soil at Rocky Mount consisted of an Aycock very fine
sandy loam (Fine-silty, siliceous, subactive, thermic Typic Paleudults) with 0.3 to 0.4% humic
matter and pH of 6.0 to 6.1. The soil at Clayton consisted of a Dothan loamy sand (Loamy,
kaolinitic, thermic Arenic Kandiudults) with 0.3 to 0.4% humic matter and pH of 5.5 to 6.0
(Mehlich 1984).

Fields at both locations were prepared using conventional tillage and then bedded into 91
and 97-cm rows at Rocky Mount and Clayton, respectively. In both years and at both locations,
plots were 4 rows by 9.1-m. Deltapine® cotton cultivar ‘DP 2115 B3XF’ (Bayer CropScience,
Research Triangle Park, NC) was planted on May 11, 2022, at Rocky Mount and May 12, 2022,
at Clayton. In 2023, ‘DP 2115 B3XF’ cotton cultivar was planted at Rocky Mount on May 9,
whereas Deltapine® ThryvOn™ cotton cultivar ‘DP 2211 B3TXF’ was planted at Clayton on
May 11. Cotton was seeded at approximately 107,637 seeds ha™! to a depth of 2-2.5 cm. All
pesticide and fertilizer applications required for crop maintenance were applied in accordance
with recommendations from North Carolina Cooperative Extension (Edmisten et al. 2024).

In both experiments, pyroxasulfone (Zidua® SC herbicide, BASF Corp., Research
Triangle Park, NC) was applied at 118 g ai ha'! across all treatments. Pyroxasulfone-coated AMS
(21-0-0-24; FCI Agri Service Co., Raeford, NC) was prepared by mixing the desired rate of
herbicide, water, and 1 ml of blue dye in an electric powered concrete mixer (Sears, Roebuck and
Co, USA.) that contained the appropriate rate of granular AMS. The proportion of water-to-AMS
was 473 ml water/113 kg AMS, which was suggested as the optimal ratio for pyroxasulfone-

coated AMS (Matthew Inman, personal communication, BASF corporation). The blue dye (1 ml)
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was included in the mixture to provide a means for visually estimating coverage throughout the
mixing process. In both experiments, the check received 321 kg ha™! of nontreated AMS as a
grower standard for comparison. All treatments containing fertilizer were evenly applied within
three cotton row middles using 1.89 L plastic containers (ULINE Company, U.S.A.) with lids
that had equally spaced and sized (5/32 drill bit) holes. In addition to a check, both experiments
included pyroxasulfone applied POST and POST-directed for comparison. All spray applications
were applied using a CO,-pressurized backpack sprayer calibrated to deliver 140 L ha'! at 207
kPa. Backpack sprayers were outfitted with AIXR11002 flat-fan nozzles (TeelJet Air Induction
XR Flat Spray Tips, TeeJet Technologies, Wheaton, IL) when applying POST applications, and
POST-directed applications were made using a single flood nozzle (TK-VS2 wide angle
FloodJet, TeeJet Technologies, Wheaton, IL).

Prior to treatment applications, all plots (including the check) were treated with
glyphosate (Roundup PowerMAX® 3 Herbicide, Bayer CropScience, St. Louis, MO) at 1,345 g
ae ha'! and glufosinate (Liberty® 280 SL Herbicide, BASF Corporation, Research Triangle Park,
NC) at 656 g ai ha'! to control previously emerged weeds. No residual herbicides were used prior
to treatment applications. All study locations were naturally infested with Palmer amaranth.

All data were subject to analysis of variance using the GLIMMIX procedure of SAS 9.4
(SAS institute Inc., Cary, NC) (o = 0.05). The weedy check was excluded from the statistical
analyses for cotton lint yield and weed control in both experiments. Treatment means were
separated using Tukey’s honestly significant difference test (P < 0.05) where appropriate. In both
experiments, location, year, replication, and their interactions were considered random effects to
allow inferences to be made across broader environmental conditions and locations (Blouin et al.

2011; Moore and Dixon 2015).
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Rate Study

Pyroxasulfone (118 g ai ha') was coated on granular AMS rates of 161, 214, 267, 321,
374,428, and 481 kg ha'!, equivalent to 34, 45, 56, 67, 79, 90, and 101 kg N ha!, respectively.
Weed control and cotton tolerance to pyroxasulfone-coated AMS was compared to pyroxasulfone
applied POST and POST-directed. All applications were made on 5- to 7-leaf cotton on June 17,
2022, and June 21, 2023. Treatments were arranged in a randomized complete block design
(RCBD) with four replications. Visual estimates of weed control and cotton injury were made bi-
weekly until 70 days after treatment (DAT)(Frans 1986), and late season Palmer amaranth
density was recorded prior to cotton defoliation. At the conclusion of the season, the center two
rows of each plot were mechanically harvested and weighed to determine yield. For statistical
analyses, treatment was considered a fixed effect. The accumulated rainfall received for

herbicide activation in both years and at both locations is reported in Table 1.

Timing Study

Treatment structure was a 4 by 3 factorial including 3 application methods plus a check at
3 application timings. Treatments were arranged in a RCBD with four replications. For
application methods, pyroxasulfone was applied via coated AMS (321 kg ha!), POST over-the-
top, and POST-directed. Application timings included 5- to 7-leaf, 9- to 11-leaf, and first bloom
cotton. For each timing, visual estimates of cotton injury were collected 3 and 7 DAT. At 14 days
after late application (DA LA), visual estimates of weed control and cotton injury were collected
for each timing and were continued on a bi-weekly schedule until 70 DA LA. In addition to
cotton injury and weed control, late season Palmer amaranth density was collected prior to cotton
defoliation, and the center two rows of each plot were mechanically harvested and weighed to

determine cotton lint yield at the conclusion of the season. For statistical analyses, application
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method, application timing, and their interaction were considered fixed effects. Application dates

and accumulated rainfall in both years and at both locations is reported in Table 4.

Results and Discussion

Rate Study

Main effect of treatment was significant for cotton injury 3 and 14 DAT. As anticipated,
pyroxasulfone applied POST was the most injurious treatment, resulting in 8 to 12% cotton
injury (Table 2). Although these results demonstrate minimal injury with pyroxasulfone applied
POST, research on cotton tolerance to pyroxasulfone has widely varied. For instance, Eure et al.
(2013) observed significant cotton injury and a 19 to 35% yield loss after pyroxasulfone was
applied POST, whereas Kroger et al. (2008) observed no yield loss and only 13 to 17% cotton
injury when pyroxasulfone was applied onto 4-leaf cotton.

For treatments containing AMS, all injury was in the form of cotton necrotic leaf
speckling and mostly caused by AMS granules adhering to damp foliage at time of application.
Regardless of the AMS rate coated with pyroxasulfone, all injury was < 4% and comparable to
injury observed from non-herbicide treated AMS (321 kg ha™!) applied to the check (3%; Table
2). These results are further supported by research from Tennessee, which also reported minimal
cotton injury with the use of pyroxasulfone-coated fertilizer in cotton (Steckel 2021). At 3 DAT,
pyroxasulfone applied POST-directed (7%) was more injurious than every AMS rate coated with
pyroxasulfone (< 2%). At 14 DAT, pyroxasulfone POST-directed (5%) remained more injurious
than pyroxasulfone coated on 161 to 320 kg ha™'(< 3%) of AMS but was comparable to
pyroxasulfone coated on 374 to 481 kg ha™! (4%) of AMS. These findings suggest that regardless
of the AMS rate, pyroxasulfone-coated AMS can likely result in cotton injury that is less than or

comparable to pyroxasulfone applied POST-directed. With exception of pyroxasulfone applied
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POST (3%), cotton injury was absolved by 28 DAT (data not shown). No differences in cotton

lint yield were observed, with yield ranging from 1,040 to 1,210 kg lint ha! (Table 2).

Palmer amaranth Control

Treatment was significant for Palmer amaranth control and density (Table 3). In both
years and locations, adequate rainfall was received for herbicide activation (Table 1). No
differences in control were observed between pyroxasulfone applied POST (92%) and POST-
directed (89%). Additionally, every treatment controlled Palmer amaranth comparable to
pyroxasulfone applied POST-directed (89%). Despite no differences, it is notable that there was a
10% difference in control between pyroxasulfone applied POST-directed (89%) and coated on
161 kg ha'! of AMS (79%; Table 3). Given the competitive nature of Palmer amaranth and its
ability to produce immense amounts of seed (Bensch et al. 2003; Schwartz et al. 2016), this
difference may warrant the use of higher rates of AMS when pyroxasulfone is coated on the
fertilizer.

With exception of the lowest rate of AMS (161 kg ha™'), all treatments controlled Palmer
amaranth comparable to pyroxasulfone applied POST (Table 3). These results support earlier
research by Skoglund and Gandrud (1984), which reported herbicide-coated fertilizer generally
provides weed control consistent with standard spray applications if applied at appropriate
fertilizer rate. Across all AMS rates coated with pyroxasulfone, no differences in Palmer
amaranth control were observed. Despite differences in visual estimates of Palmer amaranth
control, no differences in density were observed across treatments. However, all treatments

reduced Palmer amaranth density 63 to 88% compared to the check (Table 3).

Timing Study
Main effects of application method and application timing were significant for cotton
injury. The interaction was significant; therefore, cotton injury data are presented by application

method and application timing (Table 5). As anticipated, pyroxasulfone applied POST was the
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most injurious treatment at each timing. However, pyroxasulfone applied POST at the early
(16%) and mid (14%) timings was more injurious than when applied at the late timing (8%).
Between the early (9%), mid (6%), and late (3%) applications, cotton injury from pyroxasulfone
POST-directed followed a consistent trend, with total injury decreasing the later applications
were made (Table 5). This is likely attributed to cotton maturity as taller plants generally receive
less herbicide contact during POST-directed lay-by applications (Altom et al. 2000; Ferrell et al.
2007). Pyroxasulfone-coated AMS (3%) caused less injury compared to pyroxasulfone applied
POST-directed (9%) at the early timing, thus suggesting it may be a safer alternative for growers
considering 5- to 7-leaf POST-directed lay-by applications.

In addition, pyroxasulfone-coated AMS (321 kg ha™!) caused greater injury when applied
at the mid timing (4%) compared to the late timing (1%; Table 5). However, regardless of which
timing pyroxasulfone-coated AMS (321 kg ha!) was applied, all injury was < 4% and
comparable to injury observed from non-herbicide treated AMS (321 kg ha'!) applied to the
check (<4%). At 14 DA LA, no cotton injury was observed from applications made at the early
or mid timings (Table 5). It is important to note that at 14 DA LA, 42 and 28 d had passed since
the early and mid timing applications of pyroxasulfone, respectively. These results suggest that
there is no adverse cotton response due to these applications being made at different timings.
This is further supported by cotton lint yield data, which indicates no differences across all

application timings and methods (Table 5).

Palmer amaranth Control
Main effect of application timing was significant for Palmer amaranth control. The main
effect of application method and the two-way interaction of application timing and application

method was not significant. However, it is still important to understand Palmer amaranth control
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across application methods. Therefore, data for Palmer amaranth control are presented for
application timings averaged over application methods and application methods averaged over
application timings. Data for Palmer amaranth density are averaged over application timings.
Both locations received adequate rainfall for herbicide activation in both years (Table 4).

Averaged over application timings, there were no differences in Palmer amaranth control
across application methods, with all methods controlling the weed 90 to 91% 42 DAT (Table 6).
Reductions in Palmer amaranth density follow similar trends to visual estimates of control, in
which all treatments resulted in 88% fewer plants compared to the check (Table 6). These
findings further suggest that pyroxasulfone-coated AMS (321 kg ha'!, 90%) has potential to
control Palmer amaranth similar to pyroxasulfone applied POST (91%) and POST-directed
(90%). Palmer amaranth control by pyroxasulfone is unsurprising as previous research reports
the herbicide to control Palmer amaranth > 90% (Cahoon et al. 2015; Doherty et al. 2014, Geier
et al. 2006; Janak and Grichar 2016; Steele et al. 2005).

At 42 DA LA, pyroxasulfone applied at the mid timing (93%) controlled Palmer
amaranth similar to pyroxasulfone applied at the late timing (95%; Table 7). However, at the
same time, early applications (83%) were less effective than both the mid (93%)- and late (95%)-
applications. It is important to note that at 42 DA the late timing, 70 and 56 d had passed since
the early and mid timing applications of pyroxasulfone, respectively. Dissipation studies estimate
the residual half-life (DTso) of pyroxasulfone between 8 and 71 days, which may explain reduced
control observed by early timing applications compared to later applications (Mueller 2017;
Mueller and Steckel 2011; Westra 2012). Following pyroxasulfone applied at the early timing, an
additional POST application, including another residual herbicide, would be needed to ensure

adequate late-season weed control (Cahoon and York 2024; Culpepper and Vance 2023;
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Culpepper and Vance 2021). It is important to note that glyphosate and glufosinate were applied
POST before treatments at each timing. When considering this, a POST application followed by
pyroxasulfone-coated AMS at the mid timing (9- to 11-leaf cotton) could potentially achieve

adequate late-season control of Palmer amaranth, especially if used in combination with a strong

preemergence herbicide program.

Practical Implications

Given the complexities of cotton weed management and the continued rise in weed
control costs, there is great need for alternative weed management strategies in cotton
production. Since being registered in cotton in 2020, limited research has been conducted to
optimize pyroxasulfone-coated fertilizer in cotton production systems. This research provides
evidence that pyroxasulfone-coated AMS (> 214 kg ha™!) has potential to control Palmer
amaranth comparable to pyroxasulfone applied POST and POST-directed, with minimal risk of
cotton injury. When applied onto 5- to-7-leaf cotton, pyroxasulfone-coated AMS was less
injurious than pyroxasulfone POST-directed; thus, suggesting it may be a safer option for
growers considering early-season POST-directed lay-by applications. This research also indicates
that when pyroxasulfone is applied to 5- to 7-leaf cotton, an additional POST application may be
necessary to achieve season-long control of Palmer amaranth, regardless of the application
method. Aside from the results in these experiments, it is important that pyroxasulfone-coated
AMS be applied in compliance with current label recommendations (Anonymous 2024), as
additional research is warranted to further explore the efficacy and usability of pyroxasulfone-

coated fertilizer in cotton production.
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Table 1. Dates of application and accumulated rainfall.

Application  Days After Application

Location Year Date 0-8 9-16 17-24 25-32
__________ Cm__________
Clayton 2022  Junel7 066 059 7.54 097

2023 June21 321 452 596 0.08
Rocky Mount 2022  June 17 16 005 6.1 0.46
2023  June2l 452 148 8.03 0.23




52
Table 2. Cotton injury and yield after pyroxasulfone was applied POST, POST-directed, and

coated on differing rates of granular ammonium sulfate fertilizer.2®

Cotton Injury

Herbicide®d Treatment®f AMS Rate 3 DAT 14 DAT Lint Yield
kghat - %------- kg hat
None AMS 321 2 ¢C 3 ¢ —
Pyroxasulfone AMS 161 1l c 2 C 1,100 a
Pyroxasulfone AMS 214 1 c 3 ¢ 1,080 a
Pyroxasulfone AMS 267 1l c 3 ¢C 1,200 a
Pyroxasulfone AMS 321 3 cC 3 ¢C 1,040 a
Pyroxasulfone AMS 374 2 C 3 ¢C 1,100 a
Pyroxasulfone AMS 428 2 C 3 ¢C 1,040 a
Pyroxasulfone AMS 481 2 C 4 bc 1,130 a
Pyroxasulfone POST 321 12 a 8 a 1,070 a
Pyroxasulfone POST-directed 321 7 b 5 b 1,060 a

aMeans followed by the same letter are not different according to Tukey's honestly significant
difference (P < 0.05). For columns beginning with NS, means are not statistically different.
bAbbreviations: DAT, days after treatment; POST, postemergence; POST-directed,
postemergence-directed; AMS, ammonium sulfate.

°Pyroxasulfone was applied at 118 g ai ha.

dApplications were made onto 5- to 7-leaf cotton.

®Non-herbicide treated AMS was applied at 321 kg ha* in the check and where pyroxasulfone
was applied POST and POST-directed.

"Prior to applications, all plots (including the check) were treated with glyphosate at 1,345 g

ae ha and glufosinate at 656 g ai ha™.
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Table 3. Palmer amaranth control and density as influenced by pyroxasulfone applied POST,

POST-directed, and coated on differing rates of granular ammonium sulfate fertilizer.2®

Control
Palmer amaranth

Herbicide®d Treatment®f AMS Rate 42 DAT Density
kg hat ---%--- plants m
None AMS 321 — 8 a
Pyroxasulfone AMS 161 79 b 2 b
Pyroxasulfone AMS 214 83 ab 1D
Pyroxasulfone AMS 267 84 ab 2 b
Pyroxasulfone AMS 321 85 ab 3 b
Pyroxasulfone AMS 374 88 ab 2 b
Pyroxasulfone AMS 428 88 ab 1 b
Pyroxasulfone AMS 481 88 ab 2 b
Pyroxasulfone POST 321 92 a 2 b
Pyroxasulfone POST-directed 321 89 ab 2 b

aMeans followed by the same letter are not different according to Tukey's honestly significant
difference (P < 0.05). For columns beginning with NS, means are not statistically different.
bAbbreviations: DAT, days after treatment; POST, postemergence; POST-directed,
postemergence-directed; AMS, ammonium sulfate.

°Pyroxasulfone was applied at 118 g ai ha.

dApplications were made onto 5- to- 7-leaf cotton.

®Non-herbicide treated AMS was applied at 321 kg ha in the check and where pyroxasulfone
was applied POST and POST-directed.

"Prior to applications, all plots (including the check) were treated with glyphosate at 1,345 g ae

ha! and glufosinate at 656 g ai ha™.



Table 4. Dates of application and accumulated rainfall.

Application Application Days After Application
Timing Location Year Date 0-8 9-16 17-24 25-32

_______________ o & s
Early Clayton 2022  Junel0 0.71 046 097 7.17

2023 June21 321 452 596 0.08

Rocky Mount 2022 Junel0 4.09 056 0.05 7.21

2023  June2l 452 148 8.03 0.23

Mid Clayton 2022  June24 059 755 097 0.08
2023 July 3 6.27 465 0.08 0.13

Rocky Mount 2022  June 24 0.05 721 047 112

2023 July 3 453 5.06 112 0.28

Late Clayton 2022 July 6 72 094 257 081
2023  July 17 0.08 0.13 242 439

Rocky Mount 2022 July 6 7.24 044 511 257

2023  July 17 115 O 0.61 3.26
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Table 5. Cotton injury and yield after pyroxasulfone was applied POST, POST-directed, and coated on granular ammonium sulfate

fertilizer at different application timings.2?

Application Application Cotton Injury
Herbicide® Timings® Methods®f AMS Rate 3 DAT 14 DA LA Lint Yield
kghal - %-------- kg hat
None Early AMS 321 3 ef 0 c —
Pyroxasulfone Coated 321 3 ef 0 c 1,000 a
Pyroxasulfone POST 321 16 a 0 c 1,000 a
Pyroxasulfone POST-directed 321 9 b 0 c 1,070 a
None Mid AMS 321 4 de 0 c —
Pyroxasulfone Coated 321 4 de 0 c 1,060 a
Pyroxasulfone POST 321 14 a 0 c 1,050 a
Pyroxasulfone POST-directed 321 6 cd 0 c 1,100 a
None Late AMS 321 1 f 1 b —
Pyroxasulfone Coated 321 1 f 1 b 1,130 a
Pyroxasulfone POST 321 8 bc 9 a 1,020 a
Pyroxasulfone POST-directed 321 3 ef 1 b 1,110 a
aMeans followed by the same letter are not different according to Tukey's honestly significant difference (P < 0.05). For columns

beginning with NS, means are not statistically different.

bAbbreviations: DAT, days after treatment; DA LA, days after late application; POST, postemergence; POST -directed,
postemergence-directed; AMS, ammonium sulfate.

°Pyroxasulfone was applied at 118 g ai ha™.

dApplication timings: Early, 5- to 7-leaf; Mid, 9- to 11-leaf; Late, 1% bloom.



®Non-herbicide treated AMS was applied at 321 kg ha! in the check and where pyroxasulfone was applied POST and POST-
directed.

"Prior to applications, all plots (including the check) were treated with glyphosate at 1,345 g ae ha™* and glufosinate at 656 g ai ha™.

56



Table 6. Palmer amaranth control and density as influenced by pyroxasulfone applied

POST, POST-directed, and coated on granular ammonium sulfate fertilizer.2P

Control
Application Palmer amaranth

Herbicide®d Methods®f AMS Rate 42 DAT (NS) Density

kg hat --%-- plants m2
None AMS 321 — 16 a
Pyroxasulfone Coated 321 90 a 2 b
Pyroxasulfone POST 321 91 a 2 b
Pyroxasulfone POST-directed 321 90 a 2 b

aData are averaged over application timings. Means followed by the same letter are not
different according to Tukey's honestly significant difference (P < 0.05). For columns
beginning with NS, means are not statistically different.

bAbbreviations: DAT, days after treatment; POST, postemergence; POST-directed,
postemergence-directed; AMS, ammonium sulfate.

°Pyroxasulfone was applied at 118 g ai ha.

dApplication timings: Early, 5- to 7-leaf; Mid, 9- to 11-leaf; Late, 1% bloom.
®Non-herbicide treated AMS was applied at 321 kg ha in the check and where
pyroxasulfone was applied POST and POST -directed.

"Prior to applications, all plots (including the check) were treated with glyphosate at 1,345 g

ae ha and glufosinate at 656 g ai ha™.
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Table 7. Influence of application timing on Palmer

amaranth control.?

Control
Application Palmer amaranth
TimingsP<de 42 DA LA
--0p--
Early (70 DAT) 83 b
Mid (56 DAT) 93 a
Late (42 DAT) 95 a

4Data are averaged over application methods.
Means followed by the same letter are not different
according to Tukey's honestly significant
difference at (P < 0.05). For columns beginning
with NS, means are not statistically different.
bAbbreviations: DAT, days after treatment; DA
LA, days after late application.

CApplication timings: Early, 5- to 7-leaf; Mid, 9- to
11-leaf; Late, first bloom.

dPyroxasulfone (118 g ai ha') was applied POST,
POST-directed, and coated on granular ammonium
sulfate fertilizer (321 kg ha') at each timing.
®Prior to applications, all plots (including the
check) were treated with glyphosate at 1,345 g ae

ha! and glufosinate at 656 g ai ha™.
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ABSTRACT

An experiment was conducted in 2022 and 2023 near Rocky Mount and Clayton, NC, to
evaluate residual herbicide-coated fertilizer for cotton tolerance and Palmer amaranth control.
Treatments included acetochlor; atrazine; dimethenamid-P; diuron; flumioxazin; fluometuron;
fluridone; fomesafen; linuron; metribuzin; pendimethalin; pyroxasulfone; pyroxasulfone +
carfentrazone; S-metolachlor; and sulfentrazone. Each herbicide was individually coated on
granular ammonium sulfate (AMS) and top-dressed at 321 kg ha! (67 kg N ha™!) onto 5- to 7-
leaf cotton. The check received the equivalent rate of non-herbicide treated AMS. Prior to top-
dress, all plots (including the check) were treated with glyphosate and glufosinate to control
previously emerged weeds. All herbicides resulted in transient cotton injury, except metribuzin.
Cotton response to metribuzin varied by year and location. In 2022, metribuzin caused 11 to 39%
and 8 to 17% injury at Clayton and Rocky Mount, respectively. In 2023, metribuzin caused 13 to
32% injury at Clayton and 73 to 84% injury at Rocky Mount. Pyroxasulfone (91%),
pyroxasulfone + carfentrazone (89%), fomesafen (87%), fluridone (86%), flumioxazin (86%),
and atrazine (85%) controlled Palmer amaranth > 85%. Pendimethalin and fluometuron were the
least effective treatments, resulting in 58% and 62% control, respectively. As anticipated, early
season metribuzin injury translated into yield loss; plots treated with metribuzin yielded 640 kg
ha! and were only comparable to linuron (790 kg ha™'). This research suggests that, with the
exception of metribuzin, residual herbicides coated on AMS may be suitable and effective in
cotton production, providing growers with additional modes of action for late season control of

multiple herbicide-resistant Palmer amaranth.

Nomenclature: pyroxasulfone; pyroxasulfone + carfentrazone; S-metolachlor; dimethenamid-P;

acetochlor; pendimethalin; fomesafen; flumioxazin; sulfentrazone; fluridone; diuron;
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fluometuron; linuron; atrazine; metribuzin; glyphosate; glufosinate; cotton, Gossypium hirsutum
L.

Key Words: cotton tolerance; impregnated

INTRODUCTION

In recent years, cotton producers battled high production costs, increasing an estimated
$459 ha'! between 2018 and 2022 (USDA-ERS 2023). This rise is partly due to the prevalence of
multiple herbicide-resistant (HR) weed species, like Palmer amaranth (Amaranthus palmeri S.
Watson). Extensive herbicide programs, sophisticated application technology, and the price of
herbicide-tolerant cottonseed have further exposed the true cost of managing multiple HR weed
biotypes (Devore et al. 2012; Korres et al. 2019; Ofosu et al. 2023; USDA-ERS 2023b). In the
past, growers could simply and cost-effectively manage Palmer amaranth by concurrently using
postemergence (POST) herbicides and herbicide-tolerant cultivars. However, Palmer amaranth
biotypes have evolved resistance to many of the POST herbicides available in cotton (Culpepper
et al. 2006; Foster and Steckel 2022; Jones, 2022; Kumar et al. 2019), thus necessitating more
focus on integrated weed management and alternative control tactics (Duke and Heap 2017).

Prior to herbicide-tolerant cotton cultivars, it was common to layer residual herbicides
preemergence (PRE), POST, and postemergence-directed (POST-directed) (Culpepper et al.
2010; Prostko et al. 2001; Westberg et al. 1989; Wilcut et al. 1995; Young 2006). Like the
aforementioned strategy, similar programs are currently advised by extension weed specialists to
effectively manage multiple HR Palmer amaranth and to further delay the evolution of herbicide-
resistance (Busi et al. 2020; Cahoon and York 2024; Culpepper and Vance 2023; Neve et al.
2011). Soil residual herbicides routinely applied PRE to control Palmer amaranth in cotton

include the protoporphyrinogen oxidase (PPO)-inhibitor fomesafen, the very-long-chain-fatty-
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acid (VLCFA)-inhibitor acetochlor, and the photosystem II (PSII)-inhibitors diuron and
fluometuron (Whitaker et al. 2011). However, both diuron and fluometuron are under review by
the Environmental Protection Agency, bringing into question the longevity of these herbicides
for managing Palmer amaranth (Haigwood 2022). In the potential absence of diuron and
fluometuron, alternative options, including the phytoene desaturase-inhibitor fluridone and the
microtubule-inhibitor pendimethalin, remain available.

Residual herbicides registered for POST over-the-top (OTT) use in cotton are relatively
limited; the VLCFA-inhibitors, including acetochlor, dimethenamid-P, and S-metolachlor, are the
predominate options. These herbicides provide effective residual control of Palmer amaranth, but
do not control emerged weeds (Geier et al. 2006; Hay 2017; Knezevic et al. 2009; Riar et al.
2012). In 2024, transgenic cotton cultivars with tolerance to 4-hydroxyphenylpyruvate
dioxygenase (HPPD)-inhibiting herbicides were commercially launched. Following the release
of Alite™ 27, the cotton formulation of the HPPD-inhibiting herbicide isoxaflutole, growers will
gain an additional tool for managing Palmer amaranth PRE and/or early POST (Barber et al.
2021; Farr et al. 2022; Joyner et al. 2022). Like the VLCFA -inhibitors, isoxaflutole does not
effectively control emerged Palmer amaranth (Joyner 2021; Stephenson and Bond 2012). The
ALS-inhibiting herbicides, including trifloxysulfuron and pyrithiobac, provide additional POST
residual options in cotton. However, Palmer amaranth biotypes resistant to ALS-inhibiting
herbicides are widespread, ultimately hindering their use (Molin et al. 2016; Nakka et al. 2017;
Nandula et al. 2012; Norsworthy et al. 2008). Beyond the aforementioned herbicides, no other
POST OTT residual herbicides are available in cotton production.

Despite limited POST OTT residual herbicides, there are additional options through the

use of POST-directed lay-by and hooded sprayer applications. These options include the PSII-
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inhibitors diuron, fluometuron, and prometryn, the VLCFA-inhibitors (acetochlor, S-metolachlor,
and pyroxasulfone), and the PPO-inhibitors fomesafen and flumioxazin (Cahoon and York 2024,
Wilcut et al. 1995). Fomesafen, flumioxazin, and pyroxasulfone have been proven efficacious in
controlling Palmer amaranth and are generally more effective than diuron, fluometuron, and
prometryn (Cahoon et al. 2015; Doherty et al. 2014; Steele et al. 2005; Stephenson et al. 2017,
Whitaker et al. 2011). Although numerous residual herbicides are registered for POST-directed
use in cotton, these products are seldom used in this capacity. This is partly because POST-
directed applications are time- and labor-intensive, and following the commercialization of
glyphosate-tolerant cotton, many growers replaced such methods of weed control for simple and
cost-effective POST-only programs (Duke and Powles 2008; Webster and Sosonskie 2010). In
addition, POST-directed applications require a height differential between the cotton and targeted
weeds to prevent crop injury, which is particularly difficult to obtain due to the robust growth of
Palmer amaranth (Askew et al. 2002, Askew and Wilcut 1999).

Due to the infrequent use of POST-directed herbicides, greater selection pressure for
resistance has been imposed on the few POST OTT residual options. Currently, Palmer amaranth
biotypes resistant to HPPD- and VLCFA-inhibitors have been discovered, bringing to question
the longevity of these important MOAs (Brabham et al. 2019; Heap 2024; Jhala et al. 2014;
Mabhoney et al. 2020). With weed control costs continuing to rise and the rate of herbicide
discovery at a near standstill (Beckie and Harker 2017; Duke 2012; Washburn 2023), there is a
pressing need for alternative weed control strategies that have potential to integrate additional
herbicides into cotton weed management.

Given that growers frequently apply fertilizer within a growing season (Edmisten and

Collins 2024; Hons et al. 2004), especially on the sandy soils typical of the southern U.S. cotton
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production region (Gatiboni and Hardy 2024), one potential weed management strategy is
residual herbicide-coated fertilizer. Buhler (1987) reported that herbicide-coated fertilizer had
potential to reduce time and labor costs, as well as soil compaction. In turfgrass and container
nurseries, herbicide-coated fertilizer is commonly used to prevent herbicide volatility and to
reduce the risk of injury (Derr 1994; Yelverton 1998). For cotton producers, herbicide-coated
fertilizer could provide growers with an alternative to POST-directed lay-by applications (Steckel
2021). Considering less crop foliage would be exposed to herbicide compared to standard spray
applications, herbicide-coated fertilizer may have the potential to integrate additional residual
herbicides in cotton.

Currently, pendimethalin and pyroxasulfone are the only herbicides registered to be
applied coated on granular fertilizer in cotton (Anonymous 2024a, 2024c¢). Pendimethalin-coated
fertilizer has been shown to control Texas millet (Urochloa texana R. Webster) similarly to
pendimethalin sprayed at planting (Grey et al. 2008). Research in North Carolina found
pyroxasulfone-coated granular ammonium sulfate (AMS) to control Palmer amaranth
comparable to pyroxasulfone applied POST and POST-directed (Dean et al. 2023). Although
some studies evaluated herbicide-coated fertilizer in cotton, there is need to further investigate
efficacy and utility of additional herbicides applied coated on AMS fertilizer in cotton. The
objectives of this research were to evaluate cotton tolerance to various herbicides applied top-

dress, coated on AMS fertilizer, and associated Palmer amaranth control.

Materials and Methods
An experiment was conducted in 2022 and 2023 at the Upper Coastal Plains Research
Station near Rocky Mount, NC (35.89, 77.68), and the Central Crops Research Station near

Clayton, NC (35.67, 78.51). The soil at Rocky Mount consisted of an Aycock very fine sandy
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loam (Fine-silty, siliceous, subactive, thermic Typic Paleudults) with 0.3 to 0.4% humic matter
and pH of 6.0 to 6.1. The soil at Clayton consisted of a Dothan loamy sand (Loamy, kaolinitic,
thermic Arenic Kandiudults) with 0.3 to 0.4% humic matter and pH of 5.5 to 6.0 (Mehlich 1984).

Fields at both locations were prepared using conventional tillage and then bedded into
91-cm rows at Rocky Mount and 97-cm rows at Clayton. Plots were 4 rows wide by 9.1-m long.
Deltapine® cotton cultivar ‘DP 2115 B3XF’ (Bayer CropScience, Research Triangle Park, NC)
was planted on May 11, 2022, at Rocky Mount and May 12, 2022, at Clayton. In 2023, ‘DP 2115
B3XF’ cotton cultivar was planted at Rocky Mount on May 9, whereas Deltapine® ThryvOn™
cotton cultivar ‘DP 2211 B3TXF’ was planted at Clayton on May 11. Cotton was seeded at
approximately 107,637 seeds ha'! to a depth of 2-2.5 cm. All pesticide and fertilizer applications
required for crop maintenance were applied in accordance with recommendations from North
Carolina Cooperative Extension (Edmisten et al. 2024).

Treatments included 15 residual herbicides plus a check. Herbicides and application rates
are reported in Table 1. Treatments were arranged in a randomized complete block design with
four replications. Each herbicide was coated on granular AMS (21-0-0-24; FCI Agri Service
Company, Raeford, NC) and applied at 321 kg ha! (67 kg N ha™!) onto 5- to 7-leaf cotton. The
check received the equivalent rate of non-herbicide treated AMS for comparison. Herbicide-
coated AMS was prepared by mixing the desired rate of herbicide, water, and 1 ml of blue dye
(45 ml of total solution) in an electric powered concrete mixer (Sears, Roebuck and Co, USA.)
that contained the appropriate rate of granular AMS. The blue dye (1 ml) was included in the
mixture to provide a means for visually estimating coverage throughout the mixing process. All
treatments were evenly applied within three cotton row middles using 1.89 L plastic containers

(ULINE Company, U.S.A.) with lids that had equally spaced and sized (5/32 drill bit) holes.
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Prior to applications, all plots (including the check) were treated with glyphosate (Roundup
PowerMAX® 3 Herbicide, Bayer CropScience, St. Louis, MO) at 1,345 g ae ha! and glufosinate
(Liberty® 280 SL Herbicide, BASF Corporation, Research Triangle Park, NC) at 656 g ai ha'! to
control previously emerged weeds. No residual herbicides were used prior to treatment
applications. Spray applications were made using a CO,-pressurized backpack sprayer calibrated
to deliver 140 L ha! at 207 kPa. Backpack sprayers were equipped with AIXR 11002 flat-fan
nozzles (TeeJet® Air Induction Extended Range spray nozzles; TeeJet Technologies, Wheaton,
IL). Application dates and accumulated rainfall at both locations in both years are reported in
Table 2.

All locations were naturally infested with Palmer amaranth. Visual estimates of cotton
injury and weed control were made bi-weekly until 70 days after treatment (DAT; Frans 1986),
and late-season Palmer amaranth density was recorded before cotton defoliation. At the
conclusion of the season, the center two rows of each plot were mechanically harvested and
weighed to determine cotton lint yield. All data were subject to analysis of variance using the
GLM procedure of SAS software (version 9.4; SAS Institute Inc., Cary, NC) (a.= 0.05).
Treatment means were separated using Fisher’s Protected LSD ( P < 0.05) where appropriate.
For all analyses, treatment, year, location, and their interactions were considered fixed effects,

while replication was considered a random effect.

Results and Discussion

Cotton Response
Main effects of treatment, year, and location were significant for cotton injury. The three-
way interaction of the main effects was significant; thus, data for cotton injury are presented by

location. Most injury was in the form of cotton necrotic leaf specking and resulted from AMS



67

granules adhering to damp foliage at time of application. However, interveinal and marginal leaf
chlorosis was notable in response to the PSII-inhibitors, including diuron, fluometuron, linuron,
atrazine, and metribuzin. These herbicides are apoplastically translocated (moving upward
through the plant from the soil) throughout the plant and can be absorbed through foliage or roots
(Ross and Childs 1996). When soil-applied, plant roots can readily absorb these herbicides,
causing chlorophyll synthesis inhibition and degradation of cell membranes (Neal et al. 2015).

At 7 DAT in 2022, sulfentrazone was the most injurious at both locations, resulting in 18
and 11% cotton injury at Clayton and Rocky Mount, respectively (Table 3). Like sulfentrazone,
metribuzin and fomesafen elicited greater cotton response at Clayton than at Rocky Mount. At
Clayton, metribuzin and fomesafen resulted in 11 and 12% cotton injury, respectively.
Meanwhile, both caused 8% injury at Rocky Mount. At Clayton, metribuzin (11%), acetochlor
(7%), pyroxasulfone + carfentrazone (7%), flumioxazin (6%), and linuron (6%) were more
injurious than all other treatments. With the exception of sulfentrazone (11%), metribuzin (8%),
and fomesafen (8%), pyroxasulfone + carfentrazone (6%) was the only other treatment that
caused injury greater than the non-herbicide treated AMS (4%) at Rocky Mount. Notably,
atrazine (1%), acetochlor (2%), diuron (2%), fluometuron (1%), and pendimethalin (2%) resulted
in injury less than the non-herbicide treated AMS (4%) at this location (Table 3). Differences in
cotton injury between the two locations was likely attributed to rainfall, with Clayton and Rocky
Mount accumulating 0.66 and 2.44 cm between 0 and 8 DAT, respectively (Table 2). Due to
lower rainfall at Clayton, AMS granules likely remained on cotton foliage for an extended period
after top-dress, thus causing slightly greater injury.

By 28 DAT in 2022, all treatments, except metribuzin, resulted in cotton injury

comparable to the injury observed from non-herbicide treated AMS (3%). Once again, cotton
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response to metribuzin was greater at Clayton (18%) than Rocky Mount (12%). This was further
evident 42 DAT, where metribuzin caused 39 and 17% cotton injury at Clayton and Rocky
Mount in 2022, respectively (Table 3). Differences between locations were likely due to rainfall
and soil texture. Soil texture at Clayton is a loamy sand, while Rocky Mount is a very-fine sandy
loam. Between 17 and 40 DAT, Clayton received 2.59 cm more precipitation than Rocky Mount
(Table 2). Given the coarser textured soil at Clayton plus the additional rainfall, metribuzin could
have leached into the cotton root zone, thus causing greater root absorption and injury
(Kleemann and Gill 2008; Moomaw and Martin, 1978). These findings are further supported by
Coble and Schrader (1973), who reported greater soybean sensitivity to metribuzin after rainfall
was received on coarse-textured soil with low organic matter. In general, these results are
unsurprising, as metribuzin cannot be applied to soybeans or many other crops on coarse-
textured soil with less than 2% organic matter (Anonymous 2024b). Aside from metribuzin, no
other herbicide injured cotton 42 DAT at either location.

Similar to 2022, relatively minor cotton injury was observed at Rocky Mount and
Clayton in 2023, except for metribuzin (Table 4). However, cotton tolerance to metribuzin
differed in 2023, particularly at Rocky Mount. At 7 DAT, metribuzin accounted for 32 and 73%
cotton injury at Clayton and Rocky Mount, respectively. This response was likely influenced by
extensive rainfall that was received at Clayton (2.67 cm) and Rocky Mount (2.74 cm) the first
two days following top-dress. By 28 and 42 DAT at Rocky Mount, metribuzin caused 84 and
81% injury, respectively, whereas at Clayton, 15 and 13% injury was observed, respectively.
Between 9 and 24 DAT, Clayton accumulated 1.74 cm greater rainfall than Rocky Mount (Table
2). While rainfall likely initiated a cotton response to metribuzin, the greater rainfall at Clayton

could have leached metribuzin beneath the root zone, resulting in less herbicide available for root
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absorption (Shaner 2014). Similar thoughts were reported by VanGessel et al. (2017), suggesting
substantial rainfall on coarse-textured soil may have increased wheat tolerance to metribuzin.

Aside from metribuzin, there was overall less cotton injury in 2023 (Table 4). At Clayton,
acetochlor, atrazine, dimethenamid-P, diuron, fluometuron, pendimethalin, pyroxasulfone, S-
metolachlor, and the non-herbicide treated AMS caused no injury (Table 4). This is contrary to
results observed in 2022 where these treatments caused 4 to 7% cotton injury (Table 3). Similar
to 2022, pyroxasulfone (0%), S-metolachlor (1%), acetochlor (2%), atrazine (0%), fluometuron
(1%), pendimethalin (1%), and dimethenamid-P (2%) all caused cotton injury comparable to the
non-herbicide treated AMS at Rocky Mount.

Over two growing seasons, cotton response to diuron and fluridone was consistent across
locations, accounting for 1 to 3% and 3 to 4% cotton injury, respectively. However, cotton
response to flumioxazin varied by year. In 2022, flumioxazin caused 6 and 4% injury at Clayton
and Rocky Mount, respectively. Meanwhile, in 2023, flumioxazin resulted in 13% injury at
Clayton and 11% at Rocky Mount (Table 4). At Clayton, sulfentrazone resulted in less injury in
2023 (11%) than in 2022 (18%). At Rocky Mount, cotton response to sulfentrazone remained
consistent, with 11% cotton injury observed both years. Contrary to 2022, no treatment injured
cotton 28 DAT in 2023, except metribuzin. At both locations, cotton response to metribuzin
remained evident 42 DAT (Table 4).

Acetochlor, S-metolachlor, and pyroxasulfone applied POST OTT of cotton are reported
to cause > 19% cotton injury (Cahoon et al. 2014; Collie et al. 2014; Eure et al. 2013). However,
when coated on granular AMS and applied OTT of 5- to 7-leaf cotton, these herbicides injured
cotton < 7%. Previous research from Tennessee also reported minimal injury when

pyroxasulfone-coated fertilizer was top-dressed in cotton (Steckel 2021). Fluometuron applied
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POST OTT to cotyledon and 2- to 4-leaf cotton has been reported to cause 40% cotton injury
(Kendig et al. 2007). However, when applied on granular AMS, fluometuron only accounted for
1 to 4% injury. Likewise, low-doses of flumioxazin applied POST OTT to simulate spray drift
causes 69 to 97% cotton injury (Stephenson IV et al. 2019). However, flumioxazin-coated AMS
caused no greater than 13% cotton injury. Research by Morgan et al. (2011a, 2011b) found that
POST-directed lay-by applications of diuron, linuron, and fomesafen effectively controlled
volunteer cotton. These same herbicides applied coated on AMS fertilizer in this study resulted in

< 12% cotton injury.

Palmer amaranth Control

Main effect of treatment was significant for Palmer amaranth control and density; main
effects of year and location were not significant. Furthermore, interactions among main effects
were not detected; therefore, data for Palmer amaranth control and density were averaged over
years and locations (Table 5). Adequate rainfall was received for herbicide activation in both
years at both locations (Table 2).

At 42 DAT, all treatments controlled Palmer amaranth >73% with the exception of
pendimethalin and fluometuron, which controlled the weed 58 and 62%, respectively. These
results are unsurprising as pendimethalin and fluometuron have historically provided inconsistent
control of Palmer amaranth (Culpepper and York 2000; Grichar 2008). Conversely,
pyroxasulfone (91%) was more efficacious than every other treatment, except pyroxasulfone +
carfentrazone (89%), fomesafen (87%), fluridone (86%), flumioxazin (86%), and atrazine (85%;
Table 5). Similarly, previous research reports excellent (> 90%) Palmer amaranth control by
pyroxasulfone (Cahoon et al. 2015; Doherty et al. 2014, Geier et al. 2006; Janak and Grichar

2016; Steele et al. 2005). With the exception of fluridone (56%), all the aforementioned
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herbicides reduced late-season Palmer amaranth density by at least 78% compared to the
nontreated check (Table 5).

Pyroxasulfone + carfentrazone (89%), fomesafen (87%), fluridone (86%), and
flumioxazin (86%) were more efficacious than metribuzin (78%), linuron (77%), diuron (76%),
sulfentrazone (74%), S-metolachlor (73%), and dimethenamid-P (73%). Earlier work by
Whitaker et al. (2011) reported that fomesafen generally provides more effective control of
Palmer amaranth than diuron. In general, reductions in Palmer amaranth density followed similar
trends as estimates of visual control, with plots treated with diuron containing 56% fewer plants
than the nontreated check, whereas plots treated with fomesafen had 89% less plants (Table 5).
Additionally, atrazine (85%) proved more effective in controlling Palmer amaranth than
sulfentrazone (74%), S-metolachlor (73%), and dimethenamid-P (73%). However, sulfentrazone
(74%), S-metolachlor (73%), and dimethenamid-P (73%) controlled Palmer amaranth
comparable to acetochlor (80%), metribuzin (78%), linuron (77%), and diuron (76%). Houston et
al. (2019) reported similar Palmer amaranth control with S-metolachlor, acetochlor, diuron,

sulfentrazone, and metribuzin.

Cotton Yield

Main effect of treatment was significant for cotton yield; main effects were not
significant for year and location. No significant interactions were detected; therefore, data for
cotton yield are presented averaged over years and locations (Table 5). Numerically, cotton
treated with diuron (960 kg ha'!') and fomesafen (950 kg ha'!) produced the greatest yield. All
other treatments, except metribuzin, linuron, and S-metolachlor, produced similar yield to plots
treated with diuron or fomesafen. While plots treated with S-metolachlor yielded less than plots

treated with diuron and fomesafen, yield was still comparable to all other treatments. As
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expected, due to early season visual injury, cotton treated with metribuzin (640 kg ha™') yielded
the lowest and was only comparable to linuron (790 kg ha'!). Despite yielding similarly to cotton
treated with metribuzin, linuron was comparable in yield to all other treatments. It should be
noted the objectives of this research were to evaluate cotton tolerance to various herbicides
applied top-dress, coated on AMS fertilizer, and associated residual weed control; conducting
this experiment under weed-free conditions may be more appropriate to evaluate treatment
effects on cotton yield. However, yield reductions in response to metribuzin are likely as

significant visual injury was observed earlier in the season.

Practical Implications

Due to the increasing prevalence of multiple HR Palmer amaranth and the continuous rise
in weed control costs, alternative weed management strategies are needed. Our results provide
evidence that herbicide-coated AMS may allow integration of additional residual herbicides for
late season weed control in cotton with minimal injury risk. This is important, considering POST
residual options in cotton are limited. Integration of additional residual herbicides using this
application technique may reduce selection pressure on Group 15 herbicides, a mode of action
cotton producers have long depended on. Furthermore, considering many growers are ill-
equipped or hesitant to apply herbicides POST-directed, residual herbicide-coated AMS may
provide farmers with a more efficient avenue for applying late season residual herbicides.
Simultaneously applying a residual herbicide and fertilizer in a single pass has potential to
reduce time, labor, and fuel costs. Although this research proves many herbicides not currently
labeled for OTT use in cotton can be safely used when coated on AMS fertilizer, additional
research is warranted to further quantify cotton tolerance and potential yield effects under weed-

free conditions.



Acknowledgements
Funding for this research was provided by the North Carolina Cotton Producers
Association through funds administered by Cotton Incorporated. No conflicts of interest have

been declared.

73



74

Literature Cited

Anonymous (2024a) Prowl H20 herbicide. Research Triangle Park, NC: BASF Corp. 20 p.
Anonymous (2024b) TriCor® 75 DF Herbicide. King of Prussia, PA: UPL AgroSolutions. 8 p.
Anonymous (2024c) Zidua® SC herbicide. Research Triangle Park, NC: BASF Corp. 16 p

Askew SD, Wilcut JW, Cranmer JR (2002) Cotton (Gossypium hirsutum) and weed response to

flumioxazin applied preplant and postemergence directed. Weed Technol 16:184-190

Askew SD, Wilcut JW (1999) Cost and weed management with herbicide programs in

glyphosate-resistant cotton (Gossypium hirsutum). Weed Technol 13:308-313

Barber LT, Butts TR, Boyd JW, Cunningham K, Selden G, Norsworthy JK, Burgos N, Bertucci
MB (2021) Recommended chemicals for weed and brush control. Fayetteville: University of

Arkansas Cooperative Extension Service

Beckie HJ, Harker KN (2017) Our top 10 herbicide-resistant weed management practices. Pest

Manage Sci 73:1045-1052

Brabham C, Norsworthy JK, Houston MM, Varanasi VK, Barber T (2019) Confirmation of S-
metolachlor resistance in Palmer amaranth (Amaranthus palmeri). Weed Technol 33:720-

726

Buhler DD (1987) Influence of application method on the activity of butylate and EPTC in

reduced-tillage corn (Zea mays). Weed Sci 35:412-417

Busi R, Powles SB, Beckie HJ, Renton M (2020) Rotations and mixtures of soil-applied

herbicides delay resistance. Pest Manage Sci 76:487-496



75

Cahoon CW, York AC (2024) Weed management in cotton. Pages 76-116 in 2024 cotton

information. Raleigh, NC: North Carolina Cooperative Extension

Cahoon CW, York AC, Jordan DL, Braswell LR (2014) Chloroacetamide tank mixes with
pyrithiobac in glyphosate- and glufosinate-based herbicide systems. Pages 1058-1060 in
Proceedings of the Beltwide Cotton Conference, National Cotton Council of America. New

Orleans, Louisiana, January 6-8, 2014

Cahoon CW, York AC, Jordan DL, Seagroves RW, Everman WJ, Jennings KM (2015) Cotton
response and Palmer amaranth control with pyroxasulfone applied preemergence and

postemergence. J Cotton Sci 19:212-223

Coble HD, Schrader JW (1973) Soybean tolerance to metribuzin. Weed Sci 21:308-309

Collie LM, Barber T, Doherty RC, Meier J (2014) Comparison of acetochlor, metolachlor, and
pyroxasulfone applied POST to cotton. Page 1068 in Proceedings of the Beltwide Cotton
Conference, National Cotton Council of America. New Orleans, Louisiana, January 6-8,

2014

Culpepper AS, Grey TL, Vencil WK, Kichler JM, Webster TM, Brown SM, York AC, Davis
JW, Hanna WW (2006) Glyphosate resistant Palmer amaranth (Amaranthus palmeri)

confirmed in Georgia. Weed Sci 54:620-626

Culpepper AS, Vance JC (2023) Weed Management in Cotton. Pages 15-55 in 2023 Georgia

Cotton Production Guide. C. Hand (Ed), Athens, GA: University of Georgia Extension



76

Culpepper AS, Webster TM, Sosnoskie LM, York AC (2010) Glyphosate-resistant Palmer
amaranth in the United States. Pages 195-212 in Nandula VK, ed. Glyphosate Resistance in

Crops and Weeds: History, Development, and Management. Hoboken, NJ: Wiley

Culpepper AS, York AC (2000) Weed management in ultra narrow row cotton (Gossypium

hirsutum). Weed Technol 14:19-29

Dean BA, Cahoon CW, Taylor ZR, de Sanctis JHS, Forehand JC, Lee JH (2023) Optimizing
Impregnated Pyroxasulfone for Cotton. Page 116 in Proceedings of the Southern Weed

Science Society Conference. Baton Rouge, Louisiana, January 23-26

Derr JF (1994) Innovative herbicide application methods and their potential for use in the

nursery and landscape industries. HortTechnol 4:345-350

DeVore JD, Norsworthy JK, Brye KR (2012) Influence of deep tillage and a rye cover crop on
glyphosate-resistant Palmer amaranth (Amaranthus palmeri) emergence in cotton. Weed

Technol 26:832-838

Doherty R, Barber T, Collie L, Meier J (2014) Evaluation of Dual Maghum®, Warrant®, and
Zidua® preemergence in Arkansas cotton. Page 1069 in Proceedings of the 2014 Beltwide
Cotton Conference. National Cotton Council of America. New Orleans, Louisiana, January

6-8, 2014

Duke SO (2012) Why have no new herbicide modes of action appeared in recent years? Pest

Manage Sci 68:505-512



77

Duke SO, Heap | (2017) Evolution of weed resistance to herbicides: What have we learned after
70 years? Pages 63-86 in Biology, physiology, and molecular biology of weeds. M.

Jugulam, ed. Boca Raton, FL: CRC Press.

Duke SO, Powles SB (2008) Glyphosate: a once-in-a-century herbicide. Pest Manage Sci

64:319-325

Edmisten KL, Collins GD (2023) Developing a management strategy: Short-season timeliness.

Pages 16-23 in 2023 cotton information. Raleigh: North Carolina Cooperative Extension

Edmisten KL, Collins GD, Gatiboni L, Hardy DH, Ahumada D, Gorny A, Cahoon CW, York
AC, Reisig D, Huseth A (2024) 2024 Cotton Information. Pages 44-163 in 2024 Cotton

Information. Raleigh, NC: North Carolina Cooperative Extension

Eure PM, Culpepper AS, Merchant RM (2013) An assessment of cotton tolerance to
pyroxasulfone, acetochlor, and S-metolachlor. Pages 600-661 in the Proceedings of the 2013
Beltwide Cotton Conferences, National Cotton Council of America. San Antonio, Texas,

January 7-10, 2013

Farr R, Norsworthy JK, Barber LT, Butts TR, Roberts T (2022) Utility of isoxaflutole-based

herbicide programs in HPPD-tolerant cotton production systems. Weed Technol 36:229-237

Foster DC, Steckel LE (2022) Confirmation of dicamba-resistant Palmer amaranth in

Tennessee. Weed Technol 36:777-780

Frans RE, Talbert R, Marx D, Crowely H (1986) Experimental design and techniques for

measuring and analyzing plant responses to weed control practices. Pages 29-46 in N.D.



78

Camper, ed. Research Methods in Weed Science. Champaigne, IL: South Weed Science

Society

Gatiboni L, Hardy D (2023) Fertilization. Pages 40-44 in 2023 cotton information. Raleigh:

North Carolina Cooperative Extension

Geier PW, Stahlman PW, Frihauf JC (2006) KIH-485 and S-metolachlor efficacy comparisons in

conventional and no-tillage corn. Weed Technol 20:622-626

Grey TL, Webster TM, Culpepper AS (2008) Weed control as affected by pendimethalin timing
and application method in conservation tillage cotton (Gossypium hirsutum L.). J Cotton Sci

12:318-324

Grichar WJ (2008) Herbicide systems for control of horse purslane (Trianthema portulacastrum
L.), smellmelon (Cucumis melo L.), and Palmer amaranth (Amaranthus palmeri S. wats) in

peanut. Peanut Sci 35:38-42

Haigwood W (2022) Pigweed, herbicides, and the EPA. Pigweed, herbicides, and the EPA

(farmprogress.com). Accessed February 26, 2024

Hay MM (2017) Control of Palmer amaranth (Amaranthus palmeri) and common waterhemp
(Amaranthus rudis) in double crop soybean and with very long chain fatty acid inhibitor

herbicides. Ph.D dissertation. Manhattan KS: Kansas State University. 84 p

Heap | (2024) The International Herbicide-Resistant Weed Database. Online. Thursday,

February 8, 2024. Available http://www.weedscience.org/


https://www.farmprogress.com/crop-protection/pigweed-herbicides-and-the-epa
https://www.farmprogress.com/crop-protection/pigweed-herbicides-and-the-epa
http://www.weedscience.org/

79

Hons FM, McFarland ML, Lemon RD, Nichols RL, Mazac Jr FJ, Boman RK, Stapper JR (2004)
Managing nitrogen in cotton. College Station: Texas Cooperative Extension. Publ. L-5458

11-04

Houston MM, Norsworthy JK, Barber T, Brabham C (2019) Field evaluation of preemergence
and postemergence herbicides for control of protoporphyrinogen oxidase-resistant Palmer

amaranth (Amaranthus palmeri S. Watson). Weed Technol 33:610-615

Janak TW, Grichar WJ (2016) Weed control in corn (Zea mays L.) as influenced by

preemergence herbicides. Int J Agron 2016:1-9

Jhala AJ, Sandell LD, Rana N, Kruger GR, Knezevic SZ (2014) Confirmation and control of
triazine and 4-hydroxyphenylpyruvate dioxygenase-inhibiting herbicide-resistant Palmer

amaranth (Amaranthus palmeri). Weed Technol 28:28-38

Jones EAL (2022) Glufosinate resistance in North Carolina and the development of a rapid assay
to confirm the evolution of glufosinate-resistant weeds. PhD dissertation. Raleigh, NC:

North Carolina State University. 202 p

Joyner JD (2021) Integration of HPPD-Resistant Cotton (Gossypium hirsutum) and Isoxaflutole
for Management of Herbicide-Resistant Weeds. M.S Thesis. Raleigh, NC: North Carolina

State University. 57 p

Joyner JD, Cahoon CW, Everman WJ, Collins GD, Taylor ZR, Blythe AC (2022) HPPD-
resistant cotton response to isoxaflutole applied preemergence and postemergence. Weed

Technol 36:238-244



80

Kendig JA, Nichols RL, Ohmes GA (2007) Tolerance of cotton (Gossypium hirsutum) seedlings
to preemergence and postemergence herbicides with four modes of action. Plant Health

Progress 8-4

Kleemann SGL, Gill GS (2008) Applications of metribuzin for the control of rigid brome

(Bromus rigidus) in no-till barley crops of Southern Australia. Weed Technol 22:34-37

Knezevic SZ, Datta A, Scott J, Porpiglia PJ (2009) Dose-response curves of KIH-485 for

preemergence weed control in corn. Weed Technol 23:34-39

Korres NE, Burgos NR, Travlos I, Vurro M, Gitsopoulos TK, Varanasi VK, Duke SO, Kudsk P,
Brabham C, Rouse CE, Salas-Perez R (2019) New directions for integrated weed
management: Modern technologies, tools and knowledge discovery. Adv Agron 155:243-

319

Kumar V, Liu R, Boyer G, Stahlman PW (2019) Confirmation of 2, 4-D resistance and
identification of multiple resistance in a Kansas Palmer amaranth (Amaranthus palmeri)

population. Pest Manage Sci 75:2925-2933

Mahoney DJ, Jordan DL, Roma-Burgos N, Jennings KM, Leon RG, Vann MC, Everman W/,
Cahoon CW (2020) Susceptibility of Palmer amaranth (Amaranthus palmeri) to herbicides

1n accessions collected from the North Carolina Coastal Plain. Weed Science. 68:582-93.

Mehlich A (1984) Photometric determination of humic matter in soils, a proposed

method. Commun Soil Sci and Plant Anal 15:1417-1422.



81

Molin WT, Nandula VK, Wright AA, Bond JA (2016) Transfer and expression of ALS inhibitor
resistance from Palmer amaranth (Amaranthus palmeri) to an A. spinosus x A. palmeri

hybrid. Weed Sci 64:240-247

Moomaw RS, Martin AR (1978) Interaction of metribuzin and trifluralin with soil type on

soybean (Glycine max) growth. Weed Sci 26:327-331

Morgan GD, Fromme DA, Baumann PA, Grichar J, Bean B, Matocha ME, Mott DA (2011a)
Managing volunteer cotton in grain crops. Texas: Texas AgriLife Extension Service, the

Department of Soil and Crop Sciences

Morgan GD, Keeling JW, Baumann PA, Dotray PA (2011b) Managing volunteer cotton in

cotton. Page 3 in the Texas AgriLife Extension Report

Nakka S, Thompson CR, Peterson DE, Jugulam M (2017) Target site-based and non-target site
based resistance to ALS inhibitors in Palmer amaranth (Amaranthus palmeri). Weed Sci

65:681-689

Nandula VK, Reddy KN, Koger CH, Poston DH, Rimando AM, Duke SO, Bond JA, Ribeiro DN
(2012) Multiple resistance to glyphosate and pyrithiobac in Palmer amaranth (Amaranthus

palmeri) from Mississippi and response to flumiclorac. Weed Sci 60:179-188

Neal J, Goodale D, Jennings K, Mitchem W (2015) Photosystem 11 — Triazine Herbicides.
Photosystem I — Triazine Herbicides | NC State Extension Publications (ncsu.edu).

Accessed: May 17, 2024


https://content.ces.ncsu.edu/photosystem-ii-triazine-herbicides#:~:text=PS%20inhibitors%20are%20often%20soil%20applied%20and%20quickly,are%20damaged%20resulting%20in%20tissue%20necrosis%20shortly%20thereafter.

82

Neve P, Norsworthy JK, Smith KL, Zelaya IA (2011) Modeling glyphosate resistance
management strategies for Palmer amaranth (Amaranthus palmeri) in cotton. Weed Technol

25:335-43

Norsworthy JK, Griffith GM, Scott RC, Smith KL, Oliver LR (2008) Confirmation and control
of glyphosate-resistant Palmer amaranth (Amaranthus palmeri) in Arkansas. Weed Technol

22:108-113

Ofosu R, Agyemang ED, Marton A, Pasztor G, Taller J, Kazinczi G (2023) Herbicide resistance:

managing weeds in a changing world. Agronomy 13:1595

Prostko EP, Johnson WC, Mullinix BG (2001) Annual grass control with preplant incorporated
and preemergence applications of ethalfluralin and pendimethalin in peanut (Arachis

hypogaea). Weed Technol 15:36-41

Riar DS, Norsworthy JK, Johnson DB, Starkey CE, Lewis A (2012) Efficacy and cotton
tolerance to Warrant®. Page 1540 in Proceedings of the 2012 Beltwide Cotton Conferences.

Orlando, FL: National Cotton Council of America

Ross MA, Childs DJ (1996) Herbicide Mode-Of-Action Summary. Online. Friday, May 17,

2024. Available WS-23-W.pdf (purdue.edu)

Shaner DL, ed (2014) Herbicide Handbook. 10™ edn. Lawrence, KS: Weed Science Society of

America. 308-310 p

Steckel LE (2021) Zidua® impregnated on fertilizer applications in cotton. Zidua Impregnated

on Fertilizer Applications in Cotton - UT Crops News. Accessed: December 15, 2023


https://www.extension.purdue.edu/extmedia/WS/WS-23-W.pdf
https://news.utcrops.com/2021/06/zidua-impregnated-on-fertilizer-applications-in-cotton/
https://news.utcrops.com/2021/06/zidua-impregnated-on-fertilizer-applications-in-cotton/

&3

Steele GL, Porpiglia PJ, Chandler JM (2005) Efficacy of KIH-485 on Texas panicum (Panicum

texanum) and selected broadleaf weeds in corn. Weed Technol 19:866-869

Stephenson DO, Bond JA (2012) Evaluation of thiencarbazone-methyl and isoxaflutole-based

herbicide programs in corn. Weed Technol 26:37-42

Stephenson DO, Bond JA, Griffin JL, Landry RL, Woolam BC, Edwards HM, Hardwick JM
(2017). Weed management programs with pyroxasulfone in field corn (Zea mays). Weed

Technol 31:496-502

Stephenson 1V DO, Spivey TA, Deliberto Jr MA, Blouin DC, Woolam BC, Buck TB (2019)
Cotton (Gossypium hirsutum L.) injury, growth, and yield following low-dose flumioxazin

postemergence applications. J Cotton Sci 23:218-224

[USDA-ERS] U.S. Department of Agriculture Economic Research Service (2023). Commodity

Costs and Returns. USDA ERS - Commodity Costs and Returns. Accessed: March 6, 2023

VanGessel MJ, Johnson QR, Scott BA (2017) Effect of application timing on winter wheat

response to metribuzin. Weed Technol 31:94-99

Washburn D (2023) 2023 cotton cost of production. Pages 2-4 in 2023 cotton information.

Raleigh: North Carolina Cooperative Extension

Webster TM, Sosnoskie LM (2010) Loss of glyphosate efficacy: a changing weed spectrum in

Georgia cotton. Weed Sci 58:73-79

Westberg DE, Oliver LR, Frans RE (1989) Weed control with clomazone alone and with other

herbicides. Weed Technol 3:678-685


https://www.ers.usda.gov/data-products/commodity-costs-and-returns/commodity-costs-and-returns/#Historical%20Costs%20and%20Returns:%20Cotton

84

Whitaker JR, York AC, Jordan DL, Culpepper AS, Sosnoskie LM (2011) Residual herbicides for

Palmer amaranth control. J Cotton Sci 15:89-99

Wilcut JW, York AC, Jordan DL (1995) Weed management systems for oil seed crops. Pages
355-358 in AE Smith, ed. Handbook of weed management systems. New York: Marcel-

Dekker

Yelverton F (1998) Utilizing preemergence herbicides with and without fertilizer carriers. USGA

Green Section Record 36:13-16

Young BG (2006) Changes in herbicide use patterns and production practices resulting from 34

glyphosate resistant crops. Weed Technol 20:301-307



Table 1. Residual herbicide treatments applied top-dress, coated on granular ammonium sulfate fertilizer.?

Formulation  Application

Herbicides® Trade names concentration Rate Manufacturer

gailLl g aihal
acetochlor Warrant® 360 1,260 Bayer CropScience
atrazine Atrazine® 4L 480 1,120 Adama US
dimethenamid-P Outlook® 719 630 BASF Corporation
diuron Direx® 480 840 Makhteshim Agan of North America
flumioxazin Valor® EZ 480 52 Valent U.S.A
fluometuron Cotoran® 4L 480 1,120 Adama US
fluridone Brake® 144 221 SePRO Corporation
fomesafen sodium salt Reflex® 240 280 Syngenta Crop Protection
linuron Linex® 4L 480 840 NovaSource, Inc
metribuzin TriCor® 75% 420 UPL NA, Inc
pendimethalin Prowl® H20 455 1,064 BASF Corporation
pyroxasulfone Zidua® SC 500 118 BASF Corporation
pyrox + carfen-ethyl Anthem® Flex 447 + 32 118 +9 FMC Corporation
S-metolachlor Dual Magnum® 913 1,067 Syngenta Crop Protection
sulfentrazone Spartan® 480 210 FMC Corporation

aSpecimen labels for each product and mailing addresses and website of each manufacturer can be found at www.cdms.net.

bAbbreviations: Pyrox + carfen-ethyl, pyroxasulfone + carfentrazone-ethyl.



Table 2. Top-dress application dates and accumulated rainfall after applications.
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Application Days following application
Locations Years Dates 0-8 9-16 17-24 25-32  33-40 40-48
cm
Rocky Mount 2022 June 16 2.44  0.02 6.1 0.46 0.08 6.55
2023 June 21 452 148 8.03 0.23 0.97 0.36
Clayton 2022 June 17 066 058 7.54 0.97 0.08 3.3
2023 June 21 3.21 5.29 5.96 0.08 0.06 1.84
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Table 3. Cotton injury as affected by residual herbicide-coated granular ammonium sulfate

fertilizer, 2022.2

Cotton Injury

Herbicides”cd¢ Clayton Rocky Mount

7 DAT 28 DAT 42 DAT 7 DAT 28 DAT 42 DAT
%

none 4 ef 3 b 0 b 4 d 3 bc 0 b
acetochlor 7 ¢C 4 b 0 b 2 gh 3 bc 0 b
atrazine 3 f 3 b 0 b 1 h 3 bc 0 b
dimethenamid-P 5 de 5 b 0 b 3 d-g 3 bc 0 b
diuron 3 f 3 b 0 b 2 gh 3 bc 0 b
flumioxazin 6 cd 4 b 0 b 4 de 3 bc 0 b
fluometuron 3 f 4 Db 0 b 1 h 2 0 b
fluridone 4 ef 4 b 0 b 3 d-g 2 0 b
fomesafen 12 b 7 b 0 b 8 b 5 Db 0 b
linuron 6 cd 7 b 0 b 4 d 5 bc 0 b
metribuzin 11 b 18 a 39 a 8 b 12 a 17 a
pendimethalin 5 cde 3 b 0 b 2 gh 3 bc 0 b
pyroxasulfone 4 ef 3 b 0 b 4 d 3 bc 0 b
pyrox + carfen 7 cd 4 b 0 b 6 c 4 bc 0 b
S-metolachlor 5 cde 4 b 0 b 4 def 2 C 0 b
sulfentrazone 18 a 7 b 0 b 11 a 5 bc 0 b

4Data are presented by year and location. Means within a column followed by the same letter are
not statistically different according to Fisher's Protected LSD (P < 0.05). For columns beginning
with NS, means are not statistically different.

bAbbreviations: DAT, days after treatment; pyrox + carfen, pyroxasulfone + carfentrazone; AMS,
ammonium sulfate.

°Each herbicide was coated on granular AMS and top-dressed at 321 kg ha* onto 5- to 7-leaf
cotton.

9The check received non-herbicide treated granular AMS at 321 kg ha™.
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®Prior to top-dress, all plots (including the check) were treated with glyphosate at 1,345 g ae ha

and glufosinate at 656 g ai ha™.
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Table 4. Cotton injury as affected by residual herbicide-coated granular ammonium sulfate

fertilizer, 2023.2

Cotton Injury

Herbicides”cd¢ Clayton Rocky Mount

7 DAT 28 DAT 42 DAT 7 DAT 28 DAT 42 DAT
%

none 0 d 0 b 0 a 0 g 0 b 0 b
acetochlor 0 d 0 b 0 a 2 efg 0 b 0 b
atrazine 0 d 0 b 0 a 0 g 0 b 0 Db
dimethenamid-P 1 d 0 b 0 a 2 efg 0 b 0 b
diuron 1 d 0 b 0 a 3 e 0 b 0 b
flumioxazin 13 b 0 b 0 a 11 b 0 b 0 b
fluometuron d 0 b 0 a 1 efg 0 b 0 b
fluridone 3 cod 0 b 0 a 3 ef 0 b 0 b
fomesafen 9 be 0 b 0 a 9 cd 0 b 0 b
linuron & bce 0 b 0 a 9 cd 0 b 0 b
metribuzin 32 a 15 a 13 b 73 a 84 a 81 a
pendimethalin 0 d 0 b 0 a 1 efg 0 b 0 b
pyroxasulfone 0 d 0 b 0 a 0 g 0 b 0 b
pyrox + carfen 8 bc 0 b 0 a 7 d 0 b 0 b
S-metolachlor 0 d 0 b 0 a 1 efg 0 b 0 b
sulfentrazone 11 b 0 b 0 a 11 bc 0 b 0 b
4Data are presented by year and location. Means within a column followed by the same letter are

not statistically different according to Fisher's Protected LSD (P < 0.05). For columns beginning
with NS, means are not statistically different.

bAbbreviations: DAT, days after treatment; pyrox + carfen, pyroxasulfone + carfentrazone; AMS,
ammonium sulfate.

°Each herbicide was coated on granular AMS and top-dressed at 321 kg ha* onto 5- to 7-leaf
cotton.

9The check received non-herbicide treated granular AMS at 321 kg ha™.
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®Prior to top-dress, all plots (including the check) were treated with glyphosate at 1,345 g ae ha

and glufosinate at 656 g ai ha™.
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Table 5. Influence of residual herbicide-coated granular ammonium sulfate fertilizer on

Palmer amaranth control and density, and cotton lint yield.?

Control
Palmer amaranth Density

HerbicidesPcde 42 DAT Palmer amaranth Yield

% plants m Kg hat
noned - 9 a 860 ab
acetochlor 80 b-e 1 e 860 ab
atrazine 85 a-d 2 de 820 ab
dimethenamid-P 73 e 2 de 910 ab
diuron 76 de 4 bcd 960 a
flumioxazin 86 abc 1 e 840 ab
fluometuron 62 f 6 ab 880 ab
fluridone 86 abc 4 bcd 830 ab
fomesafen 87 abc 1 e 950 a
linuron 77 cde 2 de 790 bc
metribuzin 78 cde 2 de 640 c
pendimethalin 58 f 5 bc 850 ab
pyroxasulfone 91 a 1 e 850 ab
pyrox + carfen 89 ab 1 e 930 ab
S-metolachlor 73 e 3 b-e 800 b
sulfentrazone 74 e 3 b-e 820 ab

aData are averaged over years and locations. Means followed by the same letter are not
different according to Fisher's Protected LSD (P <0.05). For columns beginning with NS,
means are not statistically different.

bAbbreviations: pyrox + carfen, pyroxasulfone + carfentrazone; DAT, days after treatment;
AMS, ammonium sulfate.

°Each herbicide was coated on granular AMS and top-dressed at 321 kg ha* onto 5- to 7-leaf
cotton.

9The check received non-herbicide treated granular AMS at 321 kg hat.



®Prior to top-dress, all plots (including the check) were treated with glyphosate at 1,345 g ae

ha and glufosinate at 656 g ai ha™.
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