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WEED SCIENCE
Cotton Tolerance to Fomesafen Applied Preemergence

Christopher L. Main*, Joel C. Faircloth, Lawrence E. Steckel, A. Stanley Culpepper, and Alan C. York

ABSTRACT

Field studies were conducted in Georgia,
North Carolina, South Carolina, Tennessee, and
Virginia during 2006 to investigate tolerance of
cotton to fomesafen applied preemergence (PRE).
Fomesafen at seven rates, and two standard
herbicides, pyrithiobac and fluometuron, were
applied PRE to cotton in a weed-free environment.
Cotton tolerance to fomesafen was directly related
to rainfall that occurred from planting through
cotton emergence. No injury was detected in South
Carolina or Tennessee, but heavy rainfalls prior to
cotton emergence in Georgia led to 3 to 9% early
season visible stunting by fomesafen at 140 to 420
g a.i. ha' and 11 to 15% stunting by fomesafen
at 560 and 840 g ha. In North Carolina and
Virginia, rainfall during cotton emergence led to
early season cotton necrosis ranging from 4 to 16%
with fomesafen at 140 to 350 g ha* and 12 to 45%
by fomesafen at 420 to 840 g ha. Early season
injury by fomesafen at 280 g ha* (recommended
use rate) was equal to or less than pyrithiobac or
fluometuron at 4 of 5 locations. Mid-season injury
was 10% or less at all locations with fomesafen
at 490 g ha* or less. Plant heights were reduced
11 to 29% in Georgia and North Carolina when
fomesafen was applied at rates greater than 420
g ha’. In Tennessee, heights were reduced 8%
with fomesafen at 560 g ha. Compared to the
non-treated control, plant stands were reduced 23
to 28% only in North Carolina when fomesafen
rates exceeded 350 g ha. Lint yields followed
trends in plant stand, with yield being reduced 23
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to 25% by fomesafen at 560 to 840 g ha* only in
North Carolina. Cotton fiber quality and cotton
fruit distribution or number of fruit set, were not
adversely affected by herbicides.

INTRODUCTION

lyphosate-resistant (GR) cotton cultivars are
planted on greater than 97% of the cotton
hectares throughout the southeastern U.S. Glyphosate-
based weed management programs used with this
technology have revolutionized weed management.
Prior to the adoption of GR cotton, traditional
cotton weed control programs often consisted of
combinations of preplant incorporated, preemergence
(PRE), postemergence (POST), and postemergence-
directed applications of herbicides (Wilcut et al.,
1995). Glyphosate-based weed management programs
offer growers more application flexibility, greater
broad-spectrum weed control, reductions in time and
labor inputs, and less complicated weed management
strategies (Askew et al., 2002; Culpepper and York,
1998; Young, 2006), thus, glyphosate-based programs
rapidly replaced traditional herbicide systems.
Widespread planting of GR cotton and extensive
use of glyphosate have placed intensive selection
pressure on weed populations. Resistance to glyphosate
in horseweed (Conyza canadensis [L.] Crong.),
common ragweed (Ambrosia artemisiifolia L.), giant
ragweed (Ambrosia trifida L.), Italian ryegrass (Lolium
multiflorum), and Palmer amaranth (Amaranthus
palmeri S. Wats) has been confirmed in the southeastern
U.S. (Brewer and Oliver, 2009; Culpepper et al., 2006;
Heap, ., 2011; Main et al., 2004; Nandula et al., 2007;
Norsworthy et al., 2010; VanGessel, 2001). Although
GR weeds are becoming common and problematic
overall, GR Palmer amaranth has forever changed
cotton weed management and is currently the greatest
pest management challenge for cotton producers
(Culpepper and Steckel, 2010; MacRae et al., 2008;
Nichols et al., 2009). Pyrithiobac, an acetolactate
synthase (ALS)-inhibiting herbicide, applied POST
will control small Palmer amaranth (Branson et al.,
2005; Corbett et al., 2004). Unfortunately, Palmer
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amaranth resistant to ALS-inhibiting herbicides is
also common across the southeastern U.S. and, in
many cases the weed has multiple resistance to both
glyphosate and ALS-inhibiting herbicides (Sosnhoskie
etal., 2009; Whitaker, 2009; Wise et al., 2009). In fields
where Palmer amaranth is resistant to both glyphosate
and ALS-inhibiting herbicides, no topical herbicide
option exists for GR cotton producers. Selection of
residual herbicides applied at planting has become one
of the most important decisions cotton growers make
when trying to control Palmer amaranth. Fomesafen
has been one of the more effective residual herbicides
for the control of GR and GR plus ALS-resistant
Palmer amaranth (Gardner et al., 2006; Kichler et al.,
2008, 2009, 2010; Marshall, 2009; Whitaker, 2009).
Fomesafen, a diphenylether herbicide that
inhibits protoporphyrogen oxidase (PPO), was
registered in 2006 for use in cotton at rates of 280 to
420 g ha* for PRE weed control in cotton planted in
course-textured soils (Anonymous, 2011). Previous
research has indicated cotton tolerance to fomesafen
applied PRE (Baumann et al., 1998; Gardner et al.,
2006; Troxler et al., 2002). However, data describing
the activity of PPO herbicides, including fomesafen,
in varying soil types and moisture regimes is limited.
Reiling et al. (2006) reported that soybean (Glycine
max L.) injury from PRE-applied sulfentrazone,
another PPO herbicide, increased when soil pH rose
from 5.5to 7.5. Taylor-Lovell et al. (2001) reported
that sulfentrazone and flumioxazin caused greater
levels of soybean injury under wet, low organic
matter soil conditions. These studies suggest that
the solubility of PRE-applied PPO herbicides in the
soil may impact crop development. With limited
reports of cotton response to fomesafen PRE, and
with the wide-spread use of this herbicide on cotton,
itis critical to examine cotton response to fomesafen
in numerous environments as crop injury may be
influenced by soil characteristics and soil moisture.

Table 1. Trial location and agronomic information.

MATERIAL AND METHODS

An experiment to determine tolerance of cotton
to fomesafen applied PRE was conducted at five
locations across five states in the southeastern U.S.
during 2006. Locations, soil descriptions, planting
dates, and harvest dates are listed in Table 1. Cultivars
planted included DP 555 BG/RR (Monsanto Co., St.
Louis, MO) in Georgia, DP 117 B2RF (Monsanto Co.,
St. Louis, MO) in South Carolina and Virginia, ST
4554B2RF (Bayer CropScience, Research Triangle
Park, NC) in North Carolina, and ST 4357B2RF
(Bayer CropScience, Research Triangle Park, NC)
in Tennessee. Conventional tillage production
systems were implemented at all locations except
in Tennessee where a no-tillage system planting
into weedy stubble was implemented. All other
production practices other than weed control
followed University recommendations standard for
each region.

The experimental design was a randomized
complete block with treatments replicated six times
in North Carolina and four times at the other locations.
Plots were four rows by 9.1 m, with row spacing of 97
cm in South Carolina and Tennessee and 91 cm at the
other locations. Treatments at all locations included
fomesafen (Syngenta Crop Protection, Greensboro,
NC) at 140, 280, 350, 420, 490, 560, and 840 g ha’,
fluometuron (Makhteshim Agan of North America,
Raleigh, NC) at 1120 g a.i. hal, and pyrithiobac
(DuPont Crop Protection, Wilmington, DE) at 60 g
a.i. ha! applied PRE. Herbicides were applied in a
spray volume of 140 L ha* within 4 h after planting
using a CO2-pressurized tractor-mounted sprayer in
Virginia or COz-pressurized backpack sprayers in the
other states. Experiments were conducted in areas free
of glyphosate-resistant weeds and maintained weed-
free by applying glyphosate (Roundup WeatherMAX,
Monsanto Co., St. Louis, MO) at 0.8 kg a.e. ha*

Location Planting date Harvest date
Ty Ty, GA 24 April 5 September
Rocky Mount, NC 2 May 31 October
Florence, SC 24 April 20 September
Jackson, TN 17 April 17 September
Suffolk, VA 2 May 6 November

Soil series Soil texture Soil pH  Soil OM (%)
Tifton? Loamy Sand 6.4 0.8

MarlboroY Loamy Sand 5.3 0.7
Norfolk* Loamy Sand 5.9 0.8

Lexington" Silt Loam 6.0 15
Norfolk Loamy Sand 6.3 0.9

Z Fine-loamy, kaolinitic, thermic Plinthic Kandiudults.
Y Fine, kaolinitic, thermic Typic Paleudults.

* Fine, kaolinitic, thermic Typic Kandiudults.
Y“Fine-silty, mixed, active, thermic Ultic Hapludalfs.
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topically when cotton was in the 1- and 5-leaf stages
of growth followed by glyphosate directed to cotton
in the 12- to 15-leaf stage.

Evaluations of cotton response at all locations
included early season visible injury from 14 to 28 d
after cotton emergence (DAE), mid-season injury from
60 to 75 DAE, stand counts 21 to 35 DAE, plant height
21 to 60 DAE, and lint cotton yield. Visible cotton
injury was recorded on a scale of 0 to 100, where 0
indicates no cotton injury (chlorosis, necrosis, crop
stunting) and 100 indicates cotton death (Frans et al.,
1986). Plant stands were recorded from the total length
of the center two rows of each plot and averaged over
two rows while plant heights were recorded from
10 consecutive plants per plot. The center two rows
of each plot were harvested using spindle pickers
modified for small-plot harvesting. A sample of
mechanically harvested seed cotton was collected from
each plot and used to determine lint percentage and
fiber quality (fiber quality measured in North Carolina
and South Carolina only). Seed cotton was ginned on
a laboratory gin without lint cleaning. Cotton grades
are not presented as they would not be representative
of cotton ginned commercially. However, fiber upper
half mean length, fiber length uniformity index, fiber
strength, and micronaire were determined by high
volume instrumentation testing (Sasser, 1981).

Additional measurements after defoliation and
prior to harvest in South Carolina and Tennessee
included total number of main-stem nodes, number of
sympodia with one or more bolls (hereafter referred
to as effective sympodia), node number of the first
effective sympodium, total number of bolls and
aborted positions on sympodial branches, and number
of bolls on monopodial branches on 10 consecutive
plants per plot. Total bolls and aborted positions on
sympodial branches were summed for total sympodial
fruiting sites. Sympodial and monopodial bolls were
summed for presentation and were compared as
number per m2. Percent sympodial boll retention
was calculated from the total number of sympodial
bolls and the total number of sympodial fruiting sites.
Percent first position boll retention on sympodial
branches was similarly calculated from the total
number of first position bolls and the total number of
first position fruiting sites.

Data were subjected to analysis of variance
using the PROC MIXED procedure of SAS (ver.
9.2; SAS Institute; Cary, NC). Arcsine square
root transformation of percentage data did not
improve homogeneity of variance; therefore, non-
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transformed data were used in the analysis. Means
were separated using Fishers Protected LSD test at
the 0.05 significance level.

RESULTS AND DISCUSSION

Analysis of variance indicated a treatment by
location interaction for cotton injury, cotton stand,
cotton height, and lint yield. Data were analyzed by
location for each parameter.

Cotton injury, stand, and height. In South
Carolina and Tennessee, 2.7 to 4.7 cm of rainfall
were received in the first 4 d after planting and before
cotton emergence (Table 2). No visible cotton injury
was observed at either of these locations (Table 3).
Herbicide treatments also did not impact plant stand
at either location or plant height in South Carolina
(Tables 4 and 5). Pyrithiobac and fomesafen at 560
g ha'* reduced plant height 8 to 11% in Tennessee.

The Georgia location was irrigated with 1.3 cm
of water after planting and applying treatments, and a
single 4-cm rainfall event in a 30-min period occurred
2 d later prior to cotton emergence (Table 2). Herbicide
treatments did not cause necrosis or chlorosis, but
fomesafen at 280 to 490 g ha visibly stunted cotton
8 to 9%, while fomesafen at 560 and 840 g ha*
stunted cotton 11 to 15% early in the season (Table 3).
Although cotton stunting was detected with fomesafen,
the extent of cotton stunting was no greater than that
caused by pyrithiobac (13%). Stunting by fomesafen
at the registered use rates of 280 to 420 g ha was
only 4 to 5 percentage points greater than stunting by
fluometuron. The heavy rainfall on a nearly saturated
low organic matter, loamy sand soil likely moved the
herbicide into the cotton root zone, leading to stunted
plant growth (Mills and Simmons, 1998; Spadotto,
2002; Weber et al., 1993). Cotton stands in Georgia
were not impacted by herbicide treatments (Table 4),
but plant heights 27 d after planting were reduced 24
to 29% by fomesafen at 560 and 840 g ha' and 24%
by pyrithiobac (Table 5). By 10 wk after planting, no
visible stunting was observed (Table 3). The overall
rainfall amount during the first 5 d after planting for
Georgia and Tennessee was similar (Table 2). Less
injury in Tennessee, compared with Georgia, may
have been due to surface residue in the no-tillage
production system in Tennessee, greater soil organic
matter in Tennessee (Table 1), and the intensity of the
rainfall 2 d after planting in Georgia. These factors
likely caused more herbicide to be moved into the
cotton root zone in Georgia.
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Table 2. Rainfall and irrigation during first 14 d after fomesafen PRE application.
Days after Rainfall and irrigation (cm)
fomesafen
application Georgia North Carolina South Carolina Tennessee Virginia
0 1.30% 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.51
2 4.00 0.00 1.75 0.00 0.00
3 0.00 0.03 0.94 1.24 1.02
4 0.00 0.99 0.00 3.45 0.23
5 0.00 4.11 0.00 0.00 1.55
6 0.00 0.18 0.00 0.00 1.30
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.46 0.00
9 0.00 0.23 0.00 2.24 0.84
10 0.00 0.00 0.00 0.00 0.00
1 1.60 0.00 5.72 0.03 0.00
12 0.00 2.77 0.00 0.05 0.84
13 0.84 0.28 2.74 1.91 0.30
14 2.03 0.00 0.00 0.00 0.00
Total 9.77 8.59 11.15 9.38 6.59
Z Irrigation.
Table 3. Cotton injury from fomesafen applied PRE.
o Injury (%)
Herbicides ,rAangl(lgca;]t;c_)lr; Georgia North Carolina  South Carolina Tennessee Virginia
Early? Mid¥ Early Mid Early Mid Early Mid Early Mid
Untreated -- 0 0 0 0 0 0 0 0 0 0
Fomesafen 140 3 0 4 0 0 0 0 0 8 2
Fomesafen 280 8 2 8 2 0 0 0 0 13 0
Fomesafen 350 9 3 8 6 0 0 0 0 16 2
Fomesafen 420 8 3 12 7 0 0 0 0 32 5
Fomesafen 490 9 0 16 10 0 0 0 0 25 4
Fomesafen 560 1 2 21 15 0 0 0 0 37 9
Fomesafen 840 15 2 24 16 0 0 0 0 45 10
Fluometuron 1120 4 2 2 0 0 0 0 12
Pyrithiobac 60 13 4 6 0 0 0 0 12
LSD (0.05) 4 ns 7 ns ns ns ns 9

Z Early season injury recorded 14 to 28 d after emergence.
Y Mid-season injury recorded 44 to 75 d after emergence.

In North Carolina and Virginia, early season
cotton injury by fomesafen was expressed as
foliar necrosis. Cotton typically emerges5to 7 d
after planting, and rainfall during this period in
North Carolina and Virginia totaled 4.3 and 2.9
cm, respectively (Table 2). North Carolina and
Virginia were the only locations receiving rainfall
during cotton emergence. Price et al. (2004)

documented peanut (Arachis hypogaea L.) injury
by flumioxazin, a herbicide with characteristics
and mode of action similar to fomesafen, when
irrigation was applied at emergence. Foliar
necrosis from fomesafen applied PRE can occur
when rainfall is received as cotton is emerging
through fomesafen-treated soil. Based on evidence
from Price et al. (2004) a significant rainfall event
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as cotton is emerging likely allows fomesafen to be
absorbed by the cotton shoot tissue as the seedling
is emerging. At a recommended use rate of 280
g hal, early season cotton necrosis was 8 and
13% in North Carolina and Virginia, respectively
(Table 3). Greater than 15% necrosis was noted
in North Carolina at rates of 490 g ha'* or higher
and in Virginia at rates of 420 g ha* or higher. By
mid-season, cotton necrosis was 2% or less at a
recommended use rate of 280 g ha't, with injury
being equal to or less than that with fluometuron
or pyrithiobac (Table 3). In Virginia, plant stands
and heights in the non-treated control were similar
to those in systems receiving herbicide treatments
(Tables 4 and 5). However in North Carolina, plant

Table 4. Cotton stands with fomesafen applied PRE.?
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stands were reduced 23% to 28% by fomesafen
at 420 g ha! or higher and with pyrithiobac
when compared to the non-treated control. Plant
heights were also reduced 11 to 20% by fomesafen
when applied at 490 g ha or higher. Injury from
fomesafen was similar to observations of Kleifeld
et al. (1988) where injury was apparent when rain
fell just after cotton emergence.

Cotton fruit number and fruit position. Plant
mapping conducted in Tennessee and South Carolina
revealed that no herbicide treatment impacted the
number of main-stem nodes, number of effective
sympodia, node of the first effective sympodium,
sympodial boll retention, or total boll production
(data not shown).

S App"cati(_)ln - S-tand (plants 9.1 m-’l of row) _
rate (g ha) Georgia North Carolina South Carolina Tennessee Virginia
Untreated -- 85 64 96 97 67
Fomesafen 140 90 65 92 95 61
Fomesafen 280 95 56 90 92 70
Fomesafen 350 98 57 89 96 61
Fomesafen 420 100 49 88 94 70
Fomesafen 490 87 48 90 89 68
Fomesafen 560 91 46 94 92 58
Fomesafen 840 86 49 96 94 58
Fluometuron 1120 87 59 92 95 69
Pyrithiobac 60 91 52 91 96 69
LSD (0.05) ns 10 ns ns 11
Z Plant stand counts recorded 21 to 35 d after emergence.
Table 5. Cotton height with fomesafen applied PRE.?
Herbicides A _ D —
rate (g ha™) Georgia North Carolina South Carolina Tennessee Virginia
Untreated -- 6.3 11.0 11.3 20.1 40.0
Fomesafen 140 6.0 11.5 11.0 20.2 44.6
Fomesafen 280 5.8 10.9 11.3 19.7 434
Fomesafen 350 5.3 10.3 11.8 19.1 32.3
Fomesafen 420 5.8 10.5 11.0 20.2 36.4
Fomesafen 490 5.0 9.8 10.3 19.3 37.5
Fomesafen 560 45 9.7 10.3 18.5 36.9
Fomesafen 840 4.8 8.8 10.8 19.2 35.1
Fluometuron 1120 6.3 11.0 11.0 19.8 32.0
Pyrithiobac 60 4.8 10.3 11.5 17.9 33.4
LSD (0.05) 14 0.9 ns 13 ns

Z Plant height recorded 21 to 60 d after emergence.
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Cotton yield and fiber quality. Cotton lint yields
were similar for all herbicide treatments and were not
different from the non-treated control at the Georgia,
South Carolina, Tennessee, and Virginia locations
(Table 6). These results are similar to previous
research where no yield differences were detected
with fomesafen applied PRE to cotton (Baumann et al.,
1998; Stephenson et al., 2004). Regression analysis of
all yield data indicate nearly no correlation between
fomesafern rate and cotton yield (r2 = 0.03) (Figure 1).
In North Carolina, where fomesafen at 560 and 840 g
ha caused 21 and 24% visible necrosis early season
and 15 to 16% necrosis during mid-season (Table 3)
and reduced plant stands and plant heights (Tables
4 and 5), cotton yield was also reduced 23 to 25%
(Table 6). Cotton yield was not affected by fomesafen
at registered rates of 280 to 420 g ha*. Herbicides had
no effect on fiber length, fiber strength, fiber length
uniformity, or micronaire in North Carolina and South
Carolina, the two locations where these data were
recorded (data not shown).
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Figure 1. Regression analysis of cotton yield response to
fomesafen.

Table 6. Cotton yield following PRE application of fomesafen.

Our research documents that the impact of
fomesafen on cotton emergence is directly related
to rainfall that occurs from planting through
cotton emergence. Heavy rain that occurs prior to
cotton emergence can cause cotton stunting while
rainfall that occurs during cotton emergence can
cause significant cotton necrosis and possibly
stand loss. Results from this research indicate that
fomesafen can be safely applied PRE to cotton at
labeled rates without sacrificing yield as long as
plant stand reductions do not occur. Plant stand
reductions with this experiment only occurred at
1 of 5 locations and only when rates 1.75 times
greater than the normally recommended use rate
of 280 g ha'! were applied. Although cotton injury
from fomesafen may occur across the southeastern
U.S. cotton belt, the potential for significant
injury is far less than the value of fomesafen in
managing GR Palmer amaranth (Culpepper and
Steckel, 2010; Kichler et al., 2010; Marshall, 2009;
Whitaker, 2009).
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