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ABSTRACT

Aims: Determine weed efficacy and peanut tolerance to pyroxasulfone in the Texas High Plains
peanut growing area.

Study Design: Randomized complete block design with 3 replications.

Place and Duration of Study: Weed efficacy studies were conducted during 2013 and 2014 at the
Texas A&M AgriLife Research and Extension Center near Halfway (34.188° N, 101.952° W) and
near Seagraves (32.9369° N, 102.5409° W). Peanut tolerance studies were conducted during 2014
and 2015 near Brownfield (33.1042° N, 102.1615° W).

Methodology: Plots were four rows wide spaced 102 cm apart and 9.5 m long. Herbicides were
applied with a CO, compressed-air backpack sprayer using Teejet Turbo Tee 11002 flat fan nozzles
which delivered 140 L ha” at 207 kPa. In the weed efficacy studies, field plots were naturally
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infested with moderate Palmer amaranth (Amaranthus palmeri S. Wats.) populations while Russian
thistle (Salsola kali L.) populations were low to moderate. Weed control and peanut injury was
visually estimated on a scale of 0 indicating no control and 100 indicating complete control or plant
death, relative to the untreated control. In the variety tolerance study, pyroxasulfone alone at 0.09
and 0.18 kg ha” was compared with flumioxazin + pyroxasulfone at 0.07 + 0.09 and 0.14 + 0.18 kg
ha™, respectively applied PRE. This area was kept weed-free.

Results: Pyroxasulfone, applied either PRE or EPOST, provided at least 95% A. palmeri control
while pyroxasulfone applied PRE followed by paraquat applied EPOST controlled Salsola kali 97%.
This was as good as all other herbicide treatments with the exception of either pyroxasulfone or
dimethenamid-P plus paraquat applied EPOST and followed by imazethapyr applied LPOST, which
provided only 58% control.

Conclusion: These results indicate that pyroxasulfone can be an effective herbicide for control of
Amaranthus palmeri and Salsola kali in peanut. All peanut varieties evaluated showed excellent
tolerance to pyroxasulfone.

Keywords: Arachis hypogaea L; preplant incorporated; preemergence; postemergence; peanut

stunting.
1. INTRODUCTION

Peanut (Arachis hypogaea L.) is an important
legume crop for sustainable human nutrition in
that it is an essential source of oil and protein in
many countries around the world [1,2].
Production systems vary considerably depending
on geography, climate and weather, and access
to production resources [3,4]. The widespread
use of herbicides in crops grown throughout the
US has resulted in yield increases, savings for
growers, and reduced soil erosion [5]. For most
crops, the US herbicide treated acreage exceeds
85% and for peanut 97% of the hectarage is
treated [5]. Without herbicides, hand weeding
and cultivation would be needed and would take
more time and be more costly. The national
costs of these alternatives tops $14 billion
annually, more than double what the nation’s
growers are spending on herbicides and their
application [5]. Yields for peanut would be
reduced more than 50% without the use
herbicides [5]. Although variation exists
depending upon infestation of weeds, incidence
of disease, and fluctuations in insect populations,
pesticide expenditures for weed control exceed
those for insects control but are less than costs
for disease control. Success of weed
management practices can be influenced by the
ability of peanut to compete with weeds, cultural
practices that minimize the soil seed bank and
weed infestation, cultivation during the growing
season and primary tillage prior to planting, and
efficacy of herbicides [6].

Pyroxasulfone is an isoxazoline herbicide with
the same mode of action as the chloroacetamide
herbicides [7] and has potential for use in peanut.

It is a group 15 herbicide that limits the
production of very long chain fatty acids (VLCFA)
through interference with VLCFA elongases [7].
Pyroxasulfone is a soil-applied preemergence
(PRE) herbicide registered for use in corn (Zea
mays L.), cotton (Gossypium hirsutum L.),
soybeans (Glycine max L.), and wheat (Triticum
aestivum L.) that recently received labeling for
early postemegence use in peanut in the US
[8,9]. Like other soil-applied herbicides,
pyroxasulfone efficacy and use rates can be
affected by edaphic factors [10]. Pyroxasulfone
has a log K., octanol/water partition co-efficient,
of 2.39 and a moderate K., soil/organic carbon
sorption co-efficient, of 113 mL g'1, indicating that
it is relatively water-soluble and has high mobility
potential in soil water [10]. It has an estimated
half-life in the soil of between 8 and > 71 day
[11]. There is a strong correlation between
organic matter and soil adsorption of
pyroxasulfone, indicating that organic matter
content and soil moisture can cause variable
efficacy between years, locations, and weed
species [10]. Soil organic matter increases
pyroxasulfone binding to soil colloids thus
decreasing herbicide efficacy [10].

The current distribution of Palmer amaranth
(Amaranthus palmeri S. Wats.) is the southern
half of the US [12]. In Texas, Palmer amaranth
can be found in all areas of the state [13]. Itis a
severe problem in many fields in the southern
part of the state when not properly controlled
[14]. Monoculture production systems and the
repeated use of the same or similar herbicides
have led to herbicide resistance in weeds [15-
18]. Amaranthus species are very sensitive
to ALS-inhibiting herbicides and possess



characteristics that predispose them to have
herbicide resistant biotypes such as high genetic
variability, prolific seed production, and efficient
pollen and seed distribution [19]. The use of soil-
applied and POST herbicides with alternative
sites of action is necessary to reduce the rate of
development of herbicide-resistant weed
populations [20].

Russian thistle (Salsola kali L.) is not a new
weed, per se; however, it has rarely been studied
in agronomic crops other than in chemical weed
control experiments reported in regional
proceedings. It is an exotic, annual, erect,
xerohalophytic forb which is highly branched and
rounded in form growing from 0.3 to 1 m in height
and from 0.3 to 1.5 m in diameter and is a highly
effective reproducer [21,22]. After seeds mature
in the late fall, the plant stem separates from the
root and the plant is blown by the wind [23].
Seeds, held in the leaf axils, fall to the ground as
the plant tumbles [23]. Further dispersal is
accomplished when wind scatters the winged
seeds. One plant typically produces about
250,000 seeds, which remain viable for less than
a year [24]. Russian thistle competes with crop
plants for space, water, and nutrients [25]. It is
the primary host for the beet leafhopper
(Circulifera tennellus) that vectors the curly-top
virus of sugar beets, tomatoes, and curcubitis
[23,26] 1, as well as root-knot nematodes
(Meloidogyne incognita) [27].

Previous research in other peanut growing areas
of the US has shown that pyroxasulfone has
good peanut tolerance and provides control of
problem weeds in each production area. For
those reasons, research was undertaken in the
High Plains of Texas peanut growing area to
determine peanut tolerance and control efficacy
of two problem weeds, Palmer amaranth and
Russian thistle, found in that area.

2. MATERIALS AND METHODS

Two separate studies were conducted during
the 2013 through 2015 growing seasons
in the Texas High Plains peanut growing
region: 1) weed efficacy study where
various herbicide treatments which
included pyroxasulfone were evaluated for
Palmer amaranth and Russian thistle control,
and 2) peanut tolerance studies where
pyroxasulfone alone was compared with
flumioxazin plus pyroxasulfone for peanut growth
and yield. For both studies, the factors
discussed below are virtually the same unless
otherwise noted.
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2.1 Field Studies

Field studies for weed efficacy were conducted
during the 2013 and 2014 growing seasons at
the Texas A&M AgriLife Research and Extension
Center near Halfway (34.188°N, 101.952°W) and
near Seagraves (32.9369°N, 102.5409°W)
in the Texas High Plains. There were two
locations in 2013 (Location 1 and 2) near
Halfway and one location (Location 3) in 2014
near Seagraves.

These studies were in the same general area,
but different parts of the field in each year. Soils
at Halfway were a Pullman clay loam (fine,
mixed, thermic Torrertic Paleustoll) with less than
1% organic matter and pH 7.7 while soil at
Seagraves were Brownfield fine sand (loamy,
mixed, superactive, thermic Arenic Aridic
Paleustalfs) with less than 1% organic matter
and pH 7.4. The experimental design for the
weed efficacy and peanut tolerance studies were
a randomized complete block with three
replications. An untreated check was included
each year in all studies.

The peanut tolerance studies were conducted
during the 2014 and 2015 growing seasons
(Locations 4 and 5) near Brownfield at the
Birdsong Peanut Company research site
(33.1042°N, 102.1615°W). Three studies
evaluating Spanish, runner, and Virginia market
types were conducted in 2014 while two studies
evaluating runner and/or Virginia market types
were conducted in 2015 (Table 1). Soils at
Brownfield were also a Brownfield fine sand with
less than 1% organic matter and pH 7.6.

2.2 Plot Size and Weed Populations

Each plot was four rows wide spaced
102 cm apart and 9.5 m long. Peanut varieties,
planting dates, and herbicide application timings
for the weed efficacy and peanut tolerance
studies are shown in Table 1. For the weed
efficacy studies, all field plots were naturally
infested with moderate populations of Palmer
amaranth (4 to 6 plants m2) while Russian thistle
populations were low to moderate (2 to 4 plant
m?). For the peanut tolerance studies, the test
area was maintained weed-free throughout the
growing season. All  plots received a
dinitroaniline herbicide (pendimethalin at 1.12 kg
ha'1) applied preplant incorporated (PPI) and
were cultivated and hand-weeded throughout the
growing season to maintain weed-free
conditions.
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Table 1. Peanut variety, planting date, and herbicide application dates for the various studies
using pyroxasulfone in the Texas High Plains®

2013 2014
Location 1 Location 2 Location 3
Weed efficacy studies
Peanut variety OLin OLin OLin
Planting date April 29 April 29 May 3
Application
PRE April 29 April 29 May 3
EPOST May 20 May 20 May 14
LPOST July 3 July 3 June 16
Peanut tolerance studies 2014 2015
Location 4 Location 5

Peanut varieties

Runner TamRun OL11 Tam Run OL11
Spanish AT 9899 -

Virginia Florida Fancy Florida Fancy
Planting date April 29 May 12

PRE application April 29 May 12

?Abbreviations: PRE, preemergence; EPOST, early postemergence; LPOST, late postemergence

2.3 Herbicide Application

Herbicides were applied with a CO, compressed
air backpack using Teejet Turbo Tee 11002 flat
fan nozzles that delivered 140 L ha™ at 207 kPa.
In the weed efficacy studies, the early POST
(EPOST) herbicide applications (also referred to
as peanut cracking) were made when the peanut
plants had begun to emerge or were no bigger
than saucer size. All weeds at this stage were
less than 5 cm tall. The late POST (LPOST)
applications were made when both Palmer
amaranth and Russian thistle were 20 to 40 cm
tall. All POST treatments included a crop oil
concentrate (Agridex®) at 1.25% v/v or a non-
ionic surfactant (Induce®) at 0.25% v/v.
2.4 Irrigation, Weed Control, Peanut
Injury, and Peanut Harvest

Sprinkler irrigation was applied on a 2- to 3-wk
schedule throughout the growing season as
needed. Weed control and peanut injury was
visually estimated on a scale of 0 to 100 (O
indicating no control and 100 indicating complete
control or plant death), relative to the untreated
control [28]. In the weed efficacy studies, weed
control evaluations were recorded 42 to 120 d
after PRE application (DAT) depending on the
study.

In the peanut tolerance studies, injury
evaluations were recorded 3 to 20 wks after the
PRE application. Peanut yields were obtained by

digging each plot separately, air-drying in the
field for 4 to 7 d, and harvesting peanut pods
from each plot with a commercial combine
modified with a sacking attachment. Weights
were recorded after soil and trash were removed
from plot samples. Peanuts were not dug for
yield in the weed efficacy studies due to the
difficulty of digging heavily infested weed plots
[29].

2.5 Data Analysis

Weed control data were arcsine transformed
prior to analysis of variance; however, because
the transformation did not alter treatment
means original data are presented. Means
were compared with Fisher's Protected LSD
test at the 5% probability level. The untreated
control was not included in weed control or
peanut injury analysis, but was included in the
yield analysis.

3. RESULTS AND DISCUSSION

3.1 Weed Efficacy Studies

Since herbicide treatments varied from location-
to-location no attempt was made to combine data

over years.

3.1.1 Palmer amaranth control

In 2013 at Location 1, all herbicide systems
provided at least 97% Palmer amaranth control



when evaluated 42 DAT; however, when
evaluated late-season control varied from 75 to
99% (Table 2). Dimethenamid-P alone applied
PRE provided only 75% control while all
treatments containing pyroxasulfone, applied
either PRE or EPOST, provided at least 95%
control. This was better than the local standard
of S-metolachlor applied PRE or EPOST which
controlled Palmer amaranth less than 85%.

In another study in 2013 (Location 2), the only
treatment that controlled Palmer amaranth at
least 98% late-season was pendimethalin plus
pyroxasulfone applied PRE, followed by the
three-way mix of aciflurofen plus bentazon plus
paraquat applied EPOST and imazapic applied
LPOST (Table 3). In 2014 (Location 3),
pyroxasulfon in  combination with either
pendimethalin or flumioxazin applied PRE and
followed by an EPOST application of aciflurofen
plus bentazon plus paraquat controlled Palmer
amaranth at least 98% when evaluated late-
season. The addition of a LPOST application of
imazapic did not improve control over the above-
mentioned combinations. None of the other
herbicide treatments provided greater than 77%
Palmer amaranth control (Table 3).

In a 2-yr cotton study, Cahoon et al. [30] reported
that pyroxasulfone at 0.06 to 1.2 kg ha”
controlled Palmer amaranth at least 85% when
rated late-season and a rate response was
generally noted. In corn, Stephenson et al. [31]
reported that in absence of a POST herbicide,
pyroxasulfone or pyroxasulfone plus atrazine
control of Palmer amaranth was 93 to 96% at all
evaluations. Pyroxasulfone must be applied prior
to weed emergence or used in combination with
a postemergence herbicide like paraquat to
assist controlling emerged weeds [32].

3.1.2 Russian thistle control

The dinitroaniline herbicides are effective on
Russian thistle and paraquat applied either
preplant, EPOST, or up to 28 d after emergence
will effectively control this weed in peanut
(author’s personal observations).

In 2013, when rated 42 DAT, pyroxasulfone
alone applied PRE, dimethenamid-P and S-
metolachlor alone applied EPOST, and herbicide
systems which included dimethenamid-P applied
EPOST followed by pyroxasulfone plus
imazethapyr applied LPOST, or flumioxazin
applied PRE followed by either imazethapyr
alone or imazethapyr plus dimethenamid-P
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applied LPOST controlled this weed at least 90%
(Table 2).

In 2014, Russian thistle control was 100% with
several herbicide systems. This included
flumioxazin plus pyroxasulfone applied PRE
followed by aciflurofen plus bentazon plus
paraquat applied EPOST, dimethenamid-P
applied PRE followed by pyroxasulfone plus
paraquat applied EPOST, pendimethalin plus
pyroxasulfone applied PRE followed by
aciflurofen plus bentazon plus paraquat applied
EPOST followed by either imazethapyr or
imazapic applied LPOST, pyroxasulfone applied
PRE followed by paraquat applied EPOST
followed by either imazethapyr or imazapic
applied LPOST, and pyroxasulfone applied PRE
followed by paraquat applied EPOST followed by
pyroxasulfone plus either imazethapyr or
imazapic applied LPOST (Table 3).

3.2 Variety Tolerance Studies

3.2.1 Peanut stunting

In 2014, the high dose of pyroxasulfone alone or
flumioxazin plus pyroxasulfone resulted in
significant peanut stunting when compared with
the untreated check for all market types (Table
4). Additionally, the low dose of flumioxazin plus
pyroxasulfone caused stunting to the Spanish
and runner market types when evaluated 20
weeks after treatment (WAT). Significant
stunting was also observed 20 WAT with the low
dose of pyroxasulfone alone or flumioxazin plus
pyroxasulfone.

In 2015, similar trends were noted with the high
doses of pyroxasulfone alone or flumioxazin plus
pyroxasulfone with runner and Virginia market
types (Table 4). However, pyroxasulfone alone
at the low dose resulted in 12% stunting when
evaluated 3 WAT with the runner market type
while all treatments caused at least 17% stunting
when evaluated 3 WAT and 5 to 9% stunting with
the Virginia market type when evaluated 9 WAT.

Baughman et al. [33] reported that peanut
stunting of all preplant incorporated (PPI) and
PRE treatments with pyroxasulfone ranged from
1 to 13%. Pyroxasulfone is not labeled for PPI
or PRE applications in peanut due to potential
peanut injury [34]. In other crops, injury has
been noted with pyroxasulfone and flumioxazin
plus pyroxasulfone combinations [8, 35-37 ];
whereas, McNaughton et al [37 ] reported that
there was a variety response to either of those



herbicides in soybean. Flumioxazin plus
pyroxasulfone applied PRE at 0.16 kg ha” did
not cause significant injury; however, when the
dose was increased to 0.32 kg ha™ injury was
observed with all soybean varieties. Futhermore,
increased soybean injury has been reported in
soils with high moisture after flumioxazin
application [38].

3.2.2 Peanut yield

In 2014, pyroxasulfone alone or flumioxazin plus
pyroxasulfone at any dose had no effect on
peanut yield when compared with the untreated
check with the Spanish market type (Table 4).
With the runner market type, the high dose of
flumioxazin plus pyroxasulfone reduced yield
when compared with the untreated check while
with the Virginia market type yields were not
reduced from the untreated check with any
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herbicide treatment. In fact, the low dose of
pyroxasulfone alone and the high dose of
flumioxazin plus pyroxasulfone resulted in
greater yields than the untreated check. In 2015,
none of the herbicide treatments had any effect
on yield when compared with the untreated
check.

Eure et al. [34] reported that pyroxasulfone
at 0.12 kg ha"' yielded similar to treatments
without pyroxasulfone; however,
pyroxasulfone applied at 0.24 kg ha” reduced
peanut yield 6%. Additionally, Prostko et al.
[32] reported that pyroxasulfone applied PRE did
not result in a reduction in yield when compared
with the untreated check. In soybean,
McNaughton et al. [37] reported that PRE
applications of pyroxasulfone alone or
flumioxazin plus pyroxasulfone did not affect
soybean yield.

Table 2. Comparisons of dimethenamid-P, flumioxazin, S-metolachlor, and pyroxasulfone
combinations for weed control near Halfway during the 2013 growing season (Location 1)*

AMAPA’ SASKR

Treatment®* Timing Dose DAT

42 86 42

Kg ai ha %

Dimethenamid-P PRE 0.84 100 75 83
Pyroxasulfone PRE 0.09 100 95 97
S-Metolachlor PRE 1.08 100 82 75
Dimethenamid-P EPOST 0.84 100 87 92
Pyroxasulfone EPOST 0.09 100 97 75
S-metolachlor EPOST 1.08 98 84 90
Dimethenamid-P EPOST 0.84
Imazethapyr LPOST 0.07 97 89 58
Dimethenamid-P EPOST 0.84
Pyroxasulfone+imazethapyr LPOST 0.09+0.07 100 95 90
Flumioxazin PRE 0.11
Imazethapyr LPOST 0.07 100 87 97
Flumioxazin EPOST 0.11
Imazethapyr+dimethenamid-P | pOST  0.07+0.84 100 94 100
Pyroxasulfone EPOST 0.09
Imazethapyr LPOST 0.07 100 99 58
Untreated -- -- 0 0 0
LSD (0.05) 3 9 33

@Abbreviations: DAT, days after PRE treatment; PRE, preemergence; EPOST, early postemergence (ground
cracking);, LPOST, late postemergence.
b All herbicide treatments included paraquat at 0.21 kg ai ha + Induce at 0.25 % v/v applied EPOST.
¢ Induce included in all LPOST treatments at 0.25 % V/v.
d Bayer code for weeds: AMAPA (Palmer amaranth), Amaranthus palmeri; SASKR
(Russian thistle), Salsola kali var. Ruthenica.
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Table 3. Late-season weed control with pyroxasulfone combinations near Halfway during the
2013 (Location 2) and near Seagraves during the 2014 growing seasons (Location 3)

Treatment *° Weed control

AMAPA* SASKR

Appl. timing Dose 2013 2014 2014
Kg ai ha %

Dimethenamid-P PRE 0.84
Pyroxasulfone + EPOST 0.09 +0.21
paraquat - 77 100
Dimethenamid-P PRE 0.84
Pyroxasulfone + LPOST 0.09 +0.07
imazapic/imazethapyr - 67 57
Flumioxazin + PRE 0.11+0.09
pyroxasulfone 0.29 + 0.56
Aciflurofen + bentazon EpQOST +0.29
+ paraquat 92 100 100
Pendimethalin + PRE 0.84 +0.06
pyroxasulfone 0.29 +0.56
Aciflurofen + bentazon EpQST +0.29
+ paraquat

83 98 83
Pyroxasulfone PRE 0.09
Aciflurofen + bentazon EPOST 0.29 +
+ paraquat 0.56 + 0.21

88 65 83
Pendimethalin + PRE 0.84 + 0.06
pyroxasulfone
Aciflurofen + bentazon EpQST 0.29 +
+ paraquat 0.56 + 0.21
Imazapic/imazethapyr | pOST 0.07 98 100 100
Pyroxasulfone PRE 0.09
Paraquat EPOST 0.21
Imazapic/imazethapyr | pOST 0.07 - 62 100
Pyroxasulfone PRE 0.09
Paraquat EPOST 0.21
Pyroxasulfone + LPOST 0.07
imazapic/imazethapyr - 63 100
Untreated 0 0 0
LSD (0.05) 5 7 30

@ All EPOST and LPOST treatments included Induce at 0.25 % v/v.
b L POST treatment in 2013 at Location 2 was imazapic while at Location 3 the LPOST
treatment in 2014 was imazethapyr.
© Abbreviations: PRE, preemergence; EPOST, early postemergence (ground cracking);
LPOST, late postemergence.
d Bayer code for weeds: AMAPA (Palmer amaranth), Amaranthus palmeri; SASKR
(Russian thistle), Salsola kali var. Ruthenica
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Table 4. Peanut variety response, according to market types, to pyroxasulfone and flumioxazin plus pyroxasulfone applied preemergence in 2014

and 2015
2014 Market type®
Spanish Runner Virginia
WAT® WAT WAT
Herbicide Dose 5 20 Yield 5 20 Yield 5 20 Yield
Kg ha” % Kg ha” % Kg ha” % Kg ha”
Pyroxasulfone 0.09 2 2 2483 0 2 4395 0 6 4176
Pyroxasulfone 0.18 8 15 2483 12 5 5046 25 8 3522
Flumioxazin + pyroxasulfone  0.07+ 0.09 2 5 2523 0 12 4070 3 6 3340
Flumioxazin + pyroxasulfone  0.14+ 0.18 15 22 2565 13 12 3663 18 8 4248
Untreated -- 0 0 2972 0 0 4721 0 0 3304
LSD (0.05) 6 5 NS 6 5 861 7 3 804
2015 Runner Virginia
WAT WAT
Herbicide Dose 3 9 Yield 3 9 Yield
Kg ha” % Kg ha” % Kg ha”
Pyroxasulfone 0.09 12 8 2088 25 5 3783
Pyroxasulfone 0.18 18 20 3255 17 7 4516
Flumioxazin + pyroxasulfone 0.07+ 0.09 0 3 2726 20 7 5412
Flumioxazin + pyroxasulfone 0.14+ 0.18 32 22 2359 17 9 4741
Untreated -- 0 0 2637 0 0 4842
LSD (0.05) 10 14 NS 11 5 NS

 Peanut varieties used in each market type:
2014: Spanish, AT9899; Runner, Tamrun OLO1; Virginia, Florida Fancy.
2015: Runner, Tamrun OLO1; Virginia, Florida Fancy.
bAbbreviation: WAT, weeks after treatment.



4. CONCLUSION

These studies show that pyroxasulfone is an
effective herbicide for weed control in peanut in
the Texas High Plains and performs as well as
dimethenamid-P or S-metolachlor at much lower
use doses. Excellent peanut safety was noted at
the 1X dose (0.09 kg ha'1); however,
considerable peanut injury was observed at the
2X dose but this did not translate to a reduction
in yield.
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