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Influence of Soybean Seeding Rate, Row Spacing, and Herbicide Programs on
the Control of Resistant Waterhemp in Glufosinate-Resistant Soybean

John L. Schultz, D. Brenton Myers, and Kevin W. Bradley*

Field experiments were conducted in 2012 and 2013 to determine the effects of row spacing, seeding
rate, and herbicide programs on multiple-resistant waterhemp control and yield in glufosinate-
resistant soybean. The two herbicide programs evaluated were: (1) a PRE application of fomesafen
plus S-metolachlor followed by early POST application of glufosinate plus acetochlor, referred to as
the PRE followed by (fb) POST with residual (w/RES) herbicide program; and (2) an early POST
followed by a late POST application of glufosinate, referred to as the two-pass POST herbicide
program. Results indicate that the PRE fb POST w/RES program provides greater control of resistant
waterhemp compared to the two-pass POST herbicide program. In 2012, the PRE fb POST w/RES
program resulted in a 99% waterhemp density reduction and 156 kg ha�1 increase in yield compared
to the 72% density reduction by the two-pass POST program. In 2013, the two-pass POST program
was equally as effective on density reduction and yield as the PRE fb POST w/RES program.
Waterhemp control and density reduction was always greatest with 19- and 38- compared to 76-cm
rows. In 2012, the PRE fb POST w/RES program provided at least 95% control and greater than
98% density reduction across all row spacings, whereas the two-pass POST program provided 95%,
95%, and 85% control and 87%, 80%, and 50% density reduction in 19-, 38-, and 76-cm rows,
respectively. Soybean seeding rate did not affect waterhemp control or density in either year. In both
years, 165,000 seeds ha�1 yielded lower than the three higher seeding rates. Overall, results from these
experiments indicates that the use of a PRE fb POST w/RES program, narrow-row spacing, and
seeding rates of 240,000 to 315,000 seeds ha�1 or greater provides the greatest waterhemp control,
density reduction, and soybean yield when multiple resistant waterhemp is present.
Nomenclature: Common waterhemp, Amaranthus rudis Sauer; soybean, Glycine max (L.) Merr.
Key words: Pigweed, soybean row spacing, weed control.

En 2012 y 2013, se realizaron experimentos de campo para determinar los efectos de la distancia entre hileras, la densidad
de siembra, y los programas de herbicidas sobre el control de Amaranthus rudis resistente a múltiples herbicidas y sobre el
rendimiento de soja resistente a glufosinate. Los dos programas de herbicidas evaluados fueron: (1) una aplicación PRE de
fomesafen más S-metolachlor seguida de una aplicación POST temprana de glufosinate más acetochlor, el cual se designó
como el programa de PRE seguido de (fb) POST con herbicida residual (w/RES); y (2) una aplicación POST temprana
seguida por una aplicación POST tardı́a de glufosinate, el cual fue designado como el programa de dos pases con herbicida
POST. Los resultados indican que el programa PRE fb POST w/RES brinda mayor control de A. rudis resistente que el
programa con dos pases con herbicida POST. En 2012, el programa PRE fb POST w/RES resultó en una reducción de
99% de la densidad de A. rudis y 156 kg ha�1 de incremento en el rendimiento en comparación con una reducción de la
densidad de 72% con el programa de dos pases POST. En 2013, el programa de dos pases POST fue igualmente efectivo
con respecto a la reducción en la densidad de la maleza y el rendimiento del cultivo que el programa PRE fb POST w/RES.
El control de A. rudis y la reducción en la densidad de sus poblaciones fueron siempre mayores en hileras espaciadas a 19 y
28 que a 76 cm. En el 2012, el programa PRE fb POST w/RES brindó al menos 95% de control y una reducción en la
densidad superior a 98% en todas las distancias entre hileras, mientras que el programa de dos pases POST brindó 95%,
95%, y 85% de control y 87%, 80%, y 50% de reducción en la densidad en hileras espaciadas a 19, 38, y 76 cm,
respectivamente. La densidad de siembra de la soja no afectó el control de A. rudis o su densidad en ningún año. En ambos
años, 165,000 semillas ha�1 tuvo un menor rendimiento que las tres densidades de siembra más altas. En general, los
resultados de estos experimentos indican que el uso de un programa PRE fb POST w/RES, distancia entre hileras menores,
y densidades de siembra de 240,000 a 315,000 semillas ha�1 o mayores brindan el mayor control de A. rudis, la mayor
reducción en sus poblaciones, y el mayor rendimiento de la soja cuando A. rudis con resistencia múltiple está presente.

The adoption of glyphosate-resistant (GR) soy-
bean and conservation practices over the last several
decades has resulted in an increased reliance on
herbicides as one of the primary methods of weed
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control (Culpepper et al. 2000; Krausz et al. 1993;
Young 2006). As production was simplified with
GR soybean, many producers relied on glyphosate
as their primary and often sole method of weed
control (Powles 2008; Young 2006). The continu-
ous use of glyphosate over multiple years has led to
increased selection pressure for weeds to evolve
resistance to glyphosate (Powles 2008; Young
2006). The evolution of glyphosate resistance in
weeds such as waterhemp has complicated weed
management and increased production costs in corn
(Zea mays L.), cotton (Gossypium hirsutum L.), and
soybean production systems dramatically.

Currently, waterhemp is the most common and
troublesome weed found in Missouri, Iowa, and
Illinois (Bradley et al. 2007; Hager et al. 2000;
Legleiter and Bradley 2008; Rosenbaum and Bradley
2013; Waggoner and Bradley 2011). In recent years,
the number of waterhemp populations with resis-
tance to multiple herbicide mechanisms of action
has risen in Missouri and throughout the Midwest.
Waterhemp in Missouri, Iowa, and Illinois has
evolved resistance to 5-enolpryuvylshikimate-3-
phosphate synthase (EPSPS)-, protoporphyrinogen
oxidase (PPO)-, 4-hydroxyphenylpyruvate dioxyge-
nase (HPPD)-, photosystem II-, and acetolactate
synthase (ALS)-inhibiting herbicides, with one
population in Missouri being resistant to all five
modes of action (Heap 2014; Schultz et al. 2014).
Kansas has documented waterhemp with resistance
to EPSPS-, PPO-, photosystem II-, and ALS-
inhibitors, and Nebraska has documented water-
hemp with resistance to synthetic auxins, EPSPS-,
HPPD-, and photosystem II-inhibiting herbicides
(Bernards et al. 2012; Heap 2014; Shoup et al.
2003).

The evolution of waterhemp or other weeds with
resistance to multiple sites of action will require
producers to diversify their production systems and
integrate optimum cultural and herbicidal control
methods (Bradley 2013; Heap 2014; Norsworthy et
al. 2012; Schultz et al. 2015). Cultural practices,
such as row spacing and seeding rate, can
significantly impact weed control (Anderson 1996;
Grichar et al. 2004; O’Donovan et al. 2001). The
majority of research studies conducted to date have
shown that soybean planted in narrow rows can
contribute to greater season-long weed control than
wide-row soybean (Bradley 2006; Buehring et al.
2002; Burnside 1979; Burnside and Colville 1964;

Dalley et al. 2004; Legere and Schreiber 1989;
Nelson and Renner 1998; Puricelli et al. 2003; Rich
and Renner 2007; Steckel and Sprague 2004;
Yelverton and Coble 1991). Harder et al. (2007)
observed lower weed density and biomass following
an effective POST herbicide application in 19-
compared to 76-cm rows. Buehring et al. (2002)
found that sicklepod [Senna obtusifolia (L.) H. S.
Irwin and Barneby] control was 29% higher in 19-
compared to 76-cm row soybean. Steckel and
Sprague (2004) reported a 57% waterhemp biomass
reduction in 19- compared to 76-cm row soybean
when waterhemp emergence occurred at the V2 to
V3 soybean growth stage. Early soybean canopy
development in 19- to 38-cm row soybean also
exceeds that of 76-cm row soybean, resulting in
lower radiation transmitted through the canopy,
and partially accounts for the greater competitive-
ness of narrow- vs. wide-row soybean (Puricelli et al.
2003; Steckel and Sprague 2004). As row spacing
increases, weed resurgence escalates due to the
amount of light penetrating to the soil surface
(Steckel and Sprague 2004; Yelverton and Coble
1991). As a result, soybean planted in 76-cm rows
or greater requires earlier and more extended weed
management programs to prevent yield loss than
soybean planted in narrower rows (Knezevic et al.
2003; Mulugeta and Boerboom 2000).

Soybean plant population is another cultural
practice that can be manipulated for optimum weed
management. Buehring et al. (2002) found that a
soybean population of 688,000 plants ha�1 resulted
in 92% control of sicklepod compared to only 29%
control with a soybean population of 269,000
plants ha�1. Norsworthy and Oliver (2002) ob-
served greater hemp sesbania [Sesbania exaltata
(Raf.) Rydb. ex A. W. Hill] biomass reduction
with soybean populations of 521,000 plants ha�1

compared to 217,000 and 371,000 plants ha�1.
Harder et al. (2007) found that weed biomass was
not suppressed by soybean populations of 124,000
to 198,000 plants ha�1 across 19-, 38-, and 76-cm
rows, but was suppressed by soybean populations of
300,000 to 445,000 plants ha�1. At 300,000 plants
ha�1, the biomass reduction was greater in 19-cm
rows than 38- and 76-cm rows. Although soybean
populations greater than 450,000 plants ha�1 can
provide higher weed control, the seed cost associ-
ated with these seeding rates often exceeds the
benefit (Norsworthy and Oliver 2001).
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The simplicity of the GR cropping system led
many producers to rely solely on POST herbicide
applications for weed control in soybean (Powles
2008; Young 2006). Waterhemp has evolved
resistance to many of the current POST herbicide
options used in GR soybean; however, glufosinate
remains an effective POST herbicide for the control
of this species, as long as applications are made to
plants less than 15 cm in height. Producers can
utilize glufosinate applications in-crop if they plant
glufosinate-resistant soybean. Craigmyle et al.
(2013) observed up to 90% waterhemp control
with one POST glufosinate application in glufosi-
nate-resistant soybean. However, POST-only her-
bicide applications can result in herbicide failures
and the evolution of herbicide resistance in weed
biotypes (Bradley 2013; Powles 2008). The addi-
tion of PRE and POST residual herbicide applica-
tions has been proven to reduce weed density,
improve season-long weed control, and reduce the
opportunity for the evolution of herbicide resistance
(Bradley 2013; Craigmyle et al. 2013; Legleiter et
al. 2009; Spaunhorst et al. 2014). The use of
herbicides that act at multiple sites of action in both
PRE and POST applications is critical to the
management of multiple-resistant waterhemp
(Bradley 2013).

The influence of row spacing, seeding rate, and
herbicide program on the management of GR
waterhemp in glufosinate-resistant soybean has not
been researched extensively. The objectives of this
research were to determine the effect of row spacing,
seeding rate, and herbicide programs on multiple-

resistant waterhemp control and yield in glufosi-
nate-resistant soybean.

Materials and Methods

Site Description. An experiment was conducted in
2012 and repeated in 2013 at a field site in
Randolph County, Missouri (39.30588N,
�92.37368W) that contained a dense infestation
of waterhemp that exhibited resistance to glyph-
osate, ALS-, and PPO- inhibiting herbicides. This
site has been in continuous soybean production for
at least 10 yr and is an upland area with a clay pan
soil. The soil type at this location was a Putnam silt
loam (Fine, smetitic, mesic Vertic Albaqualfs) with
an average of 2.1% organic matter and pH of 6.3 in
both years. Truman 938 LL soybean containing a
glufosinate-resistance trait (maturity group 3.8,
Merschman Seeds, West Point, IA) was seeded at
165,000, 240,000, 315,000, and 390,000 seeds
ha�1 in rows spaced 19, 38, and 76 cm apart into a
conventional-tilled seedbed. Tillage consisted of two
passes with a field cultivator. Soybean were planted
in 38- and 76-cm rows using a variable rate planter
(Almacot, Nevada, IA) and in 19-cm rows using a
variable rate grain drill (Wintersteigert, Salt Lake
City, UT). Dates of major field operations for each
experiment are provided in Table 1. Monthly
rainfall totals and average monthly temperatures
are presented in Table 2.

The experimental design was a randomized
complete block in a split-plot arrangement of
treatments. Whole plots consisted of herbicide
programs, and subplots were seeding rates. The

Table 1. Dates of major field operations and waterhemp size at the time of the herbicide applications.

Year

2012 2013

Seeding date June 1 June 20
Dates of herbicide application

PRE fb POST w/RESa June 1 fb August 1 June 19 fb July 19
Two-Pass POST July 5 fb August 1 July 19 fb August 4

Soybean growth stage at application

PRE fb POST w/RES — fb R1 — fb V4
Two-Pass POST V3 fb R1 V4 fb R2

Average waterhemp size (cm) at application

PRE fb POST w/RES — fb 15 — fb 10
Two-Pass POST 10 fb 15 10 fb 12

a Abbreviations: fb, followed by; w/RES, with residual.
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experiment was conducted with six replications in
2012 and four replications in 2013. Individual plots
measured 3 by 9 m in size. Two herbicide programs
were evaluated: (1) a PRE application of fomesafen
plus S-metolachlor (0.27 þ 1.12 kg ai ha�1)
followed by an early POST application of glufosi-
nate plus acetochlor (0.60 kg aiþ 1.26 kg ai ha�1),
referred to as the PRE fb POST w/RES herbicide
program; and (2) an early POST application of
glufosinate (0.60 kg ha�1) followed by a late POST
application of glufosinate (0.60 kg ha�1), referred to
as the two-pass POST herbicide program. The
specific herbicide formulations utilized are listed in
Table 3. All treatments were applied with a CO2-
pressurized backpack sprayer equipped with
XR8002 flat-fan nozzle tips (TeeJett, Spraying
Systems Co., P.O. Box 7900, Wheaton, IL 60187)
calibrated to deliver 140 L ha�1 at 117 kPa.
Treatments were applied at a speed of 5 km hr�1. A
nontreated control for each row spacing and seeding
rate was included for comparison. PRE treatments
were applied prior to planting. Early POST
applications were made once weeds reached 10 cm
in height. Late POST applications were made when
weed regrowth reached 10 cm in height.

Treatment Evaluation and Data Collection.
Visible weed control and crop injury evaluations
were assessed at regular intervals after application on
a scale of 0 to 100%, where 0 represented no plant
death or crop injury and 100 was equivalent to
complete plant death. Late-season waterhemp
density was determined at the R4 reproductive
stage each year by counting individual plants within
the center 1 by 9 m2 area of each plot. Soybean
plant densities for each seeding rate were deter-
mined at the R4 reproductive stage each year by
counting two random 1-m subsamples of the 38-
and 76-cm rows and two 0.5-m2 areas within plots
that were planted in 19-cm rows (Table 4). Soybean
were harvested from the center 1.5 by 9 m2 within
each plot with a small plot combine (Kincaidt,
Haven, KS) and yield was adjusted to 13% moisture
content.

Statistical Analysis. Late-season visible waterhemp
control, waterhemp density, and soybean yield data
were analyzed using the PROC GLM procedure in
SAS (SAS 9.3, SASt Institute Inc. Cary, NC).
Herbicide program, row spacing, and seeding rate
were considered fixed effects in the model.
Significant interactions were present between years;

Table 2. Monthly rainfall (mm) and average monthly temperatures (C) in comparison to the 30-yr averages from April through
October in 2012 and 2013 at the Randolph County, Missouri research location.

Month

Rainfall Temperature

2012 2013 30-yr avg.a 2012 2013 30-yr avg.a

mm C

April 126 136 103 13.1 11.7 13.0
May 77 202 126 20.0 17.2 18.2
June 73 37 126 23.4 23.3 22.9
July 49 25 113 28.1 24.4 25.5
August 4 39 109 23.9 24.4 24.6
September 125 76 109 19.7 21.7 19.9
October 78 87 81 12.5 13.3 13.7

a 30-yr averages (1982–2011) obtained from National Climatic Data Center (2014).

Table 3. Source of materials used in the experiments.

Herbicide Trade name Formulationa Rate Manufacturer Address

kg ai or ae ha�1

Acetochlor Warrant 3 L 1.26 Monsanto St. Louis, MO
Fomesafen þ S-metolachlor Prefix 4.34 þ 0.95 EC 0.27 þ 1.12 Syngenta Wilmington, DE
Glufosinate Liberty 280 SL 0.60 Bayer CropScience Research Triangle Park, NC
Ammonium Sulfate N-Pak AMS 3.4 L 2.9 Winfield Solutions St. Paul, MN

a Abbreviations: L, liquid; EC, emulsifiable concentrate; SL, soluble liquid.
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therefore, late-season visible waterhemp control,
density, and soybean yield were separated by year
(Table 5). Individual treatment differences were
separated using Fisher’s protected LSD at P � 0.05.

Results and Discussion

Herbicide Programs. In both years, the PRE fb
POST w/RES program provided greater visible
waterhemp control and in 2012 provided greater
density reduction than the two-pass POST program
(Table 5). In 2012, late-season waterhemp density
was reduced from 397 to 5 plants 9 m�2, or by
99%, with the PRE fb POST w/RES program and
by 72% with the two-pass POST program
compared to the nontreated control. Legleiter et
al. (2009) reported greater than 97% GR water-
hemp density reductions with PRE fb POST
programs compared to less than 40% waterhemp
density reduction with POST-only programs. In
2013, no density differences were observed between
the PRE fb POST w/RES and the two-pass POST
program. This was likely due to the later soybean
planting date induced by above-average spring
rainfall (Table 2) that resulted in lower waterhemp
densities. In 2012, there were differences in soybean
yield as a result of herbicide programs, but not in
2013. In 2012, the PRE fb POST w/RES program
resulted in an average soybean yield of 1,720 kg
ha�1 compared to the two-pass POST program at
1,560 kg ha�1. The use of PRE herbicides in
soybean often results in increased yields in environ-
ments with high waterhemp densities, because
waterhemp emergence can usually be delayed
through the V4 to V5 critical weed-free stage

(Legleiter et al. 2009; Steckel and Sprague 2004). It
is also important to note that in both years, both
herbicide treatments resulted in greater yields than
the nontreated control. Visible crop injury did not
exceed 2% at any time interval after application in
either year.

Row Spacing. Visible waterhemp control was
greater in 19- and 38-cm rows than 76-cm rows
in both years (Table 5). In 2013, 98% or greater
visible waterhemp control was observed for all
soybean row spacings. Additionally, in both years,
waterhemp density was lower in 19- and 38-cm
compared to 76-cm row spacings. Waterhemp
density was reduced by 71 to 75% in 38-cm rows
and by 57 to 93% in 19-cm rows compared to 76-
cm row spacings. Rich and Renner (2007) observed
similar effects with eastern black nightshade
(Solanum ptycanthum Dunal), where late-season
densities were 1 plant m�2 in 19-cm rows and 12
plants m�2 in 76-cm rows. Harder et al. (2007) also
reported that weed density 3, 4, and 5 wk after
herbicide treatment was reduced in 38-cm com-
pared to 76-cm rows. In 2012, the PRE fb POST
w/RES program provided at least 95% control of
waterhemp for all row spacings evaluated, whereas
the two-pass POST program provided 95% control
of waterhemp in 19- and 38-cm row spacings, but
only 85% waterhemp control in 76-cm row spacing
(data not shown). In 2012, the PRE fb POST w/
RES program also provided greater than 98%
waterhemp density reduction across all row spac-
ings, and the two-pass POST program provided
87%, 80%, and 50% waterhemp density reduction
in 19-, 38-, and 76-cm rows, respectively (data not
shown). However in 2013, all herbicide program
and row spacing combinations resulted in greater
than 97% visible waterhemp control and greater
than 98% density reduction (data not shown).
Although 19-cm soybean row spacings provided
better waterhemp control than 76-cm row spacings,
they yielded lower than 38- and 76-cm rows in
2012. This yield reduction might be due to
inconsistent seed placement provided by the grain
drill. Bracy and Parish (2001) reported that grain
drills can provide poor seeding precision due to
multiple seed drops and large skips between seed
drops. In 2013, no yield differences were observed
between soybean row spacings, but there was a
significant herbicide program by row spacing
interaction. Both the PRE fb POST w/RES and

Table 4. Influence of soybean seeding rate on final soybean
density.

Seeding rate

Soybean plant densitya–c

2012 2013

Seed ha�1 plants ha�1

165,000 139,578 6 6,581 153,186 6 4,649
240,000 217,266 6 10,171 192,732 6 4,691
315,000 268,911 6 10,916 238,584 6 7,172
390,000 328,028 6 13,166 261,530 6 7,688

a Data summarized across all herbicide programs and soybean
row spacings.

b Data are means 6 standard errors.
c No significant interaction was present between row spacings.
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the two-pass POST treatments in 76-cm rows
yielded less than the 19- and 38-cm row spacings.
The response of soybean to row spacing has been
inconsistent within the literature. Taylor (1980)

reported that in years where rainfall was below
average there were no yield differences between 25-,
50-, 75-, and 100-cm soybean row spacings.
However, when rainfall was ample throughout the

Table 5. Late-season visible waterhemp control and density (taken at R4 soybean growth stage), and soybean yield as affected by
herbicide program, row spacing, and seeding rate.

Factor

Control Density Yield

2012 2013 2012 2013 2012 2013

% No. 9 m�2 kg ha�1

Herbicide programa–d

PRE fb POST w/RES 95 99 5 0.3 1,720 2,220
Two-pass POST 92 98 113 0.1 1,560 2,210
Nontreated — — 397 121 660 1,510
LSD0.05

e 2.5 0.25 38 17 80 80

Row spacingf

19 cm 95 99 26 0.13 1,540 2,210
38 cm 96 99 46 0.03 1,720 2,250
76 cm 90 98 106 0.45 1,660 2,170
LSD0.05

e 3 0.3 34 0.26 100 NS

Seeding rateg (seed ha�1)

165,000 91 99 57 0.2 1,480 2,060
240,000 95 99 44 0.3 1,620 2,260
315,000 93 99 67 0.1 1,700 2,280
390,000 94 99 69 0.2 1,760 2,240
LSD0.05

e NS NS NS NS 120 100

Herbicide program by row spacing

PRE fb POST w/RES by 19 cm 95 99 5 0.2 1,610 2,200
PRE fb POST w/RES by 38 cm 96 99 5 0 1,740 2,270
PRE fb POST w/RES by 76 cm 95 98 6 0.8 1,800 2,180
Two-pass POST by 19 cm 95 99 46 0.1 1,470 2,220
Two-pass POST by 38 cm 95 99 87 0.1 1,690 2,220
Two-pass POST by 76 cm 85 99 206 0.1 1,520 2,170
Nontreated by 19 cm — — 356 167 620 1,210
Nontreated by 38 cm — — 426 103 610 1,790
Nontreated by 76 cm — — 410 93 710 1,520
LSD0.05

e 3 0.3 38 17 NS 80

ANOVAe P . F
Herbicide program (H) 0.0037 0.0041 , 0.0001 0.0146 0.0002 , 0.0001
Row spacing (R) 0.0003 0.0050 , 0.0001 0.0052 0.0027 NS
Seeding rate (S) NS NS NS NS , 0.0001 0.0001
H by R 0.0010 0.0203 , 0.0001 0.0087 NS , 0.0001
H by S 0.0360 NS NS NS NS NS
R by S NS NS NS NS NS NS
H by R by S NS NS NS NS NS 0.0385

a All POST treatment included ammonium sulfate at 2.9 kg ai ha�1.
b Abbreviations: fb, followed by; w/RES, with residual.
c Application timing: PRE, at planting; early POST, 10-cm waterhemp; late POST, 10-cm waterhemp regrowth.
d Data combined across all row spacings and seeding rates.
e NS, not significant at the a ¼ 0.05 level.
f Data combined across all row spacings and plots with herbicide applications.
g Data combined across all seeding rates and plots with herbicide applications.
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growing season, 25-cm rows yielded higher than
100-cm rows (Taylor 1980). Buehring et al. (2002)
observed a similar response and suggested that
interactions between row spacing and environment
might cause variability in yield response to row
spacing.

Seeding Rate. No differences in visible waterhemp
control or density reduction were observed in
response to soybean seeding rate (Table 5). Arce
et al. (2009) reported no differences in weed density
at two of three sites in response to soybean seeding
rates ranging from 240,000 to 420,000 seeds ha�1.
Harder et al. (2007) observed no differences in weed
control among four soybean plant populations
following an effective POST application. In 2012,
soybean yield was greatest in response to the two
highest seeding rates of 315,000 and 390,000 seeds
ha�1. In terms of yield, the seeding rates of 240,000
and 315,000 seeds ha�1 were not different but were
higher than that provided by the 165,000 seeds ha�1

seeding rate. In 2013, the three highest seeding rates
yielded 180 to 216 kg ha�1 higher than the 165,000
seeds ha�1 seeding rate. Pedersen (2008) recom-
mended a final plant population of 247,000 plants
ha�1 in order to maximize the yield per plant while
maintaining overall yield levels.

In summary, the results of this research indicate
that the highest levels of waterhemp control and
density reduction can be obtained in glufosinate-
resistant soybean with PRE fb POST w/RES
herbicide programs and soybean row spacings of
38 cm or less. Craigmyle et al. (2013) also
observed optimum control of multiple-resistant
waterhemp with herbicide programs that included
a PRE residual herbicide in glufosinate and 2,4-D
soybean, but did not investigate the effect of
soybean row spacing. Additionally, this research
indicates that in fields with high waterhemp
densities, PRE fb POST w/RES programs are
more likely to provide higher soybean yields than
two-pass POST programs. Legleiter et al. (2009)
also observed that PRE herbicide applications
resulted in the greatest GR waterhemp control
and density reduction, and provided the highest
soybean yield. Although two-pass POST programs
of glufosinate are more likely to provide control of
waterhemp in fields with low densities compared
to heavily infested fields, adding residual herbicides
to the overall weed management program allows
for longer periods of control under a broad range

of environmental conditions that POST programs
alone cannot provide. Based on the results of this
research and previous research, soybean seeding
rates of 240,000 to 315,000 seeds ha�1 or greater
will result in optimum soybean yield (Arce et al.
2009; Pedersen 2008). However, increasing the
soybean seeding rate will likely have only minimal
impacts on waterhemp control, especially in fields
where an effective PRE or POST herbicide
application has been made. Glufosinate remains
an effective herbicide that can be utilized to
manage GR- and multiple-resistant weed species
such as waterhemp in glufosinate-resistant soy-
bean. As GR weed species become more prevalent
in soybean production systems throughout the
United States, the integration of cultural practices
such as narrow row spacings and optimum soybean
plant populations with herbicide programs that
include multiple, effective herbicide modes of
action will be critical to the success of GR weed
management.
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