Vol.4, No.4, 195-205 (2013)
http://dx.doi.org/10.4236/as.2013.44028

Agricultural Sciences

Control of glyphosate resistant giant ragweed in
soybean with preplant herbicides

Joanna Follings®, Nader Soltani*’, Darren E. Robinson®, Francois J. Tardif?, Mark B. Lawton?®,

Peter H. Sikkema?

'University of Guelph Ridgetown Campus, Ridgetown, Canada; “Corresponding Author: soltanin@uoguelph.ca

University of Guelph, Guelph, Canada
*Monsanto Canada Inc., Guelph, Canada

Received 1 February 2013; revised 15 March 2013; accepted 20 April 2013

Copyright © 2013 Joanna Follings et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Giant ragweed was the first glyphosate resistant
weed identified in Canada. It is a very compete-
tive weed in row crop production and has been
found to drastically reduce yields of soybean;
therefore, control of this competitive weed is
essential. The objective of this study was to de-
termine effective control options for glyphosate
resistant giant ragweed in soybean with herbi-
cides applied preplant. Eighteen herbicide com-
binations were evaluated in field studies con-
ducted in 2011 and 2012 at five locations with
confirmed glyphosate resistant giant ragweed.
Glyphosate plus 2,4-D ester or amitrole provided
the best control of glyphosate resistant giant
ragweed 4 WAA. Glyphosate plus 2,4-D ester pro-
vided 98 to 99% control and was equivalent to
the weed free check at all locations. Glyphosate
plus amitrole provided 90% to 93% control and
was equivalent to the weed free check at 4 of 5
locations. Herbicides providing residual activity
provided variable control across all locations. Of
the herbicides with residual activity evaluated,
glyphosate plus linuron provided the best con-
trol of glyphosate resistant giant ragweed; how-
ever, control was inconsistent across locations
and years. Glyphosate plus linuron provided 23%
to 99% control and was equal to the weed free
check at one location 8 WAA.

Keywords: Chlorimuron-Ethyl; Cloransulam-Methyl;
Flumioxazin; Herbicide-Resistant Weeds;

Imazethapyr; Linuron; Metribuzin;
Saflufenacil/Dimethenamid-P; Soybean

1. INTRODUCTION

Glyphosate is a nonselective herbicide that inhibits the
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enzyme S-enolpyruvylshikimate-3-phosphate synthase
(EPSPS) [1,2]. The inhibition of EPSPS stops plants
from synthesizing certain aromatic acids that are essen-
tial for plant growth [2]. Glyphosate has low environ-
mental and mammalian impact. There are various prop-
erties of glyphosate that make it a safe herbicide. The
EPSPS enzyme can only be found in plants, bacteria and
fungi [2]. Therefore, glyphosate has a low toxicity for
non-target organisms such as mammals, birds and fish.

Glyphosate has limited mobility and is rapidly de-
graded in the soil. Glyphosate is rapidly inactivated when
applied to the soil due to adsorption to clay and organic
matter through the phosphonic acid moiety [3]. In addi-
tion to having minimal activity in the soil glyphosate is
also unlikely to evaporate from the soil surface due to
its low volatility [4]. It is because of these properties
that glyphosate does not provide residual control of
weeds.

There has been rapid adoption of glyphosate resistant
crops since the introduction of glyphosate resistant soy-
bean in 1996 [5]. The use of glyphosate resistant crops
has resulted in changes in crop production systems. Since
the introduction of glyphosate resistant crops there has
been an increase in conservation tillage and a concomi-
tant decrease in the use of herbicides with a different
mode of action [6]. These practices impact selection
pressure and have facilitated weed population shifts and
the selection of glyphosate resistant weeds [6].

It was previously thought that glyphosate resistance
was very unlikely to occur in weeds. Some of the reasons
for the remote possibility of glyphosate resistant weeds
included glyphosate’s unique mode of action, limited
uptake from the soil and rapid degradation in the soil [7].
However, there is wide spread glyphosate resistant mo-
nocot and dicot weeds in many agricultural producing
areas in the world. In 1996 the first glyphosate resistant
weed was reported [8]. A population of rigid ryegrass
(Loliumrigidum) was found to have a 7- to 11-fold resis-
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tance level to glyphosate after application of glyphosate
two to three times annually in an Australian orchard for
15 years [8]. Subsequently, additional reports of gly-
phosate resistant weeds were reported. Currently there
are 24 weed species resistant to glyphosate [9].

Ambrosia trifida L., commonly known as giant rag-
weed, is found in cultivated fields and orchards as well
as non-cropped environments such as roadside ditches
and river banks [10]. Giant ragweed is a member of the
composite family and is an erect annual broadleaf weed
[10]. Giant ragweed has a long emergence period. Seed-
lings begin to emerge in early March [11] and continue
to emerge until late July [12]. Giant ragweed’s long
emergence period and its ability to grow rapidly make it
a very competitive weed in row crop production. A ma-
ture giant ragweed plant can grow up to 6 m in height
depending on competition for sunlight [10,13]. Giant
ragweed has been found to drastically reduce yields of
soybean. Baysinger and Sims [14] reported a 92% yield
loss in soybean with a giant ragweed density of 16 plants
per 9 m of row. Soybean growers historically controlled
this competitive weed with glyphosate; however, in 2008
a giant ragweed accession from Essex County in Ontario
was confirmed to be resistant to glyphosate making it the
first glyphosate resistant weed in Canada [9].

Glyphosate resistant giant ragweed is an increasing
problem in glyphosate resistant cropping systems in On-
tario. As of 2010 there were 48 locations confirmed with
glyphosate-resistant giant ragweed in Ontario [15]. There
are few herbicide options for glyphosate-resistant giant
ragweed control in soybean. Vink et al. [15] reported that
glyphosate plus 2,4-D provided 97% to 99% control of
glyphosate-resistant giant ragweed. Control with glypho-
sate plus cloransulam-methyl or saflufenacil provided
variable control at 68% to 100% and 71% to 94%, re-
spectively. Research is required to identify additional
weed management options for this competitive weed in
soybean. Therefore, the objective of this study was to
determine new herbicide options for the control of gly-
phosate resistant giant ragweed in soybean with herbi-
cides applied preplant.
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2. MATERIALS AND METHOD
2.1. Study Establishment

Field studies were conducted in 2011and 2012 at five
locations with confirmed glyphosate resistant giant rag-
weed. The field sites were located near Windsor (L2 and
L5), La Salle (L1 and L4) and Ambherstburg (L3), On-
tario. Two sets of experiments evaluating the effective-
ness of glyphosate tankmixes with herbicides applied
preplant were conducted which are referred to as “en-
hanced burndown” and “burndown plus residual”. Soil
texture, soil organic matter content, soil pH, soybean
cultivar, seeding date, seeding rate, row spacing, herbi-
cide application date and giant ragweed height are pre-
sented in Table 1.

Experiments were set up in a randomized complete
block design with four replications. Each plot was 8 m
long and 2.5 m wide. The first experiment (enhanced
burndown) evaluated herbicides applied preplant (PP)
that provided limited or no residual control. Herbicides
evaluated in this study are listed in Tables 2-5. The sec-
ond experiment (burndown plus residual) evaluated her-
bicides applied PP that provided burndown plus residual
control. Herbicides evaluated in this study are listed in
Tables 6-10. The herbicide rates used were the maximum
labeled rate registered for use in Ontario. A weedy and
weed-free check was included in each experiment. All
weed-free check plots were maintained with 2,4-D ester
(500 g a.e. ha ") plus glyphosate (900 g a.e. ha™') applied
PP and subsequent hand hoeing as required.

Herbicide treatments were applied with a CO,-pressurized
backpack sprayer equipped with ULD 120-02 flat fan
nozzles (Hypro, New Brighton, MN) calibrated to deliver
200 L-ha™' of water at 210 kPa. Herbicide treatments
were applied with a 1.5 meter boom with four nozzles
spaced 50 cm apart over the centre of the plot. Herbicide
treatments were applied when giant ragweed reached 15
cm in height (Table 1).

2.2. Data Collection

Percent weed control was rated 1, 2 and 4 WAA and 1,

Table 1. Location and soil characteristics, soybean variety, planting date, soybean population, herbicide application date, and giant
ragweed height at time of application for experiments conducted in 2011 and 2012 in Ontario, Canada.

Location Year Soil Texture Soil OM %" Soil pH Soybean Variety Planting Date Populat?ggl():::dsha’]) Appll{iil;ibtl%(c)ir?]e)ate GE:;;;?%;V;; d
1-LaSalle 2011 Loam 2.6 7.5 Dekalb 31-10 June 13 467,029 May 21 1-9
2-Windsor 2011 Loam 2.8 6.9 Pioneer 92Y80 June 15 420,079 June 2 4-12
3-Amherstburg 2012 Clay Loam 3.7 7.9 Pioneer 92Y53 May 22 568,100 May 1 2-8
4-LaSalle 2012 Loam 3.1 7.3 Dekalb 21-11 May 16 444780 May 8 4-13
5-Windsor 2012 Clay Loam 4.6 6.6 Pioneer 93Y05 June 8 432,250 May 8 2-10
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2, 4 and 8 WAA in the enhanced burndown and burn-
down plus residual experiments, respectively. Weed con-
trol was rated visually on a scale of 0% to 100%, where
0% was no control of giant ragweed compared to the
weedy check and 100% was complete control of giant
ragweed. At each control rating giant ragweed height and
density (plants per two 0.25 m” quadrats) were recorded.
At 4 WAA, giant ragweed density and biomass was de-
termined in each plot by counting giant ragweed plants in
two 0.25 m” quadrats. Giant ragweed plants were cut off
at the soil surface from the two quadrats, placed in bags,
dried at 60°C to a constant moisture content and the dry
weights were recorded. Soybean injury was rated 1, 2, 4
and 8 WAA. Soybean injury was rated visually on a scale
of 0% to 100%, where 0% was no soybean injury and
100% was soybean death. At crop maturity, soybeans
were hand harvested from 2 m of row from each plot at
all locations. Soybeans were threshed in a stationary
thresher and the weight and moisture were recorded.
Yields were adjusted to 13.5% moisture.

2.3. Statistical Analysis

An analysis of variance was conducted on all data us-
ing the PROC MIXED procedure in SAS (Ver. 9.2, SAS
Institute Inc., Cary, NC). Variances were separated into
the random effects of location (year and location), repli-
cation (at each location) and location by treatment. Her-
bicide treatment was considered the fixed effect. The
significance of the random effects (location, replication
and location by treatment) and their interaction with
fixed effects was tested using the Z-test of the variance
estimate. The significance of the fixed effects was tested
using the F-test. Significant location by treatment inter-
actions were found for all variables; therefore, locations
were analyzed according to their interaction and pre-
sented accordingly. To ensure the assumptions (errors are
independent, homogenous and normally distributed) of
the variance analysis were met; residual plots were ex-
amined. Data were tested for normality using the Sha-
piro-Wilk statistic as generated by the UNIVARIATE
procedure in SAS. If necessary, a transformation of the
data (natural log, square root or arcsine square root) was
applied and chosen based on the highest Shapiro-Wilk
statistic generated. The means between treatments were
produced and separated using Fisher’s protected LSD at
P <0.05.

3. RESULTS AND DISCUSSION
3.1. Enhanced Burndown

The herbicides evaluated in the enhanced burndown
experiment did not cause any injury in soybean (data not
shown).

For control 1 WAA, data were analyzoped separately
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in groups L1, L2, L3, L4, and L5. At 1 WAA, all the her-
bicides evaluated provided better control of glyphosate
resistant giant ragweed compared to glyphosate alone.
Control with glyphosate ranged from 31% to 43% at 1
WAA (Table 2). Glyphosate plus paraquat, saflufenacil,
or saflufenacil/dimethenamid-p were the most effective
treatments 1 WAA providing 85% to 98%, 87% to 96%
and 89% to 96% control, respectively (Table 2). Gly-
phosate plus 2,4-D ester or glufosinate provided up to
91% and 89% control, respectively (Table 2). Glypho-
sate plus amitrole, carfentrazone, cloransulam-methyl,
chlorimuron-ethyl, flumioxazin, or chlorimuron-ethyl plus
flumioxazin provided less than 80% control across all
locations (Table 2).

For control 2 WAA, data was analyzed separately in
groups L1, L2, L3, L4, and L5. Glyphosate provided
only 29% to 35% control (Table 3). The most effective
treatment was glyphosate plus 2,4-D ester which pro-
vided 83% to 94% control (Table 3). This is similar to
findings of Vink et al. [15] who reported 80% to 95%
control with glyphosate plus 2,4-D ester applied at 900 g
a.e. ha ' + 500 g a.e. ha' 2 WAA. Glyphosate plus ami-
trole, glufosinate, paraquat, saflufenacil, saflufenacil/
dimethenamid-p, or cloransulam-methyl provided up to
86%, 93%, 98%, 91%, 92% and 85% control, respec-
tively (Table 3). Glyphosate plus carfentrazone, chlori-
muron-ethyl, flumioxazin or chrlorimuron-ethyl plus flu-
mioxazin provided less than 80% control across all loca-
tions (Table 3).

At 4 WAA L2 and L5, L3 and L4 could be combined
while L1, was analyzed separately. Glyphosate provided
26% to 39% control 4 WAA (Table 4). Glyphosate plus
2,4-D was the most effective treatment 4 WAA providing
98% to 99% control and was equivalent to the weed free
control across all locations (Table 4). This is similar to
the findings of Vink et al. [15] who reported 97% to 98%
control with glyphosate plus 2,4-D ester applied at 900 g
a.e.ha ' +500 g a.e. ha' 28 DAA. Glyphosate plus ami-
trole provided 90 to 93% control (Table 4). At L2 and L5
and L3 and L4, glyphosate plus amitrole was equivalent
to the weed free control (Tables 3 and 4). At 4 WAA
glyphosate plus paraquat provided 57% to 84% control
(Table 4). At L2 and L35, glyphosate plus paraquat was
equivalent to the weed free control and provided less
than 80% control at L1 and L3 and L4 (Table 4). Gly-
phosate plus cloransulam-methyl provided 62 to 94%
control (Table 4). This is consistent with the findings of
Vink et al. [15] who reported 68% to 97% control with
glyphosate plus cloransulam-methyl applied at 900 g a.e.
ha™' + 17.5 g ai. h™". Glyphosate plus saflufenacil or
saflufenacil/dimethenamid-p provided 46% to 91% and
47% to 93% control, respectively (Table 4). Soltani et al.
[16] reported 45% to 80% and 53% to 63% control with
saflufenacil at 75 g a.i. ha™' and saflufenacil/dimethena-
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Table 2. Percent control of glyphosate resistant giant ragweed 1 WAA for the “enhanced burndown” experiments conducted in 2011
and 2012 in Ontario, Canada.

Percent Control 1 WAA”

Treatment Rate (g a.i. ha™) L1* L2 L3 L4 L5

Weedy Check o" 0~ o" o 08
Weed Free Check 100 100° 100° 100° 100°

Glyphosate 900 43¢ 39 328 318 38"

Glyphosate + Amitrole 900+ 2000 64° 748 51" 47" 40"
Glyphosate + 2,4-D Ester 900 + 500 91 84° 77 81° 82¢
Glyphosate + Carfentrazone 900 +17.5 754 65" 74¢ 74 71¢
Glyphosate + Glufosinate 900 + 500 86° 89¢ 87° 82° 81°
Glyphosate + Paraquat 900 + 1100 85¢ 98° 93° 88® 95°
Glyphosate + Saflufenacil? 900 + 25 94° 96° 93° 87° 94°
Glyphosate + Saflufenacil/Dimethenamid-p* 900 + 245 95° 96° 94° 89° 91¢
Glyphosate + Cloransulam-methyl" 900+ 17.5 77 79" 34¢ 58° 60°
Glyphosate + Chlorimuron-ethyl 900 + 9 52f 76" 348 56° 58°
Glyphosate + Flumioxazin 900 + 71 61 64 55" 70¢ 71¢
Glyphosate + Chlorimuron-ethyl + Flumioxazin 900 + 9 + 71 56 70 68° 73¢ 73¢

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; WAA, days after herbicide application; *Included merge at 1.0% vol/vol; *Included
merge at 1.0% vol/vol; “Included Agral 90 at 0.25% vol/vol plus UAN 28%; “*Means followed by the same letter are not significantly different according to
fisher’s protected LSD at P < 0.05.

Table 3. Percent control of glyphosate resistant giant ragweed 2 WAA for the “enhanced burndown” experiments conducted in 2011
and 2012 in Ontario, Canada.

Percent Control 2 WAA”

Treatment Rate (g a.i. ha™) L1” L2 L3 L4 L5

Weedy Check 0* 0’ 0" o~ 0~
Weed Free Check 100° 100° 100° 100° 100°

Glyphosate 900 35¢ 20" 35¢ 30 29
Glyphosate + Amitrole 900 + 2000 81% 84% 86 78 g1¢f
Glyphosate + 2,4-D Ester 900 + 500 94 88 90" 92° 83%
Glyphosate + Carfentrazone 900 +17.5 74¢ 492 73¢ 74%f 50!
Glyphosate + Glufosinate 900 + 500 76 92¢ 93° 754 76"
Glyphosate + Paraquat 900 + 1100 80" 98° 86 81° 93°
Glyphosate + Saflufenacil® 900 + 25 91 82° 80% 71¢t 90™
Glyphosate + Saflufenacil/Dimethenamid-P* 900 + 245 92 89 8P 80 87
Glyphosate + Cloransulam-methyl" 900+ 17.5 81% 85% 76° 68 69¢
Glyphosate + Chlorimuron-ethyl 900 +9 454 68" 44¢ 59' 46'
Glyphosate + Flumioxazin 900 + 71 42% 498 74° 658 63"
Glyphosate + Chlorimuron-ethyl + Flumioxazin 900 + 9 + 71 37% 70" 59° 63" 69¢

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; WAA, days after herbicide application; *Included merge at 1.0% vol/vol; *Included
merge at 1.0% vol/vol; “Included Agral 90 at 0.25% vol/vol plus UAN 28%; **Means followed by the same letter are not significantly different according to
fisher’s protected LSD at P < 0.05.
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Table 4. Percent control of glyphosate resistant giant ragweed 4 WAA for the “enhanced burndown” experiments conducted in 2011

and 2012 in Ontario, Canada.

Percent Control 4 WAA”
Treatment Rate (g a.i. ha™) L1* L2 and L5 L3 and L4
Weedy Check o' 0" o'

Weed Free Check 100" 100* 100*

Glyphosate 900 39¢h 348 26"

Glyphosate + Amitrole 900 + 2000 92 90 93°
Glyphosate + 2,4-D Ester 900 + 500 99 98* 99*
Glyphosate + Carfentrazone 900+ 17.5 76 27" 36"
Glyphosate + Glufosinate 900 + 500 77¢ 58 56
Glyphosate + Paraquat 900 + 1100 79% 84 57
Glyphosate + Saflufenacil® 900 + 25 91 60 46%f
Glyphosate + Saflufenacil/Dimethenamid-P* 900 + 245 93 50 47%
Glyphosate + Cloransulam-methyl" 900 + 17.5 94 62" 69"
Glyphosate + Chlorimuron-ethyl 900 +9 51% 36 39¢tt
Glyphosate + Flumioxazin 900 + 71 440 34¢tt 42
Glyphosate + Chlorimuron-ethyl + Flumioxazin 900 +9 + 71 41" 46% 358

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; WAA, days after herbicide application; *Included Merge at 1.0% vol/vol; *Included
merge at 1.0% vol/vol; “Included Agral 90 at 0.25%vol/vol plus UAN 28%; “"Means followed by the same letter are not significantly different according to

fisher’s protected LSD at P < 0.05.

mid-p at 245 g ai. ha', respectively applied alone 4
weeks after corn emergence. Glyphosate plus carfentra-
zone, glufosinate, chlorimuron-ethyl, flumioxazin, or
chlorimuron-ethyl plus flumioxazin provided up to 76%,
77%, 51%, 44% and 46% control, respectively (Table 4).

For giant ragweed shoot dry weight all data were com-
bined and analyzed. Glyphosate reduced giant ragweed
shoot dry weight by 13% (Table 5). Glyphosate plus
chlorimuron-ethyl, flumioxazin or chlorimuron-ethyl plus
flumioxazin reduced giant ragweed shoot dry weight by
24%, 35% and 40% respectively and were equivalent to
glyphosate applied alone (Table 5). In contrast, glypho-
sate plus 2,4-D ester or amitrole reduced giant ragweed
shoot dry weight by 100% and were equivalent to the
weed free control (Table 5). Glyphosate plus carfentra-
zone reduced giant ragweed shoot dry weight by 43%
(Table 5). This is consistent with the findings of Vink et
al. [15] who reported glyphosate plus carfentrazone ap-
plied at 900 g a.e ha' + 17.5 g a.i ha™' reduced giant
ragweed shoot dry weight by 20% to 44%. Glyphosate
plus cloransulam-methyl reduced giant ragweed shoot
dry weight by only 68% (Table 5). This is in contrast to
Vink et al. [15] who reported 85% to 100% reduction in
giant ragweed shoot dry weight with this herbicide com-
bination. The reduced control observed in this study may
be due to multiple resistant giant ragweed. Glyphosate
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plus paraquat, glufosinate, saflufenacil or saflufenacil/
diamethenamid-P reduced giant ragweed shoot dry
weight by 82%, 74%, 66% and 71%, respectively (Table
5).

For soybean yield L1, L2, and L4 were combined and
L3 and L5 were combined and analyzed. Giant ragweed
interference caused a reduction in soybean yield of 43%
to 87% across all sites (Table 5). Giant ragweed treated
with glyphosate caused a 34% to 86% reduction in soy-
bean yield which was and was equivalent to the weedy
control (Table 5). In contrast, soybean yield was equiva-
lent to the weed free control when glyphosate plus 2,4-D
ester or amitrole was applied for giant ragweed control
(Table 5). In a previous study, there was no reduction in
soybean yield with glyphosate plus 2,4-D ester applied at
900 g a.e h™' + 500 g a.i h™' [15]. Soybean yield was not
reduced due to giant ragweed interference when gly-
phosate plus glufosinate, paraquat, saflufenacil/dimethe-
namid-p or cloransulam-methyl at L1, L2 and L4 (Table
5). At L3 and L5, soybean yield with glyphosate plus
glufosinate, paraquat, saflufenacil/dimethenamid-p or
cloransulam-methyl was reduced by 77%, 75%, 70% and
68%, respectively (Table 5). Giant ragweed interference
with glyphosate plus carfentrazone, saflufenacil, chlori-
muron-ethyl, flumioxazin, or chlorimuron-ethyl plus
flumioxazin reduced soybean yield by up to 83%, 75%,
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Table 5. Glyphosate resistant giant ragweed shoot dry weight and soybean yield for the “enhanced burndown” experiments con-

ducted in 2011 and 2012 in Ontario, Canada.

Giant ragweed shoot dry weight Soybean yield
Treatment Rate All combined L1,L2 and L4" L3 and L5
(gai.ha™l) (gm™) (tha™)

Weedy Check 39.7! 1.24¢ 0.42°
Weed Free Check 0.0° 2.19° 3.15°
Glyphosate 34.6 1.35%f 0.45°
Glyphosate + Amitrole 900 + 2000 1.0° 2.08® 2.42°
Glyphosate + 2,4-D Ester 900 + 500 0.1° 2.03% 3.37°
Glyphosate + Carfentrazone 900 + 17.5 22.6 1.40°%" 0.52"
Glyphosate + Glufosinate 900 + 500 10.5° 1.69%°¢4 0.71%
Glyphosate + Paraquat 900 + 1100 7.1° 1.84°0 0.79"
Glyphosate + Saflufenacil’ 900 + 25 13.6™ 1.47¢%f 0.80™
Glyphosate + Saflufenacil/Dimethenamid-P* 900 + 245 11.5° 169 0.93°
Glyphosate + Cloransulam-methyl™ 900 +17.5 12.8° 1.90% 1.00°
Glyphosate + Chlorimuron-ethyl 900 + 9 30.3%f 1,560 0.62"
Glyphosate + Flumioxazin 900 + 71 25.8% 1.03" 0.57
Glyphosate + Chlorimuron-ethyl + Flumioxazin 900 + 9 + 71 23.9% 1.420%f 0.55"

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; *Included merge at 1.0% vol/vol; *Included merge at 1.0% vol/vol; “Included Agral 90
at 0.25% vol/vol plus UAN 28%; “'Means followed by the same letter are not significantly different according to fisher’s protected LSD at P < 0.05.

80%, 82%, and 83% and were equivalent to the weedy
control (Table 5). The reduction in yields with these her-
bicides is consistent with control ratings and giant rag-
weed shoot dry weight.

3.2. Burndown plus Residual

The herbicides evaluated in the burndown plus resid-
ual experiment did not cause soybean injury (data not
shown).

For control 1 WAA, data was statistically analyzed for
each site separately except for L4 and L5 which were
combined and analyzed. One WAA all the herbicides
evaluated provided better control of glyphosate resistant
giant ragweed compared to glyphosate alone. Control
with glyphosate ranged from 35% to 65% (Table 6).
Glyphosate plus saflufenacil/dimethenamid-provided
90% to 95% control and was the most effective treatment
1 WAA. For L3, control with saflufenacil/dimethenamid-
p was equivalent to the weed free control (Table 6). At 1
WAA, glyphosate plus linuron provided 61% to 90%

control which is consistent with the findings of Vink et al.

[15]. At 1 WAA glyphosate plus pyroxasulfone/flumi-
oxazin, flumioxazin plus chlorimuron-ethyl, or flumi-
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oxazin provided up to 95, 87 and 89 control, respectively
(Table 6). Glyphosate plus metribuzin or cloransulam-
methyl provided 52 to 79% and 54% to 78% control,
respectively (Table 6). This is similar to the findings of
Vink et al. [15] who reported that glyphosate plus-
metribuzin or cloransulam-methyl provided 55% to 70%
and 56% to 88% control, respectively 1 WAA. Glypho-
sate plus S-metolachlor plus metribuzin or imazethapyr
plus metribuzin provided 57% to 72% and 47% to 70%
control, respectively (Table 6). Glyphosate plus-chlori-
muron-ethyl, flumetsulam, imazethapyr, or clomazone
provided up to 75%, 71%, 76% and 71% control, respec-
tively (Table 6).

For control 2 WAA, all data were analyzed separately.
Control was generally higher with all herbicides evalu-
ated for group L1 compared to L2, L3, L4 and L5 and
may be due to smaller giant ragweed (up to 9 cm in
height) at the time of application and lower giant rag-
weed density (Table 7). Glyphosate provided 23% to
42% control 2 WAA (Table 7). Glyphosate plus linuron
provided 72% to 97% control across all sites (Table 7).
For L2, glyphosate plus linuron provided giant ragweed
control which was equivalent to the weed free control
which is consistent with previous findings [15]. Gly-
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Table 6. Percent control of glyphosate resistant giant ragweed 1 WAA for the “burndown plus residual” experiments conducted in
2011 and 2012 in Ontario, Canada.

Percent Control 1 WAA”

Treatment Rate (g a.e./ai ha™) L1” L2 L3 L4 and L5

Weedy Check oh ot 0 o
Weed Free Check 100* 100* 100* 100*

Glyphosate 900 65" 39¢ 41" 35

Glyphosate + Chlorimuron-ethyl 900 + 9 51¢ 7564 54¢F 46'
Glyphosate + Chloransulam-methyl 900 + 35 78% 78¢ 54° 57¢
Glyphosate + Linuron 900 + 2250 68" 90° 61¢ 73¢
Glyphosate + Metribuzin 900 + 1120 79¢ 719%f 52f 60"
Glyphosate + Flumetsulam 900 + 70 65" 71%f 59% 65"
Glyphosate + Imazethapyr 900 + 100 70 76% 56 67
Glyphosate + Clomazone 900 + 846 66" 71 59% 60"
Glyphosate + Flumioxazin 900 + 71.4 89° 71%f 74¢ 80¢
Glyphosate + Flumioxazin + Chlorimuron-ethyl 900 +71.4+9 87° 76% 77 81
Glyphosate + Pyroxasulfone + Flumioxazin 900 + 240 95° 7564 89° 86°
Glyphosate + Salflufenacil/Dimethenamid-P 900 + 245 95° 90° 95 91°
Glyphosate + S-Metolachlor + Metribuzin 900 + 1600 + 653 720t 71% 57%f 64"
Glyphosate + Imazethapyr + Metribuzin 900 + 100 + 400 70¢F 68" 478 52N

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor, WAA, days after herbicide application; *Means followed by the same letter are not
significantly different according to fisher’s protected LSD at P < 0.05.

Table 7. Percent control of glyphosate resistant giant ragweed 2 WAA for the “burndown plus residual” experiments conducted in
2011 and 2012 in Ontario, Canada.

Percent Control 2 WAA”

Treatment Rate (g a.e./ai ha™) L1” L2 L3 L4 L5

Weedy Check o' 08 0 o' 0~
Weed Free Check 100°* 100° 100 100° 100°

Glyphosate 900 420 23f 39! 31" 300

Glyphosate + Chlorimuron-ethyl 900 + 9 32" 51¢ 50" 478 45'
Glyphosate + Chloransulam-methyl 900 + 35 8gbed 74° 87° 72% 68°t
Glyphosate + Linuron 900 + 2250 75 97* 72¢ 79° 94°
Glyphosate + Metribuzin 900 + 1120 94° 57% 57" 57 57"
Glyphosate + Flumetsulam 900 + 70 62" 75% 67% 55° 63"
Glyphosate + Imazethapyr 900 + 100 80% 74% 64%" 62% 70¢f
Glyphosate + Clomazone 900 + 846 66" 57% 61° 66 71
Glyphosate + Flumioxazin 900 + 71.4 65" 49° 65%" 67 76%
Glyphosate + Flumioxazin + Chlorimuron-ethyl ~ 900 + 71.4 + 9 60¢ 57% 72¢ 69° 81
Glyphosate + Pyroxasulfone + Flumioxazin 900 + 240 gobed 62¢ 72¢ 80° 88"
Glyphosate + Salflufenacil/Dimethenamid-P 900 + 245 92 80° 79 79° 2%
Glyphosate + S-Metolachlor + Metribuzin 900 + 1600 + 653 g4cde 66 558 71° 58
Glyphosate + Imazethapyr + Metribuzin 900 + 100 + 400 75° 65 59% 68 65"

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; WAA, days after herbicide application; “Means followed by the same letter are not
significantly different according to fisher’s protected LSD at P < 0.05.
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phosate plus saflufenacil/dimethenamid-P provided 79%
to 92% control and was consistent with control ratings 1
WAA. Glyphosate plus metribuzin or cloransulam-me-
thyl provided 57% to 94% and 68% to 88% control re-
spectively (Table 7). At 2 WAA glyphosate plus pyrox-
asulfone/flumioxazin, flumioxazin plus chlorimuron-
ethyl, S-metolachlor plus metribuzin provided up to 89%,
81%, 84% control, respectively (Table 7). Glyphosate
plus chlorimuron-ethyl, flumetsulam, imazethapyr, clo-
mazone, flumioxazin and imazethapyr plus metribuzin
provided less than 80% control (Table 7).

At 4 WAA L2 and L5 could be combined and L1, L3
and L4 were analyzed separately. Glyphosate provided
19% to 45% control 4 WAA (Table 8). Glyphosate plus
linuron provided 51% to 98% control (Table 8). At L2
and L5 giant ragweed control with glyphosate plus lin-
uron was equal to the weed free control (Table 8). Gly-
phosate plus cloransulam-methyl provided 73% to 94%
control (Table 8). This is in contrast to the findings of
Stachler [17] who reported that glyphosate plus cloran-
sulam applied at 0.840 kga.i. ha' + 0.018 kg a.i. ha™'
provided 69% control of glyphosate resistant giant rag-
weed 3 WAA. Glyphosate plus saflufenacil/dime-

J. Follings et al. / Agricultural Sciences 4 (2013) 195-205

thenamid-p provided 51% to 89% control (Table 8).
Soltani et al. [16] reported 53% to 63% control of giant
ragweed with saflufenacil/dimethenamid-P at 245 g a.i.
ha™' 4 weeks after corn emergence. Glyphosate plus
metribuzin provided 25% to 91% control (Table 8). Vink
et al. [15] reported 69% to 96% control with glyphosate
plus metribuzin applied at 900 g a.i ha™' + 1120 g a.i.
ha' 4 WAA. Glyphosate plus pyroxasulfone/flumioxazin,
S-metolachlor + metribuzin or imazethapyr + metribuzin
provided up to 87%, 83% and 81% control, respectively
at group L1 (Table 8). At L3, L4 and L2/L5 these herbi-
cides provided less than 60% control. Glyphosate plus
chlorimuron-ethyl, flumetsulam, imazethapyr, clomazone,
flumioxazin or chlorimuron-ethyl plus flumioxazin provi-
ded less than 80% control (Table 8).

At 8 WAA L4 and L5 could be combined and L1, L2
and L3 were analyzed separately. Glyphosate provided
less than 31% control across all sites 8 WAA (Table 9).
Glyphosate plus linuron provided 23% to 99% control
(Table 9). At L2, giant ragweed control with glyphosate
plus linuron was equal to the weed free control but it was
not commercially acceptable at other locations (Table 9).
This is in contrast to Vink et al. [15] who reported 95%

Table 8. Percent control of glyphosate resistant giant ragweed 4 WAA for the “burndown plus residual” experiments conducted in

2011 and 2012 in Ontario, Canada.

Percent Control 4 WAA”

Treatment Rate (g a.c./ai ha™') L1* L2 and L5 L3 L4
Weedy Check 0 0 0' o~
Weed Free Check 100* 100* 100* 100*
Glyphosate 900 45 20 31" 19
Glyphosate + Chlorimuron-ethyl 900 +9 36 350 40° 281
Glyphosate + Chloransulam-methyl 900 + 35 94° 76™ 92° 73°
Glyphosate + Linuron 900 + 2250 76" 98° 510 69"
Glyphosate + Metribuzin 900 + 1120 91 5pcfeh 330 25"
Glyphosate + Flumetsulam 900 + 70 66" 54°e 4%t 268
Glyphosate + Imazethapyr 900 + 100 78°1eh 54¢te 520 32
Glyphosate + Clomazone 900 + 846 69 71 60° 53
Glyphosate + Flumioxazin 900 + 71.4 70¢h 36" 41%f 34¢t
Glyphosate + Flumioxazin + Chlorimuron-ethyl 900+ 71.4+9 61 53¢k 49Pede 301
Glyphosate + Pyroxasulfone + Flumioxazin 900 + 240 g70ede 584f 470 42%
Glyphosate + Salflufenacil/Dimethenamid-P 900 + 245 gobed 64°% 510 51¢
Glyphosate + S-Metolachlor + Metribuzin 900 + 1600 + 653 g3edef 37¢h 328 33¢feh
Glyphosate + Imazethapyr + Metribuzin 900 + 100 + 400 g1t 47ten 47%% 35¢

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; WAA, days after herbicide application; “*Means followed by the same letter are not

significantly different according to fisher’s protected LSD at P < 0.05.
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Table 9. Percent control of glyphosate resistant giant ragweed 8 WAA for the “burndown plus residual” experiments conducted in

2011 and 2012 in Ontario, Canada.

Percent Control 8 WAA”

Treatment Rate (g a.e./ai ha™') L1” L2 L3 L4 and L5

Weedy Check 08 0 0° 0*
Weed Free Check 100* 100* 100* 100"

Glyphosate 900 31° 12¢ 9 10°

Glyphosate + Chlorimuron-ethyl 900 + 9 35" 12¢ 9<d 9°
Glyphosate + Chloransulam-methyl 900 + 35 ggabe 45° 90° 51
Glyphosate + Linuron 900 + 2250 73% 99° 23° 68°
Glyphosate + Metribuzin 900 + 1120 93® 13¢ g 21%
Glyphosate + Flumetsulam 900 + 70 66° 355 12% 12¢
Glyphosate + Imazethapyr 900 + 100 70% 17% 10 13°
Glyphosate + Clomazone 900 + 846 63° 16 10 32
Glyphosate + Flumioxazin 900 + 71.4 65° 11 10 13°
Glyphosate + Flumioxazin + Chlorimuron-ethyl 900+ 71.4+9 65¢ 13¢ 13% 19%
Glyphosate + Pyroxasulfone + Flumioxazin 900 + 240 76%% ¢ g« 23¢%
Glyphosate + Salflufenacil/Dimethenamid-P 900 + 245 g3t 11 7 3¢
Glyphosate + S-Metolachlor + Metribuzin 900 + 1600 + 653 77 5 5 14°
Glyphosate + Imazethapyr + Metribuzin 900 + 100 + 400 720 12¢ 7¢ 16%

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; WAA, days after herbicide application; “*Means followed by the same letter are not

significantly different according to fisher’s protected LSD at P < 0.05.

to 98% control 8 WAAwith glyphosate plus linuron ap-
plied at 900 g a.e. ha' + 2250 g a.i. ha”'. Glyphosate
plus cloransulam-methyl provided 45% to 90% control
(Table 9). At L1 and L2, giant ragweed control with
glyphosate plus cloransulam-methyl was equivalent to
the weed free control. Vink et al. [15] reported gly-
phosate plus cloransulam-methyl at 900 g a.e. ha™' +35 g
a.i. ha”' provided 75% to 95% control 8 WAA. Gly-
phosate plus metribuzin provided 8% to 93% control
(Table 9). At L1, giant ragweed control with glyphosate
plus metribuzin was equal to the weed free control. Vink
et al. [15] reported glyphosate plus metribuzin provided
60% to 71% control 8 WAA applied at 900 g a.e. ha ' +
1120 g a.i. ha'. Glyphosate plus saflufenacil/dimethe-
namid-P provided 7% to 83% control (Table 9). Soltani
et al. [16] reported 43% to 57% control with saflufenacil/
dimethenamid-p applied alone at 735 g a.i. ha™' 8 WAA.
Glyphosate plus chlorimuron-ethyl, flumetsulam, imaze-
thapyr, or clomazone provided up to 35%, 66%, 70% and
63% control, respectively which are consistent with ear-
lier ratings (Table 9). Glyphosate plus flumioxazin, chlo-
rimuron-ethyl plus flumioxazin, pyroxasulfone/flumi-
oxazin, S-metolachlor plus metribuzin or imazethapyr plus

Copyright © 2013 SciRes.

metribuzin provided less than 80% control across all
locations (Table 9).

For giant ragweed shoot dry weight L2, L3, L4, and
L5 could be combined while L1 was analyzed sepa-
rately.There was a greater reduction in giant ragweed
shoot dry weight at L1 (Table 10). All herbicides with
the exception of glyphosate reduced giant ragweed shoot
dry weight by 55% or greater at L1 (Table 10). Gly-
phosate reduced giant ragweed shoot dry weight by 46%
to 66% across all locations (Table 10). At L1, giant rag-
weed shoot dry weight with glyphosate was equivalent to
the weedy control. In contrast, glyphosate plus linuron
reduced giant ragweed shoot dry weight by 93% to 94%
across all locations (Table 10). This is similar to the
findings of Vink et al. [15] who reported a 99% reduc-
tion in giant ragweed shoot dry weight with glyphosate
plus linuron applied at 900 g a.e. ha™' + 2250 g a.i. ha™".
Glyphosate plus cloransulam-methyl or metribuzin re-
duced giant ragweed shoot dry weight by 82% to 100%
and 49% to 100%, respectively (Table 10). At L1, giant
ragweed shoot dry weight with glyphosate plus cloran-
sulam-methyl or metribuzin was equivalent to the weed
free control. This is similar to the findings of Vink et al.
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Table 10. Glyphosate resistant giant ragweed shoot dry weight and soybean yield for the “burndown plus residual” experiments

conducted in 2011 and 2012 in Ontario, Canada.

Giant ragweed shoot dry weight

Soybean yield

Treatment Rate L1” L2,L3,L4 and L5 L1 L2,L3,L4and L5
(ga.e/aiha™) (g'm™) (tha™)

Weedy Check 27.10 59.0" 0.35¢ 0.40%
Weed Free Check 0.0* 0.0* 1.76" 2.79°
Glyphosate 900 9.3ehi 31.7¢%¢ 0.55° 0.47%
Glyphosate + Chlorimuron-ethyl 900 +9 12,27 43.0¢ 0.48' 0.61°
Glyphosate + Chloransulam-methyl 900 + 35 0.0" 10.8" 1.58%® 1.07°
Glyphosate + Linuron 900 + 2250 2.0 3.6° 1.05¢ 1.32°
Glyphosate + Metribuzin 900 + 1120 0.0 30.0%" 1.60° 0.45%
Glyphosate + Flumetsulam 900 + 70 9.4 27.7%1 0.98% 0.63°
Glyphosate + Imazethapyr 900 + 100 3.4¢feh 38.0'® 0.62%" 0.40
Glyphosate + Clomazone 900 + 846 6.4 23.0%f 0.61%'% 0.53
Glyphosate + Flumioxazin 900 + 71.4 5.3¢fehi 37.1°¢ 0.68°% 0.43
Glyphosate + Flumioxazin + Chlorimuron-ethyl 900 + 71.4 + 9 5.]ctehi 25.4%f 0.61%" 0.55°
Glyphosate + Pyroxasulfone + Flumioxazin 900 + 240 2. 7edle 22.3% 0.59¢" 0.50%
Glyphosate + Salflufenacil/Dimethenamid-P 900 + 245 1.1 17.1 1.07* 0.67°
Glyphosate + S-Metolachlor + Metribuzin 900 + 1600 + 653 140 37.0% 0.89°% 0.29°
Glyphosate + Imazethapyr + Metribuzin 900 + 100 + 400 2.7°0f 30.3%% 0.58° 0.44%

“L1, LaSalle; L2, Windsor; L3, Amherstburg; L4, LaSalle; L5, Windsor; *IMeans followed by the same letter are not significantly different according to fisher’s

protected LSD at P <0.05.

[15] who reported a 97% and 95% reduction in giant
ragweed shoot dry weight with glyphosate plus cloran-
sulam-methyl or metribuzin, respectively. Giant ragweed
shoot dry weight was reduced by 71% to 96% with gly-
phosate plus saflufenacil/dimethenamid-P and was equi-
valent to the weed free control at L1 (Table 10). In con-
trast, glyphosate plus chlorimuron-ethyl or flumetsulam
reduced giant ragweed shoot dry weight by 27% to 55%
and 53% to 65% and was equivalent to the weedy control
at group L1 (Table 10). Glyphosate plus S-metolachlor
plus metribuzin, imazethapyr plus metribuzin, pyrox-
asulfone/flumioxazin, flumioxazin plus chlorimuron-ethyl,
flumioxazin, clomazone or imazethapyr, reduced giant
ragweed biomass by less than 65% at L2, L3, L4 and L5
(Table 10).

Soybean yield at L2, L3, L4 and L5 could be com-
bined and L1 was analyzed separately. Giant ragweed
interference caused a reduction in soybean yield by 80%
to 86% across all sites (Table 10). Baysinger and Sims
[14] reported a 92% yield loss in soybean with a giant
ragweed density of 16 plants per 9 m of row. Giant rag-
weed interference with all herbicides had a reduction in

Copyright © 2013 SciRes.

soybean yield greater than 5% (Table 10). Giant ragweed
interference with glyphosate alone caused a 69% to 83%
reduction in soybean yield (Table 10). Giant ragweed
interference with glyphosate plus cloransulam-methyl or
metribuzin caused a 10% to 62% and 9% to 84% reduc-
tion in soybean yield, respectively and was equivalent to
the weed free control at L1 (Table 10). Giant ragweed
interference with glyphosate plus linuron caused a 40%
to 53% reduction in soybean yield which is in contrast to
the reduction in giant ragweed shoot dry weight (Table
10). Giant ragweed interference with glyphosate plus
chlorimuron-ethyl, flumetsulam, imazethapyr, clomazone,
flumioxazin, chlorimuron-ethyl plus flumioxazin, pyrox-
asulfone plus flumioxazin, saflufenacil/dimethenamid-P,
S-metolachlor plus metribuzin or imazethapyr plus me-
tribuzion caused greater than 35% reduction in soybean
yield across all locations (Table 10).

4. CONCLUSION

In summary, glyphosate plus 2,4-D ester or amitrole
provided the best control of glyphosate resistant giant
ragweed. Herbicides providing residual activity provided
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variable control across all locations. Out of the burndown
plus residual herbicides evaluated, glyphosate plus lin-
uron provided the best control of glyphosate resistant
giant ragweed. Although this herbicide provided the
highest control of glyphosate resistant giant ragweed,
control was not always acceptable across all locations.
This research shows that control of glyphosate resistant
giant ragweed is needed early in the season when plants
are small. Future research should look at other herbicide
tankmixes with multiple modes of action.
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