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Abstract

Waterhemp is a dioecious species which contributes to a wide genetic diversity that has enabled
it to evolve resistance to several commonly used Herbicide Groups (G) in North America. Five
field trials were established in Ontario to ascertain the biologically effective doses (BED) of
diflufenican, a new Group 12 herbicide applied preemergence (PRE) for control of multiple
herbicide-resistant (MHR) waterhemp in corn. Based on regression analysis, the predicted
diflufenican doses to elicit 50, 80, and 95% MHR waterhemp control were 99, 225, and 417 g ai
ha™ at 2 WAA; 73, 169, and 314 g ai ha™ at 4 WAA, and 76, 215, and “— (the effective dose
was beyond the set of doses in this study) g ai ha™ at 8 WAA, respectively. The diflufenican
doses that caused a 50, 80, and 95% decrease in MHR waterhemp density were 42, 123, and 7
g ai ha™, and MHR waterhemp biomass were 72, 167, and 310 g ai ha™, respectively at 8 WAA.
Diflufenican PRE at 150 g ai ha™ controlled MHR waterhemp 64, 79, and 73%; isoxaflutole +
atrazine PRE at 105 + 1060 g ai ha™ controlled MHR waterhemp 98, 98, and 97%; and S-
metolachlor/mesotrione/bicyclopyrone/atrazine PRE at 1259/140/35/588 g ai ha™ controlled
MHR waterhemp 100, 100, and 99% at 2, 4, and 8 WAA, respectively. Diflufenican PRE
reduced MHR waterhemp density and biomass by 83%; in contrast, isoxaflutole + atrazine and
S-metolachlor/mesotrione/bicyclopyrone/atrazine reduced MHR waterhemp density and biomass
by 99%. All treatments evaluated caused either no or minimal corn injury and provided yield
comparable to weed-free control. Results indicate that diflufenican applied PRE alone does not
provide superior MHR waterhemp control than the commonly used herbicides isoxaflutole +
atrazine or S-metolachlor/mesotrione/bicyclopyrone/atrazine; however, there is potential for the
utilization of diflufenican as a part of an Integrated Weed Management (IWM) strategy for the

control of MHR waterhemp control in corn.
Nomenclature: Diflufenican; isoxaflutole + atrazine; S-
metolachlor/mesotrione/bicyclopyrone/atrazine; Palmer amaranth, Amaranthus

palmeri S.Watson; waterhemp, Amaranthus tuberculatus (Mog.) J.D. Sauer.; corn, Zea mays L.

Keywords: Preemergence herbicides, corn injury, corn yield, waterhemp control, waterhemp

biomass, waterhemp density
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Introduction

Corn production is an important agriculture sector in Canada and contributes substantially to the
economy of Canada. Canada is the 11" top corn producer globally, producing nearly 1.5 billion
kilograms of grain corn annually (Statista 2024). Nearly 65% of Canadian grain corn is produced
in Ontario (OMAFRA Crop Statistics 2023). In 2022, Ontario corn growers seeded
approximately 1 million ha and processed approximately 9.4 billion kilograms of grain corn with
farm cash receipts of nearly $2 billion (OMAFRA 2024). In 2022, the amount of corn exported
to other markets (mainly Ireland, Spain, and other European countries) amounted to nearly 1
billion kilograms, valued at $375 million (Ontario Grain Farmers 2023). The continuous increase
in corn consumption globally necessitates improving corn productivity so that supply meets
demand. One of the most impeding factors in corn productivity is yield loss due to weed
interference, especially recently confirmed multiple herbicide-resistant (MHR) weed biotypes

such as waterhemp.

Waterhemp is a dioecious weed with a wide genetic diversity which has enabled it to evolve
resistance to several herbicide Groups (2, 4, 5, 9, 14, 15, and 27) (Bell and Tranel 2010; Cordes
et al. 2004; Heap 2024). A recent WSSA survey has placed waterhemp among the most
problematic weed species in the USA (Van Wychen 2016). Waterhemp biotypes in Ontario have
evolved resistance to Groups 2, 5, 9, 14, and/or 27 (Benoit et al. 2019a; Heap 2024; Symington
et al. 2022). MHR waterhemp has been found in 17 Ontario counties spanning over 800 km
across the southern portion of the province (Soltani et al. 2022). A recent metadata analysis has
estimated that MHR waterhemp exists in one percent of field crop hectares in Ontario. If left
uncontrolled can cause an average of 19% reduction in corn yield with a farm cash receipts value
of $3.1 million annually (Soltani et al. 2022). Steckel and Sprague (2004) observed as much as
74% yield loss in corn from waterhemp interference. There has been no new herbicide mode of
action commercialized in Canada for use in corn in more than two decades. Corn producers need
new herbicide modes of action to control yield-robbing weed species such as MHR waterhemp in

their cropping systems.

Diflufenican (C19H11F5N202) is a WSSA Group 12 selective contact and residual

herbicide from the phenyl ether chemical family. In Europe, diflufenican has been
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commercialized for weed management in cereals and lentils for several years (Effertz 202). In
Canada and the USA, diflufenican was just registered (Feb. 2024) by the PMRA (Pest
Management Regulatory Agency) and is pending approval from the EPA (Environmental
Protection Agency) for utilization in soybean and corn (Effertz 2021). Diflufenican, combined
with other herbicides, can contribute to controlling two important weed species in North
America: MHR waterhemp and MHR Palmer amaranth (Effertz 2021). No other herbicide from
WSSA Group 12 has ever been marketed for weed management in corn and soybean in North
America (Effertz 2021). Diflufenican can be applied preemergence (PRE) to control MHR
waterhemp (Effertz 2021; Haynes and Kirkwood 1992; Tejada 2009). It is primarily absorbed by
the shoots of seedlings and has limited translocation within plants (Ashton et al. 1994; Conte et
al. 1998; Haynes and Kirkwood 1992). Diflufenican disrupts the biosynthesis of carotenoids, a
crucial pigment for photosynthesis, and the protection of plants from harmful high-energy light
(Miras-Moreno et al. 2019). In the absence of carotenoids, susceptible plants cannot shield their
cells from harmful high-light energy, leading to growth cessation and total necrosis of plants
within days (Haynes and Kirkwood 1992). Diflufenican has low water solubility and low
volatility, low toxicity to honeybees and mammals if ingested, does not persist in the soil, and

has a relatively favorable environmental profile (Ashton et al. 1994; Bending et al. 2006).

Waterhemp has not evolved resistance to herbicides from Group 12; therefore, diflufenican
offers a new mode of action for the control of MHR waterhemp in corn and can be an ideal
herbicide partner with other available herbicides to diversify modes of action and minimize
selection pressure for the evolution of herbicide-resistant weed biotypes. The biologically
effective dose (BED) of diflufenican for MHR waterhemp control in corn has not been assessed
under Ontario environmental conditions. Additionally, there has been little research to compare
the efficacy of diflufenican compared to herbicides currently utilized in corn for the control of
MHR waterhemp including isoxaflutole + atrazine and S-

metolachlor/mesotrione/bicyclopyrone/atrazine.

This research was conducted to determine the BED of diflufenican for PRE control of MHR
waterhemp in corn and to compare the control of MHR waterhemp with diflufenican to

isoxaflutole + atrazine, and S-metolachlor/mesotrione/bicyclopyrone/atrazine.
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Materials and Methods

Five field trials were carried out in 2017 and 2018 in growers' fields with naturally occurring
MHR waterhemp in southwestern Ontario, Canada. In 2017, two trials were conducted on
Walpole Island, ON, and one near Cottam, ON, and in 2018, one trial was conducted on Walpole
Island, ON, and one near Cottam, ON.

Field trials were set up as a randomized complete block design with 4 replicates. Experiment
treatments included a weed-free control, diflufenican applied PRE at 60, 90, 120, 150, 180, and
210 g ai ha', isoxaflutole + atrazine applied PRE at 105 + 1060 g ai ha®, and S-
metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE at 1259/140/35/588 g ai ha™. Plots
were 8 m long and 3.0 m wide and consisted of four rows (0.75 m apart) of
glyphosate/glufosinate-resistant corn (DKC45-65RIB®/DKC42-60RIB®) seeded at the rate of
~80,000 seeds ha™.

Treatments were applied PRE with a CO,-pressurized backpack sprayer adjusted to deliver
200 L ha™ at 240 kPa. The spray boom was 1.5 m long and had four nozzles (ULD120-
02, Hypro, Pentair, New Brighton, Minnesota, USA) spaced 50 cm apart, producing a spray
width of 2.0 m.

Corn injury evaluations were completed at 1, 2, 4, and 8 weeks after emergence (WAE), and
MHR waterhemp control evaluations were completed at 2, 4, and 8 weeks after application
(WAA) on a scale of 0 (no corn injury/waterhemp control) to 100% (corn/waterhemp death). The
MHR waterhemp density and aboveground biomass were determined at 8 WAA by clipping all
waterhemp plants within two 0.25 m? randomly placed quadrats in each plot. Aboveground dry
biomass was then determined by oven-drying clipped waterhemp plants at 65 C to constant
moisture. At corn maturity, the 2 middle rows of each plot were harvested with a small-plot
research combine; corn grain moisture content and mass were recorded. Corn yield was adjusted

to 15.5% moisture.

Non-Linear Regression Analysis
Waterhemp control, density, and biomass data were regressed against the dose of diflufenican
using the NLIN procedure in SAS (SAS 2013). An exponential to maximum model (Equation 1)

was used to model waterhemp control at 2, 4, and 8 WAA against the dose of diflufenican from 0
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to 210 g ha™. Similarly, waterhemp density and biomass were regressed against diflufenican
dose using an inverse exponential model (Equation 2).
Exponential to Maximum:

y=a-— be(—c*dose) [1]
where y = response parameter, a = upper asymptote, b = magnitude, and ¢ = slope.

Inverse Exponential:

y = a + be(=¢*dose) 7]

where y = response parameter, a = lower asymptote, b= change in Y from intercept to a, and ¢ =
slope.

Parameters generated form each regression analysis were used to calculate the expected dose
(EDy) of diflufenican for 50, 80, and 95% waterhemp control, and a 50, 80, and 95% reduction in
waterhemp plant density and biomass. Diflufenican dose was reported as “— where it could not

be calculated by the model.

Model Goodness of Fit

Model efficiency (ME; Equation 3) and root mean square error (RMSE; Equation 4) were
calculated to determine goodness of fit for each regression model as suggested by Soltani et al.
(2020).

N P
ME =1 [2?=1 (Oi_i)z] [3]

RSS
(n-p-1)

RMSE = [4]

where Oi is the observed, Pi is the predicted, Oi is the mean observed value, RSS is the
residual sum of squares, n is the number of data points, and p is the number of parameters. ME

ranges from -oo to 1; values closer to 1 signify better goodness of fit.
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Least-Square Means Comparisons

Data were analyzed in SAS (SAS 2013) using the GLIMMIX procedure. Variances were
partitioned into the fixed effect of herbicide treatment and the random effects of environment
(location-year combinations), block nested within environment, and the environment-by-
treatment interaction. Waterhemp control at 2, 4, and 8 WAA were arcsine square-root
transformed prior to analysis using a normal distribution with identity link; non-transformed
means were presented based on the interpretation of transformed data. Waterhemp density and
biomass were analyzed using the lognormal distribution with identity link. The Pearson chi-
square/degrees of freedom ratio and Shapiro-wilk statistic were used to determine model fitness
for each parameter and eliminate potential overdispersion. Studentized residual plots and normal
probability plots were used to confirm the homogeneity of variance and the assumptions of
normality, respectively. Means were separated using Tukey’s least significant difference at an
alpha level of 0.05. Data analyzed using a lognormal distribution were back-transformed using

the omega method.

Results and Discussion
Corn injury was minimal and environment-specific; therefore, regression equations were not

generated for injury data (Tables 1 and 2).

Biologically Effective Doses of Diflufenican PRE for MHR Waterhemp Control

The predicted diflufenican doses to elicit 50, 80, and 95% control of MHR waterhemp were 99,
225, and 417 g ai ha™ at 2 WAA; 73, 169, and 314 g ai ha™ at 4 WAA; and 76, 215, and “—
(effective dose was beyond the set of doses in this study) g ai ha™ at 8 WAA, respectively (Table
1). The predicted diflufenican doses that caused a 50, 80, and 95% decrease in MHR waterhemp
density were 42, 123, and ”— g ai ha™ and the doses that caused a 50, 80, and 95% decrease in
MHR waterhemp biomass were 72, 167, and 310 g ai ha™, respectively (Table 1). No other
studies have been published on the BED of diflufenican for managing MHR waterhemp in corn.
Studies conducted by Sarangi and Jhala (2017) determined that the calculated doses of S-
metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE to elicit 50 and 90% control of
glyphosate-resistant (GR) waterhemp in corn were 94 and 586 g ha™ at 2 WAA; 149 and 1173 g
ha’ at 5 WAA, and 251 and 2796 g ha™ at 9 WAA, respectively. The same study determined
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that the calculated doses of S-metolachlor/mesotrione/bicyclopyrone/atrazine PRE to elicit 50
and 90% reduction in density of GR waterhemp were 274 and 2824 g ai ha™* and GR waterhemp
biomass were 229 and 2389 g ai ha™, respectively at 9 WAA.

Control of MHR Waterhemp with Diflufenican compared to Isoxaflutole + Atrazine and S-
metolachlor/Mesotrione/Bicyclopyrone/Atrazine

Diflufenican (150 g ai ha™), isoxaflutole + atrazine (105 + 1060 g ai ha®), and S-
metolachlor/mesotrione/bicyclopyrone/atrazine (1259/140/35/588 g ai ha™) applied PRE
controlled MHR waterhemp 64, 98, and 100% at 2 WAA,; 79, 98, and 100% at 4 WAA, and 73,
97, and 99% at 8 WAA, respectively (Table 2). There has been little research published on the
efficacy of diflufenican for the control of MHR waterhemp in corn. Studies conducted by Benoit
et al. (2019b) with single active ingredient herbicides, S-metolachlor, dimethenamid-P,
pyroxasulfone, pethoxamid, atrazine, and dicamba showed only 73-83, 71-79, 74-81, 44-55, 65-
73, and 42-54% MHR waterhemp control. However, Willemse et al. (2021) observed that
multiple active ingredient herbicide mixtures such as isoxaflutole + atrazine PRE controlled
MHR waterhemp 70-97, 77-97, and 78-97% at 4, 8, and 12 WAA, respectively. In the same
study, S-metolachlor/mesotrione/bicyclopyrone/atrazine controlled MHR waterhemp 93-99% at
various timings (Willemse et al. 2021). Sarangi and Jhala (2017) observed >95% MHR
waterhemp control with S-metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE in corn.
Additionally, Legleiter and Bradley (2009) observed 98% GR waterhemp control with
atrazine + mesotrione + S-metolachlor applied PRE at 12 WAA in corn.

Diflufenican (150 g ai ha™), isoxaflutole + atrazine (105 + 1060 g ai ha®), and S-
metolachlor/mesotrione/bicyclopyrone/atrazine (1259/140/35/588 g ai ha™) applied PRE reduced
MHR waterhemp density 83, 99, and 99%, respectively (Table 2). In other studies, Willemse et
al. (2021) observed 94 and 99% reductions in density of MHR waterhemp with isoxaflutole +
atrazine and S-metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE in corn, respectively
which is comparable to this study. Similarly, Benoit et al. (2019b) documented 94 and 98%
reductions in density of MHR waterhemp with isoxaflutole + atrazine and S-
metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE in corn, respectively. Vyn et al.
(2006) reported that the density of a triazine-resistant waterhemp population was reduced 97% at

10 WAA with isoxaflutole + atrazine applied PRE in corn.
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Diflufenican (150 g ai ha), isoxaflutole + atrazine (105 + 1060 g ai ha?), and S-
metolachlor/mesotrione/bicyclopyrone/atrazine (1259/140/35/588 g ai ha) applied PRE reduced
MHR waterhemp biomass 83, 99, and 99%, respectively (Table 2). Similarly, in other studies,
Willemse et al. (2021) and Benoit et al. (2019b) observed up to 98% reductions in aboveground
dry biomass of MHR waterhemp with isoxaflutole + atrazine and S-
metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE in corn.

Diflufenican applied PRE at 150 g ha™, isoxaflutole + atrazine applied PRE at 105 + 1060 g
ai ha', and S-metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE at 1259/140/35/588 g
ai ha™! caused no crop injury in corn at 2, 4, and 8 WAA (data not shown). Additionally, all
herbicide treatments evaluated provided comparable corn yield (Table 2). These results are
similar to those found by Willemse et al. (2021) which documented no or minimal corn injury
with isoxaflutole + atrazine or S-metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE in
corn. Benoit et al. (2019b) also found transient visible corn injury with isoxaflutole + atrazine or
S-metolachlor/mesotrione/bicyclopyrone/atrazine applied PRE in corn. Similarly, Brown et al.,
(2016) found no corn injury with isoxaflutole + atrazine applied preplant (PP). Jha (2021),
Lawson (2017), and Richburg et al. (2019) also observed no visible corn injury or yield loss in
corn with S-metolachlor/atrazine/mesotrione/bicyclopyrone applied PP.

In conclusion, diflufenican PRE at 150 g ai ha™ provided lower MHR waterhemp control
than the currently used multiple active ingredient herbicide mixtures, isoxaflutole + atrazine (105
+ 1060 g ai ha™) and S-metolachlor/mesotrione/bicyclopyrone/atrazine (1259/140/35/588 g ai ha”
1. There is potential for the utilization of diflufenican with its unique site of action as a part of an
Integrated Weed Management (IWM) strategy for controlling MHR waterhemp in corn. Future
studies are needed to evaluate PRE applications of diflufenican combined with other effective
herbicides for control of MHR waterhemp and other weed species in corn.

Practical Implications

MHR Waterhemp biotypes are present in 17 counties over a distance of 800 km causing an
average of 19% corn vyield loss in Ontario, Canada. Herbicides with new modes of action are
crucial in managing MHR waterhemp in corn. Diflufenican is a new Group 12 herbicide from the
phenyl ether chemical family that has been just registered in Canada for MHR waterhemp in

corn and soybean. Based on regression analysis, the doses of diflufenican to elicit 95% MHR
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waterhemp control in corn were 417, 314, and “— g ai ha™ at 2, 4, and 8 WAA, respectively.
Additionally, the doses of diflufenican to elicit 50, 80, and 95% decrease in MHR waterhemp
density were 42, 123, and “— g ai ha™ and MHR waterhemp biomass was 72, 167, and 310 g ai
ha™. Diflufenican PRE caused no crop injury or yield reduction in corn. Based on these results,
diflufenican applied PRE alone does not provide superior MHR waterhemp control than the
commonly used corn herbicides isoxaflutole + atrazine or S-
metolachlor/mesotrione/bicyclopyrone/atrazine. However, diflufenican offers a new mode of
action for the control of MHR waterhemp in corn and can be a complementary herbicide partner
with other available herbicides to diversify modes of action and minimize the intensity of natural

selection for the evolution of additional HR weed biotypes.

Acknowledgments
We thank Dr. Michelle Edwards for her statistical support.

Funding
Funding for this research was provided by Grain Farmers of Ontario, Ontario Agri-Food

Innovation Alliance, and Bayer Crop Science Inc.

Competing Interests
The authors declare none.

https://doi.org/10.1017/wet.2024.42 Published online by Cambridge University Press


https://doi.org/10.1017/wet.2024.42

Reference

Ashton 1A, Abulnaja KO, Pallett KE, Cole DJ, Harwood JL (1994) The mechanism of inhibition
of fatty acid synthase by the herbicide diflufenican. Phytochemistry 35:587-590

Bell MS, Tranel PJ (2010) Time requirement from pollination to seed maturity in waterhemp
(Amaranthus tuberculatus). Weed Sci 58:163-173

Bending GD, Lincoln SD, Edmondson RN (2006) Spatial variation in the degradation rate of the
pesticides isoproturon, azoxystrobin and diflufenican in soil and its relationship with
chemical and microbial properties. Env Pollution 139:279-287

Benoit L, Hedges B, Schryver MG, Soltani N, Hooker DC, Robinson DE, Laforest M, Soufiane
B, Tranel PJ, Giacomini D, Sikkema PH (2019a) The first record of protoporphyrinogen
oxidase and four-way herbicide resistance in eastern Canada. Can J Plant Sci 100:327-331

Benoit L, Soltani N, Hooker DC, Robinson DE, Sikkema PH (2019b) Control of multiple-
resistant waterhemp [Amaranthus tuberculatus (Mog.) Sauer] with preemergence and
postemergence herbicides in corn in Ontario. Can J of Plant Sci 99(3):364-370

Brown LR, Shropshire C, Sikkema PH (2016) Control of glyphosate-resistant Canada fleabane in
corn with preplant herbicides. Can J Plant Sci 96:932-934

Conte E, Morali G, Galli M, Imbroglini G, Leake CR (1998) Long-term degradation and
potential plant uptake of diflufenican under field conditions.J of Agric and Food
Chemistry 46:4766-4770

Cordes JC, Johnson WG, Scharf P, Smeda, RJ (2004) Late-emerging common waterhemp
(Amaranthus rudis) interference in conventional tillage corn. Weed Technol 18:999-1005

Cousens (1985) A simple model relating yield loss to weed density. Ann Appl Biol 107:239-252

Effertz, A. D. (2021) Investigating the Impact of Soil Type, Soil Moisture, and Soil Surface
Residue Cover on the Efficacy of Diflufenican (Doctoral dissertation, Colorado State
University).

Haynes C, Kirkwood RC (1992) Studies on the mode of action of diflufenican in selected crop
and weed species: Basis of selectivity of pre-and early post-emergence applications. Pesticide
Science 35(2):161-165

Heap | (2024) The international herbicide-resistant weed database. Awvailable from:

http://www.weedscience.org/. Accessed: March 20, 2024

https://doi.org/10.1017/wet.2024.42 Published online by Cambridge University Press


http://www.weedscience.org/
https://doi.org/10.1017/wet.2024.42

Jha P (2021) Comparisons of One and Two-Pass Herbicide Programs for Weed Control in Corn
(lowa State University, Ag Engineering/Agronomy, Central lowa, and Bio Century Research
Farms ISRF20-16, 30)

Lawson V (2017) Evaluation of new sweet corn herbicides (Issue 1, 2016 Farm Progress
Reports, Number RFR-A1603, lowa State University, USA). Available from:
https://doi.org/10.31274/farmprogressreports-180814-1620 . Accessed: March 18, 2024

Legleiter TR, Bradley KW (2009) Evaluation of herbicide programs for the management of
glyphosate-resistant waterhemp (Amaranthus rudis) in maize. Crop Prot 28:917-922

Miras-Moreno B, Pedrefio MA, Fraser PD, Sabater-Jara AB, Almagro L (2019) Effect of
diflufenican on total carotenoid and phytoene production in carrot suspension-cultured cells.
Planta 249:113-122

OMAFRA Crop Statistics (2023) 2023 corn seasonal summary. Available from:
https://fieldcropnews.com/2023/12/2023-corn-seasonal-summary/.  Accessed: March 18,
2024

Ontario Grain Farmers Magazine (2023) Ontario grains by the numbers. Available from:
https://ontariograinfarmer.ca/2023/10/01/ontario-grains-by-the-numbers/.  Accessed: March
18, 2024

[OMAFRA] Ontario Ministry of Agriculture, Food and Rural Affairs. (2024) Ontario field crop
area and production estimates by county. Available from: https://www.ontario.ca/page/field-
crops-statistics. Accessed: March 10, 2024

Richburg JT, Norsworthy JK, Barber LT (2019). Herbicide programs with and without atrazine
in corn. Available from:
https://scholarworks.uark.edu/cgi/viewcontent.cgi?article=1161&context=aaesser#page=45.
Accessed: March 18, 2024

Sarangi D and Jhala AJ (2017). Biologically effective rates of a new premix (atrazine,
bicyclopyrone, mesotrione, and S-metolachlor) for preemergence or postemergence control
of common waterhemp [Amaranthus tuberculatus (Moq.) Sauer var. rudis] in corn. Can J of
Plant Sci 97(6):1075-1089

SAS® (2013) SAS Institute Inc., Cary, NC, USA

Soltani N, Geddes C, Laforest M, Dille JA, Sikkema PH (2022) Economic impact of glyphosate-
resistant weeds on major field crops grown in Ontario. Weed Technol 36:629-635

https://doi.org/10.1017/wet.2024.42 Published online by Cambridge University Press


https://doi.org/10.31274/farmprogressreports-180814-1620
https://fieldcropnews.com/2023/12/2023-corn-seasonal-summary/
https://ontariograinfarmer.ca/2023/10/01/ontario-grains-by-the-numbers/
https://www.ontario.ca/page/field-crops-statistics
https://www.ontario.ca/page/field-crops-statistics
https://scholarworks.uark.edu/cgi/viewcontent.cgi?article=1161&context=aaesser#page=45
https://doi.org/10.1017/wet.2024.42

Soltani N, Oliveira MC, Alves GC, Werle R, Norsworthy JK, Sprague CL, Young BG, Reynolds
DB, Brown A, Sikkema PH (2020) Off-target movement assessment of dicamba in North
America. Weed Technol 34:318-330

Statista (2024) Global corn production in 2023/2024, by country. Available from:
https://www.statista.com/statistics/254292/global-corn-production-by-country.

Accessed: March 11, 2024

Steckel LE, Sprague CL (2004) Common waterhemp (Amaranthus rudis) interference in corn.
Weed Sci 52(3):359-364

Symington HE, Soltani N, Sikkema PH (2022) Confirmation of 4-hydroxyphenylpyruvate
dioxygenase inhibitor-resistant and 5-way multiple-herbicide-resistant waterhemp in Ontario.
J Agric Sci 14:53-58

Tejada M (2009) Evolution of soil biological properties after addition of glyphosate, diflufenican
and glyphosate + diflufenican herbicides. Chemosphere 76(3):365-373

Van Wychen L (2016) 2015 Survey of the Most Common and Troublesome Weeds in the United
States and Canada. Weed Science Society of America, National Weed Survey Dataset,
Lawrence, KS. Available from: http://wssa.net/wp-content/uploads/2015-Weed-
Survey FINALZL.xIsx. Accessed: March 15, 2024

Vyn JD, Swanton CJ, Weaver SE, Sikkema PH (2006) Control of Amaranthus tuberculatus var.

rudis (common waterhemp) with pre and post-emergence herbicides in Zea mays L.
(maize). Crop Prot 25:1051-1056

Willemse C, Soltani N, Benoit L, Hooker DC, Jhala AJ, Robinson DE, Sikkema PH (2021)
Herbicide programs for control of waterhemp (Amaranthus tuberculatus) resistant to three
distinct herbicide sites of action in corn. Weed Technol 35:753-760

https://doi.org/10.1017/wet.2024.42 Published online by Cambridge University Press


http://wssa.net/wp-content/uploads/2015-Weed-Survey_FINAL1.xlsx
http://wssa.net/wp-content/uploads/2015-Weed-Survey_FINAL1.xlsx
https://doi.org/10.1017/wet.2024.42

Table 1. Regression parameters and the predicted doses of diflufenican for 50, 80, and 95 multiple herbicide-resistant waterhemp
(Amaranthus tuberculatus (Mog.) J.D. Sauer) control at 2, 4, and 8 weeks after application (WAA), and a 50, 80, and 95% reduction

in density and biomass at 8 WAA from five field trials conducted in southwestern Ontario, Canada in 2017 and 2018.

Regression parameters (£SE) Predicted diflufenican dose
Variable a b C EDsg EDgo EDgs
Control SN B T
2 WAA? 100 (0) 102 (3.34) 0.01 (0) 99 225 417
4 WAA? 100 (0) 100 (3.46) 0.01 (0) 73 169 314
8 WAA® 88.6 (9.08) 87.69 (9.15 0.01 (0) 76 215 -
Density” 58 (63.43) 401.6 (90.48) 0.02 (0.01) 42 123 -
Biomass® 0 (0) 175.1 (24.59) 0.01 (0) 72 167 310

-c*dose

®Regression parameters: y = a - b(e ); Where a is the upper asymptote, b is the magnitude, and c is the slope.

c*dose): \Where a is the lower asymptote, b is the change in y from the intercept to a, and c is the

PRegression parameters: y = a + b(e
slope.
‘Abbreviations: ED,, effective dose to elicit response level n; WAA, weeks after application. —, the effective dose could not be

estimated by the model or was beyond the set of doses in this study.
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Table 2. Multiple herbicide-resistant waterhemp (Amaranthus tuberculatus (Mog.) J.D. Sauer) control 2, 4, and 8 weeks after
application (WAA), density and biomass at 8 WAA, and corn yield provided by diflufenican and industry-standard herbicides applied
PRE from five field trials across Ontario, Canada in 2017 and 2018.

Visible control

Herbicide treatment Rate 2 WAA 4 WAA 8 Density Biomas Yield
WAA s
R S — 7 Plantsm® gm™ kg ha™
Non-treated control - 0 c O C 0 c 372 C 168 ¢ 9,660 a
Diflufenican 150 64 b 79 b 73 b 63 a 28 a 9,910 a
Isoxaflutole + atrazine 105+1060 98 a 98 a 97 a 4 a 1 a 10,100 a
S- 1259/140/35 100 a 100 a 9 a 3 a 1 a 10,400 a

metolachlor/mesotrione/ /588

bicyclopyrone/atrazine

®Abbreviations: WAA; weeks after application.

®Means followed by the same letter within a column are not significantly different according to Tukey’s LSD (P > 0.05).
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