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Comparison of the DJI Agras T40
UAV and Airplane for the
Application of Fungicides in Corn
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Introduction

* Fungicide applications must be
timely and provide uniform
coverage

* Unmanned aerial vehicles
(UAVs) may have the potential
to provide a more timely option
for fungicide application

* Few studies have been
conducted comparing airplane
and UAVs for application of

fungicides in a large field
setting




Objectives -+

Evaluate disease severity, spray coverage,
and yield following a fungicide application
from a plane vs. DJI Agras T40 UAV (@ 2 and

4 GPA)

2%/

\ o » ;7 g \
S 1 /
=] 4 73 T 7 | e
TR £ i <
| ,,/ 2 !

il
AN\

L =
— EEEC
—




Materials and Methods

Three locations: o

* Green Ridge \\*

* Mound City “h

* Truxton C\
Two years of data at each
location

Individual plots:
* 60’0or90’wide
* 1,320 - 2,640 ft long

4 replications of each treatment
at each location




Materials and Methods

Cooperator selected products, rate, and timing

The same fungicide treatment and additives were sprayed by
the UAV (DJI Agras T40) and airplane at each location

Treatments were sprayed by the UAV at 2 and 4 GPA

Plane sprayed at 2 GPA; model varied by location




Materials and Methods

* Water sensitive cards placed on
top and bottom of ear leaf (E),
two leaves above the ear leaf
(+2), and two leaves below the
ear leaf (-2) at application

* Image J software used to
determine percent coverage and
droplet size

* Disease severity was evaluated
at application, R3, and R6




Average Fungicide Spray Coverage Across Top Cards
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*Bars within a location followed by the same letters are not different, LSD=0.05.



2024 Average Tar Spot Disease Severity at R6
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Truxton Mound City Green Ridge

*Bars within a location followed by the same letters are not different, LSD=0.05.



2024 Average Gray Leaf Spot Disease Severity at R6
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*Bars within a location followed by the same letters are not different, LSD=0.05.



2024 Average Common Rust Disease Severity at R6
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Mound City Green Ridge

*Bars within a location followed by the same letters are not different, LSD=0.05.



2025 Average Southern Rust Disease Severity at R6
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*Bars within a location followed by the same letters are not different, LSD=0.05.



2024 Corn Yield Response to Treatments
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*Bars within a location followed by the same letters are not different, LSD=0.1.



Conclusions

* Plane application resulted in less coverage than UAV
2 or 4 GPA applications at Green Ridge in 2024

* UAV 4 GPA application resulted in higher spray
coverage than UAV 2 GPA or plane application at
Mound City 0




Conclusions

* UAV applications resulted
in similar or lower disease
severity by R6 across all
locations both years

* Fungicide application with
UAV resulted in higher
yields than with plane at
Truxton and Mound City
(2GPA) but not Green
Ridge for 2024
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Comparison of UAV and Ground Sprayer for
Pre-emergent Herbicide Application in Soybean

* Pre-emergent (PRE) herbicide programs are key to
effective weed control in soybean production systems

* Unmanned aerial vehicles (UAVs) may have the
potential to provide a more timely option for pre-
emergent herbicide application in certain adverse
weather conditions

* Few studies have been conducted comparing ground
sprayer and UAV with PRE herbicide applications




Objectlves

. Compare spray coverage, off- target movement and
_weed control following a PRE herbicide application
made W|th an Agras T40 UAV and ground sprayer

‘ » Evaluate the effects of appllcatlon volume and
.~ ~height:above canopy onspray coverage, off- target SRV
: move“nent and weed contro[wu'h the Agras T4Q UA i _‘
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Materials and Methods

Individual plots: UAV Treatments:
. 25'wide x 200’ long 1. 2GPA, 5 height
o 2. 2 GPA, 10’ height
* 4 replications of each 3. 5GPA, 5’ height
treatment 4. 5 GPA, 10’ height

* Three site-years

Ground Sprayer Treatments:
* Ground sprayer equipped

PRE Herbicide Treatment:

with AIXR 11005 nozzles,
e 6flozsZiduaPro/ acre calibrated to deliver 15 GPA
immediately after at 8 mph and 27” boom

soybean planting height




Materials and Methods

* Water sensitive cards
placed at 5 ft intervals on
two lines perpendicular
to the length of the plot

e Water sensitive cards
analyzed using Image)
software

UAV
15 GPA 5 GPA



Spray Coverage by Treatment (Years combined)
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*Bars within location followed by the same lowercase letters are not different, LSD=0.05.




Visual Waterhemp Control (Years Combined)
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NDVI Weed Control by Site-Year
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Conclusions

* Spray coverage was higher for the ground sprayer compared to
any UAV treatment across all locations within the swath width

* There were no differences in off-target movement between the
UAV and ground sprayer

 Based on visual weed control, the ground sprayer provided
greater weed control up to 42 days after emergence compared
to all UAV treatments

 Based on NDVI, greater weed control was achieved with the
ground sprayer compared to all UAV treatments in the 2025a
location and compared to certain UAV treatments in the 2024
location
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Got Scouringrush?

Details: Evaluated 3 locations in
WA for 3 yrs after the initial
application

Treatment: 2 oz Finesse
(chlorsulfuron + metsulfuron) + 2
Ya Ibs glyphosate (60 ozs Roundup
Pwrmax 3) per acre

Timing: All treatments applied
late-June / early-July

Results: At least 90% stem
reduction 3 years after the initial
treatment! Glyphosate alone was

mostly ineffective; some control at
highest rate (3 1/3 Ibs/A)
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Abstract

Smooth scouringrush is an herbaceous perennial with an extensive underground rhizome
system that has invaded no-til dryland production fields in the inland Pacific Northwest. The
objective of this field study was to determine whether there were any short- or long-term
benefits to tank-mixing chlorsulfuron + metsulfuron with glyphosate for smooth scouringrush
control. Field studies were conducted at three sites across eastern Washington from 2020 to
2024. Glyphosate was applied during fallow periods at0, 1260, 2,520, and 3,780 g ae ha~! with
and without chlorsulfuron + metsulfuron applied at 21.9 + 4.4 gai ha~. Smooth scouringrush
stem density was evaluated 1, 2, and 3 yr after treatment. Chlorsulfuron + metsulfuron
provided excellent control of smooth scouringrush (<5 plants m~) for the first 2 yr at all three
sites, and there was no observed benefit of tank-mixing with glyphosate. This continued to
be the case 3 yr after treatment at two of the sites, but at one site, adding glyphosate at
2,520 or 3,780 g ha' to chlorsulfuron + metsulfuron decreased stem density compared to
chlorsulfuron + metsulfuron applied alone. For treatments containing glyphosate only, the
greatest efficacy 3 yr after treatment was achieved at the highest application rate of 3,780 g ha~".
Although no shont-term benefit was observed in adding glyphosate to chlorsulfuron +
metsulfuron for smooth scouringrush control, at one of three sites the duration of control
was increased by at least 1 yr with the addition of glyphosate at a rate of 2,520 gha™" or more and
an organosilicone surfactant as tank-mix partners.

Introduction

Smooth scouringrush is the only Equisetum species endemic to North America (Hauke 1960).
The aerial stems of smooth scouringrush die back in fall and reemerge in spring, All Equisetum
species, also known s horsetails, are herbaceous perennials with an extensive underground
rhizome system that provides plants the ability to survive environmental disturbances such as
plowing, burial, fire, and drought (Husby 3). Equisetum species are commonly found
growing in wetlands, ditches, moist woods, and along radsides with sufficient soll water
availability. With the widespread adoption of no-till in the Pacific Northwest (PNW) (Huggins
and Reganold 2008), smooth scouringrush has invaded crop production fields across the region.

Bernards et al. (2010) evaluated 24 herbicide active ingredients for their efficacy against
scouringrush (Equisetum hyemale L.). Chlorsulfuron and dichlobenil were the only two that
provided commercially acceptable control of scouringrush. Of these two, only chlorsulfuron is
labeled for use in wheat production systems. Kerbs etal.(2019) found chlorsulfuron + MCPA-
ester to be a commercially acceptable treatment for smooth and intermediate (Eguisetum x
ferrissii Clute) scouringrush control in a cropping system of fallow and winter wheat (Triticum
aestivum L) in the PNW .

Unfortunately, chlorsulfuron has a half-life in soil that ranges from 88.5 d at pH 62 to
144 d at pH 8.1 at 20 C (Thirunarayanan et al. 1985). This relatively long halflife limits crop
rotation flexibility. Unlike chlorsulfuron, glyphosate is rapidly inactivated in soil by adsorption
to clay partides and organic matter (Sprankle et al 1975). Glyphosate's systemic activity
provides excellent control of many perennial weeds (Baylis 2000). However, glyphosate has been
reported to provide limited control of Equisetum species (Bernards et al. 2010; Coupland and
Peabody 1981; Kerbs et al. 20 19) at rates up to 2.1 kg ae ha™'. Kerbs etal. (2019) did not achieve
commercially acceptable control of smooth scouringrush with glyphosate, glyphosate +
saflufenacl, or glyphosate + glufosinate when using a maximum glyphosate rate of
126 kg ha™".

Lyon and Thome (2022) found that high rates of glyphosate (3.78 kg acha™) applied alone
or withan organosilicone surfactant provided effective control ofsmooth scouringrush 1 yr after
application compared with 2 nontreated check. The addition of an organosilicone surfactant
improved glyphosate efficacy 1 and 2 yr after treatment compared to gyphosate applied alone.

1020 Published online by Cambridge Universky Press




Got Scouringrush?

FINESSE

CEREAL AND FALLOW HERBICIDE

CHLORSULFURON | GROUP HERBICIDE

For Use on Wheat, Barley, Triticale and Fallow METSULFURON- GROUP HERBICIDE
METHYL

Dry Flowable
Active Ingredient By Weight
Chlorsulfuron 62.5%
Metsulfuron Methyl 12.5%
Other Ingredients 25.0%
TOTAL 100%

EPA Reg. No. 279-9610

EPA Est. No. 352-1L-001

NON CEREAL CROPS—ROTATION INTERVALS—IRRIGATED AND NON IRRIGATED LAND

icati Application Rate 5 cal*
Application Rate . . PP Rotation Interval
State Crop Soil pH (0z/A) Active Ingredient (Lb. ai/a) (months)
AL AR DE.GAIL, BOLT® technology 7 3 5 ~ Chlorsulfuron 0.0078 to 0.0195 4
IN.KY, LA, MD. MS, soybeanst 9 orlower 021003 Metsulfuron-methyl 000160 0.0039
MO.NC,NJ, OH. PA, =
SC, TN, VA, WV STS®& Sulfonylurea ) ) R Chlorsulfuron 0.0078 to 0.0195
Ready soybeanst 7.9 or lower 021005 6
R Metsulfuron-methyl 0.0016 to 0.0039
Grain Sorghum, Chlorsulfuron 0.0078 to 0.0195
Cotton, Soybeans. 7.9 or lower 021005 18
Field Com, Rice Metsulfuron-methyl 0.0016 to 0.0039
N Chlorsulfuron 0.0078 t0 0.0156
Grain sorghum 7.5 or lower 02t004 4
N Metsulfuron-methyl 0.0016 to 0.0031
*Rotation intervals are based on normal precipitation/irrigation amounts. If in a water deficit such as a drought, extend rotation intervals until cumulative rainfall/irrigation
reaches the normal range. These intervals DO NOT apply to crops grown for seed.
T BOLT® Technology. Sulfonylurea Ready, & STS® soybeans are varieties that have a high degree of crop non-sensitivity to ALS inhibiting and/or sulfonylurea herbicides
“onsult seed provider for ¢ Under certain ¢ ions (such as drought, prolonged cold weather, pH variability in the fields) temporary discoloration and/or crop
linjury may occur to above listed soybeans with sulfonylurea non-sensitivity traits planted after FINESSE herbicide applications

ROTATION INTERVAL TO SOYBEANS WITH THE PLENISH® TRAIT

CROP ROTATION
Minimum Rotation Intervals

Labelled crops may be planted at specified time intervals following application of labelled rates of FINESSE herbicide
cereal and fallow herbicide. Soybeans with the PLENISH® trait can be planted 6 months after a labelled application of
FINESSE herbicide, where soil pH is 7.9 or lower.

BORDER AREA APPLICATIONS

APPLICATION INFORMATION FINESSE® herbicide Active Ingredient Equivalent
FINESSE herbicide may be used for control of broadleaf Rate (0z/A) C]g(_)lr)s:]lfgon I\Ietsu(f:f.:;::)lethyl
weeds in field border areas and fence lines. Apply 02 0.0078 00016
FINESSE herbicide at 0.2 to 0.5 oz per acre. to to to

0.5 0.0195 0.0039




Kochia in Missouri?

An issue along railroads and roadsides in western MO for some time.
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Chinese Fountain Grass
Pennisetum alopecuroides




Chinese Fountain Grass
Pennisetum alopecuroides




End of Season Control (%)

Chinese Fountain grass Control with Spot
Spray Herbicide Treatments (cooper County, 2025)
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*All treatments applied as a 1% v/v spot spray treatment.
**Spring applications made on May 9, summer applications on July 7, fall applications on Sep 8.
***Bars followed by the same letter are not different.




End of Season Injury/Control (%)

Tall Fescue Injury in Response to the Spot
Spray Herbicide Treatments (cooper County, 2025)
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*All treatments applied as a 1% v/v spot spray treatment.
**Spring applications made on May 9, summer applications on July 7, fall applications on Sep 8.
***Bars followed by the same letter are not different.




The degree of tall Fescue injury/kill with these treatments will be
something to consider...
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Abstract

The opportunity to increase soybean yield has prompted Iinois farmers to plant soybean
carlier than historical norms. Extending the growing season with an earlier planting date might
alter the relationshipbetween soybean growth and weed emergence timings, potentially altering
the optimal herbicide application timings to minimize crop yield loss due to weed interference
and ensure minimal weed seed production. The objective of this research was to examine
various herbicide treatments applied at different timings and rates to assess the effect on weed
control and yield in early-planted soybean. Field experiments were conducted in 2021 at three
locations across central [linois to determine effective chemical strategies for weed management
in early-planted soybean. PRE treatments consisted of a S-metolachlor + metribuzin premix
applied at planting or just prior to soybean emergence at 05X (8834 210 g ai ha™') or 1X
(1,766 + 420 g ai ha™') label-reccommended rates. POST treatments were applied when
weeds reached 10 cm tall and consisted of 1X rates of glufosinate (655 g ai ha™?) + glyphosate
(1,260 gac ha™") + ammonium sulfate, without or with pyroxasulfoneat a 0.5X (63 gai ha~") or
1X (126 g ai ha?) rate. Treatments comprising both a full rate of PRE followed by a POST
resulted in the greatest and mast consistent weed control at the final evaluation timing. The
addition of pyroxasulfone to POST treatments did not consistently reduce late-season weed
emergence. The lack of a consistent effect by pyraxasulfone could be attributed to suppression
of weeds by soybean canopy clasure due to earlier soybean development. The full rate of PRE
extended the timing of POST application 2 to 3 wk for all treatments at all locations except
Urbana. Full-rate PRE treatments also reduced the time between the POST application and
soybean canopy closure. Overall, a full-rate PRE reduced carly-season weed interference and
minimized soybean yield loss due to weed interference.

Introduction

Improvements in soybean genetics, seed treatments, and planting technology and equipment
have combined o increase soybean yield and profitability over the last several decades.
Concomitant with these advances has been a shift to carlier soybean planting, Early soybean
planting has become an increasingly common practice with farmers across central Illinois and
the US. Midwest (USDA-ESMIS 2024). The reason for earlier planting is to increase soybean
growth prior to the summer solstice, which can lead to increased yield (Wilcox and
Frankenberger 1987). Illinois, the leading soybean-producing state, alone accounted for 15.8%
(4.53 million ha) of soybean planted in the United States in 2022 (USDA-NASS 2022, 2023).
Considering the economic value and dominance of soybean asa cash crop in Illinois, evaluating
weed management in an carly-planted soybean is prudent

There are concerns with planting soybean early, such as inadequate crop stands (Oplinger
and Philbrook 1992) and increased disease incidence (Hamman et al. 2002). Weed control is
another concern, and there are insuffident data to formulate recommendations for managing
weeds in early-planted soybean, despite extensive research on weed control practices in soybean
(espedially chemical options).

PRE herbicides are valuable components of an integrated weed management program. PRE
herbicides reduce early-season weed interference and often extend the time available to control
weeds later in the growing season with a POST herbidde (Corrigan and Harvey 2000). The
commercialization of glyphosate-resistant soybean in 1996 substantially reduced use of PRE
herbicides (Shaner 2000). This greatly increased selection pressure on the weed communities
with POST herbicides (including glyphosate), which led to the evolution of glyphosateresistance

Early Planted Soybean Systems?

 Reducing the rate of the initial PRE
herbicide was not an effective
strategy.

* Delaying the PRE until 2 weeks after
planting did not incur any weed
management or yield penalty. But...

 The layered residual applied with
the POST did not affect late-season
weed density .

« Earlier planted soybean could
improve suppression of later-
emerging weed species.
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Abstract

New machine-vision technologies like the John Deere See & Spray™ could provide the
opportunity to reduce herbidde use by detecting weeds and target-spraying herbicides
simultaneously. Experiments were conducted for 2 yr in Keiser, AR, and Greenville, MS, to
compare residual hcrbmdt timings And urgcml spra) applications versus traditional broadcast
herbicide programs in g} istant soybean. Ti utilized
onw'etet herbicides wnd ratee) vith & procmergence (PRE) spplicstion followed By an catly
postemergence (EPOST) diamba application followed by a mid-postemergence (MPOST)
glufosinate application. All treatments included a residual at PRE and exduded or included a
residual EPOST and MPOST. Additionally, the herbicide application method was considered,
with traditional broadast applications, broadcasted residual 4 targeted applications of
postemergence herbicides (dual tank), or targeted applications of all herbicides (single tank).
Targeted applications provided comparable control to broadcast applications with a <1%
dearease in efficacy and overall control 293% for Palmer amaranth, broadleaf signalgrass,
morningglory spedies, and purslane species. Additionally, targeted sprays slightly reduced
soybean injury by at mast 5 p age points across all eval and these effects did not
translate to a yield increase atharvest. The relationship between weed area and targeted sprayed
area also indicates that nozzle angle an influence potential herbicide savings, with narrower
nozzle angles spraying less area. On average, targeted sprays saved a rangeof 28.4% to 624% on
postemergence herbicides. On the basis of these results, with specificmachine settings, targeted
application programs could reduce the amount of herbicide applied while providing weed
control comparable to that of traditional broadcast appli

Introduction

Producers face economic and environmental pressure to reduce herbicide use, and the
increasing occurrence of herbicide-resistant weeds threatens the options for successful chemical
control. Weeds compete with crops for resources, reducing yield and harvest efficiency
(Klingaman and Oliver 1994; Spitters and Van Den Bergh 1982). Palmer amaranth has become
the most troublesome weed for row-crop producers across the United States (Van Wychen 2020,

2022). A single Palmer amaranth plant per meter of row reduced soybean yield by 32% and can
produce up to 600,000 seeds (Keeley et al. 1987; Klingaman and Oliver 1994). Additionally,

Palmer amaranth has evolved resistance to nine different sites of action, seven of which are
utilized for postemergence (POST) control of the weed (Brabham et al. 2019; Foster and Steckd
2022; Heap 2023; Jones 2022; Priess et al. 2022a; Randdl-Singleton et al. 2024). Additionally,

ensuring that weeds do not set seed by the end of the season is paramount to preventing the
evolution of herbicide i (Bagavathi. and N hy 2012 Norsworthy
etal 2012).

The spatial distribution of weeds is not uniform across agricultural fields (Cardina et al. 1997;
Metcalfe et al. 2019; Rew and Cousens 2001; Stafford and Miller 1993; Wiles et al. 1992). Often
weeds emerge in dumps or patches, areating an opportunity to target herbicide applications to
the patches or individual weeds, reducing the amount of chemical applied t0: field and thereby

ip. In the United States, from 2017 to 2022, the total cost of
production for row-crop farms increased by 26,6% and chemicals accounted for an average of
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What does University Researc
say about See & Spray?

Details: 4 locations in AR for 2 yrs

Treatment: targeted spray vs.
broadcast in soybean

Results:
Targeted applications provided
comparable weed control as
broadcast.

 Targeted sprays slightly reduced
soybean injury but no differences
in yield.

« Targeted sprays saved amount of
POST herbicides by 28 to 62%.



What does University Research
say about See & Spray?

Details: 1 field in AR for 3 yrs

Treatment: targeted spray with low
and high sensitivity settings vs.
broadcast in soybean

Results:

 Lowest sensitivity settings
resulted in higher weed density

 Relative to broadcast, targeted
sprays resulted in average
herbicide cost savings of $17.50
to $52.28 per acre and reduced
the area sprayed by ~40-50%.




Potential New Product:
Diflufenican (Convintro)

Group 12, phenyl ether class of
herbicides. Sonar (fluridone) and
Zorial also in this group.

Inhibits phytoene desaturase
(PDS), a key enzyme in the
carotenoid biosynthesis pathway.
A “bleaching” herbicide.

Has been registered in Europe
(cereal and pulse crops) since the
1990s. Under review with EPA.

Would represent a new MOA not
currently used in corn or soybean.

Convintro




Potential New Product:
Diflufenican (Convintro)

Pre-emergence waterhemp
Control 4 wks after treatment
averaged across 5 trials:

Diflufenican
Balance + Atrazine
Acuron

www.cambridge.org/wet

Research Article

Cite this article: Soltani N, Willemse C,
Sikkema PH (2024) Biologically eflective dose of
diflufenican applied preemergence for the
control of multiple herbicide—resistant
waterhemp in com. Weed Technol. 38(e69),
1-5. dok: 10.1017/wet 202442

Received: 27 March 2024
Revised: 2 May 2024
Accepted: 22 May 2024

Associate Editor:
Kevin Bradley, University of Missouri

Nomenclature:
Diflufenican; isoxaflutole + atrazine;

Biologically effective dose of diflufenican
applied preemergence for the control of
multiple herbicide-resistant waterhemp in corn

Nader Soltani! ), Christian Willemse? and Peter H. Sikkema!

*Adjunct Professor, University of Guelph, Ridgetown, ON, Canada and *Former Graduate Student, University of
Guelph, Ridgetown, ON, Canada

Abstract

Waterhemp is a dioedous spedies with wide genetic diversity which has enabled it to evolve
resistance to several commonly used herbicide groups in North America. Five fidd trials were
established in Ontario toascertain the biologically effective dases of diflufenican, a new Group 12
hebicide applied p for control of multiple herbicide-resistant (MHR) hemp in
corn. Based on regression analysis, the predicted diflufenican doses to dlicit 50%, 80%, and 95%
MHR waterhemp control were 99, 225, and 417 g ai ha™?, respectively, at 2 wk after application
(WAA); 73, 169, and 314 gai ha™’, respectively, at 4 WAA; and 76, 215, and — (meaning the
effective dose was beyond the set of doses in this study) g ai ha™', respedtively, at 8 WAA.
The predicted diflufenican doses that would cause a 50%, 80%, and 95% decreases in MHR
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S Watsors waterhemgs Anaranthis tubereulotis
{Mog) LD. Ssuer; corm Zag mays L

Keywords:
Preemergence herbicides; om injury; com
yield; waterhem p control; wate rhemp biomass,
waterhemp densty

Corresponding suthor:
Nader Soltani; Emait: soltanin@uoguelph.ca

©The Authoris), 2024, Published by Cambridge
University Press on behalf of Weed Science
Society of America. This is an Open Access
article, distributed under the terms of the
Creative Commons Attribution licence (http://
creativecommons. org/licenses,/by/4.0/), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
propery cited.

BIWSSA

WEED SCIENCE SOCIETY OF AMISICA

hemp density were 42, 123, and — g aiha™'; and MHR waterhemp biomass were 72, 167,
and 310g a ha”’, ively, at 8 WAA. Difh applied p at 150 gai ha!
contralled MHR waterhemp by 64%,79%, and 73% at 2,4,and 8 WAA, respectively. Isaxaflutole
+ atrazine applied preemergence at 105+ 1,060 g aiha™" controlled MHR mkrh:mp by 98%
98%, and 97% at 2,4, and 8 WAA, respectively; and S-metolachl
atrazine applied preemergence at 1,259/140/35/588 g 11 ha! cnntmllrd MHR wzahcmp by
100%, 100%, and 99% at 2, 4, and 8 WAA, Di ican applied
reduced MI(R wamhcmp dcnsny and biomass by 83%; in contrast, isoxaflutole + atrazine
and §- ye ine reduced MHR waterhemp density and
biomass by 99%. All reatmers evaluated caused either no, or minimal, corn injury and resulted
in corn yield that was similar with the weed-free control. Results indicate that diflufenican
applied alone preemergence does not provide superior MHR waterhemp control over the
commonly used herbicdes isoxaflutole + atrazine or S-metohichlor/mesotrione/bicydopyrone/
atrazine; however, there is potential for wsing diflufenian as part of an integrated weed
management strategy for the control of MHR waterhemp control in corn.

Introduction

Corn is an important agricultural product in Canada and contributes substantially to the
nation’s economy. Canada ranks 11th in global corn production, with nearly 1.5 billion kg of
grain corn produced annually (Statista 2024). Nearly 65% of Canadian grain corn is produced in
Ontario (OMAFRA 2023). In 2022, Ontario corn growers seeded appraximately 1 million ha
and produced appraximately 9.4 billion kg of grain corn with farm cash receipts of nearly Can$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 kg, valued at Can
$375 million (McCulloch 2023). The continuous increase in corn consumption globally
necessitates improving corn produdivity so that supply meets demand. One of the most
impeding factors in corn productivity is yield loss due to weed interference, espedally recently
confirmed multiple herbicide-resistant (MHR) weed biotypes such as waterhemp.
Waterhemp is a dioecious weed with wide genetic diversity that has enabled it to evolve
resistance to several herbicide groups (groups 2, 4, 5,9, 14, 15, and 27 as categorized by the Weed
Science Society of America [WSSA]) (Bell and Tranel 2010; Cordes et al 2004 Heap 2024). A
recent WSSA survey has phiced waterhemp among the most problematic weed species in the
United States (Van Wychen 2016). Waterhemp biotypes in Ontario have evolved resistance to
herbicides in WSSA groups 2, 5,9, 14, and/or 27 (Benoit et al. 2019a; Heap 2024; Symington
etal. 2022). MHR waterhemp has been found in 17 Ontario counties spanning more than 800
km across the southern portion of the province (Soltani et al. 2022). A recent metadata analysis
has estimated that MHR waterhemp exists in 1% of field crop hectares in Ontario. If left
uncontrolled MHR waterhemp caused an average of 19% reduction in corn yield with a farm
cash receipts value of Can$3.1 million annually (Soltani et al. 2022). Steckel and Sprague (2004)
observed as much as 74% corn yidd loss from waterhemp interference. No new herbicide mode
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Abstract

Waterhemp biotypes have evolved resistance to Weed Science Society of America (WSSA) Herbicide Groups 2,
5.9, 14, and 27 in Ontario Canada, are present in 15 counties, spanning a distance of 800 km across southemn
Ontario, and cause an average soybean yneld loss of 42%. Five field experiments were established in growers’
fields in Ontario to the bi  effective doses of diflufenican (Group 12) applied
preemergence (PRE) to control multiple herbicide-resistant waterhemp in soybean. The calculated diflufenican
doses to elicit 50, 80, and 95% control of MHR waterhemp were 71, 164, and 304 g ai ha” at 2 weeks after
herbicide application (WAA); 50, 115, and 214 g ai ha’ at 4 WAA; and 69, 158, and 294 gai ha’ at 8 WAA,
respectively. The calculated diflufenican doses that caused a 50, 80, and 95% reduction in MHR waterhemp
density were 28, 70, and Non-est. g ai ha” and the doses that caused a 50, 80, and 95% reduction in MHR
waterthemp biomass were 44, 109, and Non-est. g ai ha, ively. The calculated i doses that
resulted in 50, 80, and 95"o of the soybean yield of the mdustrv standard herbicide ( i i
were 3, 12, and 57 g ai ha, respectively. Dnﬂufemcan (180 g ai ha” ) PRE controlled MHR. \\aterhemp 89, 97
and 85 metribuzin (300 g ai ha" ) PRE controlled MHR watethemp 94, 84, and 69%; and
flumioxazin/ pyroxasulfone (105/134 g ai ha ) PRE controlled MHR waterhemp 100, 99, and 98%at 2, 4, ‘and 8
WAA, respectively. and applied PRE reduced MHR
\vawthemp density 96 84, and 100% and biomass 93, 67, and 99 %, respectively at 8 WAA. Diflufenican,
and applied PRE caused 9, 0, and 4% visible soybean injury, respectively
but the injury was txansnem and caused no adverse effect on seed moisture content or seed yield of soybean. This
study that and metribuzin applied PRE provide comparable MHR waterhemp control;
however, control was lower than flumioxazin/pyroxasulfone.
Keywords: diflufeni i i 4 thus tuberculatus (Moq.)
1D. Sauer, soybean, Glycine max (L) Merr.

1. Introduction

Soybean is the third most widely grown field crop and contributes nearly $3 billion annually to the economy of
Canada (Soy Canada, 2023). Ontario producers grow most of the soybean produced in Canada. In Ontario,
soybean was seeded on approximately 1.2 million hectares; total production was nearly 4 million tonnes with a
farmgate value of around $2 billion in 2020 (OMAFRA, 2024). Controlling weeds, especially the recently
confirmed glyphosate-resistant (GR) and multiple herbicids tant (MHR) is critical for profitable
soybean production.

‘Waterhemp is a dioecious species with a wide genetic diversity which has enabled it to evolve resistance to Weed
Science Society of America (WSSA) Herbicide Groups 2, 4, 5, 9, 14, 15, and 27 (Bell & Tranel, 2010; Heap,
2024). Waterhemp biotypes in Ontario have evolved resistance to Groups 2, 5, 9, 14, and/or 27 (Benoit et al.,
2019; Heap, 2024; Symington et al., 2022). MHR waterhemp has been confirmed in 15 Ontario counties and
spans a distance of over 800 km (Soltani et al., 2016, 2022). A recent study has estimated that uncontrolled MHR.
waterhemp is present in 1% of field crop hectares in Ontario and causes an average 42% yield soybean loss
resulting in a monetary loss of $7.1 million in the province annually (Soltani et al., 2022). Crop producers in
Ontario need new herbicide modes of action that have an adequate margin of crop safety in soybean and provide
control of MHR waterhemp
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Details: 6 locations in AR and Ml

Treatments: 1) Boundary, 2)
Fierce MTZ, 3) Warrant, 4)
metribuzin, 5) diflufenican +
metribuzin + flufenacet premix

Results: By 28 days after
treatment, similar Palmer
amaranth and waterhemp
control was achieved with
Boundary, Fierce MTZ and the
diflufenican-containing premix
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Abstract

With Palmer amaranth and waterhemp evolving resistance to nine and six different sites of
action (SOAs) globally, soybean pruduccrs continue to search for new options to control these
problematic weeds. Bayer CropS, has d its i ions to launch a Convintro™

brand of herbicides, one being a th ¥ premixture for p gence use in soybean. The
premixtine will contsin difinfenican (WSSA Group 12), metribucin (WSSA Group 5) and
flufenacet (WSSA Group 15), adding a new SOA for soybean producers throughout the United
States. With the anticipated launch of the premixture, research is needed to evaluate the length
ofresidual control provided by the new herbicide. Research trials were conducted in Fayetteville
and Keiser, AR, and Morrice, ML, in 2022 and 2023. A 0.170.35:048 ratio of a diflufenican:

(DFP)-containing premixture was applied alone and in combination with
additional metribuzin and dicamba. Also, metrbuzin, acetochlor, a S-metlachlor:metribuzin
and a ibwzin premixture were applied preemer-

gcncr_ The DFF-containing pmmxmrc was more effective in reducing Palmer amaranth/
waterhem pemergence than acetochlor in four of six trials at 28 d after treatment (DAT). Palmer
amaranth and waterhemp densities in plots treated with the DFF-containing premixture
cx}ubncd smular rcsulu to plnu lrca(td with the S-metolachlor:metribuzin premixture and the
L at 28 DAT. By 56 DAT, Pamer amaranth
and p densities were p or superior in plots with the DFF-containing
premixture than in those treated with acetochlor and metribuzin, and the S-metolachlor:
metribuzin premixture at five of six sites. The addition of dicamba or metribwzin to the
DFF-containing premixture did not reduce Palmer amaranth or waterhemp density compared
to the DFF-containing premixture at 28 or 56 DAT. Overall, the DFF-containing premixture
generally provided greater or comparable control over several standard herbicides, providing
growers a new product for preemergence control of Amaranthus species in soybean fields.

Introduction

Palmer amaranth and waterhemp are the two most problematic weeds in soybean production
in the United States (Van Wychen 2022). Characteristics of Amaranthus species that make them
problematic indude high seed production, rapid growth, extended germination periods, and
drought tolerance (Horak and Loughin 2000; Jha etal. 2009; Kedey et al. 1987; Sdlers et al 2003),
resulting in a high degree of interference with a widearray of ops (Monks and Oliver 1988). Yield
reductions of up to 60%have been reported in cotton (MacRacet al. 2013),91% in corn (Massinga
etal. 2001), and 78% in soybean (Bensch et al. 2003) from Palmer amaranth interference.
With the introduction of the glyphosate-resistant soybean, producers across the United
States began to adopt the technology, quickly shifting management strategies and relying upon
sequential postemer gence applications of glyphosate to contral weeds such as Palmer amaranth
and waterhemp (Duke 2014; Powles 2008). With the heavy reliance on glyphosate to control
weeds, herbicide diversity decreased, leading to the evalution of glyphosate resistance in weeds

Published onfine by Cambridge University Press
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Abstract

Weeds belonging to the Amaranthus family are most problematic for soybean producers. With
Palmer amaranth evolving resistance to multiple herbicides labeled for use in soybean,
producers seek new sites of action to integrate into season-long herbicide programs. Bayer
CropScience plans to launch a Convintro™ brand of herbicides, one being a premixture that wil
include diflufenican (categorized as a Group 12 herbicide by the Weed Science Sodety of
America [WSSA]), metribuzin (WSSA Group 5), and flufenacet (WSSA Group 15), for use
preemergence in soybean, Resarch trials were conducted in Fayetteville and Keiser, AR, and
Holt, M1, in 2022 and 2023, to evaluate the premixture ina season-long program i a dicamba-
resistant soybean system. A 0.17:.350.48 ratio of a premi: of

flufenacet (DFF-containing premixture) was applied prmmcrgcncc with different combina-
tions of glyphosate, ghufosinate, dicamba, and acetochlor at 28 (early postemergence) and 42
(late postermergence) days after planting (DAP). At the early postemergence timing, the DFF-
containing premixture provided >90% contral of Palmer amaranth and prickly sida. However,
common ragweed, common lambsquarters, mummgglun ssp., and annual grass control was
<80% at this timing. When thelate p ions occurred, that had
already received an early postemergence appllanun contralled prickly sids, morningglory ssp.,
Palmer amaranth, and annual grasses to a greater extent than those that had not, indicating the

preemergence application of the DFF-containing premixture was not sufficient to provide
control of the weed spectrum through 42 DAP. By 70 DAP, all programs provided >93%
control of all weeds evaluated. Herbicide programs that included the DFF-containing
premixture preemergence followed by (fb) EPOST fb LPOST common ragweed, common
lambsquarters, morningglory ssp., and annual grasses to a greater than the one-pass
postemergence systems. In addition, all herbicide programs evaluated in this study reduced
Palmer amaranth seed production by >99%. However, producers who plan to use the DFE-
containing premixture may need two postemergence herbicide applications to obtain high
levds of weed control throughout the growing season.

Introduction

One of the most frequent problems that soybean producers face is control of weeds throughout
the growing scason. Palmer amaranth, morningglories, barnyardgrass [Echinochloa crus-galli
(L) Beauv.], horseweed [Conyza canadensis (L) Cronquist], common lambsquarters, ragweed
species, waterhemp [Amaranthus tuberculatus (Moq.) ].D. Sauer, Amaranthus rudis Sauer], and
kochia (Bassia scoparia L.) have been listed as some of the most troublesome weeds in soybean
(Van Wychen 2022; Riar ¢t al. 2013). Uncontrolled weeds are detrimental to soybean yields
because of competition with the crop for light, water, and nutrients (Regnier and Stoller 1989).
For example, Palmer amaranthata density of one plant per meter of row reduces soybean yields
by 32% (Klingaman and Oliver 1994). Similarly, common cocklebur (Xanthium strumarium L)
reduces soybean yields by 18% at a density of 3,300 plants ha~! (Barrentine 1974). Due to the
potential for weeds to impact yields, production efforts often focus on maintaining a weed-free
environment throughout the growing season.

The introduction of the glyphosate-resistant soybean in 1996 quidkly shifted management
strategies for producers across the United States. Producers rapidly adopted the technology
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Dicamba in 20267

Proposed Changes:
» 240 ft downwind buffer

» Spray solution must include an
approved drift reduction agent and
pH buffering volatility reduction
agent added to the tank in higher
percentages as temperatures
increase

* No applications at temperatures
about 95 F

EPA expects to re-approve
dicamba for herbicide-resistant
crops

Published 8:22 am Friday, July 25, 2025

By Mateusz Perkowski

UNITED STATES
ENVIRONMENTAL
PROTECTION AGENCY

The EPA has proposed registering three types of dicamba to control weeds in soybeans and cotton that have been
genetically modified to withstand the herbicide, finding that "mitigation” measures will sufficiently reduce the likelihood
of harm to other crops. (Capital Press file photo)
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Average # of Days per Month with Temperatures > 95 F
(based on historical weather data from 1895-2024)
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