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Pigweeds (Amaranthus spp.)

* Monoecious pigweeds
— Redroot pigweed, Powell amaranth, others
* Dioecious pigweeds
— Waterhemp, Palmer amaranth
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Pigweed Control in Sunflower

* No effective foliar herbicides for ALS-resistant pigweed
control in sunflower

— Reliance on soil residual herbicides and crop competition
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Pigweed Control in Sunflower

* Solil residual options limited to Groups 3, 14, and 15
— Pigweed species are resistant to all three SOAs
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Group 15 Herbicides in Sunflower

« Group 15 herbicides inhibit very long-chain fatty acid synthesis
— S-metolachlor and pyroxasulfone are labeled in sunflower

[[S-METOLACHLOR | GROUP EFEJ HERBICIDE |

DualMagnum

Herbicide

X' > Zidua' SC

Herbicide

A selective residual herbicide for use in agricultural crops

Active Ingredient:
3-[[[5-(difluoromethoxy)-1-methyl-3-(trifit -

syngenta.

1H-pyrazol-4-yljmethyl]sulfonyi]-4,5-dihydro-5,5-dimethylisoxazole . 41.46%
Otheringredients:. ................................ 58.54%
Total: .......................... 100.00%
. Contains 4.17 pounds of pyroxasulione per gallon formulated as a water-based
For weed control in corn; cotton; grasses grown for seed; horseradish; suspension concentrate
legume vegetables; peanuts; potatoes; pumpkin; rhubarb; safflowers; EPA Reg. No. 7969-374 EPA Est. No.
sorghum (forage, grain and sweet); soybean; sugar beets; sunflowers;
and tomatoes KEEP OUT OF REACH OF CHILDREN
Active Ingredient: CAUTION/PRECAUCION
S-metolachlor® . . ... ... ... 83.7%
Other Ingredients: 16.3% Si usted no entiende la etiqueta, busque a alguien para que se la explique a usted en
detalle. (If you do not understand the label, find someone to explain it to you in detail.)
Total: 100.0%
*CAS No. 87392-12-9 See full label for complete First Aid, ionary Directions For Use,
Dual is asan c (EC) and contains the equivalent of Conditions of Sale and Warranty, and state-specific crop and/or use site restrictions.
83.7% or 7.62 Ib of active ingredient per gallon. ) . a e i 1ty involving this product,
n case of an emergency endangering life or property involving this product,
KEEP OUT OF REACH OF CHILDREN call day or night 1-800-832-HELP (4357).

CAUTION

See additional precautionary statements and directions for use inside booklet.

EPA Reg. No. 100-816

EPA Est. 070989-1A-001°MH, EPA Est. 100-NE-001MHA

(Superscript is first three letters of batch code on container) Net Contents:

SCP 816A-L1Y 1020 2.5 gallons
4128507
Net Contents

Shake container well before use.

BASF Corporation
26 Davis Drive, Research Triangle Park, NC 27709
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Background

» Acetochlor, dimethenamid-P, and flufenacet are three other Group

15 herbicides that may be:
— Safe on sunflower
— Efficacious on pigweeds

SUNFIRE s

PGS 05497 | Date of Manufacture: Please refer to packaging

A suspension concentrate containing 500 g/litre flufenacet.
SUNFIRE is a residual herbicide for use in winter cereals for the control of black-grass,
annual meadow grass, silky bent and other annual grass weeds.
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WARRANT

HERBICIDE

[ ]
ROUNDUP READY PLus,,

CROP MANAGEMENT SOLUTIONS

Warrant® is an encapsulated herbicide for weed control in Field Corn,
Production Seed Corn, Cotton, Peanut, Forage or Grain Sorghum (Milo),
Soybean, and Sugar Beet.

COMPLETE DIRECTIONS FOR USE
SHAKE WELL BEFORE USING

ACTIVE INGREDIENT:

*Acetochlor 33.0%

OTHER INGREDIENTS 67.0%

100.0%

*Contains 359 g liter or 3.0 of 2-chloro- N N-(2-ethyl-6. )
acetamide.

Licensed U.S. Patents for this product can be found at the following web page: www.monsantotechnology.com]

EPA Reg. No. 524-591 2018

Read the entire label before using this product.

Outlook’

Herbicide

Use only according to label i

A selective residual herbicide for use in certain agricultural crops

Active Ingredient*:

dimethenamid-P: (S)-2-chloro-N-{(1-methyl-2-methoxy)ethyl}-

N-(2,4-dimethyl-thien-3-y))-acetamide 63.9%

Other Ingredients**:. ... .. R . 36.1%

Total: 100.0%
“Contains 6.0 pounds of active ingredient per gallon

*Contains petroleum distlates

EPA Reg. No. 7969-156 EPA Est. No.

KEEP OUT OF REACH OF CHILDREN
WARNING/AVISO

Si usted no entiende la etiqueta, busque a alguien para que se la explique a sted en
detalle. (If you do not understand the label, find someone to explain it to you in detail.

See inside for complete First Aid, Precautionary Statements, Directions For Use,
Conditions of Sale and Warranty, and state-specific crop and/or use site restrictions.

In case of an emergency endangering life or property involving this product,
call day o night 1-800-832-HELP (4357).

Net Contents:

BASF Corporation
26 Davis Drive, Research Triangle Park, NC 27709




Acetochlor on Sunflower

« Acetochlor at 1.78 Ib a.i. A1 (ursik etal, 2016)

— Caused up to 30% sunflower crop injury
* Reduced growth

« Shortened internodes N
— Did not reduce yield \[(\CI

« Acetochlor at =22.06 Ib a.i. A (Brighenti et al., 1998)
— Reduced oil seed content and yield of ‘M-742’
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Other Group 15 Herbicides on Sunflower

« Dimethenamid-P at 0.89 Ib a.i. A"’
— Good tolerance (£12%) (ursik et al., 2016)

« S-metolachlor at 1.03 Ib a.i. A
— Very good tolerance (<6%) (Jursik et al., 2016)

 Flufenacet at 0.32 Ib a.i. A1 + linuron or aclonifen
— Relatively safe (Pannacci et al., 2007)
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Objectives

* Determine the efficacy/influence of Group 15 herbicides,
with and without sulfentrazone, on:
— Pigweed control
— Sunflower injury
— Sunflower yield
— Pesticide residue
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Methodology

Field trial, randomized complete block design

~ 4 blocks et rsveneme | nee Lroswcte

— 8 x 2 factorial lbai. A%
Non-treated n/a n/a n/a
* 106 total treatments
o Hand-weeded n/a n/a n/a
* 8 herbicides S-metolachlor Dual Magnum 1.9 2 pt EC
* 2 sulfentrazone rates Pyroxasulfone Zidua 0.21 6.5 fl 0z SC
—0oza.i. A Acetochlor Warrant 1.5 2 gt ME
—4o0za.i. A’ Dimethenamid-P  Outlook 1.5 2 qt EC
NOn-Oi|Seed hyb rld Flufenacet Sunfire, Cadou 0.75 23 fl 0z SC
Pendimethalin Prowl H20 1.5 3.2 pt ACS
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Methodology

Field trial, randomized complete block design

Herbicide | Trade name | _Rate | Product rate

— 4 blocks

— 8 X 2 factorial
* 16 total treatments
* 8 herbicides

» 2 sulfentrazone rates
—0o0za.i. AT
— 4 o0z a.i. A

Non-oilseed hybrid

Non-treated
Hand-weeded
S-metolachlor
Pyroxasulfone
Acetochlor
Dimethenamid-P
Flufenacet

Pendimethalin

Ib a.i. Al

n/a n/a n/a
n/a n/a n/a
Dual Magnum 1.9 2 pt EC
Zidua 0.21 6.5 fl 0z SC
Warrant 1.5 2 qt ME
Outlook 1.5 2 gt EC
Sunfire, Cadou 0.75 23 fl 0z SC
Prowl H20 1.5 3.2 pt ACS
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Research Sites

» Site 1: Fargo, ND

— Waterhemp and other monoecious pigweeds

— Bare ground
« Site 2: Valley City, ND

— Palmer amaranth, waterhemp, and other monoecious pigweeds
» Site 3: Fargo, ND

— Waterhemp and other monoecious pigweeds

— Yield, residue analysis
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Data Collected

* Visual pigweed control (%) and herbicide injury (%) were
evaluated every 2 weeks after planting (WAP)

* Pigweed biomass collected from all three sites
« Sunflower biomass collected from Site 2

« Sunflower yield, herbicide residue samples, and pigweed
biomass collected from Site 3
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Results — Sunflower Injury

* Apparent injury observed on
young, individual plants

— Plot-level injury <10%
— Not statistically significant
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Results — Pigweed Control 4 WAP (Site 1)
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Results — Pigweed Control 4 WAP (Site 1)
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Results — Pigweed Control 4 WAP (Site 1)
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Results — Pigweed Control 4 WAP (Site 1)

BC

Pendimethalin

P =0.0002

D

aU0zZeJIUIYNS

pa3eaJluoN

C

Flufenacet

D

QuozeJlua}|nsS

pa1e3J1UON

BC

DimethenamidP

aU0zZeJIUIYNS

pa3eaJluoN

B
Acetochlor

BC

2uozeJlua}|nsS

pa1e3J1UON

BC

BC

Statistics

aU0zZeJIUIYNS

pa3eaJIuON

Pyroxasulfone

BC

BC

Q2uozeJlua}|nsS

po1e3J1UON

Smetolachlor

A

A

Handweeded

aU0zZeJIUIYNS

pa3eaJluoN

BC
E I

Nontreated

2uozeJlua}|nsS

pa1e3J1UON

100

(o0] O < o

(%) dVM 7 |043u0d paamsid

o o o o o



Results — Pigweed Control 4 WAP (Site 1)

BC

Pendimethalin

P =0.0002

D

aU0zZeJIUIYNS

pa3eaJluoN

C

Flufenacet

D

QuozeJlua}|nsS

pa1e3J1UON

BC

aU0zZeJIUIYNS

pa3eaJluoN

DimethenamidP

B

BC

2uozeJlua}|nsS

pa1e3J1UON

Acetochlor

BC

BC

aU0zZeJIUIYNS

pa3eaJIuON

Pyroxasulfone

BC

BC

Smetolachlor

Q2uozeJlua}|nsS

po1e3J1UON

A

Handweeded

aU0zZeJIUIYNS

pa3eaJluoN

BC
E I

Nontreated

2uozeJlua}|nsS

pa1e3J1UON

100

o0 \o) < (o]

(%) dVM 7 |043u0d paamsid

o o o o o



Results — Pigweed Control 4 WAP (Site 1)
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Results — Pigweed Control 4 WAP (Site 1)
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Results — Pigweed Control 4 WAP (Site 2)
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Results — Pigweed Biomass 14 WAP (Site 1)

12000 P=0.0122
A
AB
10000 AB
8000

6000 ABC

ABC
BC

4000

Pigweed biomass 14 WAP (Ib/A)

2000

C

Nontreated Handweeded Smetolachlor Pyroxasulfone Acetochlor DimethenamidP  Flufenacet Pendimethalin

NDSU | PLANT SCIENCES
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Results — Pigweed Biomass 10 WAP (Site 2)
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Results — Pigweed Biomass 10 WAP (Site 2)
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Results — Pigweed Biomass (Site 3)
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Results — Sunflower Biomass 10 WAP (Site 2)
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Results — Sunflower Yield (Site 3)
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Results — Harvestable Flowers (Site 3)
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Results — Harvestable Flowers (Site 3)
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Results — Test Weight (Site 3)
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Results — Test Weight (Site 3)

P =0.0350

AB

AB

aU0zZeJIUIYNS

p=1eaJluonN

Pendimethalin

ABC

AB

auozeJyuayns

pa3eaJIUON

Flufenacet

AB

Acetochlor ‘ DimethenamidP

C

il

B

AB

BC

AB

Pyroxasulfone

2uozeJluaj|ns

pa3eaJIuON

2uozeJlua}|nsS

pa3eaJIUON

2uozeJlua}|nsS

P=31eaJlUoN

AB

AB

auU0zZeJIUIYNS

p21e3J1UON

Smetolachlor

AB
Handweeded

ABC

aU0zZeJIUIYNS

p=1eaJluonN

AB

A

aU0zZeJIUIYNS

pajeaJiuoN

Nontreated

19

0 M~ (\o)
i i i

(nq/q)) ysiem 1sa)

15



Results — Herbicide Residue (Site 3)
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CLENT.  cuincy Law
NDSU, Plant Sciences, Depl 7670
PO Box 6050
Fago  ND 58108

Novermber 16, 2022

Phone: (701) 318-0242
Fac  (ro1) 2318474

quincy_lawindsu_edu

P. Q. No. Law.22 Sun Poject: NSA/SBARE 22-W01

Chent EMA Date
Sample Sample No Sample Analyzed  Method Chemical Amount RL
Law 22 Sun 103 2211032101 Sunflower 1171522 LCMSMS Extended Screen Acetochior ND 001
10027722 Seeds M2 LGMSMS Extended Screen Uamethenamid-+ NL 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law.22 Sun 208 2211032102 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 1171522  LC/MSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law.22 Sun 303 2211032103 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 11115722  LCMSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law 22 Sun 408 2211032104 Sunflower 1171522 LCMSMS Extended Screen Acetochior ND 001
10227722 Seeds 111522  LGMSMS Extended Screen Dmethenamid P ND 001
1171522 LCMSMS Extended Screen Flufenacet ND 001
Law.22 Sun 109 2211032105 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 1171522  LC/MSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law.22 Sun 214 22110321-06 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 11115722  LCMSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Qg q A
Date: 11716/ 22 Reviewed by: vold o M Dun Peterson, Laboratory Direcior Page: 1 of 2

460 N. East Street, Woodland, CA 95776 (530) 6666390 emalab@ermalab.com www_emalab com
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The Leader in Pesticide Residue Analysis...

CLIENT.  Quincy Law November 16, 2022
NDSU, Plant Sciences, Dept 7670 Phone: (701) 318.0242

PO Box 6050 Fax  (701)231-8474
Fargo ND 58108

uincy_law@ndsu edu

P. O No: Law.22_.Sun Project  NSA/SBARE 22-W0i

Chemt BA Date
Sam Sample No Sample Analyzed Methed Chemical Amount RL Units
Law 22 Sun 308 2211032107 Sunfiower 111422 LCMSMS Extended Screen Acetochior NI} ool Ppm
10727722 Seeds 1192 LGMSMS Extended Screen Lymethenanmd -+ N 001 ppm
1115722 LCMSMS Extennded Screen Flufenacet ND 0ol ppm
Law.22 Sun 409 2211032108 Sunfibwer 11145722 LCMSMS Extended Screen Acetochior ND 0ol ppm
122 Seeds 11522 LCMSMS Extended Screen Dimethenarmid P ND 001 ppm
1115722 LCMSMS Extennded Screen Flufenacet ND ool ppm
NI = None Detected at the Reporting Limit (RL)
RL =Reporting Limit
Excess e and exiracts are stored for a minimum 30 of days fiom the date of analytical re Special slorage arangements possible.
Results only to iterns tested. i post
Samples are analyzed as receved
Reporlsstmdmtbew except in full, without wiitten consent by Ernvironmental Micro Analysis.
To see the scope of our IS0 1% accreditation go to hﬂpilﬁrﬂd)_uxm&)imﬁ_pd
Q. 04 A
Date: _11/16/22 Reviewed by L>&"‘&’“" a e Don Peterson, Laboratory Director Page: 2 of 2

460 N. East Street, Woodland, CA 95776 (530) 666-6890 emalabi@ernalab com www.emalab.com
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CUENT.  Quincy Law
NDSU, Plant Sciences, Dept 7670 Phone: (701)318.0242
PO Box 6050 Fac  (ro1) 2318474
Fago ND 58108
quincy_lawindsu_edu
P.O. No- Law.22 Sun Project: NSA/SBARE 22-Wo1
Chent EMA Date
Sample Sample No Sample Analyred  Method ﬁm—u na R
Law 22 Sun 103 2211032101 Sunflower 1171522 LCMSMS Extended Screen Acetochior ND 001
10027722 Seeds M2 LGMSMS Extended Screen Uamethenamid-+ NL 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law.22 Sun 208 2211032102 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 1171522  LC/MSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law.22 Sun 303 2211032103 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 11115722  LCMSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law 22 Sun 408 2211032104 Sunflower 1171522 LCMSMS Extended Screen Acetochior ND 001
1027722 Seeds 11522  LGCMSMS Extended Screen Dimethenamid P ND 0o
1171522 LCMSMS Extended Screen Flufenacet ND 001
Law.22 Sun 109 2211032105 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 111522  LGMSMS Extended Screen Dimethenamid-P ND 0.01
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Law.22 Sun 214 22110321-06 Sunfower 1171522  LC/MSMS Extended Screen Acetochior ND 0.01
1027722 Seeds 11115722  LCMSMS Extended Screen Dimethenamid P ND 001
1171522  LC/MSMS Extended Screen Flufenacet ND 001
Qg q A
Date: 11716/ 22 Reviewed by: vold o M Dun Peterson, Laboratory Direcior Page: 1 of 2

460 N. East Street, Woodland, CA 95776 (530) 6666390 emalab@ermalab.com www_emalab com
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IEH
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CLIENT: Quincy  Law November 16, 2022
NDSU, Plant Sciences, Dept 7670 Phone: (701) 318.0242
PO Box 6050 Fax  (701)231-8474
Fargo ND 53108
uincy_law@ndsu edu
P. O No: Law.22 Sun Project  NSASBARE 22-YW01
CHant EMA Date
Sam Sample No Sample Analyzed  Method Chemical Amount RL Units
Law 72 Sun 308 2211032407 Sunfiower 1IARZ2  LGAMSMS Extended Screen Acetochior N> o ppm
1027722 Seeds M2 LGMSMS Exlended Screen Lumethenanmd -+ L] 001 ppm
111522  LCMSMS Extended Screen Flufenacet ND 01 ppm
Law_Z2 Sun 400 2211032108 Sunflower 1IASZ22  LCMSMS Extended Screen Acetochior ND 01 ppm
102272 Seeds 11A522  LC/MSMS Extended Screen Dimethenarmid P ND 001 ppm
111522  LCMSMS Extended Screen Flufenacet ND o ppm

No acetochlor, dimethenamid-P,
or flufenacet residue detected
in any sunflower seed sample

0 q A
C>57MG'“'-— N o Page: 2 of 2

Date: 11/ 16422 Reviewed by Don Peterson, Laboratory Director

460 N. East Street, Woodland, CA 95776 (530) 666-6890 emalabi@ernalab com www.emalab.com




Discussion

Dimethenamid-P + sulfentrazone
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* No injury or yield loss observed
 No residues detected in/on seed

 Acetochlor
— Fewer flowers

* Dimethenamid-P
— Good to excellent control

 Flufenacet
— Inconsistent control
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8’7" Palmer amaranth 10 WAP
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