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TURNING POINT SURVEY OF WEED CONTROL AND PRODUCTION PRACTICES
IN SUGARBEET IN MINNESOTA AND EASTERN NORTH DAKOTA IN 2025

Thomas J. PetérsAdam Aberlé, Eric Branch, and Mark A. Boetél

!Extension Sugarbeet Specialist &8tigarbeet Research Specialist,
North Dakota State University & University of Minnesota, Fargo, ND and
SExtension Sugarbeet Specialist, North Dakota Sfaigersity & University of Minnesota, Fargo, ND
“Professor, Dept. of Entomology, North Dakota State University

The annual weed control and production practices live polling questionnaire was conducted using Turning Point
Technology at the 2026inter Sugarbeet Grower Seminars. Responses are based on production practices from the
2025 growing season. The survey focuses on responses from growers in attendance at the Fargo, Grafton, Grand
Forks, Wahpeton, ND, and Willmar, MN, grower seminars. Redpots from seminars indicated the county in

which the majority of their sugarbeet were produced (Talilés Burvey results represent approximately 142,000
acres reported by 179 respondents (Table 5) compared with 199,000 acres in the 2025 surve9Ghd2&8
represented in 2024. The average sugarbeet acreage per respondent was calculated from Table 5 at 793 acres, which
is lower than the 85&cre average reported in 2025. Tweate percent of respondents plantedi&¥® acres of
sugarbeet, whereasly 4% reported planting 2,000 or more acres in 2@2litional fungicide and insecticide
questions were newly added to the 2026 Turning Point Survey (Talile8)1therefore, producer age

demographics discussed in 2025 will be collected on ayfaebasis.

Survey participants were asked a series of questions regarding their production practices used in sugarbeet in 2025.
Growers were asked about their tillage practices for sugarbeet in 2025 (Table 6)-deiratypercent of all

respondents indicated conviemial tillage as their primary with 2% practicing strip tillage and 1% using no tillage.
Across locations, 61% of respondents indicated wheat was the crop preceding sugarbeet (Table 7), 28% indicated
corn (field and sweet) and tgercent listed soybeantd®eding crops varied by location with 100% and 85% of

Grand Forks and Fargo growers, respectively, indicating wheat preceded sugarbeet and 92% of Willmar growers
indicated corn as their preceding crop. Thity and twentytwo percent of Fargo and GraRdrks growers,

respectively, who participated in the winter meetings used barley as a nurse or cover crop in 2025 (data not listed).
Respondents at the Willmar and Wahpeton grower seminars were not surveyed regarding nurse or cover crop use in
the 2025 suwrey.

Fifty-six percent of survey respondents indicated Cercospora leaf spot (CLS) as their most serious production
problem (Table 8) in 2026 as compared with 16% of survey participants in 2024. Emergence and stand were named
as the most serious overall by 15%¢@spondents across locations; however, emergence was the most serious
problem for 34% of growers in Grand Forks. Twetttyee percent of respondents listed weeds as their most serious
production challenge, contrary to fiftywo and fifty-four percent irR024 and 2025, respectively.

Waterhemp was named as the most serious weed problem in sugarbeet for the sixth year in a row by 86% of
respondents in 2026 (Table 9) as compared with 78% in 2025 and 76% irK&@RB#& was rated as the most

serious weed problem by 12% of respondents across all grower regions; 20% of Fargo growers and 18% of Grand
Forks growers indicated kochia as their most challenging Wideslincreased presence of glyphogatastant (GR)
waterhemp and kochia, compounded by periods of hot and dry conditions follgpwedltand wet conditions from

May to June in 2024 caused multiple emergence flushes of both GR waterhemp and GR kochia (lkley, personal
communication 2026), which are likely the reasons for these weeds being named as the wor&@roweds.

regions south of Fargo are most affected by waterhemp; 96% of Willmar, 92% of Wahpeton, 80% of Fargo, and
74% of Grand Forks respondents indicated waterhemp as their most problemati®atstiemp replaced kochia

as the worst weed for 51% of respondents of the Grafieeting (Drayton Factory District) in 2025. However,

because Turning Point technology was not operational at the Grafton seminar, only 2025 Turning Point data are
presented in the following; Thirtgeven percent of Grafton growers reported kochia as tisé sarious weed

problem, 21% less than 2024. The recent registration and accepted use of kochia control herbicide phenmedipham
(SpinrAid), and widely available tallow amine adjuvant for improving glyphosaséstant kochia control has likely
created a gft in weed control problems for Grafton growers who have historically reported kochia as their most
serious weed problem in sugarbeet.



Preplant incorporated (PPI) or preemergence (PRE) herbicides were applied by 91% of survey responden
(Table 10). Ethofumesate alone accounted for 40% of responsestofachlor alone for 25%, and the combina
of S'metolachlor plus ethofumesafor approximately 26%. Use of sodsidual herbicides continues to be a
foundational practice across locations.

Regarding activation method of ethofumesate (Table 11), 48% of respondents applied ethofumesate PRE
22% did not apply ethofumesate. Mechanical incorporation methods such as field cultivator were used by
growers, while 5% used vertical tillagend harrow packer and multieeder implements used by six percent
growers.

Sixty percent of growers indicated excellent (11%) to good (48%) weed control freappbtidd herbicides (Tabl
12). Twentyfive percent reported fair control, and ten percent indicated poor control.-Tiietgercent of
respondents reporting fair topr weed control from PPI or PRE applications creates weed control challenge
in sugarbeet development (Table 14). A lack of rainfall for chloroacetamide herbicide activation, particularl
May 2i May 14 and May 2RJune 4 was recorded at the WatopeNDAWN Station. The absence of precipitatio
during these windows likely limited proper herbicide incorporation into the soil profile, reducing residual eff
and overall weed control performance.

The application of soitesidual herbicides applied early postemergencelfjayo the 2025 sugarbeet crop was
reported by over 96% of respondents (Table 13hefolachlor was applied early postemergence by 62% of
growers, while 26% applied Outlook ang%pplied Warrant. -#netolachlor use was particularly high in Fargo
(90%) and Grand Forks (81%), whereas Outlook was more common in Willmar (63%).

Lay-by applications are postemergence to sugarbeet and preemergence-sesdeldl broadleaf weeds and
typically occur from cotyledon to the 6r 8leaf sugarbeet stage. Soil residual chloroacetamide herbicides (<
15) remain the primary method for caolting Amaranthus species in sugarbeet. Despite responsible weed
management, waterhemp escapes still occur. Across locations surveyed, 13% of respondents-tsed inter
cultivation, 7% Ultra Blazer, 35% handeeding, 14% electric weeder, and 26% of gredett it in the field
(Table 16).

Fifty-eight percent of growers utilized some level of harekding in 2025 (Table 14). Approximately 29%
indicated less than 10% of their acres were haadded, while 17% reportedi1#0% of acres handieeded.
Approximately twelve percent of growers rematmore than 50% of acres handeded.

Thirty-nine percent of participants reported some level ofcop cultivation in 2025 (Table 15). Twenrtyur
percent of respondents indicated less than 10% of their acres were cultivated, whereas 3% reported cultiv
100% of their acres.

Rhizoctonia management in 2025 relied heavily on-sggadied protection, with 41% of respondents using see
treatment alone and twentyo percent combining seed treatment witHurrow applications (Table 17).
Likewise, 22% of growers integrated POSThdicides with seed treatments and only 2% reported using a see
treatment plus ifurrow plus two POST applications. Among POST products (Table 18), 24% used Excalia
18% used Quadris, while thirgight percent of respondents reported no POST fungi€identynine percent of
respondents made five fungicide applications for Cercospora leaf spot (Table 19fiveoprcent of Grand
Forks growers made six fungicide applications for Cercospora leaf spot control, while forty percent of Wah
growers nade seven applications. Few (4%) respondents made eight or more fungicide applications.

Root maggot was the most frequently reported insect issue in 2025, accounting for 29% of responses ovel
62% in Grand Forks. Seventeen percent of respondents indicated Springtails and 14% indicated cutworms
9% responded grasshoppers and 5%usylgugs. Both, grasshoppers and Lygus bugs, were more localized tc
Wahpeton and Wi ll mar growing regions. Approxi ma
or regionspecific insect pressures, particularly in Fargo and Wahpeton.




Table 1. 2026 Fargo Grower Seminaf Number of survey respondents by county growing sugarbeet in 202

County Number ofResponses Percent of Responses
Barnes 1 5
Becker 2 9
Cass 2 9
Clay 9 41
Normart 6 27
Traill 2 9
Total 22 100

YIncludes Mahnomen County.

Table 2. 2026 Grand Forks Grower Seminai Number of survey respondents by county growing sugarbeet

in 2025
County Number of Responses Percent of Responses
Grand Forks 6 17
Marshall 1 3
Polk! 21 60
Traill 2 6
Walsh 4 11
Other 1 3
Total 35 100

YIncludes 1 Pennington County Respondent.

Table 3. 2026 Wahpeton Grower Seminar Number of surveyrespondents by county growing sugarbeet in

2025.
County Number of Responses Percent of Responses
Cass 2 4
Clay 8 15
Grant 7 13
Richland 11 20
Roberts 1 2
Stevens 1 2
Traverse 2 4
Wilkin 22 41
Total 54 100

Table 4. 2026 Willmar Grower Seminar - Number of survey respondents by county growing sugarbeet in

2025.
County Number of Responses Percent of Responses
Chippewa 30 30
Kandiyohi 6 6
Pope 1 1
Redwood 2 2
Renville 23 29
Stevens 4 5
Swift 8 10
Yellow Medicine 1 1
Other 4 5
Total 79 100

Table 5. Total sugarbeet acreage operated by respondents in 2025.

Acres of sugarbeet

Location Responses <99 100199 200299 300399 400599 600-799 800999 10001499 15001999 2000+
% of responses
Fargo 20 0 5 0 5 20 25 10 20 10 5
Grand Forks 34 0 9 6 3 21 24 6 18 12 3
Wahpeton 51 4 8 6 8 25 16 14 16 4 0
Willmar 74 5 4 8 15 19 12 8 16 5 7
Total 179 3 6 6 10 21 17 1 17 7 4




Table 6. Tillage system used in sugarbeet in 2025.

Location Responses Conventional Tillage Strip Tillage No Tillage

% of responses

Fargo 21 95 5 0
Grand Forks 35 94 0 6
Wahpeton 52 96 4 0
Willmar 74 99 1 0

Total 182 96 3 1

Table 7. Crop grown in 2024 that preceded sugarbeet in 2025.

Previous Crop

Location Responses Sweet Corn Field Corn Dry Bean Peas Soybean Wheat

% of responses

Fargo 20 0 0 0 0 15 85
Grand Forks 35 0 0 0 0 0 100
Wahpeton 52 0 21 0 0 17 62
Willmar 72 11 81 0 0 8 0
Total 179 3 26 0 0 10 62
Table 8. Most serious production challenge in 2025.
Herbicide
Location Responses Aph? CLS Emerg injury Rhizoct Weeds Root maggot
% of responses:
Fargo 27 0 59 15 0 0 22 4
Grand Forks 64 2 76 5 2 4 11 0
Wahpeton 55 2 55 6 0 5 31 0
Willmar 83 2 34 34 0 2 28 0
Total 229 2 56 15 0 3 23 1
!Cercospora Leaf Spot
2Aphanomyces
®Includes Emergence/Stand
“Includes all root diseases
Table 9. Most serious weed problem in sugarbeet in 2025.
Location Responses  grasses  colg cora kochia gira rrpw RR Canola  wahe other
% of responses
Fargo 20 0 0 0 20 0 0 0 80 0
Grand Forks 34 0 0 6 18 0 0 3 74 0
Wahpeton 52 0 0 0 8 0 0 0 92 0
Willmar 70 1 0 0 0 2 0 0 96 1
Total 176 0 0 2 12 1 0 1 86 0

colg=common lambsquarters, cora=common ragweed, gira=giant ragweed, rrpw=redroot pigweed, wahe=waterhemp.

Table 10. Preplant incorporated or preemergence herbicides used in sugarbeet in 2025.

PPI or PREHerbicides Applied

Smetolachor

Location Responses Smetolachlor  ethofumesate Ro-Neet SB +ethofumesate Other None
% of responses
Fargo 25 12 52 0 36 0 0
Grand Forks 40 52 10 0 5 0 32
Wahpeton 65 26 38 0 34 0 2
Willmar 82 10 59 1 27 1 2
Total 212 25 40 0 26 0 9




Table 11. Activation method of ethofumesatapplied preplant incorporated in 2025.

Field Multi- Vertical Did not apply
Location Responses Cultivator weeder  Harrowpacker  Tillage Other Etho PRE etho
% of responses

Fargo 20 15 5 5 15 5 55 0
Grand Forks 31 6 0 6 0 3 10 74
Wahpeton 52 13 6 2 2 6 63 8
Willmar 77 25 1 0 3 5 62 4

Total 180 15 3 3 5 5 5 22

Table 12. Satisfaction in weed control fronpreplant incorporated and preemergence herbicides in 2025.

PPl or PRE Weed Control Satisfaction

Location Responses Excellent Good Fair Poor Unsure None Used
% of responses
Fargo 20 30 60 10 0 0 0
Grand Forks 36 0 58 19 6 0 17
Wabhpeton 51 12 53 31 4 0 0
Willmar 69 1 22 39 30 1 6
Total 176 11 48 25 10 0 6

Table 13. So#residual herbicides applied earlypostemergence (layby) in sugarbeet in 2025.

Lay-by Herbicides Applied

Location Responses Smetolachlor Qutlook Warrant None

% of responses

Fargo 20 90 5 0 5
Grand Forks 36 81 11 0 8
Wahpeton 57 72 23 5 0
Willmar 103 6 63 30 1
Total 216 62 26 9 4
Table 14. Percent of sugarbeet acrésand-weeded in 2025.
% Acres HandWeeded
Location Responses 0 <10 10-50 51-100 >100
% of responses
Fargo 21 48 38 14 0 0
Grand Forks 37 30 54 14 3 0
Wahpeton 50 66 10 16 8 0
Willmar 71 25 13 24 23 15
Total 179 42 29 17 9 4
Table 15. Percent of sugarbeet acres rewrop cultivated in 2025.
% Acres RowCultivated
Location Responses 0 <10 1050 51-100 >100
% of responses
Fargo 20 70 30 0 0 0
Grand Forks 39 64 31 3 3 0
Wahpeton 51 69 16 12 4 0
Willmar 69 41 20 13 14 12
Total 179 61 24 7 5 3
Table 16. Rescugreatments used for escaped waterhemp in sugarbeet in 2025.
Glyphosate Application Tanklixes
Location Responses IRC! Ultra Blazer Hand labor Electric weeder Left? No escapes
% of responses
Fargo 27 7 4 30 19 33 7
Grand Forks 47 11 0 47 4 30 9
Wahpeton 62 15 18 23 11 26 8
Willmar 116 17 6 41 20 14 2
Total 252 13 7 35 14 26 7

Hnter-row cultivation.
2Waterhemp escape left in field.

NM



Table 17. What methods were used to control Rhizoctonia in 2025.

Sdt+ Sdt+ Sdt+inf+ Sdt+inf+
Location Responses Sd t in-f POST POST 2XPOST
% of responses

Fargo 20 40 25 15 15 5
Grand Forks 37 27 35 30 8 0
Wahpeton 50 76 12 8 4 0
Willmar 70 21 16 34 27 1
Total 177 41 22 22 14 2

1Seedtreatment, seed treatment +fimrow, seed treatment + POST, seed treatmenifuriow + POST, seed treatment +fimrow + 2xPOST.

Table 18. Which POST fungicide did you use to control Rhizoctonia in 2025.

Location Responses Azteroid Azterknot Excalia Quadris Proline Elatus Other  None
% of responses
Fargo 20 5 0 45 20 5 0 0 25
Grand Forks 40 4 0 2 10 4 0 2 78
Wahpeton 51 10 3 39 20 3 0 0 23
Wilmar 70 35 2 8 22 8 0 0 25
Total 181 14 1 24 18 5 0 1 38
Table 19. How many fungicide applications did you make to control Cercospora leaf spot in 2025.
Location Responses 1 2 3 4 5 6 7 8 >8
% of responses
Fargo 20 5 0 0 25 40 20 10 0 0
Grand Forks 51 0 0 2 6 35 45 10 0 2
Wahpeton 72 0 1 1 3 12 28 40 8 6
Wilmar 40 0 0 18 32 30 20 0 0 0
Total 183 1 0 5 17 30 28 15 2 2
Table 20. What was your worst insect problem in 2025.
Location Responses  Armyw! Cutw Grassh Lygus Rtmggt Sprtls Wt G. Wirew Other
% of responses
Fargo 18 11 17 0 0 17 22 0 0 33
Grand Forks 37 0 0 8 0 62 22 0 0 8
Wahpeton 45 7 20 29 2 9 7 4 4 18
Wilmar 73 0 21 1 19 ** 2 ** 1 *x b
Total 173 4 14 9 5 29 17 1 1 20

IArmyworm, Cutworm, Grasshopper, Lygus Bugs, Root Maggot, Springtails, White Grubs, Wireworm, Other.
AWillmar grower seminar insects Armyworm = 1 % and Webworm =a@#None = 56%.
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OPTIMINZING WATERHEMP CONTROL WITH FALL APPLIED RESIDUAL HERBICIDES
Thomas PetetsAdam Aberlé and David Mettlet

Sugarbeet Agronomist, Associate Scientist and Research Agronomist

IExtension Sugar®wegdr Beoetcimdsocdi atned Sci entist, North
Mi nnesota, ?®Rersega,rchMD Agndnomi st, Southern Minnesota
Summary

1. Dual Magnum fall applied at 2 pt/A or Eptam fall applied and incorporated at 5 pt/A when soil temperature at a
4-inch depth is less than 55F and falling.

2. Chloroacetamide herbicides applied POST to sugarbeet are required regardless of fall or spring PRE
application.

Introduction

We have previously discussed inconsistency with ethofumesate. We attribute this to two chemical properties related
to ethofumesate. First, ethofumesate hagavélue twoefold greater with than Outlook herbicide (dimethenamid

P) another chloroacetamide herbicidecks a chemical property measuring how strongly herbicide binds to organic
matter in the soil compared to how much remains dissolved in soil water. Stated another way, ethofumesate binds
tightly to organic matter and is less prone to leaching. Second,dRutiater solubility is 10 times greater than
ethofumesate indicating moderate to high mobility in soil depending on soil organic matter conteahdt m
ethofumesate likes to be attached to organic matter and takes a lot of rain to break loose.

Ways to improve ethofumesate consistency includes increasing the ethofumesate use rate, increasing water volume
at application, and incorporating ethofumesate with tillage equipment. However, we wonder if we are incorporating
the best group 15 herbicidewe activate with tillage and wonder if Eptam (EPTC) orNReet (cycloate) might be

better candidates. Results from 2024 experiments suggest visible sugarbeet injury was greater when Eptam or Ro
Neet was applied at planting followed with the layby progesncompared to ethofumesate PRE followed with the

layby program (Peters and Aberle 2025). Further, waterhemp control was similar with both herbicide treatments.

It has been suggested we try fall application to improve waterhemp control (ethofumesate) or improve sugarbeet
safety (Eptam). Eptam was applied on 71%, 54% and 40% of the acreage in 1982, 1983, and 1984, respectively, and
fall applied Eptam accounted f@8%, 61% and 62% of the applied Eptam during those same years. The objectives

of this experiment were a) to evaluate fall vs. spring applied Ef@snetolachlor and ethofumesate and b) to

evaluate Eptam applied in a program approach with Outlook and Wasa@ompared to ethofumesateSor

metolachlor, our current waterhemp control standard.

Materials and Methods

Experiments were initiated near Renville and Moorhead, MN and Hickson, North Dakota in October and November
2024 depending olocation. The experimental area was prepared for fall herbicide application using a chisel plow
for primary tillage followed by a field cultivator. At Renville, Eptam was applied and immediately incorporate to the
appropriate depth. Once completed, theegkxpental area was tilled a second time teiach depth. At Hickson and
Moorhead, Eptam was applied and the experimental area was tilled to properly incorporate Eptam and to provide
uniform tillage treatment across the experimental area. Fall applieflietbsate and Dual Magnum were applied

after tillage (Table 1).

Eptam was applied similarly in the spring as the fall. After application, the experimental area was uniformly tilled to

a 2inch depth to remove emerged vegetation and to create a seedbed for planting. Sugarbeet was planted May 4 at
Moorhead, May 6 at Reille, and May 7 at Hickson in 2tch rows at approximately 63,500 seeds per acre with

4.5 inch spacing between seeds. Preemergence herbicides were applied immediately after planting. Postemergence
herbicides were applied at theghd 6If stage.

Visible sugarbeet growth reduction injury was evaluated using a 0 to 99% scale (0 is no visible injury and 99 is
complete loss of sugarbeet stand) and visible waterhemp control was evaluated using a 0 to 99 scale (0 is no control
and 99 is complete contjoWe focused on sugarbeet growth reduction evaluation at Renville since weed pressure
was light. Notes were collected until excessive rainfall flooded the experimental area in June. Waterhemp control
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Table 1. Herbicide treatment, herbicide rate, application timing.

Trt Sugarbeet
Num  Herbicide Treatmefp Rate Stagé
(pt or fl 0z /A) (lvs)

1 Ethofumesate + Dual Magnum / Outlook + RUPM3 + ethc 3+0.75/12+25+6/ PRE/EPOST/
Warrant + RUPM3 + etho 3+25+6 POST

2 Dual Magnum / RUPMS3 + etho / RUPM3 + etho 2/25+6/25+6 Fall/2/6

3 Ethofumesate / RUPM3 + etho / RUPMS3 + etho 75/25+6/25+6 Fall/2/6

4 Eptam / RUPM3 + etho / RUPMS3 + etho 5/25+6/25+6 Fall/2/6

5 Dual Magnum / Outlook + RUPM3 + etho / 2/12+25+6/ Fall/2/
Warrant + RUPM3 + etho 3+25+6 6

6 Ethofumesate / Outlook + RUPM3 + etho / 75/12+25+6/ Fall/2/
Warrant + RUPM3 + etho 3+25+6 6

7 Eptam / Outlook + RUPM3 + etho / 5/12+25+6/ Fall/2/
Warrant + RUPM3 + etho 3+25+6 6

8 Eptam / ethofumesate/ Outlook + RUPM3 + etho / 5/4/12+25+6/ Fall/PRE/2/
Warrant + RUPM3 + etho 3+25+6 6

9 DualMagnum / RUPM3 + etho / RUPM3 + etho 0.75/25+6/25+6 PRE/2/6

10 Ethofumesate / RUPM3 + etho / RUPM3 + etho 6/25+6/25+6 PRE/2/6

11 Eptam / RUPM3 + etho / RUPM3 + etho 25/25+6/25+6 Spring/2/6

2Abbreviations, etho = ethofumesate; RUPM3 = Roundup PowerMax3

PRoundup PowerMax3 plus ethofumesate with-imric surfactant and Amsol liquid AMS at 0.25% + 2.5% v/v. PowerMax3 plus ethofumesate
and either Outlook or Warrant with HSMOC and Amsol liquid AMS at 1 pt/A and 2.5% v/v.

Fall=fall application, before or after tillage; Spring=spring application before tillage; PRE=after plantidfjsRgarbeet stage; 646

sugarbeet stage.

was collected at Hickson and Moorhead. Unfortunately, we were unable to collect sugarbeet injury at Hickson since
sugarbeet stands were compromised by seed quality. Experiment was a randomized complete block design and 4
reps. Experiments were analyzedngsAgricultural Research Manager (ARM) Revision 2025.5.

Results

We observed sugarbeet injury 36 days after planting (DAP) from treatments containing Outlook and Warrant
applied at the 2and 6If stage (Table 2). Injury was the same from Dual Magnum, ethofumesate, or Eptam fall
applied in 2024 or ethofumesate mixedhwidual Magnum and applied preemergence in spring 2025. Sugarbeet
injury was negligible with 2imes Roundup PowerMax3 application following fall applied Dual Magnum,
ethofumesate or Eptam or Dual Magnum, ethofumesate or Eptam spring applied. Rain e¥en&sish June 14,
June 24, June 25 and June 28 caused flooding damage in replications one and two and caused unacceptable
variability in replications three and four at the Renville location.

Waterhemp control was evaluated approximately weekly following Warrant application-dee-B sugarbeet at
Hickson and Moorhead. In general, Dual Magnum, ethofumesate, and Eptam followsichieg Roundup
PowerMax3 treatments gave similar waterhexoptrol when applied in the fall and in the spring (Figure 1).

Table 2. Sugarbeet visible growth reduction injury in response to herbicide treatment, Renville MN 2025.

Herbicide treatmefit Rate Sugarbeet stage 24 DAP 36 DAP
(pt/A) Timing (%) (%)
Etho + Dual Magnum / Outlook / Warrant 3+0.75/0.75/3 PRE / EPOST / POST 23 24 a
Dual Magnum 2 Fall 10 5b
Ethofumesate 7.5 Fall 5 5b
Eptam 5 Fall 13 9b
Dual Magnum / Outlook / Warrant 2/0.75/3 Fall / 2If / 6If 20 2la
Etho / Outlook / Warrant 75/0.75/3 Fall / 2If / 6lf 13 24 a
Eptam / Outlook / Warrant 5/0.75/3 Fall / 2If / 6If 15 24 a
Eptam / Etho / Outlook / Warrant 5/4/0.75/3 Fall / PRE / 2If / 6If 18 23 a
Dual Magnum 0.75 PRE 3 3b
Ethofumesate 6 PRE 5 5b
Eptam 25 Spring 15 8b
LSD (0.10) NS 9

aSugarbeet injury followed by the same alphabetical letter indicatestatistical differences between treatments at the 0.10 alpha level.
PRoundup PowerMax3 pliethofumesate with neionic surfactant and Amsol liquid AMS at 0.25% + 2.5% v/v POST at V2 and V6 followed
treatment. High surfactant methylated seed oil (HSMOC) at 1 pt/A was mixed with Roundup PowerMax3, ethofumesate anibeith@r Ou
Warrant and Amdl liquid AMS.

“Abbreviations: etho=ethofumesate
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and Moorhead, MN, 2025. Treatments sharing the same letter are the same at the 0.10 alpha level. All
treatments contained 2times Roundup PowerMax3 mixel with ethofumesate at the 2and 6-If stage.

However, what stands out is the consistency across locations from Dual Magnum, spring and fall applied.
Waterhemp control from ethofumesate tended tbditer at Moorhead than Hickson. Ethofumesate fall applied did
not improve waterhemp control as compared to spring application. Eptam followetinbgsZRoundup

PowerMax3 also appeared to provide consistent waterhemp control but control was less tihdagDued with fall
application. We misapplied the Eptam spring application at Moorhead. Dual Magnum, Eptam and ethofumesate
followed by 2times Roundup POST treatments averaged 60% from fall application and 66% from spring
applications.

Fall applied herbicides followed by the layby program was compared to our commercial standard, Dual Magnum
plus ethofumesate followed by Outlook and Roundup PowerMax3 atlfistegye and Warrant at thelféstage

standard (Figure 2). Fall applied Eptagthofumesate and Dual Magnum followed by Outlook mixed with Roundup
PowerMax3 at the-if stage and Warrant mixed with Roundup PowerMax3 provided waterhemp control similar to
our Dual Magnum plus ethofumesate followed by Outlook and Roundup PowerMax32dt tage and Warrant

at the 6If stage standard (Figure 2). Waterhemp control at Moorhead was bettétithaon but exceeded 90%

with the exception of ethfomesate fall applied followed by the spring layby program at Hickson.
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Figure 2. Waterhemp control inresponse to fall fb spring soil residual herbicides, Moorhead MN and
Hickson ND, 2025 Treatments sharing the same letter are the same at the 0.10 alpha level. All treatments
contained 2times Roundup PowerMax3 mixed with ethofumesate at the-and 6-If stage. Etho+DM was
applied in the spring as a preemerge. All other treatments were fallapplied.
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Discussion

We observed lack of consistency with ethofumesate across locations sies Roundup PowerMax 3 followed
ethofumesate or when Outlook mixed with Roundup PowerMax3 atlfreaje and Warrant mixed with Roundup
PowerMax3 at the- stage. This is constent with grower experiences. We observed more sugarbeet injury when
chloroacetamide herbicides followed soil residual herbicides. There was no difference in sugar beet injury between
fall and spring applied soil residual herbicides.

We recommend delaying the fall application for cool temperatures to reduce microbial degradation. Logic would

indicate that delay may cause sugar beet injury in the spring. We are not certain that fall application replaces an at
planting application. Welas o dondét understand the accumul ative effect
applications on sugarbeet safety.

Literature Cited

Peters TJ, Aberle Adam (2025) IntegratingReet and Eptam Back into the Waterhemp Control Program in
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SUGARBEET TOLERANCE FROM HERBICIDE MIXTURES WITH
INSECTICIDES AND FUNGICIDES

Thomas J. PetérsAdam D. Aberlé David C. Mettlet, and Emma Butt

!Extension Sugarbeet Agronomi&Research Specialist,
North Dakota State University & University of Minnesota, Fargo, RE&search Agronomist, Southern Minnesota
Beet Sugar Cooperative, Renville, MiResearch Agronomist, MiRDak Farmers Cooperative

Summary

1. Excalia for rhizoctonia damping off control mixed with herbicides and insecticides caused less vegetative
sugarbeet injury than Quadris mixed with herbicides and insecticides.

2. \Vegetative injury from complex mixtures sometimes but not always caused loss of sugarbeet root yield.

3. Foliar fungicides for control of Cercospora leaf spot mixed with pesticides for control of weeds and insects
did not cause vegetative injury or reduce root yield or sucrose content in these experiments.

4. Product selection matters with complex tanktures; differences in active and inert ingredients can
influence crop tolerance.

Introduction

Sugarbeet is among the most complicated crops to cultivate, requiring a rigorous and precisely timed pest
management program to achieve maximum root yield and sucrose content. Efficient time management and strategic
pesticide use remain primary concernsdogarbeet producers, as postemergence weed control frequently overlaps
with soilborne and foliar disease and insect control. Growers regularly inquire about herbicidextam&s of

three, maybe four active ingredients. These mixtures may also ireckwieborne fungicide for Rhizoctonia root

and crown rot control or an insecticide for root maggot or cutworm control. We are also receiving questions about
herbicide and insecticide mixtures with foliar applied fungicides for Cercospora leaf spotesothenendations to
initiate spray programs creep into mildne. Interest in complex tamkixtures as a method to enhance operational
efficiency and reduce application costs continues to grow, making evaluation of sugarbeet tolerance to complex
tank-mixtures a primary focus for research.

Although these practices can reduce trips across the field, combining products with different formulation types,
preloaded adjuvant systems, and percent active ingredient may increase the risk of physical incompatibility or crop
phytotoxicity. Sugarbeet jgarticularly sensitive to many of its own registered pesticides and may exhibit phytotoxic
responses, especially when formulations contain higher concentrationdaged adjuvants or surfactant systems

that can increase herbicide uptake and cropymjotential (Kniss 2018). This is especially prevalent with cool and
cloudy environmental conditions that slow the metabolism of pesticides by sugarbeet.

Evaluation of sugarbeet tolerance to herbiditecticidefungicide tankmixtures across multiple locations is
necessary to inform best management practices and minimize the risk of crop injury under field conditions. The
objectives of this research wesg:evaluate sugarbeet tolerance from herbicide mixtures with soilborne fungicides
and insecticides; and b) evaluate sugarbeet tolerance from herbicide mixtures with foliar disease fungicides and
insecticides.

Materials and Methods

Field experiments were conducted at multiple locations in the 2025 growing season to evaluate sugarbeet vegetative
tolerance, root yield and sucrose content from herbicide mixtures with soilborne fungicides and insecticides.

Greenhouse experiments conduicite 2022, (Peters et al., Sgbt Res. Ext. Rept. 2022:505Peters et al., Sgbt

Res. Ext. Rept. 2022:53:@2,) 2023 and 2024 complement these field experiments. Experiments were arranged as

a randomized complete block design (RCBD) with six replicatiGithofumesate was broadcast preemergence at 6

pints per acre (pt/A) to provide seadong weed control, ensuring high quality data. All other insect and disease

pests were actively managed i n ex gpessuriredackpack oricgciel i cat i o
sprayer calibrated to deliver 17 gallons per acre (gpa). Application dates and weather information are listed below

(Table 3).
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Soilborne Disease Complex Mixtur@esticide application was timed to thetd 6-leaf (If) stage (Table 1). A

6based herbicide treatment, Roundup Power Max3 mixed
respectively, was added to all treatments. Additional pesticides were Excalia, Quadris, Asana XL, and Stinger HL
eithertankmi xed with Obased or following 6based by three

Stinger HL and Asana XL includeimsol liquid AMS at 2.5% v/v. Table 3 are weather conditions at application.
Experiments were conducted near Prinsburg, Brushvale, and Crookston, MN. Prinsburg and Brushvale were planted
in the typical timeframe when sugarbeet are planted in MN. Unfarlyn&rookston was replanted June 11, 2025

due to stand challenges associated with weather.

Table 1. Pesticide treatment, pesticide rate, and timing of pesticide application.

Pesticide treatmett Rate Sugarbeet stage
-------- fl 0z/A)-------- (If stage)

Roundup PowerMax3 + ethofumesate + Outlook (Base) 30+12 +18 4106
Base + Excalia 2 4106
Base +Excalia + Asana XL 2+9.6 4106
Base + Excalia + Stinger HL 2+24 4t06
Base + Excalia + Asana XL + Stinger HL 2+96+24 4106
Base + Quadris 15 4106
Base + Quadris + Asana XL 15+9.6 4106
Base + Quadris + Stinger HL 15+2.4 4106
Base + Quadris + Asana XL + Stinger HL 15+9.6+24 4106
Base / Excalia + Asana XL + Stinger HL (3 DAB) 2+96+24 41t06/3 DAB
Base / Quadris + Asana XL + Stinger HL (3 DAB) 15+9.6+2.4 410 6 /3 DAB

#Roundup PowerMax3 + ethofumesate + Outlook + Stinger HL and Excalia or Quadris with HSMOC at 1 pt/A + AMS at 2.5% v/y» Roundu
PowerMax3 + etho + Outlook + Excalia or Quadris and Stinger HL + Asana with AMS at 2.5% v/v.
PExcalia or Quadrisnixed with Asana XL and Stinger HL 3 days after base (DAB)

Foliar Disease Complex MixtureBesticide application was timed to thet® 10-leaf stage (Table 2). A base

herbicide treatment for waterhemp control consisted of Roundup PowerMax3 mixed with ethofumesate and Warrant
at 22 + 6 fl 0z/A and 3 pt/A, respectively. Additional pesticides Waustang Max, Manzate Pitick, Select Max,

and Proline eithertankni x ed wi t h O6based orAlfreaimentswcluded Piefer®@Gnaodic by 3
surfactant, at 0.25% v/v, and Amsol liquid AMS at 2.5% v/abl€ 3 are weather conditions at application.

Experiments were conducted near Brushvale, MN and Prosper, ND. Brushvale was planted May 6, 2025.

Wi

day

da

Unfortunately, Prosper was replanted June 11, 2025 due to stand challenges manifested by May 2025 environmental

conditions.
Data Collection.Sugarbeet stand counts were collected from the middle two rows of edichl@0at the 2to 4-

Table 2. Pesticide treatment, pesticide rate, and timing gfesticide application.

Pesticide treatmeht Rate Sugarbeet stage
--(fl oz or Ib or pt/A}- (If stage)

Roundup PowerMax3 + ethofumesate + Warrant (Base) 22+6+3pt 8to 10
Base + Mustang Max 4 8to 10
Base + Manzate PsBtick 21b 8to 10
Base + Mustang Max + Manzate P8tick 4+21b 8to 10
Base + Mustang Max + Manzate P3tick + Select Max 4+2Ib+16 8to 10
Base + Manzate Ps8tick + Proline 2Ib+57 8to 10
Base + Mustang Max + Manzate P8tick + Proline 4+2Ib+57 810 10
Base / Manzate Ps8tick (3 DAB) 21b 8to 10
Base + Mustang Max / Manzate Pstick (3 DAB) 4/21b 8to 10/ 3 DAB
Base + Mustang Max / Manzate Pstick + Select Max (3 DAB) 4/21b+16 81to 10/ 3 DAB
Base / Manzate Ps8tick +Proline (3 DAB) 2lb+57 81010/ 3 DAB
Base + Mustang Max / Manzate Pstick + Proline (3 DAB) 4/2lb+5.7 810 10/3 DAB

2Roundup PowerMax3 + ethofumesaté&/arrant mixed with Mustang Max, Manzate f8tick and/or Proline with Prefer $®nionic surfactant

at 0.25% v/v and Amsol liquid AMS at 2.5% v/v. Manzate-Btizk and/or Proline with Prefer 90 nonionic surfactant at 0.25% v/v 3 days after
base (DAB).

bExcalia or Quadris mixed with Asana XL and Stinger HL 3 days after base (DAB)
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Table 3. Temperature (F) and relative humidity (%) at pesticide application.

Soilborne Disease Complex Mixtures

Foliar Disease Complex Mixtures

Crookston, MN Brushvale, MN Prinsburg, MN Prosper, ND Brushvale, MN
Date F % Date F % Date F % Date F % Date F %
7/8 68 58 6/18 74 57 6/5 75 34 7124 87 55 7/1 74 79
7/14 70 65 6/24 65 59 6/10 63 68 7129 82 54 719 82 59

leaf stage and again prior to harvest. Crop response was visually evaluated for malformation, chlorosis, necrosis, and
growth reduction using a 0 to 99% scale, where 0 represented no visible injury compared to glyphosate control and

99% represented complete plant or stand loss relative to the glyphosate control. Evaluations were conducted at
approximately 3, 7, and 14 dagfter treatment. At harvest, sugarbeet was defoliated, harvested mechanically from
from the center two rows of each plot and weighed. A root sample (about 20 Ibs) was collected from each plot and
analyzed for sucrose content and sugar loss to molasgendnycan Crystal Sugar Company (East Grand Forks,

MN) or the Quality Lab at Southern Minnesota Beet Sugar Cooperative (Renville, MN). Single location experiments

were analyzed using Agricultural Research Manager (ARM.2025.5). Combined data analysisevasirtpthe
GLIMMIX procedure in Statistical Analysis Software (SAS 9.4).

Results

Soilborne Disease Complex Mixtur®ge observed necrosis, malformation and growth reduction sugarbeet injury
from pesticide treatments (Table 4, Figures 1, 2 and 3). However, we did not observe visible chlorosis injury from
treatments. Sugarbeet necrosis injury (P=<0.0001) differed amoagdri®and Excalia treatmeniéisible necrosis

is death of sugarbeet tissues characterized by dark brown or black, dry, brittle, and often sunken patches. Growth
reduction also separated treatmef@owth reduction was greatest with treatments contaiQingdris; Quadris

mixed with Stinger HL or Quadris mixed with Stinger HL plus Asana XL and Roundup PowerMax3, ethofumesate
and Outlook. Growth reduction from Excalia alone or tamkes with Excalia mixed with Roundup PowerMax3,

ethofumesate and Outlook widie same as Roundp PowerMax3, ethofumesate and Outlook alone. We observed leaf
mal f or mati on, auxin mimi

injury was greater or tended to be greater when Quadris was mixed with pesticide treatments as compared to Excalia

mixed with treatments.

c injury as
related to Stinger HL. Necrosis caused distortion of sugarbeev#éisatoted as malformation injury. Malformation

many

treat ments

Table 4. Visible necrosis, malformation and growth reduction in response to pesticide treatment, averaged

across Prinsburg and Crookston, MN, 2025.

Pesticide treatmeht Rate % Necrosis % Malform % Gr Red % Gr Red
---(fl 0z/A)---- 2 to 8 DAAB 2 to 8 DAAB 2to 8 DAAB 13 to 22DAAB
:'\I’aoalljsneo)lup PowerMax3 ethofumesate + Outlook 30+12 +18 14b 12d 12e 10 cd
Base + Excalia 2 16 b 16 cd 12e 6¢c
Base + Excalia + Asana XL 2+96 13b 17 bed 14 de 9cd
Base + Excalia + Stinger HL 2+24 18b 24 bed 2lcd 13 cd
Base + Excalia + Asana XL Stinger HL 2+96+24 15b 27 bed 19 cde 18 bc
Base + Quadris 15 38a 30 abc 38b 24 ab
Base + Quadris + Asana XL 15+9.6 35a 29 abc 36b 25 ab
Base + Quadris + Stinger HL 15+24 44 a 45 a 48 a 30a
Base + Quadris + Asana XL + Stinger HL 15+9.6+24 43 a 33ab 40 b 30a
Base / Excalia + Asana XL + Stinger HL (3DAB 2 +9.6 +2.4 12b 33ab 23c 18 bc
Base / Quadris + Asana XL + Stinger HL (3 DAE 15+ 9.6 + 2.4 22b 25 bed 21l cd 16 bed
P-Value 0.0001 0.0068 0.0001 0.0001

“Meansfollowed by the same alphabetical letter within columns are not significantly different at the 0.05 alpha level.
bBase treatment added to the treatment comparisons was Roundup PowerMax3 mixed with ethofumesate and Outlook at 30#/A2 + 18 f
Roundup PowerMax3 + ethofumesate + Outlook + Stinger HL and Excalia or Quadris with HSMOC at 1 pt/A + AMS at 2.5% v/y» Roundu
PowerMax3 + etho + Outlook + Excalia or Quadris and Stinger HL + Asana with AMS at 2.5% v/v.
‘Excalia or Quadris mixed with Asana XL and Stinger HL 3 days after base (DAB)
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Figure 1. Visible necrosis, malformation and growth reduction in response to pesticide treatment, averaged
across Prinsburg and Crookston, MN, 2025.

Figure 2. Sugarbeet injury in response to herbicide treatment, 2 DAAB, Prinsburg, MN, 2025. Image number
corresponds to treatment number. Treatment 1 is the base herbicides treatment, Roundup PoweMax3 with
ethofumesate and Outlook. Excalia (trt 10) or Quads (trt 11) mixed with Asana and Stinger HL was applied
3 days after base treatment.
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Figure 3. Growth Reduction injury in response to pesticide treatment, Prinsburg, MN, 2025.

Root yield differed across treatments and locations (Table 5 and Figure 4) (P=0.0869, Crookston and P=0.0180,
Prinsburg). At Crookston, treatments recovered from early season sugarbeet injury. At Prinsburg, treatments with
Quadris mixed with Asana XL, Styer HL and Asana XL and Stinger HL plus Roundup PowerMax3, ethofumesate

and Outlook had root yield less or root yield that tended to be less than Excalia mixed with Asana XL, Stinger HL

and Asana XL and Stinger HL plus Roundup PowerMax3, ethofumesateudiodkO We attribute root yield

differences to weather conditions in 2025. Prinsburg received greater tiach3@infall after planting as

compared to 15 inches at Crookston. Further, Prinsburg received four rainfall events of greatén¢hasif.

Sugarbeet must metabolize applied pesticides. Pesticide metabolism is much slower when sugarbeet are not actively
growing due to cool temperatures, cloudy skies and saturated soils.

Table 5. Root yield and % sucrose in response to pesticide treatment, Crookston and Prinsburg, MN, 2025.

Pesticide treatmeht Rate Root yield (TPA) % Sucrose
----(fl 0z/A)---- Crookston Prinsburg Crookston Prinsburg

go;sr;c;up PowerMax3 + ethofumesate + Outlook 30+12+18 30.4 abc 27.7 ad 18.0 14.3
Base +Excalia 2 30.3 abc 29.0 ab 17.9 14.2
Base + Excalia + Asana XL 2+9.6 31.0ab 29.6 a 18.2 14.2
Base + Excalia + Stinger HL 2+24 31.3a 28.6 ab 17.7 14.4
Base + Excalia + Asana XL + Stinger HL 2+96+24 30.7 abc 27.9 abc 17.4 14.3
Base +Quadris 15 29.7 cd 27.5 bed 17.8 14.6
Base + Quadris + Asana XL 15+9.6 29.8 bed 26.5 cde 17.7 14.5
Base + Quadris + Stinger HL 15+2.4 29.0d 25.6 de 17.7 14.6
Base + Quadris + Asana XL + Stinger HL 15+9.6+24 30.9 abc 25.1e 18.1 14.3
Base /[Excalia + Asana XL + Stinger HL (3 DAB) 2+96+24 3l.1la 27.7 ad 17.6 14.6
Base / Quadris + Asana XL + Stinger HL (3 DAE  15+9.6 +2.4 30.4 abc 27.8 ad 18.1 14.5
P-Value 0.0869 0.0180 0.7298 0.1243

#Means followed by the sanadphabetical letter within columns are not significantly different at the 0.1 alpha level.

bBase treatment added to the treatment comparisons was Roundup PowerMax3 mixed with ethofumesate and Outlook at 300#/A2 + 18 f
Roundup PowerMax3 + ethofumesate + Outlook + Stinger HL and Excalia or Quadris with HSMOC at 1 pt/A + AMS at 2.5% v/ya Roundu
PowerMax3 + etho + Outlook + Excalia or Quadris and Stinger HL + Asana with AMS at 2.5% v/v.

°Excalia or Quadris mixed with Asana XL and Stinger HL 3 days after base (DAB)
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Figure 4. Root yield (tons per acre) and % sucrose content in response to pesticide treatment at Crookston
and Prinsburg, MN. Means followed by the same alphabetical letter within columns are not significantly
different at the 0.1 alphalevel.
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Figure 5. Rainfall (inch) and cumulative rainfall (inch) at Prinsburg and Crookston, MN, 2025. Data collected
from the North Dakota Agricultural Weather Network (Crookston) and from on-site weather
instrumentation (Prinsburg).
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We elected not to include the Brushvale location in the combined analysis. Sugarbeet stands and resultant root yields
were much more variable at Brushvale as compared to Prinsburg or Crookston. We observed similar sugarbeet
necrosis, malformation, and grtwreduction with treatments containing Quadris and Stinger HL (Table 6). In

general, sugarbeet necrosis and growth reduction injury was greater when Quadris was mixed with Asana XL,
Stinger HL or Asana XL and Stinger HL with Roundup PowerMax3, ethofumesa Outlook as compared to

Excalia mixed with Asana XL, Stinger HL or Asana XL and Stinger HL with Roundup PowerMax3, ethofumesate

and Outlook. We observed much more malformation injury from treatments containing Stinger HL at Brushvale or
distortion caised by necrosis injury from treatments containing Quadris mixed with Asana XL, Stinger HL or Asana
XL and Stinger HL with Roundup PowerMax3, ethofumesate and Outlook at Brushvale than Prinsburg or

Crookston.

Table 6. Visible percent necrosis, malformation and growth reduction in response to pesticide treatment,
Brushvale, MN, 2025%

Pesticide treatmeht Rate Necros Malform Gr Red Malform Gr Red

T 7 (% 6 DAAB)-——-——— (% 13 DAAB)---
Roundup PowerMax3 + ethofumesate + Outlook 30 +12 +18 24 7

c 3e 3e 3c

(Base)
Base + Excalia 2 3d 7c 8e 5de 8 bc
Base + Excalia + Asana XL 2+9.6 5d 8c 3e Oe 3c
Base + Excalia + Stinger HL 2+24 od 28b 12 de 1lcd 5c¢
Base + Excalia + Asana XL + Stinger HL 2+9.6+24 od 31lb 9de 8de 8 bc
Base + Quadris 15 33a 25b 33a 23 ab 23 a
Base + Quadris + Asana XL 15+9.6 29 ab 31b 26 abc 18 bc 15 ab
Base + Quadris + Stinger HL 15+24 28 ab 45a 33a 26 a 22a
Base + Quadris + Asana XL + Stinger HL 15+9.6+2.4 28b 39a 3lab 1lcd 15 ab
Base / Excalia + Asana XL + Stinger HL (3 DAB 2+9.6+24 od 26 b 18 cd 3e 8 bc
Base / Quadris + Asana XL + Stinger HL (3 DAE  15+9.6 +2.4 l4c 41 a 23 bc 3de 8 bc
P-Value 0.0001 0.0001 0.0001 0.0001 0.0035

#Meansfollowed by the same alphabetical letter within columns are not significantly different at the 0.1 alpha level.

Base treatment added to the treatment comparisons was Roundup PowerMax3 mixed with ethofumesate and Outlook at 300#/A2 + 18 f
Roundup PowerMax3 + ethofumesate + Outlook + Stinger HL and Excalia or Quadris with HSMOC at 1 pt/A + AMS at 2.5% v/y» Roundu
PowerMax3 + etho + Outlook + Excalia or Quadris and Stinger HL + Asana with AMS at 2.5% v/v.

°Excalia or Quadris mixed with Asana XL and Stinger HL 3 days after base (DAB)

Table 7. Sugarbeet stand, root yield, % sucrose and recoverable sucrose per acre in response to pesticide
treatment, Brushvale, MN, 2025

Pesticide treatmeht Rate Stand Root yield % Sucrose Rec Sucrose
----(fl 0z/A)---- Num per

20 ft row Tons per acre % Ib/acre
[\I’go:sr;o)lup PowerMax3 + ethofumesate + Outlook 30+12+18 31 277 16.1a 5996
Base + Excalia 2 28 26.5 15.9 ab 5,322
Base + Excalia + Asana XL 2+9.6 29 30.01 15.9 ab 6,529
Base + Excalia + Stinger HL 2+24 28 29.6 16.1a 6,423
Base + Excalia + Asana XL + Stinger HL 2+96+24 28 29.2 16.1a 6,203
Base + Quadris 15 26 27.0 16.0a 5,466
Base + Quadris + Asana XL 15+9.6 30 26.8 15.7 ab 4,998
Base + Quadris + Stinger HL 15+24 30 275 15.6 bc 5,230
Base + Quadris + Asana XL + Stinger HL 15+9.6+24 28 26.9 15.2¢ 5,075
Base / Excalia + Asana XL + Stinger HL (3 DAB 2+96+24 26 27.4 15.6 bc 5,414
Base / Quadris + Asana XLStinger HL (3 DAB) 15+9.6+24 28 30.3 16.0 ab 6,101
P-Value 0.8362 0.3704 0.0308 0.1172

Means followed by the same alphabetical letter within columns are not significantly different at the 0.1 alpha level.

bBase treatment added to tineatment comparisons was Roundup PowerMax3 mixed with ethofumesate and Outlook at 30 + 12 + 18 fl 0z/A.
Roundup PowerMax3 + ethofumesate + Outlook + Stinger HL and Excalia or Quadris with HSMOC at 1 pt/A + AMS at 2.5% v/y» Roundu
PowerMax3 + etho + Outlook + Excalia or Quadris and Stinger HL + Asana with AMS at 2.5% v/v.

‘Excalia or Quadris mixed with Asana XL and Stinger HL 3 days after base (DAB)

Foliar Disease Complex MixtureSugarbeet vegetative injury was visible necrosis and grmnction injury that
was negligible at both Brushvale and Prosper (Table 8). Likewise, root yield, % sucrose content and recoverable
sucrose reduction where not treatment related or consistent across locations (Table 9).



Table 8. Sugarbeet stand, and percent visible sugarbeet injury in response to pesticide treatment, Bruvale
MN and Prosper ND, 2025

Pesticide treatmeht Rate Sugarbeet stand Grow Red 35 DAA Grow Red 510 DAB
-—-(flozorlb Brushvale Prosper Brushvale Prosper Brushvale Prosper
or pt/A)-- (Nu/20 ft)  (Nu/20 ft) (%) (%) (%) (%)

Roundup PowerMax3 + ethofumesate +

Warrant (Base) 22+6+3pt 25 57 8 ab 3 5 2b
Base + Mustang Max 4 22 56 12 a 0 3 Ob
Base + Manzate PsStick 21b 21 57 2cd 3 3 2b
Base + Mustang Max Manzate PreStick 4+21b 24 56 5bc 3 0 4b
Base + Mustang Max + Manzate Pstick + 4+21b+16 o5 58 3 cd 6 8 3b
Select Max

Base + Manzate PsStick + Proline 2Ib+57 20 56 2cd 0 0 2b
Bas_e + Mustang Max + Manzate F8tick + 4+2lb+ 24 55 2 cd 4 0 2b
Proline 5.7

Base / Manzate Ps8tick (3 DAB) 21b 24 60 od 4 0 Ob
gzz\sBe) + Mustang Max / Manzate P3tick (3 4/21b 24 58 2 cd 9 3 5b
Base + Mustang Max / Manzate Pstick +

Select Max (3 DAB) 4/21b+16 23 61 2cd 3 2 0b
Base / Manzate PsStick + Proline (3 DAB) 2Ib+5.7 25 60 od 0 3 5b
Base + Mustang Max / Manzate Pstick +

Proline (3 DAB) 4/2Ib+57 24 60 2cd 3 0 11a
P-Value 0.8337 0.4343 0.0009 0.3495 0.3310 0.0751

#Means followed by the sanadphabetical letter within columns are not significantly different at the 0.1 alpha level.

PRoundup PowerMax3 + ethofumesate + Warrant mixed with Mustang Max, Manze®idkrand/or Proline with Prefer 90 nonionic surfactant
at 0.25% v/v and Amsol liquid AMS at 2.5% v/v. Manzate-Btick and/or Proline with Prefer 90 nonionic surfactant26% v/v.
‘Abbreviations: Base = Roundup PowerMax3 + ethofumesate + Warrant. DAB = days after base treatment. DAA = days aften &pplicati
DAB = days after application B.

Discussion

Soilborne disease complex mixtures demonstrated that formulation type, active ingpediaritative or locally

systemic, and cumulative adjuvant load influenced sugarbeet tolerance. Although treatments contained the same
herbicide base, mixtures with Quadris resulted in greater growth reduction, necrosis, and lower root yield compared
to Excalia treatments. These differences likely reflect formulation chemistry and herbicide and fungicide behavior
within sugarbeet. Emuls#ble concentrate (EC) formulations and products with preloaded surfactant systems

Table 9. Root yield, % sucrose and recoverable sucrose in response to pesticide treatment, Brushvale, MN
and Prosper, ND, 2025.

Pesticide treatmehit Rate Root yield % Sucrose Rec Sucrose
---(flozorlb Brushvale Prosper Brushvale Prosper Brushvale Prosper
or pt/A)--- Tons/A Tons/A % % Ib/A Ib/A

Roundup PowerMax3 + ethofumesate +

Warrant (Base) 22+6+3pt 21.3cd 21.7 14.9 ef 15.6 ab 3,267 3,840
Base +HMustang Max 4 20.5d 22.3 16.0a 159a 3,184 3,955
Base + Manzate Pi8tick 21lb 22.0 bed 22.6 15.0 def 149c 3,313 3,634
Base + Mustang Max + Manzate Pstick 4+21b 22.6 ad 224 15.0 def 15.6 ab 3,519 3,940
Sabe + Mustang Max+ ManzaeoStick+ 4,5 1h+16 235abc 232 149f  159ab 3,549 4,227
Base + Manzate Pi8tick + Proline 2Ib+57 22.1 bed 22.7 15.6 abc 15.7 ab 3,456 4,087
pase + Mustang Max + Manzate Fick + 4+ 210+ 5472 2201  154be 155ab 4,200 3902
Base / Manzate Ps8tick (3 DAB) 21b 24.1 ab 21.9 15.3 ¢f 15.8 ab 4,137 3,879
giﬁ; * Mustang Max / Manzate P8ck 3 4 /5 |, 248a 206  154be  155b 4353 3,208
Base + Mustang Max / Manzate Pstick +

Select Max (DAB) 4/2b+16 225ad 22.5 15.8 ab 15.4 bc 3,891 3,841
Base / Manzate Ps8tick + Proline (3 DAB) 2Ib+57 23.0 abc 22.7 15.5 bed 15.7 ab 3,899 4,319
Base + Mustang Max / Manzate Pstick +

Proline (3 DAB) 4/2b+57 20.6d 21.4 15.4 be 15.1b 3,048 3,567
P-Value 0.0509 0.3978 0.0037 0.0738 0.1918 0.2008

#Means followed by the same alphabetical letter within columns are not significantly different at the 0.1 alpha level.

PRoundup PowerMax3 + ethofumesate + Outlook + Stinger HLExwedlia or Quadris with HSMOC at 1 pt/A + AMS at 2.5% v/v. Roundup
PowerMax3 + etho + Outlook + Excalia or Quadris and Stinger HL + Asana with AMS at 2.5% v/v.

°Excalia or Quadris mixed with Asana XL and Stinger HL 3 days after base (DAB).
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enhance cuticle penetration; when multipleamihtaining products are combined, the cumulative solvent and

adjuvant | oad can unintentionally fAstackod cuticle penef
crop safety to postemergencealiieides (Kniss 2018), and excessive penetration may accelerate active ingredient

uptake beyond the metabolic capacity of sugarbeet, increasing cellular injury. The necrosis observed in Quadris
treatments, a translaminar Qol fungicide, suggests that settdssue penetration under high oil spray solutions

may increase phytotoxicity. In contrast, Excal@taining mixtures caused minimal vegetative injury and

maintained higher root yield, indicating more favorable compatibility with the herbicide anchatpystem.

Results reinforce that complex tankixtures should be constructed based on both economic pest pressure and
formulation compatibility. Each additional active ingredient contributes not only another mode of action but also
additional solvents, surfactants, oil-based components that may increase phytotoxic risk. Avoiding unnecessary
stacking of EC formulations or edontaining products is critical, particularly under conditions that favor rapid

uptake. Product inclusion should be justified by expected@u return. For example, in fields with a history of
Rhizoctonia and earlgeason weeds such as common lambsquarters, a mixture of glyphosate + ethofumesate +
Excalia may be warranted. However, if insect pressure such as sugarbeet root maggot isngvanaddecticide

may increase cumulative oil load and induce sugarbeet phytotoxicity. Strategic product selection remains essential to
preserving crop safety while maintaining operational efficiency in soilborne disease complex programs.

Foliar fungicides for control of Cercospora leaf spot mixed with pesticides for control of weeds and insects did not
cause vegetative injury or reduce root yield or sucrose content in these experiments. Minor, transient growth
reduction was observed in e treatments, but injury dissipated and considered negligible. Applications occurred

at the 8to 10leaf stage, when sugarbeet plants have greater leaf area, ticker cuticles, and metabolic capacity, which
likely enhanced tolerance and recovery compariéi @arlier growth stages in soilborne disease complex mixture
treatments.

Despite sugarbeet safety, careful product selection is essential. Certain fungicides used for Cercospora leaf spot can
influence sugarbeet tolerance, especially when mixed wi
pyraclostrobin (Headline®fugi ci de) and tin based products such as tri
compounds (Hernandez et al. 2024). However, it is unlikely these products would be used for late June control of
Cercospora leaf spot and thus, would not be candidates for mixithrglyphosate, ethofumesate or

chloroacetamide herbicides.

Cercospora leaf spot fungicides may contain translaminar or systemic formulations that penetrate leaf tissue. The
cumul ative effect can unintentionally fistacko cuticle |
penetrative herbicides and insecteid or oi |l based emul sifiable concentrate
uptake, increasing the risk of phytotoxicity in sugarbeet.
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SUGARBEET TOLERANCE FROM STINGER HL ALONE AND IN MIXTURES

Thomas PetetsAdam Aberlé, Emma Buri, and David Mettlet

IExtension Sugar®wegdar [BepetcimMdswdi atned Scientist, North Da
Mi nnesot a,’RéEaegmonc¢h NDiDrakc tFam ,meMisrdn Cooper &Reisveea,r cMahpet c
Agronomist, Southern Minnesota Beet Sugar Cooj

Summary

l.Ilncreasing the Stinger HL rate from 1.8 to 3.2 fI 0
repeat Stinger HL application but did not reduce ro
2. Twoi meet®l achl or or Select Max mixed with Stinger
increase sugarbeet injury and affected certain yiel
3.We encourage applicators to consider environment al

adjust ment .

I ntroducti on

Stinger HL (clopyralid) is a very important herbicide |
pl ant species, acteracea or the aster, daisy or sunfl o\
knot weed or Isynaandvetetde fsaalianacea or nightshade family.
plants in these families including common ragweed, bi el
exampl es. Stinger HL does matmomr dvwaintbes qouacarrttreals .of wat er |
Sever al chall enges compromi se Stinger HL wuse. First, S
applied below | abeled rates. Second, some believe Stin
conditions, especcihaltlhfe sbhage sufhirbeett heawi ndow of appl
8l f stage Sugarbeet growers attending the 2024 Product
ragweed at their most importanteweed ¢8n#ue8I achall elowge
common ragweed as the first or second most i mportant wi
have observed extended common ragweed ger minbati oAdn and
extended emergence window requires growers make two St
Stinger HL wildl be applied in mixtures with other herbi

Our O6best practicesd StoirngSetri nHgLeratHL2 .adp pflli tcdaaneA nti@rhe a s
common ragweedchebsns dhamztRiemes Wet isnugagreash Ltl he d2fd 8 8 f | ozl
application. Fimm&agt il yge weHb ugpgelsitcati on to rdagweedyoiuze
may need to separate glyphosate and Stinger -HE applicat
sugarThheeto.bspéct hv ewerrees. e aaejeethd sugar beet tolerance, root
fromi hes StingeratHI3 iSnt iswgear Heetuse rates or b) to eval
% sucrose content from Stinger HL mixed with Roundup P«
mi xed with Select Max or Stinger-melLolaanadh |IRorundup Power M

Materials and Met hods

A toleranceaxperiment vasconducted at CrookstoBrushvale andPrinsburg MN and Prosper, ND in 262The
experimental area was prepared for planting by applying the appropriate fertilizer and conducting tillage across the
experimental area at each location. Herbicide treatments were applied POST (Table 1). All treatments were applied
with a bicycle sprger in 17 gpa spray solution through 8002XR nozzles (XR TeeJet® Flat Fan Spray Tips; TeeJet®
Technologies, Glendale Heights, IL) pressurized with CO2 at 40 psi to the center four rows of six row plots 40 feet
in length.

Sugarbeet stand was collected by counting the number of sugarbedt no:Gn rows 3 and 4 of the plot when
sugarbeet were at the® 4-If stage. Visible sugarbeet malformation and growth reductiasewaluated as
6sugarbeet injurydéd approximately 7 and 14 days after t
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Table 1. Herbicide treatments, herbicide rate, and sugarbeet stage at application.

Trt Sugarbeet
Num  Postemergendeerbicide® Rate stage
(fl oz/A) (If stage)

1 Stinger HL + RUPM3 / Stinger HL RUPM3 1.8+25/1.8+25 2/68

2 Stinger HL + RUPM3 / Stinger HL + RUPM3 24+25/24+25 2/68

3 Stinger HL + RUPM3 / Stinger HL + RUPM3 32+25/32+25 2/68

4 Stinger HL + Select Max + RUPM3/ 24 +10+25/ 2/
Stinger HL +Select Max + RUPM3 2.4 +10+25 6-8

5 Stinger HL +S-metolachlor + etho + RUPM3/ 24+16+6+25/ 2/
Stinger HL +S'metolachlor + etho +RUPM3 24+16+6+25 6-8

6 Ethofumesate / Stinger HL $'metolachlor + etho + RUPM3/ 96/24+16+6+25/ 2/
StingerHL + S'metolachlor + etho +RUPM3 24+16+6+25 6-8

7 RUPM3 + etho / RUPM3 + etho 25+6/25+6 2/68

aStinger HLwas mixed witHRoundup PowerMaxBlusPrefer 90 NIS and Amsol liquid AMS at 0.25% dnd2.5% v/v. Stinger Hlwas
mixed withRoundup PowerMax8ndSelect Max with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v. StingerRtiundup
PowerMax3 S-metolachlorandethdumesate were mixedith HSMOC at 1 pt/AandAmsol liquid AMS at 2.5% v/v.

PAbbreviations: RUPM3=Roundup PowerMax3; etho=ethofumesate

sugarbeet injury and 99% denoting complete loss of sugarbeet stature). All evaluations were a visible estimate of
injury in the four treated rows compared with the adjacentromg untreated strip. At harvest, sugarbeet was
defoliated, harvested mechaally from the center two rows of each plot, and weighed. A root sample (about 20 Ibs)
was collected from each plot and analyzed for sucrose content and sugar loss to molasses by American Crystal
Sugar Company (East Grand Forks, MN) or the Quality Lab ath®m Minnesota Beet Sugar Cooperative

(Renville, MN). Experiments were a randomized complete block design with six replications. Data were combined
across the Crookston, Brushvale and Prinsburg locations since variance were similar with these three experiments.
We elected not to use the Brusle experiment in owwombinedanalysis due to variation attributed to stimpgeet

stand.Data from the Brushvale experiment are in separate tBlaleswas analyzed using the GLIMMIX procedure

in Statistical Analysis Software (SAS 9.4) (Cary, NC).

Results

Stinger HL mixed with Roundup PowerMax@getative tolerancé&Ve observed greater malformation and growth
reduction injury from Stinger HL mixed with Roundup PowerMax3 1 to 7 days after application C (DAAC) than 9
to 14 DAAC (Table 2, Figures 1 and 2). In general, malformation and growth reduction injury weresitnilar
greater with Stinger HL at 2.4 and 3.1 fl 0z/A than with Stinger HL at 1.8 fl &/Aluation was visiblajury

using a 0% to 100% scale. | considered 10%, 20% and 30% malformation just@n increase in intensity of leaf
curling. Values of 40% and 50% were more significant and affect how future leaves unroll. Sometimes | will
observe leaf damage attributed to the inability of leaves to unroll. Scores of 60% or 70% was damagesttiattima
petioles. Sometimes we see bent petioles or leaves on the g@romdh reduction was greater or tended to be
greater with 2imes Stinger HL at 2.4 and 3.2 fl 0z/A mixed with Roundup PowerMax3 (Table 2, Figure 4).

Table 2. Visible percent growth reduction and malformation in response to treatment, averaged across
Crookston and Prinsburg, MN and Prosper, ND, 2025.

Growth Malforma Growth Malforma

Treatmerit Rate Reduction tion Reduction tion
fl oz/A --(1 to 7 DAAC)- --(9 to 14 DAAC)-
Stinger HL + RUPM3 / Sting 1.8+25/1 11e 21d 5c 9c
StingeRUPHM3 +4 Stinger HL + 2.4+25/] 2 1lde 28 bc 13b 19b
Stinger HL + RUPM3 / Sting 3.2+25/3 17cd 32b 11b 21b
Stinger HL + Select Max + 2.4+10H
Stinger HL +Select Max + R 2.4+10+ 2lc 26cd 16 19b
StingeSmeHlbl#achl or + etho - 2.4+16+
StingeSmeHlbl#achl or + etho - 2.4+16+¢ 29D 492 29a 342
Et hof umesat eSnie tSaliancghelro rH L+ %/ 2. 4+1
StingeSmeHlbl#achl or + etho - 2.4+16+¢ 37a 492 29a 33a
RUPM3 + etho / RUPM3 + eth 25+6/ 25 6e 2e 4c 1d
P-Val ue <0.0001 <0.0001 <0.0001 <0.0001
Meanhel |l owed by the same alphabetical |l etteal whahiaevebl umns are not

bStinger HL was mixed with Roundup PowerMax3 plus Prefer 90 NIS and Amsol liquid AMS at 0.25% v/v and 2.5% v/v. Stinger HL was
mixed with Roundup PowerMax3 and Select Max with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v. Stinger HL, Roundup
PowerMax3S-metolachlor and ethofumesate were mixed with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v.
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Figure 1. Visible malformation injury from Stinger HL mixed with Roundup PowerMax3, averaged across
Crookston and Prinsburg, MN and Prosper, ND, 2025.

However, growth reduction injury was less than malformation injury.
Stinger HL and Roundup PowerMax3 mixed with Select Max-orefolachlor, vegetative tolerance. Sugarbeet
malformation and growth reduction injury increased witim&olachlor was mixed with Stinger HL, Roundup

PowerMax3 and ethofumesdiEable 2, Figure 2). Malformation injury was damage to the petioles and affected the
ability of new sugarbeet leaves to unroll. Injury was less 9 to 14 DAAC but still was greater than 30%.
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Figure 2. Visible malformation injury from Stinger HL and Roundup PowerMax3 alone or mixed with Select
Max and S-metolachlor, averaged across Crookston and Prinsburg, MN and Prosper, ND, 2025.
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Figure 3. Visible malformation injury captured June 11, 2025 or 16 DAAB and 1 DAAC, Prinsburg, MN.

Image includes treatment number. Note degree of malformation damage in images 1to 3 and 4 to 7. Image 7
is the Roundup PowerMax3 control.
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Figure 4. Growth reduction injury captured June 12, 2025 or 2 DAAC, Prinsburg, MN, 2025. Image includes
treatment number.
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Stinger HL mixed with Roundup PowerMaykld paramtersSugarbeet root yield was not influenced by Stinger

HL rate (Table 3). We did observe a numeric decrease in root yield as the Stinger HL rate increaseiifesm 2

1.8, 2.4 and 3.1 fl 0z/A. However, thetithes Stinger HL at 2.4 fl 0z/A provided root yigldmerically greater than

the 2times Roundup PowerMax3 control. We observed no statistical differences in sucrose content or recoverable
sucrose per acre as thdies Stinger HL rate with Roundup PowerMax3 increased from 1.8 to 3.1 fl oz/A.

Stinger HL and Roundup PowerMax3 mixed with Select Maxroet8lachlor yield parametersRoot yield and
recoverable sucrose per acre were less whimesS-metolachlor was mixed with Stinger HL, Roundup
PowerMax3 and ethofumesate (TableSinetolachlor mixed wittstinger HL, Roundup PowerMax3 and
ethofumesatalso tended to reduce sucrose content. Select Max mixedbtiritper HL, Roundup PowerMax3 and
ethofumesateid not reduce root yield or recoverable sucrose but reduced sucrose content.

Table 3. Sugarbeet stand and yield parameters in response to herbicide treatment, averaged across
Crookston and Prinsburg, MN and Prosper, ND, 2025.

Sugarbeet Root Recoverable

Treatment Rate Stand Yield Sucrose Sucrose

fl 0z/A N/100 ft Ton/A % Ib/A
Stinger HL + RUPM3 / Sting 1.8+25/1 46 28.3a 15.96 ab 6739 a
Stinger HL + RUPM3 / Sting 2.4+25]/ 2 46 27.9 ab 15.98 a 6670 a
StingeRUPHM3 +# Stinger HL + 3.2+25/ 3 47 27.0ab  15.76abc 6724 a
Stinger HL + Select Max + 2.4+10H 45
Stinger HL +Select Max + R 2.4+10+ 21.3b 1551 ¢ 6322a
StingeSmeHlbl+#achl or + etho 2.4+16+ 48
StingeSmeHlol#achl or + etho - 2.4+16+¢ 26.1c 15.68 bc 6081 c
Et hof umesat eSnie tSaliancghelro rH L+ %/ 2.4+1 44
StingeSmeHlol#achl or + etho 2.4+16 +¢ 25.9¢ 15.81abc 6006
RUPM3 +REPM® + et ho 25+6/ 25 48 27.4 ab 16.01a 6646 ab
P-Val ue 0.8098 <0.0001 0.0108 <0.0001
Meahel |l owed by the same alphabetical l etter within columns are not

bStinger HL was mixed with RoundiowerMax3 plus Prefer 90 NIS and Amsol liquid AMS at 0.25% v/v and 2.5% vl/v. Stinger HL was
mixed with Roundup PowerMax3 and Select Max with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v. Stinger HL, Roundup
PowerMax3, Smetolachlor and ethofumesate wenixed with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% vi/v.

Brushvale, MNWe observed more variation at our Brushvale, MN location and elected not to include these data
into the combined analysis. Ethofumesate followed by Stinger HL mixed with Roundup PoweMax3, ethofumesate
and Smetolachlor tended to cause the most sugarbeetative injury. We also observed more malformation than
growth reduction injury with Stinger HL and Roundup PowerMax3 were mixed with Select Max.

Root yield and recoverable sucrose per acre tended to corelate to sugarbeet stand. Sucrose content did not appear to
be related to herbicide treatment.

Table 4. Visible percent growth reduction and malformation in response to treatment, Brushvale, MN, 2025.
Growth Malforma Growth Malforma

Treatmerit Rate Reduction tion Reduction tion
fl 0z/A ----(1 DAAC)---- ----(12 DAAC)----
Stinger HL + RUPM3 / Sting 1.8+25/1 5 5b 8 bed 18b
Stinger HL + RUPM3 / Sting 2.4+25/ 2 10 12 ab 13 abc 21b
Stinger HL + RUPM3 / Sting 3.2+25/3 3 13 ab 18 ab 34 a
Stinger HL + Select Max + 2.4+10H
Stinger HL +Select Max + R 2.4+10+ 5 13ab 8cd 18b
StingeSmeHlbl#achl or + etho 2.4+16+
StingesmeHlolachl or + etho - 2.4+16+¢ O 7b 4cd 12 be
Et hof umesat eSnie tSaliancghelro rH L+ %/ 2. 4+1
StingeSmeHlbl#achl or + etho - 2.4+16+¢ 15 20a 23a 20b
RUPM3 + etho / RUPM3 + eth 25+6/ 25 0 3b od 4c
P-Val ue 0.1171 0.0412 0.0026 0.0006
Meanhel |l owed by the same alphabetical l etter within columns are not

bStinger HL was mixed with Roundup PowerMax3 plus Prefer 90 NIS and Amsol liquid AMS at 0.25% v/v and 2.5% v/v. Stinger HL was
mixed with Roundup PowerMax3 and Select Max with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v. Stinger HL, Roundup
PowerMax3S-metolachlor and ethofumesate were mixed with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v.
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Table 5. Sugarbeet stand and yielparameters in response to herbicide treatment, Brushvale, ND, 282

Sugarbeet Root Recoverable

Treatmerit Rate Stand Yield Sucrose Sucrose

fl 0z/A N/100 ft Ton/A % Ib/A
Stinger HL + RUPM3 / Sting 1.8+25/1 24 23.7 16.3 4632
Stinger HL + RUPM3 / Sting 2.4+25/ 2 21 211 16.2 3807
Stinger HL + RUPM3 / Sting 3.2+25/3 20 20.1 16.6 3555
Stinger HL + Select Max + 2.4+10H 25
Stinger HL +Select Max + R 2.4+10+ 25.2 16.5 5010
StingeSmeHlbl#achl or + etho - 2.4+16+ 23
StingeSmeHll#achl or + etho - 2.4+16+¢ 232 16.7 arrz
Et hof umesat eSnie tSaliancghelro rH L+ %/ 2. 4+1 23
StingeSmeHlbl#achl or + etho - 2.4+16+¢ 232 16.2 4379
RUPM3 + etho / RUPM3 + eth 25+6/ 25 26 25.9 16.1 5151
LSD (0.10) NS NS NS NS
™Meahsl |l owed by the same al phabetical l etter within columns are not

bStinger HL was mixed with Roundup PowerMax3 plus Prefer 90 NIS and Amsol liquid AMS at 0.25% v/v and 2.5% v/v. Stinger HL was
mixed with Roundup PowerMax3 and Select Max with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% v/v. Stinger HL, Roundup
PowerMax3S-metolachlor and ethofumesate were mixed with HSMOC at 1 pt/A and Amsol liquid AMS at 2.5% vi/v.

Discussion

We observed malformation injury, especially following the repeat Stinger HL application. Malformation injury
tended to increase with Stinger HL rate but was less 9 to 14 days after application. We did not observe loss of root
yield, sucrose content or @gerable sucrose per acrengtolachlor mixed with Stinger HL, Roundup PowerMax3

and ethofumesate increased malformation injury as compared to Stinger HL, Roundup PowerMax3 and
ethofumesate alone. We also measure less root yield and recoverable sucrose.

Does Smetolachlor increase malformation injury from Stinger HL, PowerMax3 and ethofumesate? We have
previously reported th& metolachlor mixed with Roundup PowerMax3 and ethofumesate, either alone or

following ethofumesate and Dual Magnum PRE does not reduce root yield, sucrose content or recoverable sucrose
per acre as compared to other treatments (Table 6). In greenhousmerfewe have observed thagarbeet
injury from Betamix and/ or Lorsban Hiruaedercartaicer bat ed by
environmental condition®ur first suggestion is to manage the adjuvants added to the spray tank. Injury might be
related to the number and amount of formulated adjuvants irntéxtlares. Second, we remind you that many of

our tolerance experiments are conducted under traitai@onditions and that these programs are effective in fields
with weeds. All sugarbeet herbicides must be metabolized by sugarbeet. Metabolism is influenced by cool, wet and
cloudy environmental conditions. Wegeryou to consider the conditions at application rather than compromising
what is added to the spray tank.

Table 6. Yield parameters in response to herbicide treatments, multiple location yield experiment, 2021.

Factor A Factor B Root Sucrose Recoverable
PRE Herbicide Postemergence Herbicitfe Yield Sucrose
Ton/A % Ib/A
No glyphosate / glyphosate 379a 15.9 10,415 a
No Smetolachlor + etho $metolachlor + etho 36.0a 15.8 10,033 a
PRE glyphosate/glyphosate 379a 15.7 10,215 a
PRE Smetolachlor + etho $metolachlor + etho 36.9a 15.7 10,133 a
P-Value <0.0001 0.2402 <0.0001

#Means followed by the same alphabetical letter within columns are not significantly different at the 0.05 alpha level.
PRoundup PoweMax mixed witiheatments
‘etho=ethofumesate.
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COMMON RAGWEED CONTROL WITH SPIN -AID ALONE AND SPIN -AID
MIXED WITH STINGER HL IN SUGARBEET

Thomas Petetsand Adam Aberlg

IExtension Sugar®weedr Bepetci Mddedi atnedl Scientist, North
and University of Minnesota, Fargo, ND

Summar y

1.A othieme-A$Spi mi xed with ethofumesate application does
control

2. A ttwiome-A$S @i mi xeetdh onfiutmme sat e application cont-rolled c
ti me-Aspgli mpplication, but did not consistently del i\

3. Twodi mes Stinger HL apfliidc atnidors hmif wene switteh magyi n mpr «
common ragweed populations or slightly I arger commo

4. Twod i mesAiShbimi xed with Stinger -shlecitsg uam comp arotl u nPiCtSyT
common | ambsquarters and glyphosate resistant Kkochi

I ntroducti on

Common rAmiveedi & akbt)emisiafolmmer annual broadleaf weec
i mpacts in sugarbeet when | eft unmanaged (Figure 1). C
annual weeds in eastern North Dakot @ggeamd eMi nnes actoanp ed ad
including sugarbeet. Common ragweedds aggr&€eaai maysgr owt |
L.) and 95%l ywci s(ay haavhe rir . ] (Barnes et al . 2018) . Commo
a single plant can produce up to 62,000 seeds, and see:¢
Dickerson and Sweet 1971). C o minsotna nr caeg wteoe dcbosm npor nol pye nussi et dy
cropping sequence further exacerbates control chall eng
documented to have evolved resistance to five herbicid:i

photosystem I I (PSIIl, 5), acetolactate synthase inhibit
14)endl pyr uvoylhotsipkhiamaet esyht hase inhibitors (EPSPS, 9),
2025)

Clopyralid [trade name Stinger, Stinger HL, Clean Sl at
(Group 4) herbicide commonly used in sugarbeet in east
unique fromusxtihratmiohi ¢ hemeiang especially effective in ¢
|l ess/ no activity on other critical broadleaf weed spec!
[Chenopodil.n JalBWeiarbi aal[(+tc op &Ar Ja Srchoehphajaamdt wag et uber cul af
(Moq.) J.D. Sauer]. There is evidence of certain commo.l

er , Stinger HL use rates are nornatae cpmradmamg ohil satba
used | ess comd etrimsr @abamud P*Poararserovak. Vaubddgdylktsam. ( Finally,
ragweed Jiaescdh timami 2meter should be targeted for contro
glyphosate (trawer Mamé8) RappdupdPwith clopyralid wild.l k

Phenmedi pham (-Airdd)dei mmaanegrSpoum 5 herbicide marketed by E
ragweed, common | ambsquart-er e shAiBdiakloocnhei ao ri nmisxuegda rvbieteht
potentially could r aduwome etdh  esp esd taenrc eo fa naddo mmmpmr ove/ |l eng
in sugarbeet. Phenmedi pham mixed with clopyralid also
ragweed control without damaging compa@ei @an pDoadst er mps
common ragweedticnoeattormoel 2AiSdoimmi 1 h et hof umesate applicatio
SpiAmd mi xed with Stinger HL i mproves common ragweed co
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igure 1. Common ragweed in sugarbeet, Traill County,

Materials and Met hods

GeneExaperi ments were conducted near Hillsboro ND and St
| ocation was prepared for planting by applying the app
at both |l ocati ons .n-iSuxgha rrboevest awta sa pspereodxeidmat el y 63, 500 se

spacing between seeds on April 24 at Hill sboro and May
experiments on May 19 due to ctrustdayws iasfstuers glraomt ian g.i |
applied with a bicycle sprayer in 17 gpa spray soluti ol
approximately 40 psi to the center four rows of six ro)

Spi Amn@ommon ragweed expet¢rtiinmensAsSdhowimt Rednwai bh twbof umesat

conducted near Hill sboro-ANO amd $ShéallfwymdNaitre 22€e2%. md xiel
Power Max3 with the secont@abbpbellcation. Treatments are |
Sugarbeet growth reduction injury and common ragweed cC:¢
after theAirde preiaxtedSpiint h et hofumesate application (DAAC)
sugarbeet injury olr ZdMmd"%r dgmwettidng oand mpl et e | oss of ¢
ragweed control). All evalwuations were a visible estim
the adjaoent untweated strip. Exederdomamltat e dlelso gl WRGBD)
replications. Data were analyzed as a RCBD with the AN

package.

SpiAmnd and Stinget*rAiHL nalxcende waCtodmnSeprii mm g@weldld. experi ment s
t woi mesAiSdhpiwi th et hofumesate alone or mixed with Stinge
ND and Shelly MN in 2025. Treatments are in Table 2.

Sugar beet growth reduction injury and common ragweed cC
after the second POST application (DAAC) wusing a 0 to !
ragweed control aetde 9198 slemfots mgarchmenptl st ature/ stand or

report contains evaluations approximately 7 and 21 DAA
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Table 1. Herbicide treatmentismi mg@rbicide rates and appl

Num Herbicide treatmeff Rate Sugarbeet stage
(fl 0z) (If stage)
1 SpinAid + ethofumesate 16 +4 2
2 SpinAid + ethofumesate 24 +4 2
3 SpinAid + ethofumesate 32+4 2
4 SpinAid + ethofumesate 40+4 2
5 SA + etho / SA + etho RUPM3 20+4/28+4+25 2/57d
6 SA + etho / SA + etho + RUPM3 28+4/32+4+25 2/57d
7 SA + etho / SA + etho + RUPM3 32+4/40+4+25 2/57d
8 Etho / SA + etho 6/28+4 PRE /2
9 Etho / SA + etho / SA + etho + RUPM3 6/28+4/32+4+25 PRE/2/57d
Mi x Bpdnand et hofumesate with HSMOEGiat aln dp te/tA.o fRiomuensdau px
HSMOC at 1 pt/ A and Amsol l'iquid AMS at 2.5% v/v
Babbreviati &Ang:; eSAaxSIRUPMBrRosatder;p Power Max 3
control in the four treatedwrowsntcempadedttopth&xpefyam
randomi zed complete block (RCBD) with four replication:

procedure of ARM, veagéon 2025.5 software pack

Table 2. Herbicide treatments, herbicide rates and application timing.

Sugarbeet Common ragweed
Num Postemergence Herbicith® Rate stage stage
(fl 0z/A) (If stage) (If stage or inch)
1 SpintAid 28 2-4If 2in
2 SpintAid / Spin-Aid 28/32 2-41f/57d 2in/57 day
3 Stinger HL 1.8 2-4 If 2in
4 Stinger HL / Stinger HL 1.8/1.8 2-41f/57d 2in/57 day
5 SpinAid + Stinger HL 28+1.8 2-4 If 2in
6 SpintAid + Stinger HL / SA + SHL 28+1.8/284.8 2-41f/57d 2in/57 day
7 SpintAid + Stinger HL + RUPM3 28+ 1.8+25 2-4 If 2in
8 SA + SHL/ 28+1.8/ 2-41f 2in/
SA + SHL +RUPM3 28+ 1.8+ 25 5-7 day 5-7 day
9 Etho / SA + Stinger HL 6/28+1.8 PRE/ 24 If PRE/ 2 in

aEthofumesate at 4 fl 0z/A mixed with Spiid

bSpin-Aid mixed with ethofumesate, Stinger HL or Sifiid plus Stinger HL with HSMOC at 1 pt/A. Spidid +
Stinger HL + PowerMax3 with HSMOC and Amsol liquid AMS at 1 pt/A + 2.5% v/v

Cabbreviations: SA=SpiAid; SHL=Stinger HL; RUPM3=Roundup PowerMax3

Resul ts

SpiAmf8ugarbeet injury was n
However, visible growth re
application as comphtred Ao
mph for-h@aur peri3od on June

l igible at both the HiIill sb
<4 i ime sA iiSd j nmir ¥ e d ewmidteld d toh dofeu n
I’SChg|WIﬂbSW6@ldt§h@‘edIS 26O |
0, 2025 compromised sugar be
We observed much greater common ragweed emergence at Hi
contr ol across treatments 26 DAAC-twarse -Aslui maitx eHd |wistbhor o
et hofumesate applicati onmodi dagweepr coindeoadc¢dpbalel 8)co
t hainn@h in diameter at Hill sAbodr owianrhd eShheolfluymeasta taep palti c3a2t
acre provided beAitdermicxoendt rwilt ht heatnh oSfpui meax a tee adt Sh@ldry .24
observe a rAsdomsegetdowBbphnethofumesate rate at Hill sbol
common ragweed pressure and the continued emergence dul

Tweo i mesAiShbimi xed with ethofumesate, the second applicat
common ragweed control at Hillsboro and SheltliymegsTabl e
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Table 3. Visible percent common ragweed control i n res|

aftert itrhesRiSgpiml us et hofumesate treat ment, Hill sbor o, N

Herbicide treatmeht Rate Hillsboro, ND Shelly, MN

(fl 0z) 12 DAAC 26 DAAC 8 DAAC 26 DAAC

SpinAid + ethofumesate 16 +4 10d 10 cd 61d 3le

SpinAid + ethofumesate 24 +4 21 cd 3d 54d 39e

SpinAid + ethofumesate 32+4 28 ¢ 15 bc 74 c 55d

SpinAid + ethofumesate 40+ 4 29c 25b 74 c 50d

SA + etho/ SA + etho + RUPM: 20 +4 /28 +4 + 25 79 a 71la 94 a 84 b

SA + etho/ SA + etho + RUPM: 28 +4/32+4 + 25 78 a 66 a 95 a 87 ab

SA + etho/ SA + etho + RUPM: 32+4/40+4 + 25 79 a 70 a 97 a 93 ab

Etho / SA + etho 6/28+4 46 b 18 bc 82b 66 c

Etho / SA + etho / 6/28+4/

SA + etho + RUPM3 32+4+25 da 68a 97a 97a

LSD (0.10) 16 12 9 11
ommon ragweed control foll owed bsyt athies tsiaareel ad ipfhfaered i ac
treatments at the 0.10 alpha |l evel

’SpiAmd and et hBEM@Esatel-pptisAndSpt hofumesate mi xed with
Sp+iAm d and ethofumesate plus HSMOC at 1 pt/ A and Amsol

SpiAmd mi xed with ethofumesate applications at either t
foll owedmé-AS i mi xed with ethofumesate application i mpr
to &pidn mi xed wi tlho neet.h oH cuwreevseart,e eat h o f-t mme aAiSd PMRIEX & db | wiotwhe
et hofumesate application delivered similar common r agwi

SpiAmnd and Stinge *rAiHL nailxcende waitech cSBpisiiem y erd KHlugar beet i njur
at Shelly (data not presenttiendegsAiSgiyvye upl Gt s ngeut Haf t8 eta
separate treatments) scored 30% or -greaegebBbtshgarkeaétmen

scored 30% or greater sugarbeet injury. Sugarbeet injul
esti mat eagl0 bted wewerr 1000 mmp pdé mm duhet 03 2025 compr omi S e
evaluation at Hillsboro.

Common ragweed infestation was heavy at Hillsboro and
may have waited a |Ilittle too |l ong widhcapphi datamebheas
ragweed density ywaan dnovdesrrea tiaapqdrt oiadSthhalingmedt er . We t arget e
nor mal common ragweed since the expeamndidmeswere mi xtur
Twao i me-ASpgli mi xed with ethofumesate i mprov-eidme-dfmphion ragw
with ethofumesate application at Shell and Hillsboro. |

control (greater tehxapne r9 Ond4t mctoend Trvidal i) n g enr el lt haeppl i cati on ¢
DAAC at Shelly.

Mi xi ngAiSlpiwvi th et hofumesate and Stinger HL did not i mpr
alone with either experiment. However -Aimi xanndg eRohuonfduunpe sl
i mproved common ragweedCacomomod agwe édd H¢i enetsth 0Sd ivwma x elde s t
with ethofumesate and Sti ngAeird Hiln.d Mitxhionfgu nEetsiantgee ri ntHplr owi el
control as-tdonmpAIrSddwitioh 2et hof umesatesebor oStiAhg&beHL yal @r
SpiAmd with ethofumesate and Stinger-tliHlmeso Bttt miglee d HLo rarh
Mi xing Roundup PowmesM&xt 3 ngidtt l Hvi ahdeB8pbphumesate did no
common ragwéeadatcemnt her | ocation.

common r

We observed benefit from ethofumesate PRE for
the experi mi

continuous common ragweed emergence during
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Table 4. Visible percent common ragweed control i n res|
SpiAn d, StingeAi il plhns Spimger HL tr&hdimeyt MM, [2GDdDDr o,

Herbicide treatmehf Rate Hillsboro, ND Shelly, MN
(fl 02) 6 DAAC 20 DAAC 8 DAAC 20 DAAC

SpintAid 28 289 5f 71lc 46 d

SpinAid / SpinAid 28/32 66 b 43 e 87b 78 ¢

Stinger HL 1.8 40 ef 65c 80 bc 79c

Stinger HL /Stinger HL 1.8/1.8 50 de 74 b 88 b 91 ab

SpinAid + Stinger HL 28+1.8 38 fg 44 e 83 b 84 bc

SpintAid + Stinger HL / SA+ SHL 28+ 1.8/28 +1.8 83 a 89 a 90 a 98 a

SpinAid + Stinger HL + RUPM3 28 + 1.8 + 25 64 bc 65c 86 b 79¢c

SA + SHL/ 28+1.8/

SA + SHL + RUPM3 28 +1.8+25 80a 88a 9a %8a

Etho / SA + Stinger HL 6/28+1.8 55 cd 56 d 86D 83 bc

LSD (0.10) 11 8 10 11
®Common ragweed ¢ ntrol foll owedn dsyt athies tsiaareel ad ipfhfaebred i ac
treatments at the 0.10 alpha |l evel
bt hof umesate at 4 fI cki dber acre was mixed with Spin

SpiAmd with ethofumesate plus HSMOC at -Aigtdmd Stinger
et hofumesate mixed with Stinger HAIi ¢l asd HSMOCgat HL pmi >
Roundup Power Max3 plus HSMOWLS aat 12p.t5% va/nvd. Ams ol Il iquid

Di scussi on

Our | ocations were complimentary. Our Hillsboro experi |
common ragweed infestation was so strong that our gr owt
experiments had aeaedepowpuktammon waglw continuous common |
June. OQur Shelly Il ocation was sugarbeet in 2024 and wa:
one | ate May emergence fl ush.

SpiAmd mi xed with et-homemesapéi masi obefar2common ragwee
suggesAisd Spti n28 f | 0z pAird aaxtr e3 2 ofl Il oav2 dp dory WiptiAm dt he sec
tolerance and yYuetededexpel2O@ddni{ Pevters and -3AD)erilredi cSagtbed
acceptable sugarbeet vegetative and yield tolerance wif
concerning and is consistent with experiments conduct e

Mi xing Stingdi dHandi eh hSpiumesate does not replace a se
concl usi std mes tSd iinfg e&i dHla nwi teht h®gfiutmesat e provi des ¢ ommc
than Stinger HL ptowed WenbobekraedHi ml sboro with a hea

similar control at Shelly with -Ai thowet ht et hbommme satgwmi

Stinger HL clearly is a strategypltiocautsieo nwhaennd odneel awyi sthhee

grassy companion crops-Ai Mi xkengl Sbiagehahteand 8Spnthrol (

including common | ambsquarters and glyphosate resistanit
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ADUVANT KOCHIA CONTROL
Adam Aberlé and Thomas Petérs

IAssistant Scientist ariiExtension Sugarbeet Agronomist
North Dakota State University and the University of Minnesota, Fargo, ND

Summary
1. Ideal adjuvant selection based on active ingredients, tank mixtures/escdesistance history.
2. Kochia control is greatest when glyphosate is mixed with-8jdnand tallow amine adjuvants.

Introduction

Glyphosate resistant (GR) kochia has established in sugarbeet fields across the Red River Valley, adding to the
complexity of weed control in sugarbeet. Many growers have responded by using maximum labeled rates of
Roundup PowerMax3 in combination with ad@nt systems containing ethoxylated tallow amine (ETA). ETA
based adjuvants were integral to early glyphosate formulations and were widely regarded for superior herbicide
uptake and performance. Results from 2024 greenhouse trials suggested fhaa$etAdjuvants, such as Last
Chance® Pro (CHS Inc., Inver Grove Heights, Minnesota)5% tallow amine) improved kochia control compared
with nonionic surfactants (NIS). However, field performance has been inconsistent, likely due to variability in
tallow amne concentration, formulation differences, and interactions within tank mixtures. Products such as Full
LoadE (AgraSyst, Inc. Spokane, WA) (40% tallow amine) and Fulltec (spraytec, Urbandale, IA) (carboxylic acid
and chelatiorbased conditioning systemjqvided informative comparisons of ETA vs. ETA, Fatty Alcohol
Ethoxylate (FAE), NIS, and High Surfactant Methylated Oil Concentrate (HSMOC). This experiment was
conducted to compare kochia control from Roundup PowerMax3 applied alone or in combinatiBpiwaid and
several commercial adjuvants under field conditions. Our objective was to determine which adjuvant system provide
the most consistent kochia control from glyphosate mixed with ethofumesate treatments.

Materials and Methods

A field experiment was conducted near Felton, MN in a sugarbeet field in 2025. Sugarbeet was seenteth in 22

rows at approximately 63,500 seeds per acre and 4.5 inch spacing between seeds. Treatments were applied with a
bicycle sprayer in 17 gallons pacre (GPA) spray solution through 8002 XR flat fan nozzles pressurized with CO2

at 35 psi to the center four rows of six row plots 40 feet in length when kochia was approxiriatély(Zable 1).
Experiment was a randomized complete block design anglidatons.Visible kochia control (0% to 99%, 0%

indicating no control and 99 indicating complete control) were evaluated approximately 4, 7, and 14 days after
application B (second POST application). Data were analyzed with the ANOVA procedure of ARM software
packag.

Table 1. Adjuvant treatments for kochia control field trial, Felton, MN, 2025.
Num Treatmerit Rate

(fl 0z/A or %viv)

1 Roundup PowerMax3 (RUPM3) + Prefer 90 / RUPM3 + Prefer 90 25+ 0.5% /25 + 0.5%
2 RUPMS3 + Level Best Pro (LBP) / RUPM3 + LBP 25+0.5% /25 + 0.5%
3 RUPM3 + Full Load /RUPM3 + Full Load 25+ 0.5% /25 + 0.5%
4 RUPM3 + Fulltec / RUPM3 + Fulltec 25+0.5% /25 + 0.5%
5 RUPM3 + SpirAid (SA) + Prefer 90 / 25+28 +0.5%/
RUPM3 + SA + Prefer 90 25+ 32 +0.5%
6 RUPM3 + SA + LBP / RUPM3 + SA + LBP 25+28 +0.5%/25+ 32 +0.5%
7 RUPMS3 + SA + Full Load / RUPM3 + SA + Full Load 25 +28 +0.5% /25 82 + 0.5%
8 RUPM3 + SA + Fulltec / RUPM3 + SA + Fulltec

25+ 28 +0.5% /25 + 32 + 0.5%

aEthofumesate at 6 fl 0z/A and Amsol liquid AMS at 2.5% v/v with all treatments

Growing Conditions in the Field
Kochia emergence occurred from rAgril through June and was favored by intermittent cooling periods and

timely rainfall (Figure 1). Earhemerging kochia remained between 0.5 and 3 inches tall untiMaid consistent

with belownormal temperatures amperiodic cooling events reported by NDAWN during this period. Despite

limited growth in April and May, successive emergence flushes resulted in high overall weed pressure at the Felton,
MN site in 2025 (Figures 2 and 3). At application A (May 14), kockiexaged four side shoots and approximately
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Figure 1. Soil covered with grasses temperature and rainfall at Felton, MN, 2025.

three inches in height. By application B (May 22), plants had increased to an average of six side shoots while
remaining near three inches tall. Kochia measuring approximately three inches tall with multiple lateral shoots at
both application timings represents a challenging growth stage for glyphosate control, as increased biomass with
multiple growing points rede translocation of active ingredients to meristematic tissues, thereby diminishing
overall phytotoxic efficacy; moreover, kochia greater than 2 inches tall with multiple growing points readily
metabolize and detoxify xenophobic compounds quickly compareohall kochia (Soltani et al. 2016).

Greenhouse

Greenhouse experiments were conducted using a glyphosate tolerant kochia seed source collected at North Dakota

State University (NDSU) field research facilities. Kochia was grown in a flat filled with PROMIX general purpose
greenhouse media (Premier Houltaire, Inc., Quakertown, PA) to 0.25ch and transplanted in 4 xidch pots and

grown at 75F to 81F under natural lighipplemented with a 16 h photoperiod of artificial light. Herbicide

treatments were applied using a spray booth (Generation Ill,iEBeWManufacturing, Hollandale, MN) equipped

with a TeeJet® 8001 even banding nozzle (TeeJet Technologies, Glendale Heights, IL) calibrated to deliver 15 GPA
spray solution at 31 psi and 2 mph when kochia was approximately attie 50 r 6 d i meted. Heshicblee i n di a
treatments follow (Table 2). Visible kochia control (0% to 99%, 0% indicating no control and 99 indicating

complete control) were evaluated approximately 6 and 9 days after treatment (DAT). Experiment was a randomized

Table 2. Kochia control with adjuvants, NDSU Waldron Greenhouse, 2025.

Treatments Rates

(fl 0z/A and %v/v)
Roundup PowerMax3 + Nortron + Destiny HC 25+ 4 +0.5%
RUPMS3 + Nortron + Last Chance Pro 25+4+0.5%
RUPMS3 + Nortron + Full Load 25+ 4 +0.25%
RUPM3 + Nortron + Fulltec 25+4+18
RUPMS3 + Nortron + SpivAid + Destiny HC 25+4+24+0.5%
RUPMS3 + Nortron + SpirAid + Last Chance Pro 25+4+24+0.5%
RUPM3 + Nortron + SpirAid + Full Load 25 + 4 +24 + 0.25%
RUPM3 + Nortron + SpivAid + Fulltec 25+4+24+18

Untreated Check
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complete block design and 4 reps. Experiments were analyzed using Agricultural Research Manager
(ARM) version 2025.5.

Field Results

Kochia control wasnfluenced by adjuvant treatment at Felton (Table 3, Figures 1 and 2). At 4 DAAB (days after
application B, treatments with Spiid tended to increase kochia control as compared with Roundup PowerMax3
alone with adjuvants. Kochia control numerically wasagest when SpiAid and Roundup PowerMax3 were
combined with Last Chance Pro (93%), Full Load (91%) or Fulltec (90%). Full Load mixed with Roundup
PowerMax3 provided kochia control greater (81%) than Prefer 90 (63%) or Fulltec (58%). Kochia control from
Spin-Aid mixed with Roundup PowerMax3 and adjuvants continued to provide greater control than Roundup
PowerMax3 alone with adjuvants, 18 DAAB. Last Chance Pro, Full Load and Fulltec mixed with Roundup
PowerMax3 and SpiAid tended to provide kochia contrgteater than Prefer 90 mixed with Roundup PowerMax3
and SpirAid. Roundup PowerMax3 mixed with Last Chance Pro, Full Load or Prefer 90 provided similar kochia
control but control less than Spiid mixed with RoundupPowerMax3 and adjuvants.

Table 3. Kochia control with adjuvants, Felton, MN 2025

Treatments 4 DAAB 11 DAAB 18 DAAB®
nu
Roundup PowerMax3 + Nortron + Prefe’90 63 c 78 79c
Roundup PowerMax3 + Nortron + Last Chance Pro 70 bc 83 80 bc
Roundup PowerMax3 + Nortron + Full Load 81 ab 80 80 bc
Roundup PowerMax3 + Nortron + Fulltec 58 ¢ 75 70d
Roundup PowerMax3 + Nortron + Sphid + Prefer 90 84 ab 88 85 abc
Roundup PowerMax3 + Nortron + Sphid + Last Chance Pro 93 a 93 9l a
Roundup PowerMax3 + Nortron + Sphiid + Full Load 91 ab 89 90 a
Roundup PowerMax3 + Nortron + Sphid + Fulltec 90 a 86 88 ab
LSD (0.05) 15 NS 6
P-Value 0.0001 0.1263 0.0001

#Means within evaluation columns not sharing a lettesaregni f i cantly di fferent according to Fisher 0!
bTreatments repeated 10 days after application A.
‘Days after application B or application approximately at tifes@garbeet stage
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Figure 2. SpinAid mixed with Ro
Felton, MN, June 9, 2025.
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Greenhouse ResultsSpin-Aid mixed with Roundup PowerMax3 and adjuvants tended to improve kochia control
from Roundup PowerMax3 with adjuvants (Table 4, Figures 4 and 5). Kochia control from Roundup PowerMax3
alone or Roundup PowerMax3 with Sphid was influenced by adjuvém Roundup PowerMax3 mixed with Last
Chance Pro provided kochia control greater than all other adjuvant combinations, 6 and 9 days after treatment
(DAT). Mixing SpintAid with Roundup PowerMax3 generally improved performance across adjuvant types. Fulltec
consistently provided the least kochia control with or without Roundup PowerMax3.

Table 4. Kochia control with adjuvants, NDSU Waldron Greenhouse, 2025.

Num  Treatments 6 DAT 9 DAT®
Ou
1 Roundup PowerMax3 (RUPM3) + Nortron + Destiny HC 28 bc 53¢
2 RUPMS3 + Nortron + Last Chance Pro 73 a 91a
3 RUPM3 + Nortron + Full Load 34 be 65 abc
4 RUPM3 + Nortron + Fulltec 5c¢c 10d
5 RUPMS3 + Nortron +SpintAid + Destiny HC 56 ab 81l ab
6 RUPMS3 + Nortron + SpirAid + Last Chance Pro 61 ab 86 ab
7 RUPM3 + Nortron + SpisAid + Full Load 61 ab 85 ab
8 RUPM3 + Nortron + SpirAid + Fulltec 54 ab 65 abc
9 Untreated Check Oc od
P-Value 0.0001 0.0001
Means within evaluation columns not sharing a lett®&r are significan

Days after treatment.

Figure 4. From left to right, kochia control from treatments 1, 2, 3, and 4, RoundufowerMax3 with
adjuvants, 14 days after treatment (14 DAT), Waldron greenhouse, 2025.
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Figure 5. From left to right, kochia control from treatments 5, 6, 7, and 8, Roundup PowerMax3 mixed with
Spin-Aid, 14 DAT, Waldron greenhouse, 2025.

Discussion.

Field and greenhouse experiments indicate 588ed adjuvants with Roundup PowerMax3 improved kochia

control as compared to Roundup PowerMax3 mixed with NIS, HSMOC, anebea&d adjuvant systems.

However, it is important to distinguish unique capabilibésach adjuvant system and how this influenced results.
Differences in kochia control among adjuvant systems reflect fundamental differences in surfactant chemistry and
formulation interactions. Ethoxylated tallow amines possess cationic, lipophilientiespthat enhance cuticular
penetration and plant mobility, increasing glyphosate uptake and translocation. Conversely, NIS and FAE primarily
improve spray retention and spreading, resulting in less aggressive penetration and more variable efficacy. High
surfactant methyl ated oil concentrates |li ke Destiny
cuticular waxes, thereby increasing cuticle permeability for polar herbicide molecules like glyphosate or glufosinate.
In our experiments, Des§rHC with Roundup PowerMax3 (53%) provide less kochia control as compared to ETA
product Last Chance Pro (91%) with PowerMax3 alone, but provided similar kochia control when Full Load was
mixed with SpirAid and Roundup PowerMax3 suggesting these two agjusystems have effective carrier

capabilities while Last Chance Pro increases glyphosate efficacy alone or in tank mixtures.

Fulltec contains 27.8% phosphoric acid, acting as a water conditioning agent like that of ammonium sulfate (AMS).
However, poor kochia control from Fulltec treatments was evaluated. One possible explanation, Fulltec is not a
cationic adjuvant, unlike prodts such as Full Load or Last Chance Pro. The absence of a cationic surfactant may
have reduced glyphosate absorption and subsequent translocation to meristematic binding sites in a highly
glyphosatetolerant kochia population. Additionally, Fulltec hagiscous formulation that may have separated since
May, 2025, and required further mixing before measuring Waldron Greenhouse treatments in November, 2025.

Fatty alcohol ethoxylate, Fulltec, is most important in complex tank mixtures since the nonionic reduces the
potential for cation exchange and chelation among formulation types and active ingredients. Conditioning products
like Fulltec are advantageous whieard water, multivalent ions, or multiple formulation chemistries are present, as
chelation and pH buffering can preserve herbicide availability and spray solution stability. This effect was
demonstrated when Roundup PowerMax3 was mixed with-Sidinwhere improved compatibility and

performance suggested enhanced glyphosate activity through cation chelation and pH stabilization (Table 4). In the
absence of effective conditioning, these interactions may limit uptake of weak acid herbicides such asodicamba
2,4D.

MN
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Summary

Differences among adjuvasystems demonstrated relative strengths in controlling glyphosate tolerant kochia
(Figure 6). Cationic ETAased adjuvants consistently provided the most reliable control, particularly when tank
mixed with SpirAid, because their cationic and lipophilicoperties enhance cuticle penetration, translocating
movement, and spray retention. Nonionic systems like fatty alcohol ethoxylates improved spray coverage and
spreading but generally provided less uptake and translocation. These results illustrate Vet eld@mistry

affects herbicide performance and highlight the potential of ETA and other adjuvant systems to improve control of
nontargetsite-resistant kochia. Finally, AMS was included in the 2025 field trial but not in the greenhouse trial.
Adjuvant ystems, ETA and FAE, contain sulfuric or phosphoric acid that acts like AMS by adjusting spray solution
pH, further supporting herbicide activity.

>Figure 6. Kochia control 10 AAA, Waldron Greehoue, 205.
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REVISITING ANTOR FOR WATERHEMP CONTROL
Thomas J. PetérsAdam D. Aberlé and3Clark Alder

‘Extension Sugarbeet Agronomi&Research Specialiftlorth Dakota State
University & University of Minnesota, Fargo, NAnd3Clark Alder, KWS Seeds, Middleton, ID

Summary
1. Sugarbeet injury was negligible from Antor at 3 amguért per acre.
2. Antor at 6gt/A provided waterhemp contrgteaterthan Antor at 3 qt/A.
3. We observed similar waterhemp control from Antor at 6 gt/A and Nortron (ethofumesate) at 6 pt/A.

Introduction

I have made it a point during mgffieaacy oomavdariuaesap efv
tuberdWMoayt. s J. D. Sauer]. Glyphosate resistant water hem
2025 grower seminars as the most troubl esome weed for
and North Dakota; gepronrik® ofn abrle 88 acaoer ding to 202E¢E
identified as most troublesome weed at every grower se|
Mi nnesota to Graf Red RnhvéheValol ¢ h.e

AntorE herbicide, adthiywise-chiomaretanidlé oasstherbicidewthibhanhipits very

long-chain fatty acid synthesis (VLCFA) in susceptible plants. Amtars devel o-ARdChe mMINORI
Company for control of annual grasses and selective b
Antor was approved for use in sugarbeet in February 1
was u gsedrdot giggveedAmaranthus retroflexuk.) control in sugarbet at 6 quarts per acre. Like

ethofumesate, Antor often was incorporated for best weed control results since it redunatedflrainfall for

activation. Registration was discontinued due to environmental concerns over its substandi@. use

r
9

Recently, there has been conversations about Antor as weed control in sugarbeet becomes more challenging due to
wide-spread herbicide resistance. Antor had a reputation for controlling pigweed and many wondered about its
activity on waterhemp. We were alttesource Antor from an unopened container located in Idaho in 2025. The
objectives of this experiment were to evaluate Antor for control of waterhemp in sugarbeet.

Materials and Methods

An experiment was conducted near Armaerican Crystal Sugar Technical Center, Moorhead, MN. Wheat stubble

was tilled with a chisel plow in fall 2024 and with a Kongskildg/&e field cultivator with rolling baskets in spring

of 2025to prepare the seedhékhe experimental area was fertilized according to soil test before secondary tillage.

Preplant herbicide treatments were applied usibgac y c | e whe el pl ot sprayer with a
particle drift and calibrated to deliverylTi GRA Thbedey!
Technol ogies, Glendale Heights, I L) s p Bearbicide teddmentsr c h ap a |
(Table 1) werémmediately incorporatedsingthe same Kongskilde-§yne cultivator preset to incorporate

treatmentd-inch into the soil (tillage equipment s&tnches deep) and operated parallel to sugarbeet rows.

Table 1. Herbicide treatments, herbicide rates and application timing.

Trt PPI . Postgmergence Rate Sugarbeet
Num Herbicidé Herbicide stage
(fl oz, pt, orgt/A) (lvs)
1 Antor 3qt PPI
2 Antor 6 qt PPI
3 Nortron 3p PPI
4 Nortron 6p PPI
5 Eptam 3.5p PPI
6 PowerMax3 + etho / 25+6/ 2/
PowerMax3 + etho 25+6 6

2Roundup PowerMaxhixed withethofumesate at 25 + 6 fl 0z/A with NIS and Amsol liquid AMS at 0.25% and 2.5%tirhe® POST
following PPI treatments.

no



Sugarbeet were planted in roggaced 22 inch apaahd1.25 inch deep at approximately 63,500 spedacre.

Visible sugarbeet growth reduction injury was evaluated using a 0 to 99% scale (0 is no visible injury and 99 is
complete loss of plant / stand) and visible waterhemp control using a 0 to 99 scale (0 is no injury and 99 is complete
control). Evalations were approximately 28, 35, and 42 and 5&lays (+# 3 days) after sugarbeet plant.

Experimental design was randomized complete block (RCBD) with four replications. Data were analyzed as a
RCBD with the ANOVA procedure of ARM, version 2025.5 software packatigbe alpha = 0.1 level

Resul ts
Sugarbeet injury was neg
Eptam at 5 pt/ A and No
47%, 30 t
mi xed wi't
than Anto

S

|l igi ble S0gandedd dayseraftwwaes gl
3 rtron at 3 pt/ A, 30 DAP. Sugar
o 51 DAP. Waterhemp controtli meandrRdurndbupeP dweert V
h ethofumesate at 25 + 6 fl o0oz/ A (Table 2, Fic
r
a

at 3 gt/ A. Et hofruaneisdaea ewa tNeorrhit enopn )c cartt réo Ip td rAe

et hof ume te at 3 pt/ A. We observed similar control fr
Table 2. Percent visible sugarbeet injury and water hemyp
Moor head, MN, 2025.
PPI Postemergence Percent Sugarbeet
Herbicide Herbicide Rate Injury Percent Waterhemp Control
(fl oz, pt, or qt/A) 30 DAP 44 DAP 30 DAP 37 DAP 44 DAP 51 DAP
Antor 3qt 0b 0b 65c 51c 43d 18 cd
Antor 6 gt 0b 0b 78b 76 ab 70 ab 69 b
Nortron 3p 13a 0b 69 ¢ 65b 50 cd 33c
Nortron 6p 3b 3b 80b 75 ab 63 bc 60 b
Eptam 3.5p 15a 10a 89a 83a 8la 89 a
PowerMax3 + etho / 25+6/
PowerMax3 + etho 25+ 6 Ob Ob 68 c 29d 39d 10d
P-Value 0.0045 0.0652 0.0010 0.0001 0.0007 0.0001

iSugarbeet i njaanyt roal wadlelrchveeth by t he s-amatiasphabletdichtfetentes betdiwvee
0.10 alpha |l evel

'Roundup Power Max3 mixed with ethofumesate at 25 + -t6i mds ®aBO&MNevi 2 h NI
and f6 st age.

Figure. Waterhemp control 44 days after planting, Moor!l
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EVALUATION OF SUGAR BEET LIME (PCC) AS A LIMING SOURCE FOR CORRECTING SOIL
ACIDITY

Project LeaderDaniel Kaisefi University of Minnesota Twin Cities

Other Personnel Involved: MaBdoomquist, Agricultural Research Department, Southern Minnesota Beet Sugar
Cooperative, Renville, Minnesota; David Mettler. Research Agronomist, Southern Minnesota Beet Sugar
Cooperative, Renville, Minnesota

The termPCC (precipitated calcium carbonate) is used throughout this report and refers to sugar beet, factory, or
waste lime.

Justification: The use of sugar beet lime has increased in past years due to benefits such as reduced disease
incidence and potentially supplementing fertilizer applications for crops. However, more soil in areas of fields in
Western Minnesota has become more acidiem#ly increasing the need for a local source of lime. There has been

very little lime research in Minnesota in the last 20 years and the benefits of liming to an optimal pH have not been
assessed. If sugar beet lime is used as a liming sthe @lditional nutrients such as phosphorus or potassium may
additionally have added benefits resulting in greater yield. A study funded by the Minnesota Soybean Research and
Promotion council is underway focused on evaluating how lime materials chahge sad the overall value of

lime applications to crops. | am utilizing sugar beet lime in a few of the locations and one area that | need to address
with whether the beet lime is increasing the uptake of nutrients such as phosphorus where any ohgiekses

from the lime may be confounded with increased nutrient availability over the five years of study at each location.

In western Minnesota PCC is being used as a lime source but | have not found much information regarding pH
correction with this product. While PCC is not always applied to correct pH, the impacts on soil pH still are
important to know how quickly soil adigt can be corrected and how pH is affected by multiple rates of PCC

looking not only at the year of application but future years where crop yield may be more impacted. Since PCC
contains other nutrients one challenge with comparing PCC to other limesdidetermining potential effects

due to pH change versus the uptake of other beneficial nutrients that may be in the PCC. Plant tissue analysis can
help to sort out potential effects of nutrients applied with the PCC compared to impacts related aogeHadbne.

Application of PCC as a liming source is occurring in Western MN. The liming studies established are put in place
to focus on the economics of liming in different areas of Minnesota to determine whether lime pays over five
cropping years. Additionally, arfy or K in PCC may provide a benefit to crops, but having more |eegerdata

would have great value as benefits from lime or PCC may occur 1 to 2 years or more following application.

The use of sugar beet lime has increased in areas due to benefits for disease suppression (Windels et al., 2006) and
potential nutrient benefits (Sims et al., 2010). Sugar beet lime also contains calcium carbonate which is a source of
lime that can be utited to adjust soil pH. Current Minnesota lime recommendations suggest maintaining a soil pH

of at least 6.0 for most crops (Kaiser and Rosen, 2023). Some soils in central and Western Minnesota are becoming
more acid where lime should be applied and mesearch on the impact of sugar beet lime on modifying soil pH

should be studied. Since been lime contains more than just calcium carbonate, any trials to assess the impact of lime
on pH change and subsequent yield increases to the crop can be confoutigeaduljtion of other nutrients.

Additional soil and plant tissue sampling can be beneficial to help determine whether potential benefits are due to a
change in soil pH or other nutrients contained in sugar beet lime.

Objectives

1. Compare soil pH change from precipitated calcium carbonate (PCC) compared to traditional lime sources.
2. Evaluate nutrient uptake in crops following PCC application.
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Table 1. Summary of soil test data collected prior to initial treatment application at two locations in Minnesota. Samplatested
fromtheG6and61 80 depths and are a composi t e -splitploBandagepageforaeach ¢ o
location.

060 Sotl T pH Sikora Buffer

Start Year Location Soil Type P K oM 060 6180 reg 1:3
--ppm-- % -=-ppn---

2024 Sandborn Normania 58 184 3.1 52 5.8 6.3 na

2025 Nicollet Cordova 17 177 6.3 6.3 -- 6.8 na

/1: P, BrayP1 phosphorus; K, ammonium acetate K; pH, soil pH; OM, organic matteS SdlfateS extracted by monoalcium
phosphate.

Materials and Methods Lime rate trials werestablished at 2 locations (Table 1) in southern Minnesota (2

additional trials will be established in spring 2026). At each site six rates of lime (includinglianadrcontrol)

will be applied as ag lime sourced from a Minnesota quarry, pelletizeddimde? CC sourced from the Southern

MN beet sugar cooperative (A summary of pertinent lime analyses are given in Table 2). Lime will be applied in the
spring and crop yield will be measured over a period of five growing seasons. Soil samples will bedcivbectall

plots before lime application and each fall pbatvest to assess pH change over time. For the sites with PCC
application, plant samples will be taken at the early reproductive stages for corn and soybean (R2) by sampling
either the leaf oppde and below the ear for corn or the uppermost fully developed trifoliate in soybean. Samples
will be dried, ground, and analyzed for major magnitrogen is not measured) and migrotrients. Grain samples

will additionally be collected and analyzed fautrient concentration.

Table 2. Summary of measured variables for the lime materials used in the study. The effective calcium carbonate g@i@@igrisythe
value calculated for the lime at the time of application and can vary based on the moisture concentration aiahe mate
Nutrient Concentratidh

Source ECCE cd* Mg P K B Cu Zn
Lb/ton ppm

Quarry Lime 1503 158460 99400 -- - -- -- --

Pell Lime 1847 499630 1380 -- - -- -- --

PCC 1381 309631 15872 3739 875 13.4 17.8 34.5

“Walues are calculated in ppm. ppm/10,000 = %.
ZICalcium and Magnesium concentration was measured on all materials. Additional nutrients were measured on the PCC material.

Table 3. Summary of limestorseurce and rate impacts on corn or soybean grain yield.
Total ENP Raté 5yr

Location Source 0 1000 2000 3000 4000 5000 Avg
-------------------- bushels per acre (13 or 15.5%})---------------
Sandborn Lime 206 216 234 203 214 210 214
Corn2024 Pell Lime 210 196 196 216 215 215 208
Annual Pell 209 217 206 225 198 205 210
206 216 234 203 214 210
Sandborn Lime 63.0 67.2 67.3 60.2 69.2 64.7 65.3
SB 2025 Pell Lime 69.4 66.5 69.2 61.9 67.2 66.2 66.7
PCC 66.6 67.0 65.0 67.4 71.6 70.1 67.9
66.3 66.9 67.2 63.2 69.3 67.0
Nicollet Lime 263 254 279 255 271 274 266
Corn 2025 Pell Lime 265 271 268 266 228 259 260
PCC** 269 276 249 297 294 256 274
266 267 265 273 265 263
**Denotes where a significant source by ratieraction occurred
SB=Soybean
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2025 Data Summary

| am providing a general summary of results through the 2025 growing season. These-tmeriatgdies so | will
not include conclusions in this report as it is too early in most casesnttude effects of the treatments.

Crop yield data starting in 2024 is listed in Table 3. To date 2 years of data have been collected at Sandborn and one
year of data is collected from Nicollet. Lime was applied in the spring of 2024 at Sandborn and spring of 2025 at
Nicollet. There was &l of random variation in yield across the trials which led to some issues determining

significant effects with 1 year of data. Over time | can analyze the data across years for individual crops to

determine whether the lime sources impacted yield. Thasenw indication of a yield response in either corn or

soybean at the Sandborn site. At Nicollet there was a significant interaction between lime source and rate for the
PCC treatments possibly indicating some increase in yield with PCC. However, there gexseral increase in

yield as the rate of PCC increased. Corn grain yield was highest with the 3000 and 4000 Ib ENP rates but a relatively
low yield with 2000. | have attempted to clean up the data by looking at spatial patterns in the randomyvariabilit

due to soil properties across the stie but that has not cleared up the variation enough to find significant responses.

Plant tissue data was used to assess the availability of nutrients specifically from thdési@Ghe values in Table

2, applications of 1000 Ibs ENP per acre would supply 5.4 Ib P and 1.3 |b K (1208 1.6 Ibs KO). The

highest application rate (5000 Ib ENP per acre) would supply roughly enough P to cover what is removed in an
average corn crop. Past research has shown that applications of PCC can increase soil test P but no increase in crop
yield. However, muchfahis work was conducted on high pH soils so it is likely that any calcium bound P would
have very little solubility in higlpH soils that are already high in Ca. Leaf tissue P concentration data are given in
Table 4. The only significant response occurred for the soybean crop grown at Nicollet in 2024 where leaf tissue P
concentration was higher with PCC compared to the ateesources. However, there was no effect of application

rate on leaf P concentration. Leaf K concentration was affected by rate at Sandborn in 2024 and Nicollet in 2025,
but the general effect was a decrease in leaf K concentration with increasinglirage(@fble 5). This decrease in
concentration was likely a result of increasing amounts of Ca applied that can affect the uptake of K. Leaf Zn and S
were also measured but the data are not shown. The only significant increase in Leaf Zn and S whs due to
application of PCC at Sandborn in 2024.

Grain P and K concentration data are summarized in Tables 6 and 7, respectively. There was no effect of lime
source or rate on the concentration of P or K in corn or soybean grain in 2024 or 2025.

Fall postharvest soil test data are summarized in Tables 8, and 9, respectively. Only soil pH was measured in the
fall of 2024 from the Sandborn study, and | could not determine soil P and K concentration at that site that year. The
data in Tables 8 and€fummarize only the Fall 2025 data. Soil samples were collected in the fall of 2024 from
Sandborn but only pH was analyzed at that time. Soil phosphorus was greater with PCC at the Sandborn site. Soill
test P trended greater at Nicollet but the variaitiosoil test across the sites was high ranging from 10 to 20 ppm

across the site. There was some weak evidence of a yield increase with PCC at Nicollet which could be a result of
the phosphorus applied. There was no increase in soil test K at Sandbaone, dmil test K was slightly greater

with PCC applied at Nicollet. A summary of the change in soil pH is included in Figure 1. All three sources showed
a similar increase in pH when applied at the same ENP rate. Soil pH change was greater at Sancbtira nhe

had more time to react. A slower change in soil pH is expected as most lime materials are not ground fine enough to
change soil pH rapidly.
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Table 4. Summary of limestone source and rate impacts oreaoteaf or soybean uppermost fully developed trifoliate phosphorus
concentration collected at R2 from 2 fields in Minnesota.

Total ENP Raté 5yr

Location Source 0 1000 2000 3000 4000 5000 Avg
(%P)
Sandborn Lime 0.29 0.31 0.33 0.31 0.29 0.30 0.30b
Corn 2024 Pell Lime 0.32 0.33 0.30 0.34 0.31 0.31 0.31b
PCC 0.35 0.34 0.34 0.36 0.34 0.34 0.34a
0.32 0.33 0.32 0.34 0.31 0.32
Nicollet Lime 0.27 0.29 0.28 0.29 0.30 0.30 0.29
Corn 2025 Pell Lime 0.28 0.29 0.29 0.29 0.29 0.29 0.29
PCC 0.27 0.29 0.28 0.29 0.30 0.28 0.28
0.28 0.29 0.28 0.29 0.29 0.29
Sandborn Lime 0.63 0.51 0.57 0.60 0.60 0.56 0.58
Corn 2025 Pell Lime 0.58 0.51 0.53 0.58 0.65 0.56 0.57
PCC 0.51 0.56 0.64 0.56 0.49 0.63 0.57
0.57 0.52 0.58 0.58 0.58 0.58

**Denotes where a significant source by rate interaction occurred

Table 5. Summary of limestone source and rate impacts on corn ear leaf or soybean uppermost fully ti&fetibtpagabtassium
concentration collected at R2 from 2 fields in Minnesota.

Total ENP Raté 5yr

Location Source 0 1000 2000 3000 4000 5000 Avg
(% K)
Sandborn Lime 1.98 1.88 1.90 2.00 1.93 1.89 1.93
Corn 2024 Pell Lime 2.04 2.04 1.95 2.03 1.98 1.96 2.00
PCC 2.06 1.95 1.96 1.97 1.86 1.85 1.94
2.03a 1.96bc 1.94ab 2.00a 1.92bc 1.90c
Nicollet Lime 1.28 1.31 1.28 1.26 1.21 1.32 1.28
Corn 2025 Pell Lime 1.36 1.33 1.28 1.28 1.26 1.30 1.30
PCC 1.50 1.41 1.30 1.38 1.37 1.37 1.39
1.38 1.35 1.29 1.31 1.28 1.33
Sandborn Lime 2.22 2.13 2.08 2.12 2.23 2.10 2.15a
Corn 2025 Pell Lime 2.06 2.10 2.28 2.09 2.02 2.19 2.12a
PCC 2.20 2.12 2.14 2.12 1.84 1.99 2.07b
2.16a 2.11a 2.17a 2.11a 2.03b 2.09ab

**Denotes where a significant source by rate interaction occurred

Table 6. Summary of limestone source and rate impacts on corn or soybean grain phosphorus concentration collectedssfiom 2 fiel
Minnesota.

Total ENP Raté 5yr

Location Source 0 1000 2000 3000 4000 5000 Avg
(% P)
Sandborn Lime 0.30 0.27 0.26 0.27 0.26 0.27 0.30b
Corn 2024 Pell Lime 0.29 0.27 0.29 0.27 0.26 0.27 0.31b
PCC 0.28 0.27 0.27 0.26 0.27 0.27 0.34a
0.29a 0.27b 0.27b 0.27b 0.26b 0.27b
Nicollet Lime 0.24 0.24 0.24 0.22 0.22 0.23 0.23
Corn 2025 Pell Lime 0.24 0.23 0.24 0.24 0.23 0.23 0.23
PCC 0.21 0.23 0.24 0.23 0.22 0.24 0.23
0.23 0.24 0.24 0.23 0.23 0.23
Sandborn Lime 0.55 0.55 0.51 0.52 0.52 0.52 0.53
Corn 2025 Pell Lime 0.51 0.51 0.53 0.52 0.50 0.52 0.52
PCC 0.50 0.52 0.53 0.53 0.51 0.55 0.52
0.52 0.53 0.53 0.52 0.51 0.53

**Denotes where a significant source by rate interaction occurred



Table 7. Summary of limestorseurce and rate impacts on corn or soybean grain potassium concentration collected from 2 fields in

Minnesota.
Total ENP Raté 5yr
Location Source 0 1000 2000 3000 4000 5000 Avg
(% K)
Sandborn Lime 0.38 0.34 0.34 0.34 0.34 0.35 0.35
Corn 2024 Pell Lime 0.37 0.34 0.39 0.36 0.35 0.35 0.36
PCC 0.36 0.35 0.35 0.34 0.35 0.35 0.35
0.37 0.34 0.36 0.35 0.35 0.35
Nicollet Lime 0.21 0.22 0.22 0.20 0.20 0.20 0.21
Corn 2025 Pell Lime 0.22 0.20 0.21 0.20 0.20 0.22 0.21
PCC 0.19 0.21 0.22 0.21 0.20 0.21 0.21
0.21 0.21 0.21 0.21 0.20 0.21
Sandborn Lime 1.26 1.25 1.17 1.17 1.15 1.18 1.20
Corn 2025 Pell Lime 1.18 1.17 1.22 1.19 1.13 1.19 1.18
PCC 1.20 1.18 1.18 1.18 1.15 1.19 1.18
1.21 1.20 1.19 1.18 1.14 1.18
**Denotes where a significant source by rate interaction occurred
Table 8. Summary of limestone source and rate impacts on fall 26250 s o i | t e s t-Plp doncenpatian frams? figldBin a y
Minnesota.
Total ENPRatei 5yr
Location Source 0 1000 2000 3000 4000 5000 Avg
(ppm P}
Nicollet Lime 11 11 12 12 10 13 11
Corn 2025 Pell Lime 11 12 12 11 10 12 11
PCC 15 13 14 12 16 16 14
12 12 12 12 12 14
Sandborn Lime 50 51 46 56 41 50 46b
Corn 2025 Pell Lime 59 55 49 55 46 59 45b
PCC 47 53 48 60 51 50 56a
52 53 48 57 46 53
**Denotes where a significant source by rate interaction occurred
Table 9. Summary of limestone source and rate impacts 20806 0 soi |l test potassium (ammon
in Minnesota.
Total ENP Raté 5yr
Location Source 0 1000 2000 3000 4000 5000 Avg
(ppm K}
Nicollet Lime 144 150 141 145 142 152 145b
Corn 2025 Pell Lime 146 140 138 133 148 148 142b
PCC 150 147 146 148 151 155 149a
146a 145a 142b 142b 147a 15l1a
Sandborn Lime 155 162 138 164 138 160 153
Corn 2025 Pell Lime 163 157 149 150 143 182 157
PCC 140 147 144 151 136 128 141
153 155 144 155 139 157

**Denotes where a significant source by rate interaction occurred
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MID - TO LATE -SEASON N MINERALIZATION POTENTIAL OF NORTHWEST MINNESOTA AND NORTH
DAKOTA SOILS

Lindsay Pease, Murad Ellafi, and Anna Cates

Department of Soil, Water, and Climate, University of Minnesota Twin Cities
Introduction:

Optimization of nitrogen (N) fertility for sugar beet production is critical for maximizing relative sugar yields, yashgigbl

the economically optimum N application rate is challengingsdason mineralization of organic nitrogen affects sugar yield

and N fertilizer requirements of sugar beets. Variability in soil conditions both within and across sites limits outoability
accurately predict N mineralization potential. Weather conditions, soil moisture, soil characteristics, and crop realdue can
affect N mineralization rates in corn and soybeans (Fernandez et al., 2017). However, available knowledge on how these
processes might affect N mineralization in sugar beets is limited.

Previous studies in sugar beets have evaluated whether the previous crop and crop residues may affect N mineralization rates
and/or recoverable sugar. Moraghan et al. (2003) found that while mature wheat straw decreased relative sugar yields (RSY)
by usingup available N during decomposition, volunteer wheat residue increased RSY. Sims (2007) found that N
mineralization rates were similar following either wheat or soybeans but were lower when following corn. Similarly,
Chatterjee et al. (2019) found thagsw beets following corn required up to 100 Ib/ac of additional N to account for residue
decomposition when compared to sugar beets following spring wheat.

Objectives:

To improve our understanding of the ssjgecific characteristics that affect mineralization potential, we pursued the following
objectives:

1. Estimate the quantity of N mineralized in sugar beet plots during the growing season

2. Determine if N mineralized is affected by sgipecific factors such as subsurface drainage, soil texture, or tillage
system

Materials and Methods:

This experiment was conducted across various sugar beet plots at the Northwest Research & Outreach Center in Crookston,
MN in 2025. We monitored N mineralization in sugarbeet plots for two soil textures (loam and silty clay), two drainage
conditions (drained ahundrained), two tillage systems (sttilb and conventional till), and two cover crop conditions (fall

rye and no cover crop) (table 1). Wheat preceded sugarbeets in each test plot area.

Table 1. Site characteristics of sugarbeet plots used in mineralization sampling in 2025

Site Soil Drainage Tillage Cover n | Planting | Harvest| Mineralization | Mineralization | Incubation
Crop Date Date Start End Periods
D1 Loam No tile | Conventional| No Cover | 6 | 5/29/25 | 9/17/25 5/14/25 7/21/25 9
D2 Loam No tile | Conventional| FallRye | 6 | 5/29/25 | 9/17/25 5/14/25 7121125 9
D3 Loam No tile Strip-ill No Cover | 6 | 5/29/25 | 9/17/25 5/14/25 7121/25 9
D4 Loam No tile Strip-ill FallRye | 6 | 5/29/25 | 9/17/25 5/14/25 7/21/25 9
E1 | Silty clay Tile Conventional| No Cover | 9 | 5/29/25 | 9/25/25 5/5/25 7121/25 11
E2 | Siltyclay | Notile | Conventional| No Cover | 1 | 5/29/25 | 9/25/25 5/5/25 7121/25 11

We used an #situ incubation method to evaluate nitrogen mineralization potential under different soil and management
conditionsthroughout the growing season (Raison, 1987; Fernandez et al., 20%ity imcubation cores were replaced
approximately every two weeks during the growing season (May to September). Each time incubation cores were replaced
we collected soil moisture arswil temperature within 6 inches of the ground surface.

Soils from the incubation cores were-dited and ground prior to analysis. Soils were extracted with KCI solution followed
by analysis on a SEAL discrete analyzer to determine inorganic N content (ammantlmitrateN). Net ammonification
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and net nitrification were calculated by subtracting fiostibation ammoniumand nitrateN from initial values for each
incubation period. Cumulative net mineralization was calculated by summing net mineralization from each incubation period.

Differences in cumulative mineralization across plots were evaluated using a multiple linear regression approach. The
response variable fAcumul ative mineralizationd was approc
itill age,anddff@aowneargegroop, 0 were evaluated for collineari
the main factor terms were collinear with VIF < 10. Statistical analyses were carried out in JMP Student Edition 18.2.2 (JMP
Statistical Discovery, 2Zb). Initial selection of model terms was conducted using a forward selection procedure with the

mi ni mum Corrected Akaikebs Information Criterion (Al Cc)
Anderson, 2004) using Stepwise Fit within ffie Model Platform in JMP. This procedure systematically evaluated factors
for inclusion in the model and was used to i mprove the mc

to reduce the probability of overfitting the model.
Results and Discussion:

Cumulative net ammonification, nitrification, and mineralization in May, June, and July varied by location (figure 1}. In mos
plot locations, N accumulated throughout the growing season, but N cycling was not always accumulating. This indicates that
bothimmobilization and mobilization processes were happening during the growing season.

Figure 1: Cumulative net ammonification, nitrification, and mineralization collected within each field location in CrookstonMN during the early
2025 growing season. Mineralization is the sum of ammonification and nitrification.
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One three main factors were significantly associated with mineralization from May to July during the 2025 growing season:
tillage, soil type, and rye cover crop. Drainage was not a significant factor during this period. Cumulative net mioreralizati
was laver for striptill plots than conventionally tilled plots, for rye plots than no cover, and for silty clay soils than loam
soils. This means that overall, more inorganic nitrogen was immobilized in these plots compared to the other soil treatments
(Raisonet al., 1987). Lower cumulative mineralization in sttilpand cover crop plots plots may have been slowed due to
retention of crop residue (wheat stubble from the 2023 growing season) on the ground surface during the early part of the
growing season (g., Raison et al., 1987; Salahin et al., 2010). This result is in line with the findings of previous work on
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sugarbeets and suggests that dtlipge may require some adjustments in N crediting to account for decreased carbon in the
root zone (Moraghan et al., 2003; Lamb et al. 2009). Further data analysis will link full growing season mineralization data
to swgarbeet yield and quality data for the 2025 growing season. Additional research is needed to determine the impact of
nitrogen cycling and its timing on sugarbeet yield.
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PROJECT TITLE: INTEGRATION OF TRANSCRIPTOME AND MEABOLOME ANALYSES IN SUGARBEET
WOUNDING RESPONSE IN COMPARISON TO THE WILD SPECIES OF BETA MARITIMA (PROJECT #621)

Shyam L. Kandé| Malick Bill*?and Rajtilak Majumdar

WUSD-ARS, Edward T. Schafer Agricultural Researc
North Dakota State University, Department of F
S°USD-ARS, Northwest Irrigation and Soils Resear

Background

Sugarbectea vudbgsapmligsariss a cornerstone of U.S. &dr6%W% udft ur e
total domestic stEQRErr, RroRdbUYct iThre EUIDAiIi tion from field toc
which necessitates the memeolhahi odl(Ifdeafigl| itsaepiasddpsahnigo iogh € he

crown) (Eckhoff et al., 2023). While efficient, these me
This wounding trauma ttrsi,g gsepresc iifnitcean sley naent a bnoclrdeca sséhdifmp | @lin)
attempts to manage the stress (Fugate et al., 202m). His
rates and heightened samseplteddil nsgguyd rdooss ambisdr goabdi tiaghrl ai gnef e(cH ai|
al ., 1978).

Despite these -henplaicng,campma&biwloiuthnides of commerci al cul t
unstudied. Thi seaneB.eavt ewdhuyhisdde s Jtaiisimae spot enti al "genetic re:
naturahewdtiumd capacity and storage |ife of modern cultiyv

knowl edge gap regarding the genetic tmearhaanri ispnsi orf alwoamd
respofisascommercuiulat i sagaabeet wo wi-il dd seed bierjturlyi.nes t o h

Materials and Met hods

The study wutilized a comparative f r aBreetwao rvkuBilg&yreilsainmn g t a
wi | d Bleitnae sma@PBB8#édmand P®HM8 )s.ugmrtbwted le safmapll ysed across di ff
(defoliated vs. scal ped) and tFkmeshiny efaravasst 8dd scart walss
30poshjury (defo)iaFeldl awdngcwbperding, sugarbeet roots wt
humi dity to simuliate sommagei abndiugiaobeet pile.

Sugarbeet root tissue collected from t hefrwozuennd eidn sliitgeu i
nitrogen and grododainfRdNAawhbsnexpowderd from the root ti
(Qi agen GmbHmMaHW)ed egnu,aldet y and quantity of total RNA wer
Technologies, CA, United States) and acceptable RIN numb
l' i brary preparationsreRNAevaqeanaicte ridii Brga iR dwa mpl @ mi n
preparation protocol, followed byTadmmbmat iiBceiqmintce3 & je.atdlr
were aligned to the sugarbeet reference genome (EL10. 2)
1.17) was used to convert SAM format to BAM format. The
Il dehtcation of differentially expressetdedewieshaand- fuoutr é¢dhe
seq analysis platform, iDEP 2.01 (Ge et al ., 2018f &0D#®oh
met hanol from ~50 mg fresh weight of finelyOg@ounsdt sumgan

A Liquid chmasnatoge apvh)me(t Wayt erLsC, UPLC; Thermo, Q Exacti\
UPLC HSS T3 (2.em) IcHO®@matmogrla@hi ¢ col umn was used for me

were i mpGompdumnatbPi scoverer3.1 (CD) to perform spectral
qguantitative anal ysTehse obfi od eotgei cctaeld smegtna bfo Iciatnecse. of met abol
enrichment of metabolites associated with specific metahb

pack(akgoel de and iKolRdd,v12®158)2) with default parameters exc
project.org/ package=pheatmap).

Results and di scussi on

The st udy9i, 29t iufna egioes sg e6nle ssampl es from a commerci al S
sea beet | ines (P334 and P408). Significant transcriptio
cultivar eiegardipomgpstethto injury as shown in the PCoA pl ot

based on observations made from scal ped be3et8s0 1o nu pdraeyg ull 5a.1
genaensd over 15 en(Fchedepa@)hwdhe most prominent mechanis
genes), which is essential for structural fortification
| DLOC1048982n0d5 Phenyl dlyarmsien Lganlreb418®ag8(6D/a3t a not shown) . Phe
ammo-hyadPAL) is regarded as the "gatekeeper" gene and it

PY



creating phenolic compounds (Vogt, 2010). I'ts high expre
metabolism foll owiVhigl eneRAlang emadr atngsurtyhe necessary build
facilitates the final polymerization of monolignols into
surface (Dixon and Pai vaji;hyld>5)y.c i hwmratmoeyrl nlo@aed,  f4S8ng akeliabsia tgee r
significantly di fifsereemztyinael liys ecxrpirteiscseeld .f orThredirecting c.
precursors over soluble phenol i cs pthoy seincsaulr er etphaaitr t(hHeo fpflna
Addi tional enrichment in P334 included the Zeatin biosyn
division via adenyl(agtee £iOLADOABIOGCUYION ptacsh &m amet abol i sm (1
most enriched pathway in |ine P334. This pathway I inks s
as tryptophan decarboxylase (TDC2) and tyrosine decar box

Meanwhile, |l ine P408 8sb68aPpepgragubdayed5ygerabi bcteds 12
di stinct emphasis on oxidative stress management Lrvia GIlu
ascorbat e3amél ogand@E®B04895aln6d6 G20 # Y Srleb6spectively) (Dat a
suggests a superior capacity to neutralize reactive o0oxyg
from hydrogen peroxi deer z(atn Cet) aalc.c,unful laz)i.onBy( Ckaeve pi ng o0X i
prevents "runaway" programmed cel |l death, allowing heal't
al ., 2012). I n addition tos))pheP4y0drolpawmed de rbri ioslyme mte sii rs
genes) (Figure 4). This fatmheayC Df0eldi0bdtdyy @ ha/lde odke | saysret N a
| DUOC1049051Iwh5 ch were highly activeyritni ssxceatipenddi eegt £ nlzy n
for flavonoid production; in the wounded tissue, ist faci
that inhibit microbial during storage (Dao et al., 2011)

From the observationhadloiveg ¢apaciutperoforwiwlodingdea beet s
bi ol ogi cal pillars: physical seal ing, chemical defense a
pat hway supptlh@Gas iprndocurpsedrpsnedbhegeilhntoreating a physical
moi sture | oss and pathogen e@h alyc o €éafeanyiclaihtaasltee se ntshee purpor de
ofthrysophanic acid and( Fihgeuirne o5b)s.e rTvheeds ei na nltihnrea qRu3i3ndo ne d e
promoting cel/l proliferation to close the ivngruatyr ioshilted. C
toaffei-O-match Wl t3rgeemsefse r Eg&@lel 41 88: 7a9%¢7t2 as chemical deterrents
which is important in minimizing sucrose | o0oss during sug
currently caused b-fgebdighgresesmmentifuihg atad sdtoaal .|,i k20 B6N)S. (

From a breeding poOCdpedQi8BRdOGI gyedebnl I kgni ficati-on) are
Assisted SettecitihnpmoVveMAlBgal ing from wound and mechanical
metabolism traits from P408 coul d & mptr oavle. ,c e2d Wd)a,r dinrteq
extractable sucrose yields. -CMs®er mfdgemomihe tpmdlesmn,t isadc i oa
phenyl propanoid pathwaysing ftclhenmeyicélad ad¢mnddg'i vafrtsen bypacas
crossing
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Concl usi on
Wound healing is a complex physiological process invol
pathways to rebuild structeftatedacompopsnded Ihnshesserard
transition from a wbabdkedzetlateot requires a coordinated
lines P334 and P408 possess specialized genetic "tool kit
commercial cultivarsusBgi hddnupfgguobagkeors wathisul arly
glutathione, and flavonoid biosynthetic pastshwaed, btrieied i
Leveraging these specific genesi tohf fseirgsniaf ircoaandtnhayp ifmoprr obvree
characteristics, as enhancing these pathways in commerci
accelerating the formation of protective sulbermwasaindnl! amg
oxidative damage. This fortification directly mitigates
| oss. Moving forward, the focus of this researemhswiilnl 3sh
day -iprojsury and defoliated samples to ensure that these p
storage |lifecycle.
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TURNING POINT ® SURVEY OF SUGARBEET INSECT PESTPROBLEMS AND MANAGEMENT
PRACTICES IN MINNESOTA AND EASTERN NORTH DAKOTA IN 2025

Mark A. Boetel, Eric A. Branclf, Thomas J. Petetsand Peter C. Hakk

!Professor and Sugarbeet Extension Entomologist, School of Natural Resource Sciences, North Dakota State University,
Fargo, ND;?Assistant Professor and Sugarbeet Extension Specialist, Pathology Department,
North Dakota State University, Fargo, Ni3ssociate Professor and Sugarbeet Extension Specialist, Plant Sciences
Department, North Dakota State University & University of Minnesota, Fargo, ND; and
“Research Specialist, School of Natural Resource Sciences, North Dakota State University, Fargo, ND

Attendees of the 2026 Winter Sugarbeet Grower Seminars that were held at Fargo, Grand Forks, and Wahpeton,
ND, as well as Willmar, MN were asked about their 2025 insect pest issues and assoaitgement practices in a live
polling session by using Turning Point®, an interactive personal response system that displays response data in real time
while the poll is being conducted. Unfortunately, technical issues with the survey system prevemtedration of the
survey at the Grafton seminar.

Initial questioning involved identifying the county in which grower respondents produced the majority of their
sugarbeet crop in 2025. Those results are presented in TahleSHe majority (41%) of Fargo seminar attendees
indicated that the majority dfieir sugarbeet crop was grown in Clay County, MN, however, an additional 27% of the
attendees reported growing the majority of their sugarbeet crop in Norman or Mahnomen counties in Minnesota (Table 1).
Producers who grew sugarbeet in Cass and Trailhties of North Dakota and Becker County, MN were all tied at 9% of
the Fargo seminar audience. One attendee of the Fargo seminar indicated producing the majority of their sugarbeet crop in
Barnes County, ND.

Table 1. 2025 Fargo Grower Seminai county in which sugarbeet was grown in 2025

County Number of responses Percent of responses
Barnes 1 5
Becker 2 9
Cass 2 9
Clay 9 41
Norman/Mahnomen 6 27
Traill 2 9
Totals 22 100

The largesportion (57%) of Grand Forks grower seminar attendees indicated that the majority of their sugarbeet
production occurred in Polk County, MN (Table 2). An additional 17% of grower attendees at Grand Forks responded that
most of their sugarbeet was grownGnand Forks County, ND. About 11% of Grand Forks seminar attendees grew most
of their sugarbeet crop in Walsh County, ND, and 9% of attendees represented Traill County, ND. Additionally, Marshall
County, MN was represented by 3% of grower respondette &rand Forks seminar, as was the combination of
Pennington and Red Lake counties of Minnesota. The same proportion (3%) of Grand Forks grower attendees reported that
they grew the majority of their beet crops in counties that were not representeldogsedor this question.

Table 2. 2025 Grand Forks Grower Seminai_county in which sugarbeet was grown in 2025

County Number of responses Percent of responses
Grand Forks 6 17
Marshall 1 3
Pennington/Red Lake 1 3
Polk 20 57
Traill 2 6
Walsh 4 11
Other 1 3
Totals 35 100
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Responses to this question at the Wahpeton winter sugarbeet grower seminar indicated that 41% of the attending
producers grew the majority of their sugarbeet crop in Wilkin County, MN, with another 2§féveér attendees reporting
that most of their crop was produced in Richland County, ND (Table 3). An additional 15 and 13% of respondents at the
Wahpeton seminar indicated that most of their sugarbeet production occurred in Clay and Grant countiessofaylimith
the remainder of respondents responding that they produced the majority of their beet crop in Cass and Traverse County,
ND (4% each), Roberts County, SD (2%), and Stevens County, MN (2%) in 2025.

Table 3. 2025 Wahpeton Grower Seminaf county in which sugarbeet was grown in 2025

County Number of responses Percent of responses
Cass 2 4
Clay 8 15
Grant 7 13
Richland 11 20
Roberts 1 2
Stevens 1 2
Traverse 2 4
Wilkin 22 41
Totals 54 100

The highest proportion (38%) of Willmgrower seminar attendees reported that most of their sugarbeet
production acreage in 2025 was grown in Chippewa County, MN (Table 4). A sizable amount (29%) of attendees reported
growing most of their sugarbeet crop in Renville County. An additiona,1dhd 5% of grower respondents at the
Willmar seminar grew most of their beets in Swift, Kandyohi, and Redwood counties of Minnesota, respectively, with the
remainder of respondents responding as either producing the majority of their sugarbeet erdfinnésota counties of
Pope or Yellow Medicine (about 1% each), or in a county not listed as a choice for this question (5% of grower
respondents) in 2025.

Table 4. 2025 Willmar Grower Seminari _county in which sugarbeet was grown in 2025

County Number of responses Percent of responses
Chippewa 30 38
Kandyohi 6 8
Pope 1 1
Redwood 2 3
Renville 23 29
Yellow Medicine 1 1
Stevens 4 5
Swift 8 10
Other 4 5
Totals 79 100

This report is based on grower responses aboutghmduction activities on an estimated 126,450 acres of
sugarbeet grown in 2025 by 168 grower respondents that attended the 2025 Fargo, Grand Forks, Wahpeton, and Willmar
Winter Sugarbeet Grower seminars (Table 5). Across all seminar surveys, the n@]éfijyof respondents reported
growing sugarbeet on between 400 and 799 acres during the 2025 production season. That represents a 7.9% increase of
production in this acreagmergrower category compared to that recorded from the 2024 growing seasoddional
21% from across all grower seminars produced beets on between 800 and 1,500 acres. A total of 11% of respondents
reported growing sugarbeet on 1,500 acres or more in 2025, whereas just 17% of respondents overall produced sugarbeet on
299 or fewe acres.
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Table 5. Ranges of sugarbeet production acreage in 2025 by Winter Sugarbeet Grower Seminar Respondents
Acres of sugarbeet

Number of 100 2000 300 400 600 800 100G 150G
Location responses <99 199 299 399 599 799 999 1499 1999 2000+
% of responses

Fargo 20 0 5 0 5 20 25 10 20 10 5
Grand Forks 34 0 9 6 3 21 24 6 18 12 3
Wahpeton 51 4 8 6 8 25 16 14 16 4 0
Willmar 63 6 5 10 17 22 14 10 2 6 8

Totals 168 3 7 7 10 23 18 10 11 7 4

From a combined total of 132 respondents at the Fargo, Grafton, Grand Forks, and Wahpeton seminars, 31%
identified the sugarbeet root maggot (SBRM) as their worst insect pest problem in 2025 (Table 6). Ti#%vas a
decrease compared to the responses recorded during the previous survey regarding the 2025 growing season. Additionally,
about 21% of all seminar location respondents viewed springtails as their worst insect pest problem during the 2025
growing seasonGrasshoppers were rated as the worst insect pest during 2025 by 16% of all seminar location respondents.
Other insect groups identified by grower respondents across all four seminar locations as causing problems in 2025 included
cutworms, wireworms, ahwhite grubs, (11, 5, and 3%, of respondents, respectively).

At the Fargo seminar, 22% of grower respondents identified springtails as their worst insect pest problem in 2025,
whereas an even split (17% each) of respondents at the Fargo grower seminar indicated that either cutworms or sugarbeet
root maggot was theworst insect pest. An additional 11% of Fargo respondents listed armyworms as their worst insect
pest problem. No other insect pests were identified as being a major problem by Fargo attendees.

The majority (62%) of respondents at the Grand Forks seminar identified the sugarbeet root maggot as their worst
insect pest problem. That reflected a 55% increase over that reported for the 2024 growing season by Grand Forks grower
seminar attendees. @mtails were reported by 22% of Grand Forks attendees as being their worst insect pest problem.
Grasshoppers were reported as being the most important insect pest problem by 8% of Grand Forks respondents, and an
additional 8% at that location reportétat another insect pest not listed as a choice was their worst insect problem.

For this question at the Wahpeton seminar, 29% of respondents indicated that grasshoppers were their worst insect
pest problem, and 20% ranked cutworms as their virsstt pest problem. An additional 9% of Wahpeton respondents
viewed sugarbeet root maggot as being their most significant insect pest, which was a considerable increase from just 3% of
respondents in relation to the 2024 crop year. Springtails and ammgwvere each ranked as the top insect pest for 7% of
Wahpeton grower seminar respondents. Similarly, white grubs and wireworms were each viewed as the worst insect pest
problem by 4% of respondents at Wahpeton. Finally, just 2% of Wahpeton respaoadkatsLygus bugs as their worst
insect pest during the 2025 growing season.

In contrast to responses from the three Red River Valley grower seminars, results from the Willmar seminar
indicated that 47% of respondents viewed cutworms as their worst insect pest problem in sugarbeet, and an additional 44%
listed Lygus bugs as theielt insect pest during the 2025 growing season. The only other insects that were reported as
being growersd worst insect pest problem were ar mywor ms

Table 6. Worst insect pest problem in sugarbeet in 2025
No. of Army- Cut Grass Lygus Root Spring White Wire-

Location responses worms worms hoppers Bugs maggot tails Grubs worms  Other
% of responses
Fargo 18 11 17 0 0 17 22 0 0 33
Grand Forks 37 0 0 8 0 62 22 0 0 8
Wahpeton 45 7 20 29 2 9 7 4 4 18
Willmar 32 3 47 3 44 0 0 0 0 0
Totals 132 5 20 13 11 23 11 2 2 13
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A combined total of 78% of all grower respondents across the three surveyed winter grower seminars indicated
that they used some form of plantitime insecticide protection to manage insect pests in 2025 (Table 7). Although that
was slightly lower thanhie two previous years (i.e., 84 and 82% for 2023 and 2024, respectively), no major trend can be
determined because, due to a technical issue at the Grafton seminar, no data was collected for the 2025 crop year. The
majority (40%) of respondents from allogver seminar locations reported that they planted seed treated with Poncho Beta
insecticidal seed treatment in 2025, which was comparable to the overall use rate of Ponttea®etaeed during the
2023 and 2024 growing seasons (36 and 38%, respggtiveh average of 16% of grower respondents across all seminar
locations reported using Counter 20G fopknt protection from insect pests, and the remaining producers indicated that
they applied either Midac FC (11%) or Mustang Maxx (6%), or they eitledr Cruiser (1%) or Nipslt Inside (4%) seed
treatment, all of which were very similar to the usage rates of those products in 2023 and 2024. The majority ef planting
time insecticide use in 2025 was carried out by growers that attended the Fargasash&@ks seminars, at which 92 and
97% of respondents, respectively, reported using some form of pldimiaegnsecticide protection in 2025. Substantially
lower numbers (i.e., 48% overall) of Wahpeton seminar respondents responded as having ssetiaderat planting.

Table 7. Planting-time insecticide use for sugarbeet insect pest management in 2025

Number of Midac Mustang Poncho Nipslt
Location  responses Counter 20G FC Maxx Beta Cruiser Inside  Other None
% of responses
Fargo 24 17 4 4 58 0 4 4 8
Grand Forks 66 18 20 3 48 2 6 0 3
Wahpeton 52 13 2 12 21 0 0 0 52
Totals 142 16 11 6 40 1 4 1 22

At the Fargeseminar, 58% of producers reported using Poncho Beta insecticidal seed treatmepiafur at
protection from insect pests in 2025, which was a 13.6% increase compared to the previous year and a continued upward
trend of increased Poncho Beta usage, bectiese had been a 33% increase in reported use of that product between 2023
and 2024. An additional 17% of Fargo attendees applied Counter 20Gpfantprotection from insect pests, which
amounted to a 45% decrease in use of Counter 20G for thabgcpre when compared to that reported for 2024. Other
reported aplant insecticide usage by Fargo attendees in 2025 included Mustang Maxx, Midac FC, and Nipslt Inside
insecticidal seed treatment, which were each reported as being used by 4% of Fargo).

At the Grand Forks seminar location, 48% of respondents reported that they used Pontteatetaeed for at
plant insect control, and Nipslt Insideeated seed was used by 6% of respondents. Counter 20G was reported as being
used at planting by 18% grower respondents at Grand Forks, which was very similar to the reported use of Counter by
Grand Forks respondents in 2023 and 2024, but lower than the use of that insecticide in 2022. Midac FC was reported as
being used at planting by 20% of GrandKsorespondents in 2025, which was comparable to the reported use of Midac in
2023 (17%) and 2024 (19%). Use of Mustang Maxx in 2025, as reported by Grand Forks respondents, was at 3%, which
was identical to reported use of Mustang Maxx in 2024.

At the Wahpeton seminar location, 12% of respondents indicated that they had applied Mustang Maxx for
plantingtime protection from insect pests in 2025, which was a 50% increase from reported Mustang usage in 2024, but
about the same as was reported fier 2023 growing season. Just 13% of Wahpeton attendees reported using a planting
time application of Counter 20G for insecticide protection in 2025, which was nearly identical to the reported usage of the
insecticide in 2024. An additional 21% of Wahpetdtendees reported that they used PonchotBsted seed for insect
pest management in 2025, which was a 33% increase from reported use of that seed treatment insecticide in 2024. Only 2
percent of Wahpeton respondents reported using Midac FC fantaingtime insecticide in 2025, which was comparable
to the reported use in the area during the previous two growing seasons.

Averaged across the Fargo, Grafton, Grand Forks, and Wahgmtonar locations, the moderate (7.5 Ib
product/ac) rate of Counter 20G was used more frequently (13% of respondents) than any other granular insecticide rate for
insect management in 2025 (Table 8). That usage rate was identical to the reportedgate iFhEmet 20G was used by
just 4% of grower respondents, as averaged across all seminar locations. The majority of Fargo (76%), Grand Forks (73%),
and Wahpeton (77%) respondents reported no use of a granular insecticide in 2025, which reflectatiradjgctem
(i.e., a 7% decrease) inplant insecticide usage throughout the production area.
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About 58% of the Fargo respondents that did use a granular insecticide applied Counter 20G-#t the 7.5
application rate and about 21% used thel@ .Ete; but no Fargo seminar respondents reported applying Counter 20G at its
high (8.9 Ib product/ac) ladbed rate in 2025.

Table 8. Application rates ofgranular insecticides used for sugarbeet insect pest management in 2025

Number of Counter 20G Thimet 20G
Location responses 89Ib 75Ib 5251Ib 71b 451b Other None
% of responses
Fargo 21 0 14 5 0 0 5 76
Grand Forks 41 10 10 5 0 0 2 73
Wahpeton 48 0 8 8 0 2 4 77
Totals 110 1 13 5 2 2 4 75

At the Grand Forks grower seminar, 27% of respondents reported using a granular insecticide at planting in 2025,
which down slightly from 33% as reported by Grand Forks respondents in 2024. Of the Grand Forks attendees that used a
granular insecticide gtlanting in 2025, Counter 20G was used by the same proportion (i.e., 37% each) atahd 8.9
Ib rates, whereas, just 5 of 27 total (i.e., 18.5%) reported users of a granular insecticide applied Counter 20G at the low
labeled rate of 5.25 Ib productipacre.

Use of granular insecticides by Wahpeton seminar attendees (23% of respondents, as compared to 20% of
Wahpeton respondents in 2024) was low in comparison to responses at the other seminar locations. Most of the Wahpeton
seminar respondents who reportethgs granular insecticide at planting in 2025 used Counter 20G at either 7.5 or 5.25 Ib
product per acre (i.e., 34.8% of respondents for each rate).

Averaged across the Fargo, Grand Forks, and Wahpeton survey locations, 25% of respondents reported using a
postemergence insecticide to manage the sugarbeet root maggot (SBRM) in 2025 (Table 9). That usage rate reflected a 32
to 34% reduction in reportagsage for this purpose from those reported for the 2023 and 2024 growing seasons. At the
Fargo seminar site, 10% of respondents reported that they had applied Mustang Maxx for postemergence root maggot
control in 2025, which was a significant reductiorugage from 33% of respondents for the 2023 crop year and 25% of
reporting growers for the 2024 crop year. That decline was likely influenced by the reinstatement of chlorpyrifos
registration for use in sugarbeet that began in 2024. This is supportteel fagt that 10% of Fargo respondents reported
using a chlorpyrifosontaining postemergence insecticide for SBRM management in 2025. Interestingly, 5% of Fargo
attendees reported using Counter 20G for root maggot management in 2025. No other postenmseicide use was
reported by Fargo seminar attendees for the 2025 growing season.

A total of 37% of Grand Forks seminar attendees reported using a postemergence insecticide for root maggot
management in 2025, which was similar to the reported use for this purpose during the 2023 and 2024 growing seasons (40
and 41% usage, respectively3bout 65% of the producer respondents at Grand Forks that did apply an insecticide for
postemergence SBRM control indicated that they used a chlorppafed insecticide, whereas just 5% used Mustang
Maxx, and an additional 5% each used either Co&@€&r or Thimet 20G for this purpose in 2025. About 16% of the
Wahpeton seminar attendees reported using a postemesgpitsd insecticide for SBRM control in 2025, which was an
increase from 9% of Wahpeton respondents for the 2024 crop year. Of thetdralgspondents that used a
postemergence insecticide for SBRM control, 25% reported using a chlorpyrifos insecticide product, 25% indicated that
they had used Mustang Maxx, 13% responded as having applied Thimet 20G, and the remaining 38% repanted applyi
product that was not included as a choice for this question.

Table 9. Postemergencesecticide use forsugarbeet root maggaohanagement in 2025

Number of Asana Mustang Counter Thimet
Location responses XL Chlorpyrifos Maxx 20G 20G Other  None
% of responses
Fargo 22 0 10 10 5 0 0 75
Grand Forks 40 2 24 2 2 2 2 63
Wahpeton 50 0 4 4 0 2 6 84
Totals 112 1 13 5 2 2 4 75
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Averaged across the Fargo, Grafton, Grand Forks, and Wahpeton seminar locations, 84% of respondents rated their
satisfaction with the insecticide applications they made for root maggot control in 2025 as good to excellent (Table 10). An
average of 6% ofr@wers that attended the 2025 seminars rated the SBRM control performance of their insecticide program
as being fair, and none of respondents across locations viewed their insecticide performance as poor for this purpose. An
additional 13% of attendeesrass all grower seminar locations responded as being unsure of the success of their control
programs for SBRM control.

Table 10. Satisfactionwith insecticide treatments for sugarbeet root maggot management in 2025

Number of
Location responses Excellent Good Fair Poor Unsure
% of responses
Fargo 22 50 38 0 0 13
Grand Forks 40 13 73 7 0 7
Wahpeton 50 20 40 10 0 30
Totals 112 21 60 6 0 13

Individually, grower satisfaction with insecticide performance for root maggot control in 2025 was rated as good to
excellent by 88, 86, and 60% of Fargo, Grand Forks, and Wahpeton respondents, respectively. Satisfaction with insecticide
performance for BRM control was rated as fair by 0, 7, and 10% of respective respondents at the Fargo, Grand Forks, and
Wahpeton seminar locations. There were no reports of poor insecticide performance for SBRM control during the 2025
growing season at any of the groveeminar locations.

As presented in Table 11, a combined average of 55% of grower respondents at the Fargo, Grand Forks, and
Wahpeton grower seminar locations used an insecticide for plairiegprotection against springtails in 2025, which was
about the same as reported fiois use in 2023 (60%) and 2024 (58%). The majority (58%) of respondents that applied an
insecticide for this purpose in 2025, as averaged across all seminar locations, planted seed treated with Poncho Beta
insecticide. An additional 22% of the growénat used a plantinime insecticide for springtail control in 2025 used
Counter 20G, which was very similar to the use rates of that product for springtail control in 2023 and 2024 (20% of
respondents for both previous years). An additional 15% ofugerd that deployed insecticidal protection for springtail
management applied Midac FC for this purpose, which was about that same as the usage rate for Midac in 2024 (17%), and
about double the use rate reported for the 2023 growing season.

Table 11. Insecticide use fospringtail management in 2025

Number of  Ponchc Nipslt Midac Mustang Counter
Location responses Beta Cruiser Inside FC Maxx 20G Other None
% of responses
Fargo 21 43 0 0 0 0 24 0 33
Grand Forks 53 43 2 6 17 2 13 0 17
Wahpeton 56 16 0 0 2 2 5 0 75
Totals 130 32 1 2 8 2 12 0 45

A relatively smallportion (5%) of total respondents, as reported across all seminar locations, used Mustang Maxx
for springtail control, and 55% of growers across all locations reported no insecticide use for springtail control, wdiich was
slight increase in producers amgito forgo a springtail control product in 2023 and 2024.

At the Fargo seminar, Poncho Beta and Counter 20G were reported as being used for springtail control by 43 and
24% of respondents, respectively. There was no other reported insecticide use for springtail management by Fargo grower
seminar respondents.

Grand Forks seminar respondents reported the highest incidence of insecticide use for springtail management, with
83% reporting use of some form of insecticidal protection in their sugarbeet crop. A large majority (23 of 44 individuals;
52%) of Grand Fork grower respondents who used an insecticide for springtail control indicated that they used Poncho
Beta insecticiddreated seed for this purpose during the 2025 growing season. That figure was very similar to the usage
rates reported by Grand Forks atees for the 2023 and 2024 growing seasons (i.e., 52 and 54%, respectively). Most of
the remaining reported insecticide applications for
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springtail control by Grand Forks respondents who used an insecticide for this purpose involved applications of either
Midac FC (22% of total respondents) or Counter 20G (13% of respondents), and those patterns were also similar to those
reported for 2024.

Results from the Wahpeton seminar survey indicated that 25% of respondents used some form of insecticide
protection at planting time for springtail in 2025, which was an increase from 2024 when 16% of respondents reported
using an insecticide at plantingrfthis purpose. Of those respondents, 64% (9 of 14 respondents) indicated that they used
Poncho Beta, 21% used Counter 20G, and Midac FC and Mustang Maxx were reported as being used by 7% of respondents
each for this purpose in 2025.

As shown in Table 12, an overall average of 68% of grower respondents surveyed at the Fargo, Grand Forks, and
Wahpeton grower seminars rated their insecticide performance for springtail management in 2025 as good to excellent, and
only 2% of respondents @ss all seminar locations viewed their insecticide performance for this purpose as poor. The
majority (77%) of Fargo seminar attendees rated their insecticide performance for springtail control as good to excellent,
which was a significant increase ovesponses in the previous report on the 2024 growing season. An additional 15%
viewed the performance of their springtail management practice in 2025 as fair, but that was down considerably from 25%
of respondents assessing their 2024 springtail contomess as fair. No Fargo respondents viewed their springtail
management success as poor in 2025, but 18% of them indicated that they were not sure about the effectiveness of their
insecticide product for this purpose.

Table 12. Satisfactionwith insecticide treatments for springtail management in 2025

Number of
Location responses Excellent Good Fair Poor Unsure
% of responses-
Fargo 19 23 54 15 0 8
Grand Forks 43 35 32 12 3 18
Wahpeton 52 25 33 0 0 42
Totals 114 31 37 10 2 20

At the Grand Forks seminar, 67% of respondents viewed their springtail control in 2025 as being good to excellent,
which was an increase from 61% for the 2024 growing season. About 12% offer&sdespondents rated their
satisfaction with springtail management as fair, and an additional 3% viewed it as poor.

Survey results from the Wahpeton seminar location indicated that 58% of grower respondents viewed their
springtail control as being either good or excellent, which was down from 66% for the 2024 crop year. Interestingly, 42%
of Wahpeton respondents wenasure of the level of springtail control success they had achieved in 2025, which was a
substantial increase from 19% of Wahpeton respondents being uncertain about their springtail control success for the 2024
growing season.

Lygusbugs were not a major production problem for Red River Valley producers in 2025. This was evidenced by
our observation that about 97% of grower respondents, averaged across the Fargo, Grand Forks, and Wahpeton grower
seminars, indicated that they did mombploy an insecticide for Lygus bug control (Table 13). Survey results from the Fargo
and Wahpeton winter grower seminars indicated that only 5 and 2% of respondents, respectively used an insecticide for
Lygus bug control in 2025, and 100% of thaage involved Mustang Maxx applications. Similarly, just 3% of Grand
Forks respondents reported using an insecticide for Lygus bug control, and 100% of those applications were made with
Asana XL. In contrast, however, 39% of producers representing thbe®o Minnesota Beet Sugar Cooperative growing
area at the Willmar seminar indicated that they had used an insecticide for Lygus bug control in 2024-ofievpatgent
of Willmar respondents overall, which was 58% of the growers who indicated usingestidide for Lygus bug
management at that seminar, reported using Asana XL for this purpose. An additional 12% of Willmar respondents, or
about 31% of growers that chose to use an insecticide, selected Mustang Maxx for their Lygus bug control in 2025
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Table 13. Insecticide use for Lygubug management in 2025

Number of  Asana Mustang
Location responses XL Dibrom Movento Maxx Transform Other  None
% of responses

Fargo 20 0 0 0 5 0 0 95
Grand Forks 39 3 0 0 0 0 0 97
Wahpeton 48 0 0 0 2 0 0 98
Willmar 66 21 0 0 12 0 4 61

Totals 173 9 0 0 6 0 2 83

Survey results on satisfaction with insecticide performance for Lygus bug control are presented in Table 14. As
was the case in previous reports, these results should be interpreted with discretion because the exceptionally low frequency
of insecticide us for that purpose resulted in a very small sample size. Averaged across all seminar locations, 69% of
respondents viewed the performance of their insecticide for Lygus bug control in 2025 as good to excellent; however, 24%
of them were unsure.

There was only one response to this question at the Fargo seminar, and just two responses at Grand Forks;
however, all of those respondents rated their Lygus control as good to excellent. Only two responses were received for this
question at the Wahpetaeminar, but both indicated that the respondents were unsure of the success of their Lygus bug
control efforts. At the Willmar grower seminar, 71% of grower respondents assessed the performance of the insecticide
they applied for Lygus bug control as gaodexcellent. About 4% of the grower respondents at the Willmar seminar
assessed their Lygus control as fair, and an equal proportion viewed it as poor. The remaining 24% of Willmar respondents
were unsure of the effectiveness of their Lygus bug cantrol

Table 14. Satisfactionwith insecticide treatments forLygus bug management in 2025

Number of
Location responses Excellent Good Fair Poor Unsure
% of responses

Fargo 19 100 0 0 0 0
Grand Forks 38 50 50 0 0 0
Wahpeton 49 0 0 0 0 100
Willmar 68 29 42 4 4 21

Totals 174 31 38 3 3 24

Grasshoppers were not a widespread issue for area sugarbeet producers in 2025, which was evidenced by the
overall average of 86% of respondents across all seminar locations reporting that they did not use any insecticide for this
purpose (Table 15). Althmh only 10% of Fargo seminar attendees indicated that they used an insecticide for grasshopper
control in 2025, one half of those respondents reported using Mustang Maxx and one half of them used a cHiagwdifos
insecticide product for that purpose2025. Slightly more insecticide use for grasshopper control was reported by Grand
Forks seminar attendees (17% of respondents overall). The majority of insecticide use by Grand Forks attendees involved
either a chlorpyrifosontaining insecticide prodti (7% of respondents) or Mustang Maxx (5% of respondents), although
minor use of Asana XL and Vantacor (2% of respondents each) was also reported. Responses to this question at the
Wahpeton seminar location indicated that about 14% of growers useckaticide to manage grasshoppers in 2025.

Mustang Maxx was reported as the most frequently used insecticide for grasshopper control by Wahpeton attendees,
although only 10% of Wahpeton respondents overall used the insecticide for this purpose. ArahdéitiohWahpeton
respondents indicated that they used a chlorpybfssed insecticide product for this purpose.

Table 15. Insecticide use fograsshoppemanagement in 2025

Number of  Asana Chlor- Mustang
Location responses XL pyrifos Dibrom Maxx Vantacor Other  None
% of responses
Fargo 12 5 5 0 0 0 0 90
Grand Forks 42 2 7 0 5 2 0 83
Wahpeton 51 0 4 0 10 0 0 86
Totals 114 2 5 0 6 1 0 86
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Good to excellent grasshopper control in 2025 was reported by 92% of all respondents that attended the three
winter grower seminar locations in 2026, and the remaining 8% indicated that they were unsure of their insecticide
performance success (Table 18Y the Fargo winter grower seminar, 100% of respondents that used an insecticide for this
purpose rated it as having provided excellent grasshopper control in 2025. Similarly, 50% of respondents at the Grand
Forks grower seminar viewed their insecticggformance in managing grasshopper infestations as being excellent, and
the remaining 50% of respondents rated their grasshopper control as good. Results from the Wahpeton grower seminar
indicated that 84% of growers that used an insecticide for grgsshopntrol in 2025 viewed its performance as good to
excellent, and 18% of respondents were unsure of the effectiveness of their insecticide for this purpose in 2025.

Table 16. Satisfactionwith insecticide treatments forgrasshoppemanagement in 2025

Number of
Location responses Excellent Good Fair Poor Unsure
% of responses
Fargo 19 100 0 0 0 0
Grand Forks 38 50 50 0 0 0
Wahpeton 50 17 67 0 0 17
Totals 107 42 50 0 0 8

As in past years, the 2025 winter sugarbeet grower seminar attendees were asked about how their insecticide use
for insect pest management compared to previous years. Overall, 68% of respondents at all (Fargo, Grand Forks,
Wahpeton, and Willmar) seminardations combined reported that their insecticide usage in 2025 did not differ from that of
the previous five years (Table 17). The most significant insecticide use change throughout the growing area, as observed
with responses to this question, was 286 of producers reported using less insecticide in 2025 than in the previous five
years. Interestingly, 14% of Fargo respondents and 25% of Willmar respondents indicated that their insecticide use
decreased in comparison to the past five years, whenda8% of Fargo and Grand Forks respondents indicated an
increase in insecticide use during the 2025 growing season. Similarly, just 4% of Willmar survey respondents reported
increased insecticide use in 2025.

Table 17. Insecticide use in sugarbeet during 2025 compared to the previous 5 years

Number of No Insecticide
Location responses Increased Decreasel No Change Use
% of responses

Fargo 22 5 14 73 9
Grand Forks 42 5 2 90 2
Wahpeton 50 0 4 68 28
Willmar 72 4 25 53 18

Totals 186 3 13 68 16
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Sugarbeet root maggot (SBRMgtanops myopaeform{Rdder),fly activity was monitored at 125 grower field
sites throughout the Red River Valley during the 2025 growing season. This effort was carried out as a collaborative effort
between the NDSU School of Natural Resource Sciences, American Crystal Sugar f;@ngdahe MinADak Farmers
Cooperative.

Sticky trap capture rates suggested that SBRM fly activity in the Red River Valley in 2025 was substantially
higher than that recorded in 2024, but slightly lower than activity recorded during several of the previous years (Figure 1).
As is usually the e, the most intense SBRM fly activity observed in 2025 occurred in central and northern portions of the
Red River Valley; however, high activity levels were also recorded in fields near Ada, Borup, and Sabin, MN.
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Figure 1. Yearly averages of sugarbeet root maggot flies captured on stickyake traps (Blickenstaff and
Peckenpaugh, 1976) in the Red River Valley from 2007 to 2025.

High to severe levels of SBRM fly activity (i.e., cumulative captures of at least 200 flies per sticky stake) were
observed in 2025 in fields near the following communities (cumulative flies per stake in parentheses): Auburn (329),
Bowesmont (317), Buxto(05), Cashel (742), Nash (274), Reynolds (556), St. Thomas (510), and Veseleyville (240), ND,
as well as in fields near Ada (301), Borup (723), Eldred (215), Lockhart (100), Sabin (244), and Stephen, MN (258).

Moderately high levels of activity (i.e., cumulative captures of between 43 and 199 flies per sticky stake) were also
recorded near Bathgate, Cavalier, Crystal, Grafton, Grand Forks, Hamilton, Hoople, Manvel, and Oakwood, ND, and near
Crookston, East Grarfebrks, Euclid, Hadler, Hallock, Key West, Oslo, and Tabor, MN. Fly activity was either considered
economically insignificant or was undetectable in most other areas during 2025.

Figure 2 presents SBRM fly monitoring results from three representative sites (i.e., Cashel and Reynolds, ND, and
Borup, MN) during the 2025 growing season. Fly emergence began slightly later and at lower levels than what is
considered normal, and the mafalley-wide peak in fly activity occurred on about June 6, which was about one week
earlier than the historical average.
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Fig. 2. Sugarbeet root maggot flies captured on stickgtake traps at selected Red River Valley sites, 2025.

In late-August and early September of 2025, after the sugarbeet root maggot larval feeding period had ended, 30 of
the fly monitoring sites were rated for SBRM feeding injury in accordance with-#hec@le of Campbell et al. (2000) to
assess whether flyutbreaks and larval infestations were managed effectively in those locations. A total of 40 roots from
each field sampled were rated for SBRM injury. The resulting data was subsequently overlaid with corresponding fly count
data to develop the root maggisk forecast map for the subsequent growing season (the SBRM risk forecast for next year
is presented in the report that immediately follows this one).

Root maggot feeding injury, averaged across all RRV fields that exceeded the generalized economic threshold (43
cumulative flies per trap) in 2025, averaged 2.13 on the 0 to 9 rating scale, which amounted to a 29% decrease over that
recorded in 2024. Thisuggests that, despite a slight increase in root maggot fly activity in 2025, many sugarbeet producers
were successful in protecting their fields from larval injury to sugarbeet roots. A list of RRV locations where the highest
average root injury ratingsere observed is presented in Table 1. Cumulative SBRM fly activity in those fields ranged
from 42 flies/trap near Crookston, MN to 1,483 flies/trap near Cashel, ND.

Table 1. Sugarbeet root maggot fly activity and larval feedingnjury in Red River Valley commercial
sugarbeet fields where injury exceeded 2.5 on the 0 to 9 rating scale, 2025
Nearest City Township State Flies/stake Average Root Injury Rating?

Auburn Farmington ND 329 4.8
Cashel Martin ND 742 3.3

Sabin Elmwood MN 244 3.1
Lockhart Lockhart MN 100 2.9
Crystal Elora ND 258 2.7
Stephen Augsburg MN 240 2.7
Veseleyville Ops ND 82 2.7
Donaldson Spring Brook MN 36 2.7

Eldred Roome MN 53 2.7
Bowesmont Lincoln West ND 317 2.6
Crookston Andover MN 21 2.6
Thompson Walle ND 32 2.6

asugarbeet root maggot feeding injury rating based on the 0 to 9 root injury rating scale (0 = no scarring, and 9 = over ¥iruf
root surface blackened by scarring or dead beet) of Campbell et al. (2000).

TX



Risk of economically threatening levels of root maggot fly activity will be highest in 2026 in areas where high fly
activity was observed in 2025. Moreover, the greatest risk will be in close proximity to fields where the highest levels of
SBRM larval feeling injury were observed in 2025. Accordingly, growers in those areas should plan an appropriate SBRM
management plan to avoid serious economic loss.

Careful monitoring of fly activity in moderat@nd highrisk areas (see Forecast Map [Fig. 1] in subsequent report)
will be critical to preventing economic loss in 2026. Vigilant monitoring and effective SBRM management on an
individuatfield basis by sgarbeet producers could also help prevent significant population increases from one year to
another, because even moderate levels of root maggot survival in one year can be sufficient to result in economically
damaging infestations in the subsequent grgveisason.
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The 2026 risk map for sugarbeet root maggot (SBRM) fly activity in the Red River Valley appears in the figure
below. Although root maggot fly activity had been lower in 2024 when compared to several of the previous years,
population levels increased slighy i n 2025. The results of followup rating:
suggested that, despite the modest increase in SBRM flight activity, fields sustained slightly lower root maggot damage than
had been observed in 2024. Nonetheless, akaezas are still at moderate to high risk of economic loss from this perennial
pest.

Areas at highest risk of economically damaging SBRM infestations in 2025 will include rural Auburn,
Bowesmont, Buxton, Nash, Reynolds, St. Thomas, and Veseleyville, ND, as well as Ada, Eldred, Rockwell, Sabin, and
Stephen, MN (see figure below). Moderask of significant SBRM feeding injury is expected in areas bordering tiggh
zones, as well as fields near Bathgate, Cavalier, Crystal, Grafton, Grand Forks, Hamilton, Hoople, Manvel, Oakwood, and
Thompson, ND, as well as Borup, Crookston, Donaldsost, Geand Forks, Euclid, Key West, Hadler, Hallock, Oslo, and
Tabor, MN. The remainder of the production area is at low risk from this pest.

Proximity to previousyear beet fields where populations were high and/or control was unsatisfactory increases
risk. Areas where high fly activity occurred in 2025 should be monitored closely in 2026. Sugarbeet growergshk high
areas should use an aggsive insecticidal approach to SBRM control and also anticipate needing to apply a postemergence
rescue insecticide. Growers in moderasi areas using insecticidal seed treatments fptaait protection should monitor
fly activity levels closely in thir area and be ready to apply additive protection if justified. Pay close attention to fly activity
levels in late May through June to determine the need for a postemergence insecticide application.

NDSU Entomology personnel will continue to inform growers regarding SBRM activity levels and hot spots each
year through radio reports, the NDSU ACrop and Pest Repo
agricultural staff when appropriateoot maggot fly counts for the current growing season and those from previous years
can be viewed dtttps://tinyurl.com/SBRMFlyCounts

3
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Fig. 1. Anticipated risk of SBRM fly activity and damaging larval infestations in the Red River Valley.
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Introduction:

Thesugarbeet root maggBRM), Tetanops myopaeform{Rdder), is the most economically damaging insect
pest of sugarbeet in central and northern portions of the Red River Valley (RRV) of North Dakota and Minnesota. Previous
research has shown that this insect is capable of causing more than 45% vyield kb&sabsence of effective control
measures (Boetel et al. 2010). Sugarbeet root maggot management programs in areas at high risk of economic loss from
this pest usually consist of plantitigne protection, in the form of a granular, liquid, and/or seegttnent insecticide,
followed by an additive postemergence insecticide application (i.e., either a granular or sprayable liquid product) when the
SBRM infestation level warrants such action. Postemergence liquid insecticide treatments, appliedrerdedasescue
basis, are the most commonly used postemergence tools for SBRM control in the region. An advantage of postemergence
sprays is that they allow growers to use a fAwait and see
insecticide teatments are needed based on current SBRM fly activity levels in their fidldsproject involved two
experiments with a common overall objective of developing effective strategies to combine giargiagd
postemergence insecticide tools for improving growerso a
while also optimizing sugarbeet yield, quality, and economic return.

Materials and Methods:

Both of these experiments were conducted on a commercial sugarbeet field site near St. Thomas (Pembina
County), ND during the 2025 growing season. Betaseed 8018 glyphesitant seed (with or without Poncho Beta
insecticidal seed treatment, dependamgthe experiment) was used for both experiments. Both experiments were planted
on May 6, 2025. All plots were planted using-eo& Monosem NG Plus 4 7x7 planter set to plant at a depth of 1% inch
and a rate of one seed every 4% inches of row lendtis Were six rows (2hch spacing) wide with the four centermost
rows treated. No insecticide was applied to the outer A
served as untreated buffers. Each plot was 35 feet long, afiodt3leys between replicates were maintained wieeel
throughout the growing season by using tillage operations. Both experiments were arranged in a randomized complete
block design with four replications of the treatments.

Plantingtime insecticide applicationsCounter 20G was applied in both trials by using band (B) placement
(Boetel et al. 2006), which consisted eirfgh swaths of granules delivered through GaMdpw banders. Granular
application rates were regulated by using a plameunted SmartBd¥ computercontrolled insecticide delivery system
that was calibrated on the planter immediately before all applications.

Postemergence insecticide applicatioR®stemergence insecticides consisted of two granular materials (i.e.,
Counter 20G and Thimet 20G) that were both bapplied (Post B) on June 2 (i.e., 5 days before peak SBRM fly activity).
Delivery of postemergence banded granules was achievedryKisizeé™ row banders attached to a traetoounted tool
bar and adjusted to a height to deliver the insecticidesnoibands. Similar to gilant insecticide applications,
postemergence granular output ratesenadso regulated by using a SmartBbsystem mounted on a tractdrawn four
row toolbar. Granules were incorporated by using two pairs of rotary tines that straddled each row on the tool bar. A paire
set of tines was positioned ahead of each bander, and a second pair was mountedebgtzndlér drop zone of each row
unit. This system effectively stirred soil around the bases of sugarbeet seedlings and incorporated granules as the unit
passed through each plot.

YM



All postemergence sprayable liquid applications in these two experiments were delivered as broadcasts. All
applications of Pilot 4E in Study | were made on June 4 (i.e., 3 days before SBRM peak fly activity). Single applications of
Pilot 4E and Mustang &kx in Study Il were applied on June 5 (i.e., 2 days before peak fly), whereas, split applications of
Pilot 4E in were made 10 days apart on June 3 and 13 (i.e., 4 days before and 6 days after SBRM peak fly activity). Sprays
were applied from a tractonounted CG-propelled spray system equipped with arftildioom that was calibrated to
deliver a finished spray output volume of 10 GPA through TE&Jat001VS nozzles.

Root injury ratings Sugarbeet root maggot feeding injury was assessed for these experiments on August 7 (Study
I) and August 11 (Study Il). Rating procedures consisted of randomly collecting ten sugarbeet roots (i.e., five from each of
the outer two treated rows) per ploandwashing them in a bucket of water, and scoring each in accordance with the 0 to 9
root injury rating scale (0 = no scarring, and 9 = over ¥ of the root surface blackened by scarring or dead beet) of Campbell
et al. (2000).

Harvest Treatment performance was also compared on the basis of sugarbeet yield parameters. Study | was
harvested on October 8, and Study Il was harvested on October 2. Foliage was removed from plots immediately before
harvest by using a commercigdade mechnical defoliator. All beets from the center two rows of each plot were extracted
from soil using a mechanical harvester, and weighed in the field using a digital scale. A representative subsath®le of 12
beets was collected from each plot anat $e the American Crystal Sugar Company Tare Laboratory (East Grand Forks,
MN) for sucrose content and quality analysis.

Data analysis All data from root injury ratings and harvest samples were subjected to analysis of variance
(ANOVA) using the general linear models (GLM) procedure (SAS Institute 2025), and treatment means were separated
using Fisher 6s pr oetrencet(lSH) tekt ata 6.05 legel of sighifficancea nt  di f f

Results and Discussion:

Study | Results from sugarbeet root maggot feeding injury ratings for Study | are presented in Table 1. The level
of root injury sustained by roots in the untreated check plots (mean = 5.93 on the 0 to 9 scale of Campbell et al. [2000])
suggested that a modexe&EBRM infestation was present for the experiment. Significantly lower levels of SBRM feeding
injury were recorded in all insecticigeotected treatments in Study | when compared to the untreated check. This showed
that all insecticide treatments, inding the stan@lone treatments of either Counter 20G or Poncho Beta seed treatment, as
well as the multipleeomponent insecticide combinations, provided significant levels of protection from SBRM feeding
injury.

The greatest root protection (i.e., lowest overall SBRM larval injury) in Study | occurred in plots treated at planting
with Counter 20G at its high (8.9 Ib product/ac) rate, then subsequently treated with a dual postemergence insecticide
program comprisedf Thimet 20G at its high rate (7 Ib product per acre, applied 5 days before SBRM peak fly activity) that
was followed by a broadcast spray of Pilot 4E at its maximum labeled rate of 2 pts of product per acre at Jodaks pre
Although that treatmenustained the lowest average SBRM feeding injury, it was not statistically superior to the following
entries that also provided excellent root protection:

1) Counter 20G (7.5 Ib/ac,-glant band) + Thimet (7 Ib/ac, 5d ppeak) + Pilot 4E (2 pts/ac, 3d ppeak;
2) Poncho Beta + Counter 20G (8.9 Ib/aecpknt band) + Thimet (7 Ib/ac banded, 5d before peak); and
3) Counter 20G (8.9 Ib/ac,-alant band) + Thimet (7 Ib/ac banded, 5d before peak)

The remaining entries in this experiment performed at similar levels with respect to protection from root maggot
feeding injury, irrespective of whether comprised of single, dual, or+oaotiponent treatments. The relative infrequency
of statistically sjnificant differences in SBRM feeding injury among treatments in this experiment could either be a result
of inter-plot variability or an artifact of the moderate root maggot infestation that developed in the plot area.
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Table 1. Larval feeding injuryin an evaluation of planting-time insecticide granules or seed treatments,
combined with postemergence insecticides, for sugarbeet root maggot control, St. Thomas, ND, 2025 (Study I)
Rate Rate Rootinjur

Treatment/form. Placement (product/ac) (Ib a.i./ac) (0_91) y

Counter 20G + B 8.91b 1.8

Thimet 20G + 5 d Prepeak Post B 71b 14 2.95d

Pilot 4E 3 d Postpeak Broadcast 2 pts 1.0

Counter 20G + B 751b 15

Thimet 20G + 5 d Prepeak Post B 71b 14 3.40 cd

Pilot 4E 3 d Postpeak Broadcast 2 pts 1.0

Poncho Beta + Seed 68 g a.i./ unit seed

Counter 20G + B 8.91b 1.8 3.60 bcd

Thimet 20G 5 d Prepeak Post B 71b 1.4

Counter 20G + B 8.91b 1.8 4.00 bed

Thimet 20G + 5 d Prepeak Post B 71b 1.4 )

Poncho Beta + Seed 68 g a.i./ unit seed

Counter 20G + B 751b 15 4.10 be

Thimet 20G 3 dPrepeak Post B 71b 1.4

Poncho Beta + Seed 68 g a.i./ unit seed 4.95 be

Counter 20G B 8.91b 1.8 )

Counter 20G + B 7.51b 15 4.30 be

Thimet 20G + 5 d Prepeak Post B 7 1b 14 )

Poncho Beta Seed 68 g a.i.lunit seed 4.40 bc

Poncho Beta + Seed 68 g a.i./ unit seed

Thimet 20G + 5 d Prepeak Post B 71b 14 4.45 be

Pilot 4E 3 d Prepeak Post B 2 pts 1.0

Counter 20G B 8.91b 1.8 4.60b

Poncho Beta + Seed 68 g a.i.lunit seed 470 b

Thimet 20G + 5 d Prepeak Post B 71b 1.4 )

Check 5.93a

LSD (0.05)

Means within a column sharing a letter are not significaftlg 0 . 0 5)

di fferent

8 = 5inch band; Post B =-#hch postemergence band; Seed = insecticidal seed treatment

from each

ot her

(Fisher

Yield data from Study | are presented in Table 2. Most insecticide treatments in this experiment resulted in

statistically significant increases in recoverable sucrose yield when compared to the untreated@hehbakhest

recoverable sucrose yield in this trial was produced by plots treated at planting with Counter 20G at its moderate (7.5 Ib
product/ac) rate, then subsequently treated with a dual postemergence insecticide program comprised of Thimet 20G at its
high rate (7 Ib product per acre, appliedays before SBRM peak fly activity) and a broadcast spray of Pilot 4E at its
maximum labeled rate of 2 pts of product per acre at 3 dayggale This top performer in the trial generated a gross

revenue (not including product or application costs}23036 per acre, which was $522/ac greater gross economic return

than that recorded for the untreated check.

The following entries in Study | also provided excellent yields and gross economic returns, and were not
statistically outperformed in relation to sucrose yield or root tonnage by the aforementiopedftoming treatment (i.e.,
Counter 20G at planting/[5 Ib/ac] + Thimet 20G [5d before peak fly, 7 Ib/ac] + Pilot 4E [2 pts/ac, 3pgak]):

1) Poncho Beta + Counter 20G (8.9 Ib/ac, banded at planting) + Thimet 20G (7 Ib/ac, 2d before peak fly);
2) Poncho Beta + Thimet 20G (7 Ib/ac, 2d before @gak+ Pilot 4E (2 pts/ac, 3d prpeak;

3) Counter 20G (8.9 Ib/ac, banded at planting) + Thimet 20G (7 Ib/ac, 5d before peak fly);

4) Poncho Beta + Counter 20G (8.9 Ib/ac, banded at planting); and

5) Poncho Beta.

Although these control programs resulted in numerically lower gross economic return than the aforementioned top
yielding treatment, they still generated between $335 and $490/ac more gross revenue than that recorded for the untreated
check plots. Additioally, these revenue increases would have easily paid for the product and application costs associated
with their use, and also would have provided excellent net returns in revenue per acre for a producer.
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Table 2. Yield parameterdrom an evaluation of planting-time insecticide granules or seed treatments,
combined with postemergence insecticides, for sugarbeet root maggot confr8t. Thomas, ND, 2025 (Study 1)
Treatment/ Rate Rate SU.C rose R.OOt Sucrose Gross
form Placement (producy/ac) (b a.i./ac) yield yield (%) return
) " (Ib/ac) (T/ac) ($/ac)
Counter 20G + B 7.51b 15
Thimet 20G + 5 d Prepeak Post B 71b 14 13,377 a 38.9a | 1827a | 2,036
Pilot 4E 3 d Postpeak Broadcas 2 pts 1.0
Poncho Beta + Seed 68 g a.i./ unit seed
Counter 20G + B 8.91b 1.8 13,374 a 394a | 1812a | 2,004
Thimet 20G 5 d Prepeak Post B 71b 14
Poncho Beta + Seed 68 g a.i./ unit seed
Thimet 20G + 5 d Prepeak Post B 71b 14 13,139 a 38.4a | 18.24a | 1,990
Pilot 4E 3 d Prepeak Post B 2 pts 1.0
Counter 20G + B 7.51b 15
Thimet 20G + 5 d Prepeak Post B 71b 14 12,866 ab 875a | 183la | 1,951
Poncho Beta + Seed 68 g a.i./ unit seed
Counter 20G B 8.9 b 9 18 12,797 ab| 37.1ab| 18.39a | 1,957
Poncho Beta Seed 68 g a.i./unitseed 12,662ab | 379a | 17.98a | 1,849
Counter 20G + B 8.91b 1.8
Thimet 20G + 5 dPrepeak Post B 71b 14 11,761 bc | 33.4bc| 18.68a | 1,849
Pilot 4E 3 d Postpeak Broadcas 2 pts 1.0
Poncho Beta + Seed 68 g a.i./ unit seed
Counter 20G + B 751b 15 11,550 bc | 33.4bc| 1840a | 1,776
Thimet 20G 3 d Prepeak Post B 71b 14
Counter 20G + B 8.91b 1.8
Thimet 20G + 5 d Prepeak Post B 71b 1.4 11075¢cd | 324cd] 1820a | 1,671
Poncho Beta + Seed 68 g a.i./ unit seed
Thimet 20G + 5 d Prepeak Post B 71b ’ 14 10,863 cd 81.6cd) 18.28a | 1,657
Counter 20G B 8.91b 1.8 10,417 cd 29.8cd| 1860a | 1,621
Check 9,867 d 285d | 1837a | 1514
LSD (0.05) 1363.9 3.98 NS

Means within a column sharing a letter are not significaftly0 . 05) di f ferent from each other (Fisher
88 = 5inch band; Post B =-ihch postemergence band; Seed = insecticidal seed treatment

Root injury rating data in Study Il also indicated that there was no major benefit by using sgditngogence
applications of Pilot 4E, because there were no significant differences among either Counter 20G or Poncho Beta based
treatment combinations weh Pilot was applied either once at its full labeled rate (2 pts/ac) or the moderate rate of 1 pt
product per acre. This suggests that, under moderate SBRM pressure such as that present for this study, input costs could
be saved by simply making a wdilined single application of Pilot 4E or a similar postemergence sprayable liquid
insecticide.

Trends in Study | indicated that, despite the relatively moderate SBRM infestation pressureginiptsent
insecticide programs generated numerically more sucrose yield, root tonnage, and gross revenue thampigat
programs, although the difiences were not always statistically significant. Interestingly, in tdplaponent programs
that involved Counter 20G at planting, followed by Thimet 20G and a falipwpplication of Pilot 4E, applying the
Counter at its moderate (7.5 Ib/ac) rate rieglin statistically greater recoverable sucrose and root yields than when the
Counter was applied at its high label rate of 8.9 Ib product per acre. This was also the case with gross revenue returns,
which were $187/ac greater when thekant applicatbn of Counter was made at the moderate rate instead of the
maximum rate.

Study Il Similar to the results from Study I, evaluations of SBRM larval feeding injury in Study Il indicated that a
moderate SBRM infestation developed for this trial. This was supported by the moderate level of feeding injury (i.e., 6.25
rating on the 0 to Scale) recorded for the untreated check plots (Table 3). All inseetreidted entries in Study |l
provided significant reductions in SBRM feeding injury when compared to the untreated check, however, there were very
few significant differencei root protection among insecticide treatments.

The treatment combination involving Counter 20G applied at planting at its maximum labeled rate (8.9 Ib product
per acre) and combined with a single postemergence application of Pilot 4E at its high rate (2 pts/ac) provided the greatest
level of protectiorfrom SBRM feeding injury (i.e., lowest root ratings) in Study Il. However, that treatment was not
statistically different from a similar combination that involved the same higH{Brate of Counter at planting, combined
with a postemergence appliaatiof Pilot at the lower rate of 1 pt product per acre.
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Similarly, the aforementioned tgmerforming treatment combination of Counter at 8.9 Ib plus Pilot at its high) (ate

was not statistically different in regard to root protection against SBRM larval damage from the combination comprised of
using Ponch Beta treated seed and following with-at2application of Pilot 4E at postemergence. However, when the rate
of Pilot 4E in the latter combination was reduced to 1 pint per acre, it allowed significantly greater SBRM feeding injury on
roots.

Table 3. Larval feeding injuryfrom an evaluation of planting-time insecticide granules or seed treatments,
combined with postemergence liquid insecticide sprays, for sugarbeet root maggot contr@t. Thomas, ND,
2025 (Study 1)
Rate Rate Root injur

Treatment/form. Placement (product/ac) (b a.i./ac) (0-91) g
Counter 20G + B 8.91b 1.8 3.75d
Pilot 4E 2 d Prepeak Broadcast 2 pts 1.0 )
Counter 20G + B 751b 15
Pilot 4E + 4 d PrepeakBroadcast 1pt 0.5 4.28 cd
Pilot 4E 6 d Postpeak Broadcast 1pt 0.5
Counter 20G + B 891b 1.8 4.98 cd
Pilot 4E 2 d Prepeak Broadcast 1pt 0.5 )
Poncho Beta + Seed 68 ga.i./ unit seed
Pilot 4E + 4 d Prepeak Broadcast 1pt 0.5 4.33 bed
Pilot 4E 6 d Posipeak Broadcast 1pt 0.5
Poncho Beta + Seed 68 g a.i./ unit seed 4.33 bed
Pilot 4E 2 d Prepeak Broadcast 2 pts 1.0 )
Counter 20G + B 7.51b 15 4.45 bed
Pilot 4E 2 d Prepeak Broadcast 2 pts 1.0 )
Poncho Beta + Seed 68 g a.i./ unit seed 4.68 be
Pilot 4E 2 d PrepeakBroadcast 1pt 0.5 )
Poncho Beta Seed 68 g a.i./ unit seed 4.88 bc
Counter 20G + B 7.51b 15 4.88 be
Mustang Maxx 2 d Prepeak Broadcast 4 floz 0.025 )
Counter 20G B 8.91b 1.8 5.13 bc
Counter 20G + B 751b 15 5.18 b
Pilot 4E 2 dPrepeak Broadcast 1 pt 0.5 )
Check 6.25a
LSD (0.05) 0.892

Means within a column sharing a letter are not significaftly0 . 05) di f ferent from each other (Fisher

88 = 5inch atplant band; Seed = insecticidal seed treatmentPRek = before sugarbeet root maggot peak fly activity.

Yield results for Study Il are presented in Table 4. Corresponding to the results from the SBRM feeding injury
rating data, the yield analyses showed that nearly all insecticide programs provided significant increases in botheecoverabl
sucrose yield antbot tonnage in this trial.

One trend that was apparent in the yield data from this trial was that higher yields and gross revenues were
generally more common in treatment combinations that involved Poncho Beta insdotiatdd seed as the@ant
component. For example, the h&st overall recoverable sucrose yield in Study Il was observed in plots initially protected
at planting with Poncho Beta seed treatment plus a postemergence foliar application of Pilot 4E at its moderate (1 pt/ac)
rate. Interestingly, that treatment camdtion produced numerically greater recoverable sucrose yield and root tonnage
than a similar combination of Poncho Béteated seed that was followed by two postemergence applications of Pilot 4E,
also applied at 1 pt/ac. That finding suggests twagthirFirst, it indicates that, under moderate SBRM infestation levels
such as that which developed for this trial, it may not be necessary to use the maximum rate of Pilot 4E (or a similar
insecticide) to achieve excellent root maggot control while alsdyming excellent yields and revenue. Secondly, these
results also suggest that a wiihed single postemergence insecticide spray can be sufficient for good control under
moderate SBRM infestations. The only treatments that failed to result in sigihifecoverable sucrose and root yield
increases in Study Il were the staaldne treatment of Counter 20G at its high (8.9 Ib/ac) rate and the combination
treatment of Counter 20G at its moderate{B)5ate plus a postemergence application of Pilotadéfy applied at its
respective moderate rate of 1 pt/ac.

The results of Studies | anddemonstrate the economic importance ofghgarbeetoot maggot as an economic
pest of sugarbeet in the Red River Valley. Economic benefits of effective SBRM management can easily exceed $500 per
acre, even under moderate infestation levAls.such, the development implementation of effective control tools will
continue to be critical to sustaining the profitability of sugarbeet production and
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maximizing economic returns in areas affected by this pest. The overall results of these trials also show that, by combining
at-plant insecticide protection involving either a granular insecticide such as Counter 20G or an insecticidal seed treatment
(e.g, Poncho Beta, Cruiser, or Nipslt Inside), and combining it with a postemergence rescue insecticide (e.g., Thimet 20G
or Pilot 4E) application can result in effective SBRM management and profitable sugarbeet production in areas affected by
this pest.

Table 4. Yield parameterdrom an evaluation of planting-time insecticide granules or seed treatments,
combined with postemergence liquid insecticide sprays, for sugarbeet root maggot contr8t. Thomas, ND, 2025
(Study 11)

Treatment/ Placement Rate Rate S;glzse ;gﬁ; Sucrose rcgtrgrsns

i 0,
form. (product/ac) (Ib a.i./ac) (Ib/ac) (T/ac) (%) ($/ac)

Poncho Beta + Seed 68 g a.i./ unit seed
Pilot 4E 2 d Prepeak Broadcast 1pt 0.5 12,744 a 886ab | 17.70a 1,829
Poncho Beta + Seed 68 g a.i./ unit seed
Pilot 4E + 4 d Prepeak Broadcast 1pt 0.5 12,669 a 39.3a 17.33 a 1,757
Pilot 4E 6 d Postpeak Broadcast 1pt 0.5
Poncho Beta + Seed 68 g a.i./ unit seed
Pilot 4E 2 d Prepeak Broadcast 2 pts 1.0 12,150 ab | 37.2abc | 17.55a 1,720
Counter 20G + B 751b 15
Pilot 4E 2 d Prepeak Broadcast 2 pts 1.0 11,710bc | 34.8cf 17.93a 1,728
Poncho Beta Seed 68 g a.i./ unitseed 11,651 bcd | 35.8bcd | 17.52 a 1,640
Counter 20G + B 8.91b 1.8
Pilot 4E 2 d Prepeak Broadcast 2 pts 1.0 11,410ke | 344¢g | 17.71a 1,649
Counter 20G + B 751b 15
Pilot 4E + 4 d Prepeak Broadcast 1pt 0.5 11,341 be | 35.6be | 17.18a 1,539
Pilot 4E 6 d Postpeak Broadcast 1pt 0.5
Counter 20G + B 751b 15
Mustang Maxx 2 d Prepeak Broadcast 4 floz 0.025 10,907 cde | 32.6¢eh | 17.93a 1,600
Counter 20G + B 8.91b 1.8
Pilot 4E 2 d Prepeak Broadcast 1pt 0.5 10,707de | 32.21gh | 17.80a 1,557
Counter 20G + B 7.51b 15
Pilot 4E 2 d Prepeak Broadcast 1pt 0.5 10,590 ef 8l4gh | 18032 1572
Counter 20G B 8.91b 1.8 10,565 ef 32.8dh | 17.34a 1,458
Check 9,662 f 30.2h 17.18 a 1,321
LSD (0.05) 958.1 3.17 NS

Means within a column sharing a letter are not significaftlg0 . 05) di fferent from each ot her

8 = 5inch atplant band; Seed = insecticidal seed treatmentPRek = before sugarbeet root maggot peak fly activity.

(Fisher
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Introduction:

Combining pesticide and fertilizer products into complex spray mixtures for a single implement pass through the
field can be a valuable, input cost saving strategy for producers. Although this practice has become somewhat
commonplace on many farms for hqilantingtime operations and after emergence of the crop, the impacts of such
combinations on plant health or pest control efficacy should be thoroughly investigated before they are recommended for
implementation on the farm.

Several insect pests, including wireworms, springtails, white grubs, and the sugarbeet roo( 82RNbt
Tetanops myopaeform{Roder) are annual threats to sugarbeet production in the Red River Valley (RRV) growing area.
These roofeeding pests are often controlled by applying a prophylactic insecticide during sugarbeet plantingpl&hts at
protection usually involves agnular or sprayable liquid insecticide, insectieidEated seed, or a combination of these
tools. In situations where high SBRM fly activity and associated larval feeding pressure are expected, most producers also
supplement the initial gilant insecti@e(s) with a postemergence granular or sprayable liquid insecticide application.

Fungicides are sometimes also used to managba@uik root diseases of sugarbeet such as Rhizoctonia damping
off and Rhizoctonia crown and root rot, both of which are all caused by the patRbigectonia solanKihn. Similar to
the insecticides used to manage ffe@ding insect pests, fungicides targeting Rhizoctonia management in sugarbeet also
can be delivered as plantitighe and/or earhseason postemergence applications. Starter fertilizer, applieahéibgl
time, is also commonly used by RRJgarbeet producers. However, little is known about the crop safety of combining
these applications or if they either complement or impair pesticide performance. If demonstrated as safe for the crop and
have a neutral or positive impact on pest comasformance, consolidating the delivery of these products intertaxéd
combinations or concurrent (i.e., singlass) applications would provide major time savings and reduce application
associated input costs for sugarbeet growers.

Two experiments, one focused on planttilge combinations and one on postemergence tank mixtures, were
carried out to evaluate the impact of multicomponent application systems on sugarbeet seedling emergence, plant health,
and resulting harvest yield and qityal Several treatment combinations, based on the following application groupings, were
evaluated within these experiments:

1) Counter 20G insecticide, banded at planting (7.5 lb or 8.9 |b product/ac) with a concurrently applied (i.e., at
same time through a separate delivery system) dribkfierrow application of 1684-0 or 624-6 starter fertilizer,
either with or withoutAZteroid (azoxystrobin) fungicide; and

2) Pilot 4E (chlorpyrifos) or Mustang Maxx (zetgpermethrin) insecticide applied as a postemergence band in a
tank mixture with either Elatus (azoxystrobin and benzovindiflupyr), Excalia (inpyrfluxam), or Quadris
(azoxystrobin) fungicide.

Materials and Methods:

This project involved two experiments (i.e., Study | and Study Il) that were conducted during the 2025 growing
season at the NDSU Prosper Experiment Farm near ProspealiCass County, ND. Plots were plantedMay 27,
2025, anBetaseed 8018 glyphosétderant seed was used for all treatments in both experimentsio Blonosem NG
Plus 4 7x7 planter set to deliver seed at a depth of 1% inch and a rate of one seed every 4% inches of row length was used to
plant the trial. Plat were six rows (2ihch spacing) wide by 35 ft long with the four centermost rows treated. The outer
fifguardo row on each side of t h-Bve-jodttllded, phrfree alays were manminedn t r e a
between replicates throhgut the growing season. Both experiments were arranged in a randomized complete block design
with four replications.
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Plantingtime applications Plantingtime applications of Counter 20G (both experiments) were applied by using
band (B) placement (Boetel et al. 2006), which consistedinf!b swaths of granules delivered through GaMdpw
banders. Granular application rates were regulated by using ptaoteited SmartBd¥' electronic insecticide delivery
system that had been calibrated on the planter before all applications.

Plantingtime liquid spray applications (Study 1) were delivered by using dribblernow (DIF) placement.
Dribble in-furrow treatments were applied in a 3:2 gallon ratio of three galloi®&Dstarter fertilizer to two gallons water
spray solution,md t he applications were made by orienting a micr
furrow. Pressurized CQwas used to propel spray output through the delivery system that was equipped with inline
Teejet™ No. 24 orifice plates to &eve a finished output volume of five gallons per acre (GPA).

Postemergence insecticide applicatioAslditive postemergence insecticides applied in Study Il included Pilot 4E
and Mustang Maxx. Those applications, which included respective insedaidigspray solutions, as well as either Pilot
4E or Mustang Maxx insecticide with either Elatus, Exaadr Quadris fungicide, were made on June 24, which coincided
with most plants being in theldaf stage of development.

Postemergence liquid treatments were delivered with a tremtanted C@-propelled spray system equipped with
TeeJet” XR 110015VS nozzles. The system was calibrated to deliver a finished output volume of 10 GPA.
Postemergence granular insecticide output rates were regulated by using a SMayBm@m mounted on a tractdrawn
four-row toolbar, and placement of insecticide #mdh bands was achieved by using Kit¥zeow banders. Granules were
incorporated into the soil by using two pairs of mesghry tines that straddled each row. One pair of tines was positioned
ahead of each bander, and a second pair was mounted behind it.

Plant Stand CountsTo determine treatment impacts on seedling emergence and survival throughout the growing
season, surviving plant stands were counted in Study | on 26 June and 8 July, 2025 (i.e., 30 and 42 days after planting
[DAP], respectively, and counts were carraad in Study 1l on 8 and 18 July (i.e., 42 and 52 DAP). Plant stand
assessments involved counting all living plants within eaefi-88g row. Raw stand counts were then converted to plants
per 100 linear row feet for the analysis.

Harvest Treatment performance was also compared on the basis of sugarbeet yield parameters. All plots in both
experiments were harvested on September 16, 2025. Foliage was removed from plots immediately before harvest by using
acommercialgrade mechanical defoliator. All beets from the center two rows of each plot were extracted from soil using a
mechanical harvester and weighed in the field using a digital scale. A representative subsamp&hefet? was
collected from ede plot and sent to the American Crystal Sugar Company Tare Laboratory (East Grand Forks, MN) for
sucrose content and quality analysis.

Data analysis All data from plant stand counts, root injury ratings, and harvest samples were subjected to analysis
of variance (ANOVA) using the general linear models (GLM) procedure (SAS Institute 2025), and treatment means were
separ at ed us i n gastsigrsfibastdiffesence (LID) testat ae0d5 level of significance.

Results and Discussion:

Results from both Study | and Study Il are considered preliminary, as they are part ofyearyttioject and both
studies are anticipated to be repeated in at least one additional growing season. The results from two counts of surviving
plant stands irstudy |, presented in descending order of plant stands recorded at the final stand count (42 DAP), are shown
in Table 1. At the first stand count (30 DAP), all treatments had favorable plant stands that hovered around 210 to 220
plants per 100 linear rofeet; however, there were no significant differences between any of the treatments in this trial.
The highest average stand counts (i.e., 231.7 plants/100 row ft) in Study | were observed in plots treated at planting time
with Counter 20G at its moderatate of 7.5 Ib product per acre as a staluhe treatment (i.e., no fungicide or starter
fertilizer). Similarly, relatively high stands (i.e., 224.5 plants/100 row ft) were also observed in thalstamtteatment of
Counter 20G at its high labeleded8.9 Ib/ac). The lowest stands recorded at 30 DAP in Study I, although not
exceptionally low, occurred in the treatment comprised of Counter 20G insecticide at 7.5 Ib/ac applied concurrently with a
dribble infurrow (DIF) tank mixture of 84-6 starteffertilizer and AZteroid fungicide.
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Plant population patterns in the second stand count (42 DAP) were similar to those of the first count, including the
finding of no statistically significant differences in surviving plant stands between any of the treatments. The highest pla
stands reaaled in the experiment occurred in the treatment comprised of Counter 20G at 8.9 Ib/ac with a concurrent
application of 624-6 starter fertilizer (without fungicide). Other treatments with relatively high surviving plant densities
included the following1) Counter 20G insecticide applied at 8.9 Ib/ac concurrently with saPjiied tank mixture of-6
24-6 starter fertilizer and AZteroid fungicide; 2) Counter 20G at its moderate rate of 7.5 Ib product per acre aalangand
treatment (i.e., no fungicider starter fertilizer); and 4) Counter 20G at 8.9 Ib product per acre. The lowest average plant
stands in Study | were observed in the treatment combination of Counter 20G insecticide at 7.5 Ib/ac applied concurrently
with a tank mixture of €4-6 starte fertilizer and AZteroid fungicide. The untreated check plots produced plant stand
averages that remained roughly in the middle among all treatments, further supporting the indication that there were no
significant pesticide or fertilizer impacts on stuzet plant stand establishment or survival in this experiment.

Table 1. Plant stand count§rom an evaluation of azoxystrobin and starter fertilizers mixed with atplant
insecticides in the absence of insect pest pressuRFosper, ND, 2025 (Study |)
Rate? Rate Stand count

Treatment/form.2 Placement (product/ (b a.i./ac) (plants /100 ft)

ac) a 30 DAF 42 DAP®
Counter 20G B 891b 1.8
6.246 DIE 5 GPA 219.5a 228.3a
Counter 20G B 8.91b 1.8
AZteroid FC 3.3 + DIF 5.7 floz 0.15 2214a 225.0a
6-24-6 DIF 5 GPA
Counter 20G B 751b 15 231.7a 223.3a
Counter 20G B 8.91b 1.8 2245a 221.4a
Counter 20G B 8.91b 1.8
10-340 DIF 5 GPA 2071a 2188a
Counter 20G B 751b 15
6-24-6 DIE 5 GPA 221.7a 2179 a
Untreated 2176 a 216.7 a
Counter 20G B 751b 15
AZteroid FC 3.3 + DIF 5.7 floz 0.15 216.9a 216.4 a
10-34-0 DIF 5 GPA
Counter 20G B 751b 15
10-340 DIF 5 GPA 2169a 2l45a
10-34-0 DIF 5 GPA 2155a 214.3a
Counter 20G B 8.91b 1.8
AZteroid FC+ DIF 5.7 floz 0.15 213.1a 2136a
10-34-0 DIF 5 GPA
6-24-6 DIF 5 GPA 211.0a 213.3a
Counter 20G B 751b 15
AZteroid FC 3.3 + DIF 5.7floz 0.15 206.9 a 205.2 a
6-24-6 DIF 5 GPA

LSD (0.05) NS NS

Means within a column sharing a letter are not significaftly0 . 05) di fferent from each other (Fisheroés P
aAt-plant sprays were delivered in a-38-0 starter fertilizer/water carrier (3:2 gal,®ito fertilizer) at an output volume of 5 GPA.

bB = 5inch atplant band; Post B = postemergence band (k@cH width for granular productéf-inch width for sprayable liquid formulationd)iF =
dribble infurrow
‘Surviving plant stands were counted on June 26 and July 8, 2025 (i.e., 30 and 42 days after planting [DAP], respectively).

Yield datafrom Study | are presented in Table Phe yield data from this experiment should be interpreted with
the understanding it was planted later than a typical planting date for sugarbeet in RigeR&thlley growing area. As
such, yields of all treatments were accordingly lower than those a grower would usually achieve, but, the later planting date
did not appear to affect treatment comparisons or the overall outcomes in this study. Anajhteathigiimportant to
acknowledge, is that there were no statistically significant differences between any treatments in this experiment. However,
some interesting and somewhat concerning patterns were evident with some of the combination treatments.

The highest recoverable sucrose yield in the experiment was observed in plots that received Counter 20G at 8.9
Ib/ac and a concurrent application of380 starter fertilizer. However, in a similar treatment that also involved Counter at
8.9 Ib/ac, but were AZteroid was tank mixed with the-3@-0 starter fertilizer, recoverable sucrose yield was reduced by
3.4%. Although that difference was relatively small, the inclusion of AZteroid resulted in a
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gross revenue reduction of $100/acre. That disparity was not observed by adding AZteroid fungicide in a similar scenario
when Counter was applied at the moderate (7.5 Ib/ac) rate along with a concurrent applicatidd-offéqilizer. A

similar patten was also observed in plots treated with Counter 20G at its high rate2drgl &arter fertilizer. In that

scenario, recoverable sucrose was reduced by 7.8% when AZteroid was tank mixed wRHd-Ghstérter fertilizer.

Although the difference washstatistically significant, the yield disparity that occurred from adding the fungicide was

$162 per acre.

Table 2. Yield parametergrom an evaluation of azoxystrobin and starter fertilizers mixed with atplant
insecticides in the absence of insect pest pressuRFosper, ND, 2025 (Study )
Sucrose Root Gross
Treatment/form. Placement I?jate:/ IbRa_t;e yield yield Su;rose return
(productiac) | (Ib a.i./ac) (blacy | (t/ac) | ¥ ($/ac)
fg‘ég}gr 20G DIIBF 58.(2;?\ %_'? 9,017.0a | 31.4a | 1587a 1004
g‘;‘fger 20G D?F 58gF',bA 18 89949a | 319a | 1569a | 961
10-34-0 DIF 5 GPA 8,972.1a 32.0a | 15.56a 947
6-24-6 DIF 5 GPA 8,789.5 a 32.2a | 15.21a 859
Counter 20G B 891b 1.8
AZteroid FC+ DIF 5.7 floz 0.15 8,714.9 a 31.3a 15.57 a 904
10-340 DIF 5 GPA
Counter 20G B 751b 1.5 8,677.1a 306a | 15.75a 939
Counter 20G B 751b 1.5
AZteroid FC 3.3 + DIF 5.7 floz 0.15 8,672.5a 305a | 15.73a 940
6-24-6 DIF 5 GPA
Counter 20G B 751b 1.5 15.58 a 911
6-24-6 DIF 5 GPA 86623a | 309a
fggjfgr 206 o g gF','Z 15 85792a | 3lla | 1532a| 867
Counter 20G B 751b 1.5
AZteroid FC 3.3 + DIF 5.7 floz 0.15 8,575.0 a 309a 15.46 a 878
10-340 DIF 5 GPA
Counter 20G B 8.91b 1.8 8,471.7 a 296a | 15.86a 935
Counter 20G B 891b 1.8
AZteroid FC 3.3 + DIF 5.7 fl oz 0.15 8,297.4 a 306a | 15.11a 799
6-24-6 DIF 5 GPA
Untreated - 8,109.0 a 29.7 a 16.26 a 800
LSD (0.05) NS NS NS

Means within a column sharing a letter aresignificanty #=0. 05) di fferent from each other (Fisheroés P
aAt-plant sprays were delivered in a-38-0 starter fertilizer/water carrier (3:2 gal,®ito fertilizer) at an output volume of 5 GPA.

bB = 5inch atplant band; Post B = postemergence band (k@cH width for granular productéf-inch width for sprayable liquid formulationd)iF =

dribble infurrow

Data from counts of surviving plant stands for Study Il are presented in Table 3. As mentioned in the Materials &
Methods section of this report, all insecticigleated entries in Study Il were treated at planting with Counter 20G at its
high rate of 8.9b of product per acre. It should also be noted that the treatments in Table 3 are listed in descending order
of plant density at the second plant stand count.

Plant densities at the first stand count (42 days after planting [DAP]) ranged between about 227 and 234 plants per
100 row ft among treatments. The highest ptahds were recorded in plots that received the postemergengaitank
combination of Pilot 4E insecticide at 2 pts per acre plus Elatus fungicide (7.1 fl oz/ac); however, there were notsignifican
differences in surviving plant stands between this enmtyyod the other treatments in this experiment, including the
untreated check. The untreated check plots had the lowest (numerically) average stand counts in the experiment, suggesting
the possibility of a minor infestation of soil insect pests being ptésehe plot area. This is supported by the results of
our preplant soil sampling for springtails (data not shown), which indicated the presence eéeamamic springtail
infestation. The results of the second stand count date (52 DAP), werémitay t® those from the first count in that there
were no significant differences in surviving plant stands between any of the treatments, suggesting that neififenthe at
application of Counter 20G at its maximum labeled rate, nor any of the pog&aroerinsecticides or insecticide/fungicide
tank mixtures had any major impact on survivability of sugarbeet plants.
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Table 3. Plant stand count§rom an evaluation of postemergenc@&pplied foliar insecticide-fungicide tank
mixtures, Prosper, ND, 2025 (Study 1)

Rate Rate Stand count
Treatment/form. Placement (product/ (b a.i./ac) (plants / 100 ft)

ac) B 42 DAF 52 DAF*
Counter 20G B 8.91b 1.8
Pilot 4E + 10-inch Post band 2 pts 1.0 2343 a 249.6 a
Excalia 0.64 oz 0.01
Counter 20G B 8.91b 1.8
Mustang Maxx + 10-inch Post band 4 floz 0.025 2336 a 2429 a
Quadris 10 fl oz 0.16
Counter 20G B 8.91b 1.8
Pilot 4E 10-inch Post band 2 pts 1.0 237.1a 237.1a
Counter 20G B 891b 1.8
Mustang Maxx 10-inch Post band 4 fl oz 0.025 22962 234.6a
Counter 20G B 891b 1.8
Pilot 4E + 10-inch Post band 2 pts 1.0 2289 a 2329 a
Elatus 7.11loz 0.2
Counter 20G B 891b 1.8
Pilot 4E + 10-inch Post band 2 pts 1.0 2239a 2329a
Quadris 10 fl oz 0.16
Counter 20G B 8.91b 1.8
Mustang Maxx + 10-inch Post band 4 fl oz 0.025 238.6 a 2325a
Excalia 0.64 oz 0.01
Counter 20G B 8.91b 1.8 2339a 231.1a
Counter 20G B 8.91b 1.8
Mustang Maxx + 10-inch Post band 4 fl oz 0.025 2246 a 228.6 a
Elatus 7.1floz 0.2
Untreated 226.8 a 2186 a

LSD (0.05) NS NS

Means within a column sharing a letter are not significaftly0 . 05) di fferent from each other (Fisheroés P
88 = 5inch atplant band; Post band = postemergence band
bSurviving plant stands were counted on July 8 and July 18, 2025 (i.e., 42 and 52 days after planting [DAP], respectively).

Yield results from this experiment are presented in Table 4. As noted for Study | results, the yields recorded for all
treatments in Study |l were also somewhat lower than those a grower would typically achieve because Study Il was also
planted later thatypical for sugarbeet production in the Red River Valley growing area. However, all treatments in the
experiment were treated identically, so any observed relative differences among treatments should be reflective of what a
grower could experience in ammercial production field.

The highest average recoverable sucrose yield in Study Il was recorded in plots that received tbenspayient
treatment of Counter 20G at 8.9 Ib per acre, without an accompanying postemergence spray. Treatments in which
significantly lower recoverablsucrose yields were recorded than that for the stkomee Counter application included the
following: 1) Counter 20G at planting followed by a postemergence tank mixture of Pilot 4E (2 pts/ac) plus Excalia (0.64 fl
oz/ac); and 2) Counter 20G at plantfiofjowed by a postemergence tank mixture of Pilot 4E (2 pts/ac) plus Quadris (10 fl
oz/ac). The lowest recoverable sucrose yield and root tonnage were recorded in plots that received the base treatment of
Counter at planting and a postemergence tankumgxtomprised of Pilot 4E plus Quadris. This combination produced
significantly lower sucrose yield and root tonnage than any other treatment in the experiment, suggesting that it should not
be used by producers in their postemergence insect and pkasaimanagement practices. Other trends observed in the
experiment suggest that, overall, Mustang Maxx appeared to be a slightly safer postemergenoegartker than Pilot
4E with the three fungicides evaluated in this study. Another slight tredenévn these data was that Elatus fungicide
appeared to be a safer fungicide tank mix partner with Mustang Maxx and Pilot 4E than Quadris, and that Excalia was
intermediate in tank mixture safety between Elatus and Quadris.

Thedata from both Study | and Il are considered preliminary because they involve results from just one year of
information from a single location. As such, these experiments should be, and are expected to be repeated. The complete
lack of statistically sigificant differences in stand counts and yield parameters among treatments in Study | at least
suggests that there may not be major risks of consistent revenue losses resulting from the treatment combinations evaluated
in that experiment.
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Yield impacts from some of the treatments in Study Il suggest at least caution when thinking about combining
postemergence foliar applications of insecticide/fungicide tank mixtures, especially when either Pilot 4E insecticide or
Quadris fungicide might beonsidered. Applying that combination at the rates used resulted in significant yield reductions
and revenue losses that amounted to $147/ac when compared to the untreated check and $238/ac when compared to the
Counteronly base plantingime treatment.lt should be noted that both of these experiments were conducted in the absence
of a measurable insect pest infestation. In addition to repeating this study under sirgkst eanvironments, the net
impacts of the treatment combinations tested shalgll be evaluated under economically significant insect pest (e.g.,
sugarbeet root maggot or springtail) pressure and possibly also root disease pressure to more fully understand the crop
safety and pest management capability of these treatment comtwnatio

Table 4. Yield parametergrom an evaluation of postemergencapplied foliar insecticide-fungicide tank
mixtures, Prosper, ND, 2025 (Study II)
Rate Rate Sucrose Root Sucrose Gross
Treatment/form. PI s . ield ield return
acemen (product/ac) (Ib a.i./ac) (?/b Jac) (}'/I' Jac) (%) ($/ac)
Counter 20G B 8.91b 1.8 8815.9 a 30.9ab| 15.68a 968
Counter 20G B 891b 1.8
Mustang Maxx 10-inch Post band 4floz 0.025 8767.3 ab 3l.7a 15.37a 890
Counter 20G B 891b 1.8
Mustang Maxx + 10-inch Post band 4 fl oz 0.025 8673.7 ab 31.3ab| 15.39a 887
Elatus 7.1floz 0.2
Counter 20G B 8.91b 1.8 8587.8 ab 31l5a 15.34 a 844
Mustang Maxx + 10-inch Post band 4 floz 0.025
Excalia 0.64 oz 0.01
Counter 20G B 8.91b 1.8 8548.9 ab 3l4a 15.20 a 832
Pilot 4E 10-inch Post band 2 pts 1.0
Untreated 8453.3 ab 30.3ab| 15.58a 877
Counter 20G B 8.91b 1.8
Mustang Maxx + 10-inch Post band 4 fl oz 0.025 8373.4 ab 29.9ab| 15.64a 880
Quadris 10fl oz 0.16
Counter 20G B 891b 1.8
Pilot 4E + 10-inch Post band 2 pts 1.0 8354.9 ab 29.8ab| 15.61a 876
Elatus 7.1floz 0.2
Counter 20G B 8.91b 1.8
Pilot 4E + 10-inch Post band 2 pts 1.0 8082.0b 29.2b 15.43 a 824
Excalia 0.64 oz 0.01
Counter 20G B 8.91b 1.8
Pilot 4E + 10-inch Post band 2 pts 1.0 70109 c 251c 15.50 a 730
Quadris 10 fl oz 0.16
LSD (0.05) 724.22 2.16 NS
Means within a column sharing a letter are not significaftly0 . 05) di fferent from each other (Fisheros P

88 = 5inch atplant band; Post band = postemergence band
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Introduction :

Thesugarbeet root magg@BRM), Tetanops myopaeform{Rdder) is a serious economic insect pest of
sugarbeet in thRed River Valley (RRVproduction area that borders North Dakota and Minnesota. For several decades,
growers that produce sugarbeet in the United States have had a limited number of insecticide tools currently registered by
the U.S. Environmental Protection Agency (EPA) for aging the SBRM. Another concern has been that, of the small
number of insecticide options available for insect management in sugarbeet, the most widely used insecticides for
controlling the SBRM and other insect pests during that time have belongedsamnthdnsecticide action mode (i.e.,
acetylcholinesterase [ACHE] inhibition). In areas where economically damaging SBRM infestations develop on an annual
basis, a common control approach involves two to three applications of A@liiing insecticides vthin the same
growing season to protect the crop from major economic loss. Thigdomgpattern of repeated use of ACHE inhibitors
for root maggot control has exerted intense selection pressure for the development of insecticide resistance to these
insecticides in RRV root maggot populations. Therefore, research is needed to develop alternative tools for SBRM
management for preserving the letegm sustainability and profitability of sugarbeet production for growers affected by
this pest. This experiemt was carried out to screen several insecticide products that are either negfieeed at all, or
are not currently registered for use in sugarbeet, for efficacy against sugarbeet root maggot in the RRV growing area.

Materials and Methods:

This experiment was conducted on a groaened field site near St. Thomas (Pembina County), ND during the
2025 growing season. Planting was done on May 7 with glyphossitgant seed (i.e., Betaseed 8018) by usingoavé
Monosem NG Plus 4 7x7 plantest4o deposit seed at 1% inch depth and a rate of one seed every 4% inches of row length.
Plots were sixrows (22 nch spacing) wide with the four centermost ro
and six on the planter) on each side & ot served as untreated buffers. Each plot was 35 feet long, dinot 3fed
alleys were maintained between replicates throughout the growing season. The experiment was arranged in a randomized
complete block design with four replications of theatments.

Plantingtime insecticide applicationsCounter 20G, applied at moderate and maximum labeled rates (i.e., 7.5 and
8.9 |b product/ac) was used for comparative purposes as a piintangtandard chemical insecticide in the experiment.
Counter waspplied by using band (B) placement (Boetel et al. 2006), which consisteidaif Swaths of granules
delivered through Gandy row banders. Granular delivery rate was regulated by using a piaotarted SmartBo¥!
electronic insecticide delivery system that was calibrated shortly before applications.

Experimental plantingime insecticides evaluated in the experiment included the following: 1) Abba Ultra (active
ingredient: abamectin, a fermentation product of adeilling bacterium), 2) Aztec 4.67G (active ingredients:
tebupirimifos [an organophobkpte insecticide] and cyfluthrin [a pyrethroid insecticide]); 3) Delegate WG (active
ingredients: spinetorai and spinetorarh, nicotinic acetylcholine receptor modulators); 4) Ecozin Plus (active ingredient:
azadirachtin, a botanical insecticide derifien neem tree extract); 5) Index (active ingredients: chlorethoxyfos [an
organophosphate] and bifenthrin [a pyrethroid]); 6) Smart Choice 5G (active ingredients: chlorethoxyfos and bifenthrin [a
pyrethroid insecticide]); and 7) Verimark (active ingredieyantraniliprole [a anthranilic diamide insecticide]). All
plantingtime liquid insecticides were applied by using dribbldurrow (DIF) placement, which involved orienting
microtubes (1/40 outside di am. ) ejefV NMoe20 orificg plates weoe ugetite open s
provide backpressure for stabilizing the output rate of spray solutions from the microtubes. Insecticide/water solations wer
delivered in a finished spray volume of 5 gallons per acre (GPA). Water was used asehéocali plantingtime liquid
insecticide applications, and it was adjusted to pH 6.0 before use.
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Postemergence insecticide applicatiofslot 4E (active ingredient: chlorpyrifos, an organophosphate insecticide)
was used as the postemergence broadcast SBRM management standard because similar ehlsegirjosducts have
been the most commonly used postemergence liquid insecticid8BRM control by RRV sugarbeet growers for decades.
Experimental postemergence insecticides evaluated in this trial included the following sprayable liquid products: 1) Abba
Ultra (described above in-ptant treatrents); and 2) Exirel (active ingredient: cyantraniliprole [a anthranilic diamide]. All
postemergence sprays were applied on June 4 (i.e., about 3 days before peak SBRM fly activity) frormeotratddr
CO,-propelled spray system equipped with arftildoom calibrated to deliver a finished spray volume output of 10 GPA
through TeeJé¥ XR 110015VS nozzles. All gilant and postemergence insecticides were single,-sland
applications. That is, there was no postemergence insecticide includedsiagdigned to receive an@ant insecticide
treatment, and vice versa.

Root injury ratings Sugarbeet root maggot feeding injury was assessed in this trial on August 5, 2025. Rating
procedures involved randomly selecting ten beet roots per plot (five from each of the outer two treated rowssihagd
them, and rating them in accordancéhwthe 0 to 9 root injury rating scale (0 = no scarring, and 9 = over ¥ of the root
surface blackened by scarring or dead beet) of Campbell et al. (2000).

Harvest Treatment performance was also compared according to sugarbeet quality and lyakebting all
plots on October 2. Foliage was removed from plots immediately before harvest by using a corgmagleiadechanical
defoliator. All beets from the center two rows of each plot were extracted from the soil using a mechanical harvester, and
weighed in the field using a digital scale. A random subsample-2818ots was collected from each plot and for
subsequent sucrose content and quality analyses.

Data analysis Data from root injury ratings and yield samples were subjected to analysis of variance (ANOVA)
via the general linear models (GLM) procedure (SAS Institute 2025). Treatment means for all four response variables were
separ at ed by u sdileasysighificantdiéfarehce (LBD) tedt & a @.05 level of significance.

Resultsand Discussion

As mentioned abovell insecticide entries in this trial were singlemponent control tools (i.e., none of the
plantingtime insecticide treatment plots received any postemergence insecticide protection, and none of the postemergence
treatment plots had any plantitighe piotection). This practice isot recommended in highisk areas such as St. Thomas,
where severe SBRM infestations are common; however, these-pioglect applications were necessary to assess the
efficacy of each product individually. The results frassessments of sugarbeet root maggot feeding injury in this
experiment appear in Table 1. The average level of SBRM larval feeding injury recorded for the untreated check was 7.75
on the 0 to 9 scale of Campbell et al. (2000), which suggested that 8B infestation was present for the experiment.

83 =5-inch atplantb a n d ;

3-iach BaBd ower dpen seed furrow at planting

®0

Table 1. Larval feedinginjury in an evaluation of experimental atplant and postemergence insecticides for
sugarbeet root maggot control, St. Thomas, ND, 2025
Rate Rate Root injur
Treatment/form. Placement (product/ac) (Ib a.i./ac) 09
Counter 20G B 8.9 1b 1.8 4.52 h
Index DIF 17.1fl oz 0.37 4.80 gh
Counter 20G B 7.51b 15 5.02 fgh
Verimark DIF 10floz 0.13 5.28 efg
Ecozin Plus 3 d Prepeak Broadcast 56 fl oz 0.04 5.70 def
Delegate WG DIF 6 fl oz 0.09 5.78 de
Exirel Insect Control 3 d Prepeak Broadcast 20floz 0.13 5.82 de
Smart Choice 5G B 7.4 0.37 5.85 de
Pilot 4E 3 d Prepeak Broadcast 2 pt 1.0 5.90 cde
Abba Ultra DIF 10floz 0.02 6.08 cd
Aztec Smartbox 4.67G B 4.45 0.21 6.18 cd
Pilot 4E 3 d Prepeak Broadcast 1pt 0.5 6.55 bc
Abba Ultra 3 d Prepeak Broadcast 10 fl oz 0.02 6.95b
Untreated check 7.75a
LSD (0.05) 0.693
Means within a column sharing a letter are not significaftly0 . 05) di f ferent from each other (Fisheroés P
























































































































































































































