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Group 14-R Kochia



Dicamba-R Kochia



Dicamba-Resistant Kochia
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Soil-applied dicamba



Soil-applied dicamba



The Notorious P.I.G.

J. Christianson

Palmer amaranth                                           Waterhemp



Palmer amaranth – No New Cases in 2023



Group 14-Resistant Waterhemp



PPO-Inhibitor Resistance – Waterhemp 
Mechanisms of Resistance

Target Site Resistance:  PPX2 gene (PPO2 isozyme)

 Deletion of glycine residue at 210th position
 ΔGly210
 50% increase in PPO2 active site “pocket”
 100- to 500-fold reduction in sensitivity to diphenylether

herbicides
 Reduced sensitivity to sulfentrazone and flumioxazin

 Substitution at Arg98 position
 Arg98Gly, Arg98Met, or Arg98Leu
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Dicamba-Resistant Waterhemp



Pigweed Control with PRE Herbicides

Less than 0.5” within 14 days of PRE
 2021-2023
 First inch after 4 weeks and 10 events -

2023

Rate titration of metribuzin
Different PRE programs with metribuzin 

on waterhemp
Benefit of dicamba added PRE



PRE Pigweed Control with Metribuzin

Concept: We need more metribuzin
Many premixes are full rate of another 

herbicide, cut rate MTZ
Rate titration from 4 to 16 ounces 75 DF
 *No soybean injury observed

Dicamba, sulfentrazone, S-metolachlor 
used as comparisons



Waterhemp Control
4 Weeks After Planting
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PRE Herbicides and Metribuzin Rates

 Evaluate 0.25 and 0.5 lb ai/A metribuzin with soybean herbicides

Product Rate (per A)

Valor EZ + Zidua SC 2.5 fl oz + 3.5 fl oz

Surveil (Valor + Firstrate) 3.5 oz

Surveil + Zidua SC 3.5 oz + 3.5 fl oz

Fierce MTZ* 1.25 pt

Spartan 4 fl oz

Dicamba 0.5 lb ae

*Additional MTZ spiked in to total 0.25 and 0.5 lb



Waterhemp Control
4 Weeks After Planting
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PRE Waterhemp Control with Dicamba

Conducted at NW22 (Fargo) in 2021, 
2022, and 2023

PRE Herbicides applied with and without 
0.5 lb dicamba

All years had <0.5” rainfall within 14 days 
after application



Waterhemp Control – 2021-2023  
35-42 DAP
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POST Waterhemp Control 2019-2023

 POST applications at NW22
 3-4 inch tall waterhemp
 N=510

 POST alone or following a PRE
 N = 332 or 178

 Glufosinate – 32 fl oz
 2,4-D (Enlist One) – 32 fl oz
 Glufosinate + 2,4-D – 32 + 32 fl oz
 Dicamba (Engenia or Xtendimax) – 12.8 or 22 fl oz



Postemergence Only
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Dicamba

W
at

er
he

m
p 

Co
nt

ro
l (

%
)

X=80 X=74 X=94 X=61



Following PRE
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24 Institutions
1996 to 2021
Glyphosate ratings 14 to 28 DAT
 750 to 1200 g per ha (0.67 to 1.07 lb per A)

Over 30,000 data points across 7 species







Weed Control with Glyphosate (1996-2021)

No PRE Following PRE

-8.4% per decade

-2.4% per decade

-12.8% per decade

+3.1% per decade

+2.7% per decade

+4.4% per decade





Variability in Control with Glyphosate 

No PRE Following PRE
+8.4% per decade

+23.8% per decade

+11.7% per decade

-6.2% per decade

-0.1% per decade

-2% per decade



War Against Weeds Podcast



Contact

 Joe Ikley

701 231-8157

 Joseph.Ikley@ndsu.edu 

@NDSUWeeds
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