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How cover crops suppress weeds

– Alter moisture, 
temperature during 
weed seed germination

– Outcompete emerging 
weeds for light, water, 
and nutrients

– Release allelochemicals 
that inhibit weed seed 
germination
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Take aways

– Stop grazing while optimum CC growing conditions are still 
present (adequate moisture with 15-20°C).

– Grazing 4.2 AU ha-1 until CC biomass reaches 135 kg ha-1 
does not reduce winter annual weed suppression. 

– Farmers should be cautious when grazing CC and attempting 
to control summer annual weeds. Stocking density at 0.5 AU 
ha-1 with CC biomass less than 1060 kg ha-1 reduces weed 
suppression.
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Planting Green Trial

Planted Rye in September 2020, 2021
Factorial Treatment Structure
– Rye management

– No rye, Rye terminated 14 DPP, Rye terminated at 
planting (plant green)

– PRE (Fierce EZ @ 6 fl oz/A)
– Pre at planting, no PRE

– Planting Date
– “Standard planting” (~Mid May), “late planting” (14 days 

later)



Planting Green Trial
Rye management, PRE?, Planting Date POST Treatment

No rye, No PRE, Standard Planting Enlist One (2 pt) + Liberty (2 pt) + Warrant (3 
pt) @ 4” waterhemp

POST timing differed based on treatment
No rye, PRE, Standard Planting

No rye, No PRE, Late Planting

No rye, PRE, Late Planting

Term rye 14 DPP, No PRE, Standard Planting

Term rye 14 DPP, PRE, Standard Planting

Term rye 14 DPP, No PRE, Late Planting

Term rye 14 DPP, PRE, Late Planting

Plant green, No PRE, Standard Planting

Plant green, PRE, Standard Planting

Plant green, No PRE, Late Planting

Plant green, PRE, Late Planting



Planting Green Trial

– Data Recorded: 
– Days from plant to 4” waterhemp (Enlist One + Liberty + 

Warrant POST)
– Waterhemp control and yield at harvest

– Some sites also collected soil samples… 
– more on that later…



Planting Green Trial
Waterhemp Control at Harvest*

– 2021 – No factor was significant
– 91 to 99 percent control across all management systems

– 2022 – Rye, PRE independently significant
– 14 DPP termination = Planting Green > No rye

– 98 = 96 > 84 percent control

– PRE > No PRE
– 98 > 88 percent control

*POST of Enlist One (2 pt) + Liberty (2 pt) + Warrant (3 pt) @ 4” waterhemp



Planting Green Trial – 2021
Days from Planting to 4” Waterhemp

Rye management, PRE?, Planting Date Days from Planting to POST

No rye, No PRE, May 19 26

No rye, PRE, May 19 36 (10 more days) 

No rye, No PRE, June 1 23

No rye, PRE, June 1 29 (6 more days) 

Term rye 14 DPP, No PRE, May 19 29

Term rye 14 DPP, PRE, May 19 42 (13 more days) 

Term rye 14 DPP, No PRE, June 1 23

Term rye 14 DPP, PRE, June 1 36 (13 more days) 

Plant green, No PRE, May 19 29

Plant green, PRE, May 19 42 (13 more days) 

Plant green, No PRE, June 1 29

Plant green, PRE, June 1 36 (7 more days) 



Days from Planting to 4” Waterhemp  
Two Year Average

– No rye
– 6.25 days more days with PRE

– Terminate rye 14 DPP
– 14.5 days more days with PRE

– Plant green
– 12.75 days more days with PRE



Planting Green Trial – 2021
Soybean Yield – Bu/A
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Planting Green Trial – 2021
Soybean Yield – Bu/A
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Do cover crops ‘tie up’ herbicides?

– Plant mulch may bind 
7 to 10% of 
metolachlor residue 
present after 
application

– No in-field data on 
other herbicides
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Aslam et al. 2014



How do cover crops affect herbicide fate?

– Soil sampled from 
– no-till without PRE (check)
– no-till with PRE (no-till)
– CC terminated ~12 days 

before soybean planting with 
PRE (CC early term)

– CC terminated at soybean 
planting with PRE (CC plant 
green) 

– Sampled 0, 7, and 21 days 
after treatment
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Herbicide dissipation

21
Nunes et al. 2023
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Cereal rye reduced pyroxasulfone deposition



Cereal rye reduced flumioxazin deposition
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Take aways

– CC biomass affected the fate of flumioxazin and 
pyroxasulfone applied PRE

– Waterhemp control was not reduced 

– Delaying CC termination until PRE greater impact on the fate 
of flumioxazin than pyroxasulfone. 

– Greater difference between no-till vs CC than early term vs plant 
green

– Confounding factors include CC biomass accumulation, daily 
precipitation, temperature, and soil characteristics
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Do cover crops affect pigweed seeds?
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Woitaszewski et al. 2023

PA, WH

PA, WH
WH

WH

WH



Seed burial

– 50 seeds placed in fine (120 
mm) wire mesh packets

– Packets were buried fall 2021
– Each site:

– Local population
– KS waterhemp (KSWH)
– KS Palmer amaranth 

(KSPA)

– Rossville, KS included all 
populations
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All Populations at  Kansas

– Only North Dakota waterhemp viability was less 
after twelve months compared to seven months
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Woitaszewski et al. 2023



KS Palmer amaranth and waterhemp

– Viability
– No cover crop effect

– Dormancy
– Greater in seeds 

buried in cover 
crops than in no 
cover crop 
treatments
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Pooled across all locations

Woitaszewski et al. 2023



Take aways

– Cereal rye changes the weed seedbank 
– Increased dormancy of KS pigweeds

– This may mean a prolonged germination period

– Further research is needed
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Woitaszewski et al. 2023



Related episodes:
Integrated Weed Management

S1, E5 - Feb 19, 2021
Cover Crops for Weed Management

S1, E8-9 - Mar 16 & 23, 2021
Better Early than Later 

S2, E5 - Oct 13, 2021
Planting Green 

S3, E6 - Feb 23, 2022



Weeds in Low pH Soil

– Buchanan et al (1975)
– Redroot pigweed, wild mustard biomass reduced in low pH (4.7) 

compared to 6.3.
– Crabgrass unaffected by soil pH

– Weaver and Hamill (1985)
– Green foxtail biomass increased at pH 4.8 compared to 7.3
– Powell amaranth biomass lower at pH 4.8 compared to 6.0 or 7.3

– Chauhan and Johnson (2009)
– Junglerice germination not affected by pH (4 to 9)



Weeds in Low pH Soil

– Buchanan et al (1975)
– Redroot pigweed, wild mustard biomass reduced in low pH (4.7) 

compared to 6.3.
– Crabgrass unaffected by soil pH



Kochia in Low pH Soil?
Everitt et al (1983)

– Kochia germination not affected by:
– Soil pH (2-11)
– Light
– Salts (NaCl, CaCl2, MgCl2, KCL, Na2SO4, MgSO4)
– Temperature (5 to 25 C)

– Evetts and Burnside (1972)
– No effect pH 2-8

– 35 to 45% reduction at pH 10



Kochia in Low pH Soil?

– Kochia germination not affected by:
– Soil pH
– Light
– Salts (NaCl, CaCl2, MgCl2, KCL, Na2SO4, MgSO4)
– Temperature (5 to 25 C)

– Evetts and Burnside (1972)
– No effect pH 2-8

– 35 to 45% reduction at pH 10

Kochia

Kochia *



General Rules for Herbicide Breakdown
(Pages 100-104 in ND Weed Guide)

1. Many herbicides are broken down in soil by microbial decomposition. In 
addition, SUs and triazines are broken down by chemical reactions like acid 
hydrolysis.

2. Herbicide molecules must be free from binding to soil particles or organic 
matter for soil microorganisms to degrade.

3. Most herbicide molecules are more tightly adsorbed to soil particles in dry 
soils than moist soils.

4. Chemical degradation of herbicides in soil is affected by soil 
pH. Acid hydrolysis nearly ceases at soil pH above 6.8.
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Degradation

– Photodegradation
– Chemical reactions caused by light

– Chemical
– Chemical reactions not directly involving living 

organisms
– Soil pH

– Microbial
– Caused by algae, fungi, actinomycetes and bacteria



Microbial degradation

– Rate of microbial 
degradation 
influenced by:

– Previous 
applications

– Microbial activity
– Sorption

Hydrophobic interactions

Ligand binding

Electrostatic interactions
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Herbicide Grp Example
Water 

solubility
g/mL

Koc
mL/g

Dt50
days

Primary 
degradation

chlorsulfuron 2 Glean 40 36 36 hydrolysis

imazethapyr 2 Pursuit 60-90 52 51 microbial

atrazine 5 Aatrex 60 100 29 microbial, acid 
hydrolysis

metribuzin 5 Dimetric 30-60 48 19 microbial

fomesafen 14 Reflex 100 100 86 photodegradation, 
anaerobic microbes

sulfentrazone 14 Authority 120-300
(increases with pH)

43 500 microbial

mesotrione 27 Callisto 15-21 100 5 microbial

Fate of some herbicides



Low Soil pH and Atrazine/SU

– 3. Broken down primarily by acid hydrolysis. Microbial 
degradation is very slow.

– 4. Non-microbial hydrolysis for most residual SU herbicides 
ceases at soil pH above 6.8.



Oat Biomass After Atrazine
Hiltbold and Buchanan 1977



SU Hydrolysis



Chlorsulfuron in Low pH
Fredrickson and Shea (1986)



Why pH matters

– Weak acid herbicides associate/dissociate as function of pH
– pKa varies for each molecule

– pH 5 for dicamba

– This influences
– Absorption
– Translocation
– Binding at active site
– Behavior in spray solution
– Volatility



Low Soil pH and Herbicides

– When soil pH is higher than pKa of weak acid 
herbicides:

– Herbicides exist in anionic form (negative charge)
– Repelled by soil (negative charge)
– More available in soil solution
– Ex – Sulfentrazone pKa = 6.56



Low Soil pH and Herbicides

– When soil pH is higher than pKa of weak acid 
herbicides:

– Herbicides exist in anionic form (negative charge)
– Repelled by soil (negative charge)
– More available in soil solution
– Ex – Sulfentrazone pKa = 6.56



Low Soil pH and Herbicides

– Availability in soil solution necessary for herbicide degradation AND 
plant uptake

Sulfentrazone
• MORE available (less 

adsorbed) at low pH

Atrazine
• Less persistent at low 

pH

Imidazilinones
• More persistent at low pH
• Increased adsorption at 

lower pH (<6)
• More herbicide in soil 

solution at high pH

Sulfonylureas
• Less persistent at low pH



Related episodes:
Bioassay and Herbicide Degradation

S2, E2 - Sept 22, 2021
You’ve Got to Read the Labels

S3, E11 - Mar 30, 2022
Fall Applied Herbicides & Soil pH

S4, E4 - Sept 28, 2022



Causes of resistance

– One gene
– Develops faster

54

Target-site mutation



Altered Site of Action
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Causes of resistance

– One gene
– Develops faster

56

Target-site mutation
– > 1 gene
– Develops slower

– Begins with low degree of 
resistance

– Cross resistance more 
likely

Nontarget-site mutation



Increased Protein Expression
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Enhanced herbicide metabolism
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Metabolic resistance

– Herbicide converted to inactive 
forms before plant is killed

– Cytochrome P450s and glutathione 
S-transfersases

– We must rethink 
assumptions regarding herbicide 
resistance

–A single resistance mechanism can 
cause resistance to multiple 
herbicide groups, reduces 
effectiveness of mixing and rotating 
herbicides

59

Shyam et al. 2019; *metabolic resistance



Metabolic resistance webinar
Pat Tranel – University of Illinois 



Corn EPOST – 2022 
Herbicide (Rate/A) POST @ V2 corn (~14 days after planting) Palmer Control 28 days after 

POST

Acuron GT (3.75 pt) 35 C
Acuron GT + Aatrex (3.75 pt + 1 pt) 75 A
Resicore + Powermax (1.25 qt + 26.6 fl oz) 50 BC
Resicore + Aatrex + Powermax (1.25 qt + 1 pt + 26.6 fl oz) 75 A
Realm Q + Aatrex + Durango (4 oz + 1 pt + 24 fl oz) 40 C
Capreno + Harness + Powermax + Aatrex (3 fl oz + 2 pt + 1 qt + 1 pt) 88 A
Anthem Maxx + Callisto + Aatrex + Weathermax ( 4 fl oz + 3 fl oz + 1 
pt + 22 fl oz)

78 A
Harness + Impact + Aatrex (1.75 pt + 1 fl oz + 1 pt) 80 A
Harness + Sinate + Aatrex (1.75 pt + 28 fl oz + 1 pt) 89 A
Armezon PRO + Aatrex + Powermax (18 fl oz + 1 pt + 1 qt) 70 AB
Status + Outlook + Aatrex + Powermax (5 oz + 1 pt + 1 pt + 1 qt) 81 A





Related episodes:
Herbicide Resistance Update

S1, E4 - Feb 2, 2021
WSSA Winners from Illinois

S3, E7 - Mar 2, 2022
Herbicide Resistance Update

S3, E13 - Apr 13, 2022
Herbicide Resistant Ryegrass

S5, E2 - Jan 25, 2023



Susceptible
Minot

Berthold

Mandan
Mott

1X

2X

Aim 1 and 2 oz
with AMS + MSO

8 DAT

Kochia sprayed
at 2-2.5”

3 reps



Susceptible Minot Berthold
Mandan

Mott

Aim 1 and 2 oz
with AMS + MSO

13 DAT

Kochia sprayed
at 2-2.5”

3 reps

1
X

2
X





PPO-inhibitor (Group 14) Resistance



PPO-inhibitor (Group 14) 
Resistance



PPO-resistant waterhemp - POST

Patzoldt et al. 2005 

R:S = 2.2 R:S = 2.9

R:S = 6.2 R:S = 4.8

R:S = 23 R:S = 5.2



PPO-resistant waterhemp - PRE

Wuerffel et al. 2015 



PPO-resistant Palmer amaranth (PRE)

Umphres et al. 2017 

R:S = 4.7

R:S = 5.2

R:S = 3.5

R:S = 6.0



Group 14-Resistant Waterhemp



PPO-Inhibitor Resistance
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

– Substitution at Arg98 position
– Arg98Gly, Arg98Met, or Arg98Leu



PPO Inhibitor 
Mechanism of Action

Chloroplast

Mitochondria

PPXI (PPX1) gene encodes PPO I (PPO1) 
isoform in the chloroplast

PPXII (PPX2) gene encodes PPO II (PPO2) 
isoform in the mitochondria



PPO-inhibitor (Group 14) Resistance



HOWEVER



PPO-inhibitor (Group 14) Resistance



PPO-inhibitor (Group 14) Resistance



PPO-Inhibitor Resistance
Mechanisms of Resistance

Non-Target Site Resistance: Metabolism

– Wild oat
– Resistance to sulfentrazone with no previous exposure
– Enhanced cytochrome P450 activity associated with resistance to 

ACCase inhibitors

– Waterhemp
– Resistance to HPPD inhibitors via metabolism
– Selectivity within PPO inhibitors

– Resistant to saflufenacil
– Sensitive to lactofen

– Crop tolerance in soybean related to P450 activity for both 
sulfentrazone and saflufencil



Related episodes:
A Global Perspective on Weed Science
S2, E11 - Dec 1, 2021

Tumbleweeds in Real Life
S3, E4 - Feb 9, 2022

New Challenges for Kochia Control
S5, E3 - Feb 1, 2023





Epigenetics

The study of how 
your behaviors and 
environments can 
cause changes that 
affect the way your 
genes work 

– CDC 





Do Other Stresses Impact Herbicide 
Sensitivity?

– Drought led to larger seed, quicker germination, 
and germination in drier conditions (Matzrafi et al 
(2020)

– Low dose of herbicides (Dyer 2018)

– Herbicide drift (Vieira et al 2020)

– Plants surviving desiccation??



Contact

– Joe Ikley
– 701 231-8157
– Joseph.Ikley@ndsu.edu 
– @NDSUWeeds



Contact
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slancaster@ksu.edu 

@KStateWeedSci

K-State Weed Science
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