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Addressing herbicide-resistant weeds epidemic

with Integrated Weed Management



How important are weeds?

Source: EPA-Pesticides industry sales and usage: 2006 and 2007 estimates

Herbicides represent the highest expenditure for pest 
management in US agriculture



K. Bradley, Univ. of MO

Glyphosate-resistant Weeds in the U.S.  
2003: 2 species; 13 states 

Rigid Ryegrass (1)

Horseweed/Marestail (12)

©Dr. Kevin Bradley, University of Missouri

*Parentheses indicate the
number of states in which  
that resistant weed occurs



Glyphosate-resistant Weeds in the U.S.  
2008: 11 species; 28 states

Rigid Ryegrass (1)

Horseweed/Marestail (20)

Common Ragweed (10)

Italian Ryegrass (4)

Giant Ragweed (8)                  Kochia (2)

Waterhemp (8) Junglerice (1)

Palmer amaranth (9)

Hairy Fleabane (1) 

Johnsongrass (2) ©Dr. Kevin Bradley, University of Missouri

*Parentheses indicate the
number of states in which  
that resistant weed occurs



Glyphosate-resistant Weeds in the U.S.  
2018: 17 species; 38 states

Rigid Ryegrass (1)

Horseweed/Marestail (25)

Common Ragweed (10)

Italian Ryegrass (7)

Giant Ragweed (12)             Kochia (10)                     Russian Thistle (2)

Waterhemp (18) Junglerice (1)                 Ragwd Parthenium (1)

Palmer amaranth (28)          Ann. Bluegrass (3)         Common Sunflower (1)

Hairy Fleabane (1)                Goosegrass (2)

Johnsongrass (3)                  Spiny Amaranth (1)
©Dr. Kevin Bradley, University of Missouri

*Parentheses indicate the
number of states in which  
that resistant weed occurs





Gene stacking and herbicide management

Integrated weed management (IWM): integrating multiple 
weed control tactics into a weed management program 

PRE

POST

2 MOA's

Tankmix

Multi-tactic approach 
- Crop rotation
- Herbicides
- Cover crops 
- Primary and secondary tillage
- Breeding (crop competitiveness and higher allelopathy)
- Cultural practices (i.e., planting dates, seeding rates, row spacing)
- Precision nutrient management
- Harvest weed seed control (HWSC)



Manage weeds while conserving soil resources

2012 Census of Agriculture
(% no-till acreage)Glyphosate-resistant Weeds 

Integrated weed management

No-till Acreage (%; 2012 census)



Integrated weed management requires geospatial solutions 

Ecological strategies are complex, messy, and knowledge intensive



Build the knowledge to manage complexity
(climate, soil, and management)



Integrated weed management team
https://integratedweedmanagement.org



• Initiated fall 2016 (45 site years)

• Gradients of cover crop biomass (termination dates)

• Three herbicide programs

National Cover Crop*Herbicide Interactions study in Soybeans



Weed biomass as influenced by cereal rye biomass levels



Soybean yield as influenced by cereal rye biomass



HWSC systems (Similarly effective ~ 60% reduction in L. rigidum)

Walsh et al. (2017)

Harvest Weed Seed Control (HWSC)

Chaff lining Chaff tramliningImpact mills

Narrow windrow burningChaff cart Bale direct



Sample Preparation
— 7 weed species
— 500 seed/rep per 

specie, 8 reps
— 6L soybean chaff

Stationary HSD

— Cage mill 
@1400 RPM

HSD sample 
collection

— Cloth bag 

Seed viability testing
— Forceps crush test
— Razor blade 

“sheen” test 

Winter burial
— Buried PVS, wire 

envelopes
— 90d; 2” depth

HSD sample sieving

— PVS; 50% of 
original seed size

Stationary 
testing and 
seed burial 

study



Destroyed by HSD

Total recovery 
after burial

Weed seed fate after HSD and burial (90 days)



Harvest-Time Weed Seed Control (HWSC)

Harrington Seed Destructor (HSD)

Integrated (iHSD)



Weed seed rain
• Which weed species can we target with HWSC?

• When is the point of no return for the soil seedbank?



Target Weed Species
common ragweed

common lambsquarters
giant, green, and yellow foxtail

sicklepod
Palmer amaranth

common cocklebur
sicklepod

redroot and smooth pigweeds
Jimsonweed

large crabgrass
common waterhemp

velvetleaf
wild proso millet and Texas millet

barnyardgrass
hemp sesbania

ivyleaf, and pitted morningglory
prickly sida

johnsongrass
giant ragweed



Cumulative % weed seed shatter
(broadleaves)



• Corn-soybean rotation (since 2015)

• Harvest weed seed control, herbicides, cover crops, and tillage

Long-term Agricultural Research (IWM trials)



https://integratedweedmanagement.org



https://integratedweedmanagement.org



https://integratedweedmanagement.org



Decision support tools and models serving all stakeholders
(Expert opinion, empirical and process-based models, ML and hybrid models)

Researchers
(what if?)

Inform policy makers

Farmers
(facilitate learning and decision making)

Technology transfer
(USDA-NRCS, county agents,

private consultants) 



On-Farm Research and Monitoring



Coordinated USDA-ARS and Land Grant University Network



ARS and University On-Farm and On-Station Network



Weed Detection, Mapping and Management 

Field mapping of weed infestations

Spray drones and autonomous vehicles

High resolution image acquisitionDeep learning

Dr. Muthu Bagavathiannan



Herbicide spray using drones

Dr. Muthu Bagavathiannan



National Cover Crop Breeding Network



Cereal rye breeding (allelopathy)
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Questions?


