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There is no doubt, there 

are grand challenges that 

face U.S. agriculture. 

• Food 

• Feed 

• Fuel 

• Fiber 

 

 







Not without ADVANCING Integrated 

Weed Management (IWM) 
 



Why advance IWM? 

“U.S. farmers are heading for a 

crisis”  

Dr. Stephen Powles, University 

of Australia, Crawley. 
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One of Australia’s largest herbicide-

resistant weed problem is  

Rigid ryegrass (Lolium rigidum) 

 
Italian (annual) ryegrass (Lolium multiflorum) 

 41 unique herbicide resistance cases reported 

Worldwide across 10 countries 

(www.weedscience.com)  

Southern WI, March 2012 



 



Kate loves the ‘farm’ 



Abby 

loves 

Nature 





Where I come from… 

Grew up on diversified grain and 
swine farm in Knox Co. IL 

College or Farm? ►College 

Had a summer internship at a 
research farm following my 
freshman year ►RR soybeans? 

 ►Still searching…..and re-
searching…. 



Home Farm 



Home farm, Knox co. Illinois 



We do farm some ‘hills’ in Illinois 



~ 50 acres 

40 bpa corn in 1996 

to 

60 bpa SB in 1997 

135 bpa in 1998 



1997 



Courtesy of Ryan DeWerff 
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Figure 1.  Number of different herbicide active ingredients and herbicide 

sites of action used on at least 10% of U.S. soybean hectares from 1990 to 

2006.  Data adapted from USDA-NASS (2008) 

Change in Herbicide Diversity Over Time 



So what happened? 
 
• Reduction in 

residual herbicide 
use 

• Delayed 
postemergence 
herbicide 
applications 

• Glyphosate-
resistant weeds….. 

Preplant residual herbicide 

advertisement in the 1980 (Volume 12) 

publication of Weeds Today 



Stephen O Duke; Pest Manag Sci. 2011, DOI 10.1002/ps.2333 



Stephen O Duke; Pest Manag Sci. 2011, DOI 10.1002/ps.2333 



0

20

40

60

80

100

0

2

4

6

8

10

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

Pe
rc

en
t 

o
f 

U
.S

. H
ec

ta
re

s 
P

la
n

te
d

 t
o

 G
ly

p
h

o
sa

te
-R

es
is

ta
n

t 
So

yb
ea

n
, C

o
rn

, a
n

d
 C

o
tt

o
n

 (
lin

es
) 

C
u

m
m

u
la

ti
ve

 N
u

m
b

er
 o

f 
G

ly
p

h
o

sa
te

-R
es

is
ta

n
t 

Sp
ec

ie
s 

(b
ar

s)
 

Year 

Cummulative glyphosate-resistant weed species

Glyphosate use in soybean

Glyphosate-resistant soybean

Glyphosate use in corn

Glyphosate-resistant corn

Glyphosate use in cotton

Glyphosate-resistant cotton

Johnson et al. 2009. European Journal of Agronomy 



 

and now…2013 



Evolving yield robbers…. 

Davis, V.M. 



Horseweed (Conyza canadensis) 

Davis, V.M. 



Davis, V.M. 

Giant Ragweed  
(Ambrosia trifida) 



Davis, V.M. 



Giant Ragweed  
(Ambrosia trifida) 



Common Waterhemp (Amaranthus rudis) 
• Resistant to 6 herbicide Mode-of-Actions! 



2003, we have a problem 

• What is the distribution and frequency of this problem in 

Indiana?  Provide timely farmer education 

• Can resistance be predicted in fields with poor control? 

• What are the growth characteristics and fecundity of this 

“winter annual weed”? 

• How do the population dynamics of glyphosate-resistant 

horseweed change under various crop management 

practices? 

• Are there variable levels of glyphosate resistance? 



2003 - 2005 

Fields Surveyed 

Source % # 
 

 GPS Random 80 1085 
 

 High Populations 11 145 
 

 Non-cropped area 8 104 
 

 Submitted 1 10 

Total 1347 

Davis et al. 2008. Weed 

Technol. 22:331-338. 



Glyphosate-Resistant (GR) Horseweed 

Indianapolis 

Glyphosate Resistant 

Glyphosate Susceptible 

Found in 29 / 92 counties in 

Indiana 

In Indiana 
 GR biotypes are most frequently 

found in the southeastern region 

 Southeastern Purdue Agriculture 

Center (SEPAC) is centrally 

located 

 







County Resistance Map 
Bartholomew County 

http://www.btny.purdue.edu/weedscience/marestail/counties/Bartholomew03.pdf 



Are these resistant? 

• Can resistance be predicted in fields with poor control? 



Classification Tree Analysis 

For glyphosate-resistant horseweed, 

resistance prediction factors  

Misclassification 

rate = 0.32 

Davis et al. 

2009. Weed 

Sci. 57:281-

289. 



• Are there variable levels of glyphosate resistance? 



Parent Population  

Glyphosate Dose Response 

Glyphosate dose (1X = 0.84 kg ae/ha) 
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S1 Progeny  

Glyphosate Dose Response 

No significant differences at 

P=0.05 between low-R and 

high-R 

Glyphosate dose (kg ae/ha) 
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Davis et al. 

2010. Weed 

Sci. 58:30-38. 



• What are the growth characteristics and fecundity of this 

“winter annual weed”? 



Horseweed Seed Production  

88 to 98% of seed 

production comes from 

plants above the 

soybean canopy 

2 to 12% of seed 

production comes 

from plants below 

the soybean canopy 

Primarily SRING EMERGING! 

Survivorship is LOW 
 Survival reduced by soybean competition 



Conclusions 

 Davis and Johnson. 2008. Weed 

Sci. 56:231-236. 

 

 

 

 

 

 

How about multiple resistance and 

fitness following herbicide 

applications? 

 

• ALS-R + Gly-R (multiple HR) plants 

can have no fitness penalty 

producing >280,000 seeds/plt  
 

•Davis et al. 2009. Weed Sci. 57:494-504. 



• How do the population dynamics of glyphosate-resistant 

horseweed change under various crop management 

practices? 



Management Options 

Long-term no-till field experiment  

 

Established at SEPAC  

 Fall 2003 – Spring 2008 

 Study area was previously in a no-tillage 

management system  

contained a moderate infestation glyphosate-

resistant horseweed escapes (1 plant m-2) 



Initial SEPAC S:R Seedbank Ratio 

Screened with 2X glyphosate (1.8 kg ae ha-1) at 5-10 
cm rosette size 

sprayed again with 4X at 21DAT 

1:4 

S:R 
or 

76% resistant  

*21 DA 4X glyphosate 



Conclusions 2003-2005 

Viable horseweed seed persistence declines 

rapidly during the spring and summer months 

 

To maximize crop yield apply residual 

herbicide in the spring prior to crop planting  

 

Davis et al. 2007. Weed Sci. 55:508-516. 

 

Experiment continued…. 

 



Conclusions 2005-2007 

Horseweed densities increased in continuous 

soybean systems confirmed rotation effects 

noted in survey 

S:R ratio shifted from 1:4 to 6:1 after four 

years in systems using residual herbicides 

and no postemergence glyphosate 

Empirical evidence of resistance shifts 

influenced by cropping system 

Davis et al. 2009. Weed Sci. 57:417-426. 

 

 



In summary (this was 2009) 

• No-till, soybean-soybean rotation 

• ~ 20 fold levels of glyphosate resistance 

• GR populations can be reasonably predicted 

• Primarily spring emerging (summer annual)  

• Low fecundity below the soybean canopy 

•To manage horseweed,  

• rotate crops, plant soybean crop timely 

• apply herbicides at the right time 

• start with clean field, use residual 

herbicides, and rotate herbicide MOA’s 



2013 Glyphosate-resistant horseweed is now in every 

county of the state”  

Dr. William G. Johnson, personal communication 



FIELDS SURVEYED PER 

REGION 2012 & 2013 

NC 

42 

W 

97 

C 

51 
E 

52 

SC 

101 



WEED POPULATIONS COLLECTED 

WITH SUSPICION OF GLYPHOSATE 

RESISTANCE 

----------Number of Populations Collected---------- 

Weed Species 2012 2013 Total 

Giant ragweed 5 10 15 

Waterhemp 5 9 14 

Common lambsquarters 5 1 6 

Velvetleaf 4 1 5 

Powell amaranth 3 - 3 

Common ragweed 2 1 3 

Redroot pigweed 2 - 2 

Horseweed 1 1 2 

Smooth pigweed 1 - 1 

Ladysthumb 1 - 1 



GLYPHOSATE-REISTANT 

GIANT RAGWEED - 2012 

GLYPHOSATE-RESISTANT 

HORSEWEED - 2013 



What’s the big deal? 

Thoughts to consider: 
 
• It’s not on my farm,…………it’s not my 

problem 
 

• If I get it,………………..someone (industry) 
will give me new tools to fix it 

 



 Know Your Weeds 

 Know Weed Growth 

 Know Weed Seed 

Characteristics 

 Know Herbicide 

Resistance 

 Crop Rotation 

 Multiple Herbicide 

Modes of Action 

 Mechanical Practices 

 Know Herbicide 

Tolerant Traits 

 Herbicide Mode  

of Action and Properties 

 Drift Management 

 Know Environmental 

Conditions 

 Know Your Neighbors 

 Risk Management 

 Cost-Benefit  

of Practices 

 Know the Cost of  

Poor Weed Control 

WEED OUT 

RESISTANCE 

IN THE  

FIELD 

SPRAY 

 ATTENTION 

THE  

BOTTOM LINE 



More Herbicide, 

More Tillage, 

or Better Agronomic Practices needed to 

mitigate herbicide resistance? 

Mortensen, D.A., J.F. Egan, B.D. Maxwell, M.R. Ryan, and R.G. 

Smith.  2012. Navigating a Critical Juncture for Sustainable Weed 

Management.  BioScience 62: 75-84. 





  

June 2013 



November 2013 



Controlling weeds with Herbicides 



What is the number one most 

important aspect for IWM in 

the future to include? 



What is the number one most 

useful aspect of herbicides? 

• SELECTIVITY! 

– Selecting different herbicides, and different 

herbicide application methods, give the 

ability to control a weed WITHOUT 

significant (or any) detrimental effects to 

vegetation of interest  

• Followed by: Residual control! 

 



Mechanical Weed Management 



Row Cultivation 



Zone Herbicide Application 

Different herbicide rates applied between-

row and in-row  

Can we 

return to 

this?  



Flame Weeding 



Flame Weeding 



Flame Weeding 



Mechanical Weed Management 
• Challenges to mechanical weed 

management: 

• Weather 

• Timing and labor 

• Equipment cost 

• A lost “art” 

• Root pruning 

• No-till 

• Energy usage 

• No residual control  

• Lack of control in close proximity to crop plants 

 





In conclusion 

• The issue is not simple, and neither will be the 
solution 

• We can’t ‘return’ to IWM practices of yesteryear, 
they weren’t robust then, why would they be now. 

• We need new ‘novel’ integrated approaches to 
address this issue 

• They will have to integrate new technologies 
(biological, computer, and equipment)  
 

  



 

Thanks for your attention! 

Vince M. Davis vmdavis@wisc.edu  


