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1. Sole reliance on herbicides (or any practice) will eventually lead  to 
resistance 

2. The only way to sustain the efficacy of herbicides is to: 
ÅLimit herbicides to smallest number of applications as possible 
ÅApply herbicides to smallest number of weeds as possible 
ÅUse herbicides in mixture whenever possible 

3. Nonchemical weed management techniques can reduce the 
abundance of weeds and reduce the number of herbicide 
applications that are necessary  

4. Integrating nonchemical weed management techniques is the only 
way to sustain the efficacy of herbicides 
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The Basics of Resistance 

ÅResistant individuals are naturally 
present in the weed population (at 
very low frequency)*  
Å!ǇǇƭƛŎŀǘƛƻƴ ƻŦ ƘŜǊōƛŎƛŘŜ άǎŜƭŜŎǘǎέ ŦƻǊ 

these naturally resistant individuals 
ÅResistant individuals pass resistance 

to offspring 
ÅOver time, continued application of 

herbicide increases the frequency of 
resistant individuals in the population 

Seedbank: high frequency of HR 



*Key Point: Probability of HR individual increases with 
weed density! 

άAs the number of weeds in a field increases, so too 
does the chance that at least one of those individuals 

will be naturally resistant to a given herbicideέ 
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*Key Point: Probability of HR individual increases with 
weed density! 

 
Probability of at least one 
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From Jasieniuk et al (1996) Weed Science 44:176-193 

*Key Point: Probability of HR individual increases with 
weed density! 

 
Probability of at least one 
HR individual (30 ha field) 
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Table 1. 



From Jasieniuk et al (1996) Weed Science 44:176-193 

*Key Point: Probability of HR individual increases with 
weed density! 

 
Probability of at least one 
HR individual (30 ha field) 

0.006% 

Table 1. 



The challenge 

Problem Solution 

The larger the weed population, the 
more likely it is that one or more 
individuals are resistant (based on 
mutation rate) 

Reduce the 
size of the 
weed 
population 

Herbicides select for herbicide-
resistant individuals 

Use non-
herbicide 
management 
techniques 



In short, we need to:  
 

Reduce the size of weed populations 
without using herbicides 

 
 

So that when we do use herbicides, we are treating the 
fewest number of individual weeds as possible 
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How do we decrease weed abundance without herbicides? 

Goal: 

Chemical 
Control 

Manipulate light 
and/or nutrients 

Promote activities of natural 
enemies 

Manipulate disturbance 
and germination 

Reduce weed 
density 

Cultural 
Control 

Physical 
Control 

Biological 
Control 



Target factors that promote weed emergence and survival 

Cultural Controls 
Manipulate light 
and/or nutrients 

 
Examples 

Crop seeding 
Row spacing 

Row orientation 
Fertilizer placement 

Cover crops 
 

Biological Controls 
Promote activities of 

natural enemies 
 

Examples 
Weed seed predation 

Cover crops/allelopathy 
 
 
 
 

Physical Controls 
Manipulate disturbance 

and germination 
 

Examples 
Tillage 

Cultivation 
Flame weeding 
Abrasive grits 

Seed destructors 
Mulches 

Crop rotation 



Target factors that promote weed emergence and survival 

Cultural Controls 
Manipulate light 
and/or nutrients 

 
Example 2: 

Row orientation 
 

Example 3: 
Soybean density 
Cover crop mulch 

 

Biological Controls 
Promote activities of 

natural enemies 
 
 
 
 
 
 
 
 

Physical Controls 
Manipulate disturbance 

and germination 
 

Example 1:  
Modified coulter disks 
and reduced planting 

speed 
 
 
 

Crop rotation 



Example 1: Low disturbance seeding 
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Slower planting speed and modified coulter reduce 
disturbance and weed seedling emergence 

Results 
ÅOverall weed density increased with 

seeding speed 
ÅAveraged across seeding speeds, modified 

coulter disk reduced weed density by 56% 
ÅModified coulter disk increased soybean 

grain yield by 42% 

Theisen and Bastiaans (In press) Weed Research 

Standard 

Modified 



Example 2: Light 

Borger et al. (2010) Weed Science 58:174-178 



Manipulate crop row orientation to maximize light 
interception by crop canopy 

Borger et al. (2010) Weed Science 58:174-178 

E-W perpendicular with direction of sun 
 
 
N-S parallel with direction of sun 

E-W 

N-S 



Higher light interception by crop canopy in E-W orientation 
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Higher light interception by crop canopy in E-W orientation 

Borger et al. (2010) Weed Science 58:174-178 

E-W 

N-S 

Mean = 72.2% 61.3% 



Lower weed abundance in E-W orientation 

Borger et al. (2010) Weed Science 58:174-178 

E-W 

N-S 



Reduces weed abundance and increases crop yield 

Borger et al. (2010) Weed Science 58:174-178 

Results 
ÅCompared to N-S orientation, light interception in E-W 

orientation was 28 and 18% higher in wheat and barley, 
respectively 

ÅWeed biomass reduced by 51 and 37% in these two crops 
ÅGrain yield increased by 24 and 26% 



Example 3: Light and/or nutrients 

Ryan et al. (2011) Weed Science 59:238-246 



Combined effect of rye residue and soybean seeding density 

Ryan et al. (2011) Weed Science 59:238-246 
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