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Presenter Notes
Presentation Notes
This slide should be worrisome to anyone relying primarily on herbicides in U.S. crop production
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Presenter Notes
Presentation Notes
So should this slide



Outline of presentation

• Weed management = managing evolution

• Lessons learned on-farm

• Integrated weed management and 
cropping system design



Raw materials of evolution
• Heritable, variable trait
• Selection pressure: envir. condition affecting 

fitness value ( = # of offspring) of a trait

continuous variation discontinuous variation

Presenter Notes
Presentation Notes
fitness just means how many offspring an individual hasBidens pilosa (hairy beggartick) photo from Amaral and Takaki (1998)



Evolution: directional selection

When a strong selection pressure is applied 
consistently, nature evolves rapidly away.
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Presenter Notes
Presentation Notes
When there’s a heritable trait, such as plant height, that is acted on strongly in a consistent way over time, directional selection drives evolution away from the selection pressure. For example, mowing a population repeatedly can consistently select the tallest plants out of the population, selecting for those plants that are able to maintain their fitness by reproducing at shorter and shorter statures.



Presenter Notes
Presentation Notes
And yes, it does happen with repeated mowing of yellow foxtail in grassy areas.



1996

2005

Presenter Notes
Presentation Notes
The consistent application of any uniform selection pressure results in evolution. It happens with common waterhemp in roundup ready soybeans in Illinois.Although I’m interested in seeing less reliance on herbicides in agriculture, I think the immanent loss of glyphosate in soybeans is a terrible shame. The lowToxicological profile and high efficacy of glyphosate made it desirable from an economic and ecological standpoint.  I also want to remind you that when roundup ready soybeans came out, Monsanto ferociously defended them against any naysayers who spoke about resistance. They went on record as saying that resistance was impossible.But that’s not the only problem (next slide). And we’re also seeing this for other traits, such as the Bt toxin, with resistant western corn rootworm biotypes



Presenter Notes
Presentation Notes
Here’s a soybean field on an organic dairy up near Rockport, IL. The farmers had contacted me to ask for assistance in managing their out of control giant ragweed population.The owners had a corn, soybean, alfalfa rotation.   As a first test, I decided to look at the germination timing of this population, in comparison to a natural streambank population of giant ragweed. Here’s what it looked like. Any guesses as to why this germination profile extends so long into the season? What tool might they have been using? Yes, they were very dependent on repeated cultivation for most of their weed control, and the giant ragweed population had hedged its bets against this stress by having more of the population come up later in the season, after cultivation had stopped.A key recommendation was to make sure that they were including a winter annual phase before heading into alfalfa, to provide a rotation phase during which the giant ragweed wasn’t able to go to seed. Another recommendation was to limit deep tillage (they were moldboard plowing), and keep as many of the giant ragweed seeds near the surface as possible. The half-life of giant ragweed seeds at an inch below the soil surface is only a couple of years, whereas at 8” deep, the half life is closer to 7 years. When the seeds are left on the soil surface, seed predators can destroy the entire seed population in a matter of weeks.
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traits
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timing height at
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time
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Presenter Notes
Presentation Notes
The examples I showed you are just a few of the many, many heritable traits of weeds that can be selected on by weed management. Here are a few more.Red rice: same seed size, flowering time as cultivated rice (crop mimic)Barnyardgrass: breeders developed a rice cultivar with a red spot on the leaf to make it easier to tell between the rice and barnyardgrass seedlings; within a few years, barnyardgrass had evolved the same red spotIf a crop is being harvested with a combine harvester, it may be to the weeds advantage not to shatter if its seed is a different size than that of the crop, so that it’s spread in the chaff stream of the harvester. Can you think of a weed that does this? Cocklebur and giant ragweed are examples of a weed that does this.The main point here is that any management pressure, consistently applied, is going to elicit an evolutionary response from the weed populations being managed. We need to outsmart the weeds, and begin to think about how to develop management strategies that don’t provide a consistent selection pressure and cause weed populations to evolve rapidly.



Slowing weed evolution: 
heterogeneous environments

• Can we manage the field environment so that we 
provide contrasting, diverse selection pressures on 
weed populations?

• Vary selection pressures over time

• Combine selection pressures simultaneously

Presenter Notes
Presentation Notes
In contrast to directional selection, in which a single selection pressure is applied consistently over time, can we mix it up, and create heterogeneous selection environments?Varying selection pressures over time only works if there’s a big enough fitness cost.Combining selection pressures simultaneously can be effective if mortality is high. If not, can also select for multiple resistance to all the tactics at once.



HR Strategy A: rotate MOA over time
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Presenter Notes
Presentation Notes
The success of this strategy depends a LOT on how strong the fitness cost of resistance is. If the fitness cost is high, the frequency of the resistance allele in the weed population will begin to decrease as soon as selection by that herbicide goes away. If the resistance cost is low, then you could get the stair-step pattern seen in the right figure: the resistance allele doesn’t go away in between selection cycles with the herbicide, and each successive selection event results in greater proportion of resistance alleles in the population, as susceptible plants are killed off.



HR Strategy B: apply multiple MOA 
simultaneously (tank-mix)
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Presenter Notes
Presentation Notes
Tank mixing can potentially be a very effective way of slowing down the evolution of herbicide resistance. If rates are high, and kill is effective, and fitness costs of resistance are also high, can decrease resistance in a weed population over time. However, if kill is not effective for any number of reasons (rate too low, spray too late, wet spring, or novel mutations in population), and if fitness costs are low, can not only get increasing resistance over time, but this approach will increase the likelihood of selecting for multiple herbicide resistance. Have to be VERY careful with this approach. 



Multiple herbicide-resistant
Amaranthus tuberculatus
in east-central Illinois (CHR)

R sites of action:
ALS-inhibitors
HPPD-inhibitors
Growth regulators
PPO-inhibitors
PSII inhibitors
(+VLCFA, ‘22)

Presenter Notes
Presentation Notes
In this photo, we’re seeing the waterhemp population laugh at a 2,4-D amine application. Also resists dicamba. PGR herbicides are not likely to be the answer for this particular population.



Wu et al. 2017

There were no fitness costs for
4 of 5 resistances found in synthetic
population of common waterhemp.

Presenter Notes
Presentation Notes
PPO: lactofen, HPPD: mesotrione, ALS: both classic (chlorimuron) and pursuit (imazethapyr)created synthetic population will all five resistances in common genetic background



Lessons learned about factors driving 
evolution of HR in common 
waterhemp in IL soybean

Presenter Notes
Presentation Notes
Which of the previous approaches should we use in Illinois to deal with the growing herbicide resistance problem that we face? The weeds team at UIUC tried to address this question using an epidemiological approach.
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Epidemiology of Rgly in waterhemp

• Landscape
– Proximity to other infected fields
– Water
– Topography
– Land use, landscape complexity

• Management History (2004-2010, 141 fields)
– Cropping system
– Herbicide program
– Animals
– Machinery









Presenter Notes
Presentation Notes
Proximity to waterways, and topography are the landscape factors that have come out as most important so far. We are still working on collecting farmer management histories. 



Resistance screening

Presenter Notes
Presentation Notes
We took seeds from all the sites, and have been running dose-response experiments in the greenhouse. Unfortunately, there’s no simple molecular marker for glyphosate resistance. We’ve noticed elevated copy number of the EPSPS gene accompanying resistance, but it’s not a reliable enough indicator to screen populations this way. The two tubes on either side of the rack are known susceptible populations.



Did herbicide rotation help delay gly-R?

No.
Greater amount of
herbicide MOA
turnover was 
associated with 
more resistance
evolution from
2004-2010. So was
heavy glyphosate
use.

Evans et al. 2016

Presenter Notes
Presentation Notes
Herbicide turnover index is the proportional change in MOA in a given year, from additions and losses of MOA on a given field. So a turnover index of 0.57 means that more than 57% of the MOA in a given field changed from year to year. Spraying glyphosate 



Did tank-mixing help delay gly-R?

Yes!
Cocktails with more MOA were associated with less resistance evolution from 2004-2010.

Evans et al. 2016

Presenter Notes
Presentation Notes
Waterhemp seeds in fields with maximum annual application mixtures of three MOAs were 51 times less likely to be glyphosate resistant than those from fields with two MOAs per application. But note, that even with herbicide cocktails, glyhosate resistance evolution was only slowed down, not completely prevented. Herbicide resistance evolution is inevitable if you’re only using herbicides to manage weeds.  Interestingly, this same approach has been the most effective one in treating antibiotic resistant bacteria.



Are you doomed to HR if your neighbor is 
a lousy weed manager?

NO!
We saw no influence of 
proximity to infected 
neighbors on the rate 
of evolution of 
glyphosate resistance.

GR

Mgt (MOA complexity)

Neighbors
0.03 ns

-0.44 ***

Evans et al. 2016



Lessons learned

1) Herbicide rotation doesn’t help delay glyphosate resistance 
evolution (may work for other MOA) => Fitness cost of gly-R is 
low

2) MOA cocktails can help delay gly-R, for a while....
3) What you do on your fields matters
4) Any weed management program relying only on herbicides 

will encounter resistance problems. Need to diversify 
practices.



Long-term solutions to managing 
weeds must go beyond tactics to 

system-level thinking



https://integratedweedmanagement.org/Drawing by Annie Klodd

Integrated weed mgt.

• Not just a set of tools
• Need to know your weeds
• Choose appropriate tactics
• Spread tactics throughout 

weed life cycles
• Manage for the long-term
• Build weed suppressive 

cropping systems
• Begin with prevention

Presenter Notes
Presentation Notes
Multitactic weed control uses all available tactics. BUT, it starts with knowledge of your weeds.

https://integratedweedmanagement.org/


Weed-suppressive cropping systems...

• Prevent germination
• Prevent seedling establishment
• Reduce weed competition
• Reduce seedbanks

• Reduce seed production
• Prevent seed return
• increase seed predation
• increase seed decay

Presenter Notes
Presentation Notes
So to summarize... If you like what you’ve seen here, you can find all this and more in the extension booklet I put together with colleagues at Michigan State. 



Know your weeds: life history

Artwork: Cherie Earle

Presenter Notes
Presentation Notes
Weeds differ in a lot of ways. One important way is in their life history, the stages that they have to go through to complete their life cycles



Weed life history: I. summer annuals

Source: Cavigelli et al. 2000

tall waterhemp 
(Amaranthus tuberculatus)

Presenter Notes
Presentation Notes
Examples of summer annual species? What kinds of cropping systems do they live in?



Weed life history: II. winter annuals

Source: Cavigelli et al. 2000

marestail (Conyza canadensis)

Image source: B. Hartzler, ISU



Weed life history: III. biennials

Source: Cavigelli et al. 2000

wild carrot (Daucus carota)



Weed life history: IV. perennials

Source: Cavigelli et al. 2000

Canada thistle (Cirsium arvense)



annual biennial perennial

Davis. 2006. Weed Sci. 54: 558-565

Highest priority management targets, by life history

seeds rosettes, seedlings > seeds rosettes > seedlings > adults > seeds

Presenter Notes
Presentation Notes
In general as you move from weed species with life histories with no persistence of aboveground life stages, as in annuals, to species with life histories including aboveground persistence, managing the seedbank moves from being the only game in town to being one of many options. In demographic terms, this is measured as elasticity, or proportional changes in population growth rate to changes in different life stage transitions. Here, I show lower level demographic rates, which comprise transitions between life stages, since this is where many management activities have their effects on weed populations. It’s worth considering the annual case in greater detail, since most agricultural systems are dominated by annual weeds.



J  F  M  A  M  J  J A  S  O  N  D

summer annual crop

perennial/biennial crop

Plan rotation phases to disrupt weed life cycles
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summer annual
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Artwork: Rich Smith

Target all stages of life cycle

‘Many little hammers’ (Liebman and Gallandt, 1997)

Presenter Notes
Presentation Notes
In my work as a weed ecologist, one of the central things I do is to consider the potential effects of cropping system design on weeds. I’ve found demographic analysis to be a useful tool for understanding whether system components work with or against management objectives. Crop rotation phases and management practices associated with those phases might reduce seedling recruitment, but increase fecundity. Demographic analyses can weigh pros and cons of a system to see how they balance out. The idea of using target transitions to identify high priority management interventions has been used in many disciplines, and is increasingly being used in management of weedy and invasive species.



Davis et al. (2005) Integrated weed management

https://drive.google.com/file/d/1tWeFijB
dw47KvFdmcuKyJWC3ZrEtBwK5/view

https://drive.google.com/file/d/1tWeFijBdw47KvFdmcuKyJWC3ZrEtBwK5/view


Use a diverse set of tools



Steve Hurst @ USDA-NRCS PLANTS Database

Manage weed seedbanks

Presenter Notes
Presentation Notes
These are seeds of Palmer amaranth, which is invading IL crop land from the south, carrying multiple herbicide resistance with it. As you can see, the seeds are small, and they are very numerous. Seed production by mature Palmer amaranth females, and females of common waterhemp for that matter, can range from 20,000 seeds to a half million seeds easy. Thinking about how to manage weed seedbanks is something we should be paying close attention to.



Davis et al. (2005) Integrated weed management

Presenter Notes
Presentation Notes
I said I’d come back to seed fate. Especially in annual weed populations, weed seed fate is critical in determining how fast the population grows, and how long the population is a problem for. I’ve got a final example, this time at the ecosystem level, of how weeds, other organisms, and management can interact to affect overall weed distributions in a field.



Weed seedbank is persistent, but don’t give up!

Weed species Years for 50% reduction 
in seedbank (Burnside et 
al. 1996)

Years for 50 % reduction 
in seedbank (Davis et al.
2016)

common lambsquarters 12 2

velvetleaf 8 2.4

smartweed 4 0.5

redroot pigweed 4 1.8

common ragweed 2.5 0.7

giant foxtail < 1 1

kochia < 1 0.12

I have more confidence
in these numbers (seeds
allowed to germinate and
exposed to predators).

The way these data were
estimated was biased
towards longevity (stored
in glass jars).
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Presenter Notes
Presentation Notes
Keep seeds near surface, and be persistent in managing them.



Photo: Adam Davis

Tillage as one-time rescue for massive seed input



Percentage of seeds at depth
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Presenter Notes
Presentation Notes
You can send those seeds down once, but continued mixing of the soil will bring seeds back up to the surface for most implements.



Presenter Notes
Presentation Notes
The combine cleanout pile shows evidence that weeds are going to seed in these fields, although the weed seed to grain ratio is obviously inflated, since the seeds are being concentrated through cleaning screens. VL, IPOHE, SETFA, PANMI are the most common seeds in this sample, from the South Farms in Urbana, IL. 



Cousens and Croft, 2001

2 m

Combine harvesters are
one of the most efficient
weed seed dispersal
devices ever invented.

= standing weeds
with undispersed seed

Need for
Harvest 
Weed Seed 
Control



The Harrington “Seed destroyer”: will it work here too?

https://will.illinois.edu/agriculture/note/42130



Fuel use/hr: +0.5 gal (combine); 6-8 gal (HSD)
Weight: 12,000 lbs; tow hitch wt: 992 lbs
Engine: Cummins QSB6.7, 205 hp @ 1800 rpm
Cage mill: 188 hp @ 1400 rpm
Harvest speed: no restriction
Source: DeBruin Engineering, Australia

Walsh et al. (2012)

www.debruinengineering.com.au

Harrington Seed Destructor



Waterhemp (Amaranthus tuberculatus) seed after HSD treatment
Photo: Nick Hausman

Presenter Notes
Presentation Notes
This photo shows seeds of common waterhemp (Amaranthus tuberculatus) processed with the Harrington seed destructor.



In stationary trials, the HSD reduced 
weed seed viability by ≥ 99%

Shergill et al. 2020
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Weed seed capture varies by species, year, harvest date
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Reduction in seed return: 70 to 80%

Reduction in seedlings: ~ 70%

Presenter Notes
Presentation Notes
Vertical grey and black lines show harvest date in 2015 and 2016, respectively.



What weed traits is the HSD likely to select on?

• shattering: earlier seed dispersal
• flowering time: earlier seed formation
• seed size?
• seed coat strength?
• dormancy?

• ALL TOOLS WILL BREAK IF OVER-USED
– Many Little Hammers



Cropping system diversification to build
weed suppressive cropping systems

Cultural control



1

3

4

2

rotation length crop sequence
2 yr m-s
3 yr m-s-o/r
4 yr m-s-o/a-a

Davis et al. 2012 PLOS ONE 7(10): e47149

Marsden Farm
Boone, IA
Dr. Matt Liebman, PI

Crop rotation

Presenter Notes
Presentation Notes
Hit 29.5 K unique views on 1/14/14This is an aerial view of the Marsden farm study at Iowa State, which I helped establish and have been involved with for the past 10 years. The study examines the  simple premise that the drawbacks of low-diversity systems are not best solved with driving them even harder, but instread, we look to three simple ideas:Cropping system diversification in time and space.Re-integration of crop and livestock production, andJudicious use of selected agricultural inputs. We call this low-external-input agriculture; it is not an organic system.In the 2 year system, all agricultural inputs are synthetic, and are applied at rates recommended by Iowa State University Extension. In the 3 and 4 year crop sequences, interrow cultivation of weeds starts the job, and reduced rates of herbicides banded in the crop row finish it. Composted cattle manure is used as a nutrient source, and supplemented with synthetic N fertilizer only if soil tests indicate a need. Grains and forage legumes in the 3 and 4 year systems are fed to the same cattle. So clearly the three and four year systems are based on a re-integration of crop and livestock production creating a need for the products of the farm, and a place for the animal waste to become a valuable resource.



Davis et al. 2012 PLOS ONE 7(10): e47149

Presenter Notes
Presentation Notes
In this spider plot, values are normalized to 1. These are means from 2003-2010. You can see a trade-off between labor and energy in this study.



small grain underseeded
with red clover, early fall
after summer’s growth

Marsden Farm
Boone, IA



Forage legumes for allelopathy
incorporation of
legume green manure

increase of phenolic
acids in aqueous sol’n
in soil

weed seeds suppressed
(chemical & fungal)

crop seeds unharmed

increased leakiness in root 
membranes, fungal pathogens follow
trail of exudates via chemotaxis

Conklin et al. 2002. Plant & Soil. 238: 245-256 
Liebman & Sundberg. 2006. Weed Sci. 54:340-345.

Presenter Notes
Presentation Notes
what drives the differential seed-size effect?



Crop-centric fertility

Presenter Notes
Presentation Notes
Commoner’s principle of externalities highlights enhanced resource capture at the farm scale as an important pathway toward more effective ecological weed management systems. Inefficient resource use in agricultural ecosystems not only results in some of the more well-known externalities of agriculture, such as hypoxia in freshwater and marine systems due to eutrophication, and loss of biodiversity due to pesticide movement beyond field boundaries, but can also exacerbate in-field weed problems. Leaky nutrient cycles, in which the amount, location and timing of nutrient availability are not optimized with respect to cropdemand, can stimulate the recruitment and growth of many weed species. Weed species with ruderal life histories and evolutionary origins in disturbed environments experiencing periodic resource flushes have physiological and anatomical adaptations for efficient nutrient capture. Because of this, some weeds are able to outcompete crops for excess soil nutrients, especially when applied as synthetic fertilizers (or composted animal manures) in a large pulse. Fertilization strategies that take these aspects of weed ecology into account, such as banding nutrients at depths below the successful recruitment range of the associated weed species, or improving synchrony between soil nutrient availability and crop nutrient demand, can improve crop competitiveness with the weed and improve weed management efficacy.



Presenter Notes
Presentation Notes
Because this is what the soil surface under a giant foxtail plant looks like if you examine it closely. Weed seed predation is ubiquitous and plays an important role in regulating weed population dynamics in agroecosystems. In the short term, seed predators can wipe out all the seeds you present them with, and in the long term, they can eat upwards of 80 to 90% of weed seeds produced in a given year.



Source: Emilie Regnier, OSU



 

        
      

      
      

   

Presenter Notes
Presentation Notes
When I got to Illinois, I was interested in taking a more mechanistic look at the seed predation process, in relation to biotic and abiotic environmental variables.  In this study, I included cages that allowed all predators in, ones that allowed only invertebrate predators in, and ones that excluded all predators, to control for losses due to abiotic factors.
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Presenter Notes
Presentation Notes
The data returned gratifyingly clear patterns: seed predation was distinctly higher in the wheat crop underseeded with red clover than in the sole crop. When I integrated these results into demographic models of the two cropping systems, it turned out that seed predation accounted for the majority of the difference in population growth rate between the systems. I would have missed this if a friend hadn’t helped me expand my frame.
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Fecundity
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						FT/W		100		900		200		200				2000		100		200		600		2400

						FT/R		200		1100		200		200				2001		900		1100		1300		2000

						ST/W		600		1300		200		200				se1		175		175		175		175

						ST/R		2400		2000		200		200				se2		175		175		175		175





Fecundity

										175		175		175		175		175		175		175		175

										175		175		175		175		175		175		175		175
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ST/W

ST/R



PredOverTime

		





PredOverTime

		35657		35657		2.3		2.3		2.3		2.3

		35671		35671		4		4		4		4

		35692		35692		5.7		5.7		5.7		5.7

		35700		35700		5.9		5.9		5.9		5.9

		35719		35719		10		10		10		10
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*

*
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Wheat

Wheat + red clover

Seed recovery date

Daily % seed removal

10.1

23.8

37.6

58.2

51.7

71.9

24.9

57.6

33.1

43.9



Activity Density

		

								Activity density in field S1, 9/7-9/10, 2001





Activity Density

		Crickets		Crickets		Crickets		0.5		0.24		0.72

		Ground beetles		Ground beetles		Ground beetles		0.2		0.38		0.34
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1.25





Heggenstaller et al. (2006)
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Diverse crops can provide year-long cover to seed predators

Presenter Notes
Presentation Notes
Seed predation takes place at different times in different crops, depending upon when the canopy is closed. This group suggested that increasing crop diversity could maintain high seed predation rates throughout the season.



++

=

Presenter Notes
Presentation Notes
Not only are small vertebrates caught by owls and other nocturnal predators on moonlit nights, but they know this and avoid foraging on bright nights (lots of moon illumination + low cloud cover).  Providing cover for granivores should help.The data reflect this by showing a relationship between soil temperature and vertebrate foraging activity on cloudy nights, but not on clear moonlit nights.This variable would have been ignored in this study if it weren’t for the helpful comments of reviewers, one of whom had worked in this very area. Seeing this prompted me to include all invert catches, not just granivores. 



Presenter Notes
Presentation Notes
One possibility is that spiders were acting as predators of invertebrate granivores in our fields. The most common spiders caught in our pitfall traps were wolf spiders, members of the Lycosidae. Wolf spiders eat many types of insects in agricultural systems, including crickets and carabid beetles (both granivorous and entomophagous ones).Randall Currie and Holly Davis, of University of Kansas, discovered that Lycosid population densities are closely linked to tillage intensity and residue remaining on the soil surface. As tillage intensity increases, and more residue is buried or removed, Lycosid abundance goes down.Would reducing Lycosid abundance result in less capture of granivorous invertebrates and more seed predation? Would it reduce the beneficial control of other invertebrate pests of crops? Or perhaps would reducing Lycosids increase the ability of other entomophagous insects, such as carabid beetles, to control insect pests?I have to admit that although I call myself a weed ecologist, and had been looking at a feeding activity in the field, I hadn’t really thought about this as a process that was part of a broader food web.This is a new testable set of hypotheses, and I’m eager to learn more.



Overall
impact

Year 4
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Year 3
corn

Year 2
soybean

Year 1
corn

Overall
impact

Year 4
forage
legume

Year 3
oat/forage
legume

Year 2
soybean

Year 1
corn

2-year rotation 4-year diversified rotation

J   F  M  A  M  J   J  A  S  O  N  D J   F  M  A  M  J   J  A  S  O  N  D
Month of the year

*

***

* ** *

*Mowing and forage removalRow closure by canopyTillage or cultivationHerbicide application

after  Liebman and Staver, 2001

Presenter Notes
Presentation Notes
Not only does diversification of crop phenology result in diversified tactics and tools, but it can interrupt weed life cycles as well. Continuous production of summer annual crops selects for a well-established community of summer annual weeds, which can complete their life cycles within the suitable conditions offered by the crop production environment. When a fall or spring planted small grain and forage intercrop is introduced into this rotation, competition against spring emergence of summer annuals becomes severe, and early summer harvest makes it very difficult for them to complete their life cycles. When the forage legume is allowed to perennate, its canopy closure makes it tough for new weeds to emerge, especially with repeated cuttings for forage harvest.
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summer annual crop

perennial/biennial crop

Disruption of weed life cycles
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perennial/biennial

winter annual crop

x



Use herbicides to tune, rather than 
drive, weed management system

Davis et al. 2012



Physical control



Intra-row 

Inter-row



Adding sunflowers 
into a crop rotation 
can help clean up 
a weed field 
because 
sunflowers can be 
cultivated very 
aggressively.



Year 1: drill small grain, skipping every 4th row
7 ½” 15” 30”

Year 2: plant corn or soybean into clean rows

cultivate repeatedly
for stale seedbed

Source: Melander and Rasmussen, 2000 



Source: Phil Sarver

Buddingh finger weeder

direction of 
travel

side view

top view

crop row



Source: Adam Davis

Flame-weeder with tent shields to concentrate heat



Source: Bo Melander

Left: band-steamer. Right: sugar beets 
emerging in row cleaned by pre-emergence 
band-steaming.



Competitive crop cultivars

Williams et al. 2008

crop yield loss:

weed seeds:

Presenter Notes
Presentation Notes
sweet corn hybrids with different canopy architecture have varying competitive and weed suppressive ability. This work is led by Marty Williams in ourARS unit.



Demographic sub-model

Economic submodel

control
cost

lost crop
revenue

seeds small
seedlings

mature
plants
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large
seedlings

Liebman and Davis (2009)

Integrated weed management
Is an investment

Presenter Notes
Presentation Notes
New station 2: Models as integrative tools: “Models are more than intellectual exercises; they provide guidance for a thought-intensive, rather than a technology-intensive agriculture.” – Liebman & Davis, 2009Theory suggests that targeting the weed seedbank is a very important management option. This bioeconomic model combines information on weed population dynamics over time with the impact of weed population densities on management costs: time spent on weeding plus crop yield loss due to weed competition.



Hand weeding intra-row weeds:

200-500 hours per hectare in carrot and direct sown onion and 
leek

DIAS

Melander and Rasmussen, 2001
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Physical control efficacy
Handweeding efficacy
Seedbank decline
Seed predation

= base value in model

= realistic parameter range

Liebman and Davis (2009)

Presenter Notes
Presentation Notes
The lines for hand-weeding and physical control are steeper, but the realistic range of efficacy for these tactics tops out at a lower reduction in management costs than benefits from seed decay and seed predation. This is not to say that one is more important than the other, but rather that they could be seen as complementary ways of getting to the same point.



The most important weed 
management tool on your farm



Thoughtful weed management
• Weed community

• biology of dominant species
• spatial distribution on farm, population densities

• How are weeds defeating current mgt. system?
• emergence timing
• resistance
• overwhelming seedbank
• competition

• What individual tools have an effect on problem weeds?
• How can these tools be combined, and varied over time, 

to be effective for years to come?
• Use cultivation to tune, not drive, weed management system
• De-emphasize ‘big-hammer’ approaches

• Pay attention, and adjust strategy: adaptive 
management

Presenter Notes
Presentation Notes
There is no one prescription for successful weed management. 
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