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Thanks, well I’m Justin Meissen, I’m the Restoration and Research Program Manager at the Tallgrass Prairie Center at the University of Northern Iowa, and today I’m going to talk about how different choices we make when designing seed mixes and doing or not doing establishment management influence how a prairie reconstruction functions ecologically and how cost effective it is.



Conservation programs for specific ecosystem services
Emerging role of large ag conservation programs

Large conservation programs operating in 
ag landscapes strive to deliver services 
efficiently
• Conservation Reserve Program (CRP)

• Targeted practices for specialized 
services

• Erosion control, game bird 
habitat, historically

• Utilize vast USDA infrastructure to 
operate at scale

• Use revegetation as main tool

New role to address larger, more complex 
conservation issues
• More ecosystem rehabilitation activity

• Rare/ declining habitat restoration
• Pollinator and monarch recovery
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Land use intensification and rising production inputs continue to diminish many ecosystem services in midwestern ag landscapes. Reduced pollinator abundance, deteriorating water quality and soil erosion have all become large-scale stressors facing our ecosystems in these landscapes.

In response, organizations have developed targeted programs to address some of these specific conservation challenges. One of our largest examples in the US, the Conservation Reserve Program (CRP) has created lots conservation practices (or CPs) designed to enhance specific ecosystem services. Upland game bird provision (CP33 - Habitat buffers for upland birds), erosion control (CP2 -Establishment of permanent native grasses), and flood control (CP23 - Wetland restoration on floodplains) are all targeted services with specific programs associated with them. On the whole these are implemented through contracts with private landowners to revegetate ag land and manage those stands.

Historically, the implementation of these programs has been quite simplistic with respect to the kind of plants used for revegetation. Using more than a handful of species, let alone natives, for revegetation was not very common in the past.

But more recently, we’ve seen these programs take on more complex issues with aspects of ecosystem rehabiliatation included in their targets. Things like rare and declining habitat restoration and pollinator recovery have become components of popular practices in recent years. More and more of the revegetation projects being deployed are requiring diverse, native vegetation.



More native vegetation on the ag landscape
Pressure to do more with less

Popular CPs require native vegetation
Pollinator Habitat (CP42) 
• “…create longer-lasting meadows of 

high-quality native wildflowers that 
support pollinators and other wildlife…”

• > 200,000 acres planted in IA alone

Rare and Declining Habitat (CP25)
• Nesting and escape cover
• Erosion control
• Pollinator habitat

Increasing scale of implementation but 
reduced funding for conservation

How can conservation programs achieve 
greater impact with limited resources (i.e., 
be more cost-effective)?
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So we are seeing more attempts at putting native vegetation back on the ag landscape. In the past five years, particularly in Iowa and Illinois, we’ve seen a really significant number of contracts and acres of these kinds of practices. The big one is the Pollinator Habitat program or CP42. The practice specifications with this went in the direction of creating long-lasting high quality meadows of native wildflowers that support pollinators and other wildlife. The chart here shows how explosive the adoption of pollinator habitat was in the Corn Belt starting in 2016 until general enrollment was capped in 2017. 

The other popular native habitat program is the Rare and Declining Habitat, or CP25 practice. This is a more general wildlife habitat practice that focuses on providing native cover. Not as explosive of a program, but is reliably planted on lots of acres being enrolled.

Now even as these native habitat practices are being rolled out on a massive scale, and are necessary at an even more massive scale to address the ecological issues on ag landscapes, we have been seeing reduced support for conservation programs. So that creates a very challenging situation- how can we continue to achieve the necessary impact with more limited resources? That is, how can we make these programs more cost effective?



Balancing multiple ecological benefits rather than single services
An approach to cost-effectiveness

Diverse ecosystems provide many 
benefits simultaneously

Strategic tallgrass prairie 
reconstructions on agricultural fields:
• Reduce 82% N and P losses and 

95% sediment runoff 
• Increase pollinator abundance and 

bird species richness
ISU STRIPS team

Few studies have examined cost-
effectiveness in prairie reconstruction

What ecological benefits are provided 
per unit project cost?
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One way conservation programs might become more cost effective is to attempt to balance multiple ecological benefits at once, rather than focusing specifically on single services. 

Previous research has shown that diverse ecosystems provide a wide variety of ecological benefits simultaneously. Productivity, rates of nutrient cycling, nutrient capture, and decomposition, ecosystem service stability, all tend to be positively correlated with community diversity. In the Midwest, we find this with species-rich tallgrass prairies. They provide several ecosystem services when restored on the landscape. The STRIPS team at Iowa State University in particular has done a lot of great research quantifying this. For example, they found strategically reconstructing tallgrass prairie on 10% of agricultural fields can reduce N and P losses by up to 82%. They’ve also shown that integrating prairie into agricultural fields and other parts of the rural landscape can reduce sediment runoff, increase pollinator abundance, and increase bird species richness. So these multiple ecological benefits of tallgrass prairie
are well known pretty well known, but few studies have examined the cost-effectiveness in prairie reconstruction. So how many of these benefits can be provided per unit project cost?



Influences on cost effectiveness in prairie reconstruction
Increasing establishment success, moderating cost of inputs

Seed mix
• Grass-to-forb ratio

For a fixed density overall seeding rate:
• Grass too low: high cost, weed invasion, 

erosion
• Grass too high: low cost, poor pollinator 

outcomes
• Species selection

• Species selected to match site conditions
• “Off-the-shelf” mixes to meet program 

specs

Establishment management
• First year mowing

• More light for emerging seedlings 
increases establishment

• Better establishment = higher cost 
effectiveness
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So what could influence costs and ecological outcomes? Well Seed mix design is one of the biggest determinants of project costs and outcomes in prairie reconstruction. One aspect of seed mix design that is particularly influential here is the grass to-forb seeding ratio (based on number of seeds sown). So from a cost perspective, seed mixes with a high grass-to-forb ratio are less expensive than seed mixes with a low grass-to-forb ratio because grass seed is generally less expensive than forb seed. But, designing a mix in which the seeding rate of one functional group is either too high or too low can have adverse effects on specific ecological outcomes. 
For example, seed mixes where the grass seeding rate is too high can produce grass-dominated stands where forbs establish poorly and don’t persist. Ultimately, those stands have little value as pollinator habitat. Conversely, seed mixes in which the grass seeding rate is too low can produce stands with low cover which are highly susceptible to weed invasion and provide less protection against soil erosion and water quality degradation.

 And then Another aspect of seed mix design that influences costs and outcomes is species selection. A customized seed mix, in which species’ moisture tolerances are matched to site soil conditions, should produce stands that establish readily and persist long-term. But, Many reconstruction projects simply use “off-the-shelf” seed mixes designed to achieve specific program goals. So when a seed mix contains species that perform poorly under local soil conditions, overall cost-effectiveness is going to decline.

First year management can also influence costs and outcomes. Fast-growing, annual weeds are almost always a problem in post-agricultural sites and if the annual weeds establish and become dominant before the prairie seeds germinate, they can reduce native establishment, diversity, and increase long-term management costs. Previous research done at the Tallgrass Prairie Center has shown that mowing promotes prairie plant establishment by increasing light availability to developing seedlings, and a significant increase in seedling survival would also represent an increase in cost-effectiveness.






Assess whether: 
1) Prairie reconstructions installed at post-agricultural 

sites can effectively provide three ecosystem 
services (erosion control, weed resistance, and 
pollinator resources) 

2) Seed mix design and first year mowing influence 
the degree of service enhancement

Research Approach
• Field experiment in post-agricultural land
• Research implemented at relevant scales using 

relevant equipment (tractor mounted seed drills, 
mowers)

Research objectives

Meissen, J. C., A. J. Glidden, M. E. Sherrard, K. J. Elgersma, and L. L. Jackson. 2019. 
Seed mix design and first year management influence multifunctionality and cost-
effectiveness in prairie reconstruction. Restoration Ecology. In press.
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So our research objectives were to assess 1) whether prairie reconstructions installed at post-agricultural sites can effectively provide three ecosystem services (specifically erosion control, weed resistance, and pollinator resources), and 2) whether seed mix design and first year mowing influence the degree of service enhancement.

And the way we approached this was to establish a field experiment in post-ag land using the same kinds of techniques used in typical prairie reconstruction.





Methods
Experimental design

Seed Mix Design Field Experiment

Split-plot design, two blocks
• n= 36, 3 seed mixes × 2 mowing treatments× 3 

replicates × 2 blocks 
• Drill seeded in spring 2015, Nashua, IA

3 Seed mix treatments
• Pollinator Mix: 1:3 grass:forb seeding ratio (CP-

42), off-the-shelf
• Diversity Mix: 1:1 grass:forb, customized for site 

conditions (soils, climate)
• Economy Mix: 3:1 grass:forb (CP-25), off-the-shelf

2 Mowing treatments
• Mowed: Mowed to 4.5in when vegetation >2ft tall 

(4 times), only during first year
• Unmowed
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To give you a general overview of this experiment-- and I’ll talk more about each piece in a second-- but briefly here the experiment was established in Iowa in 2015 and we looked at 3 seed mix treatments as well as a mow/no mow treatment.




Methods
Study site

Borlaug Agricultural
Research Farm

Nashua, IA
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So a bit more about the study site- the experiment was installed at Iowa State University Northeast Research and Demonstration Farm in Nashua, IA, which is in the northeast section of the state here as you can see. We planted the experiment on April 30, 2015 using a Truax no-till drill. The seed bad was disked and harrowed soybean stubble, so small clods, very uniform. The experiment area is on Clyde and Floyd soils, which are moderately poorly drained mesic soils. Those are mostly straight loams to clay loams- so fairly fine textured. The field is tiled, with spacing about 60ft apart and on the whole the slopes are fairly minimal here- less than 5% grade.




Study SiteSeed mix treatments
Economy
Diversity
Pollinator

Mowing treatments
Mow
No-Mow

40ft

250ft

Borlaug Agricultural
Research Farm

Nashua, IA

Study Site
Experiment layout
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The layout here was a split-plot design with two spatial blocks, where our treatments were one of three seed mixes and mowed or unmowed. You can see each of the blocks being 40 by 250ft in dimension, which leaves the plots to be roughly 20 by 30 ft each.

Now for the mowing treatment, we mowed only in the first year. We mowed at 4.5in when vegetation got >2ft tall. That ended up meaning we mowed 4 times- (June 16, July 23, August 13, November 4) and all remaining thatch was left on site.



Study Design
Seed Mix Treatments

Metric Economy Mix Diversity Mix Pollinator Mix

Cost $130 per acre $291 per acre $368 per acre

Grass to forb seeding 
ratio 3:1 1:1 1:3

Grass seeding rate 
(seeds/ft2) 30.1 20.1 10.9

Forb seeding rate 
(seeds/ft2) 10.0 20.9 30.1

Species planted 21 71 38

Species selection 
method

Generalized 
(“Off-the-shelf”)

CP-25

Customized for 
mesic/wet-mesic

soils

Generalized
(“Off-the-shelf”)

CP-42
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So here are the three seed mixes we compared. The overall seeding rate for the mixes was standardized to 40 seeds per square foot- the main difference was how much of that was grass versus forbs.

So we looked at an economy mix that was based on off the shelf mixes that met the specs for CP-25, which was mostly grasses, and this one had a 3 to 1 grass to forb ratio. So 30 seeds per square foot grass, 10 for forbs. Not very diverse, only 21 species. Back in 2015, this mix cost 130 dollars and acre, but these prices are not quite current. Things are more expensive now, but this year they are fairly comparable, maybe 25% more expensive. 

We also looked at a diversity mix, which was a balanced mix with a 1 to 1 grass to forb ratio. So that’s 20 seeds per square foot grass, 20 seeds per square foot forbs, and was quite diverse- 71 species. And those species were selected for mesic soils, which matched the planting site soils, and were native to eastern IA. This mix is the one we generally prefer using for plantings with our Prairie on Farms program- high diversity, plenty of forbs and lots of different grass species which includes sedges.

Then lastly we looked at a generalized pollinator mix, which had the 1 to 3 grass to forb ratio as specified by the CP-42 practice standards. This one was also modeled on pre-prepared off-the shelf mixes. Another thing the pollinator program specifies is a preference for short grasses. Most of our short grasses that are commercially available are dry adapted species like junegrass, or wet adapted species like fox sedge. So this mix really was not designed for the mesic soils on site, but it did represent the kinds of mixes that have been popular over the past few years.




Methods
Data collection

Data collection 2015-2018

Randomly placed transects
• 5 quadrats (0.125m2) per transect
• No sampling within 1m of edges

In each quadrat, measure
• Canopy cover of vegetation types
• Planted native ramet density (stems)
• Inflorescence number

Use measures to estimate ecosystem function
• Erosion control: stem density, native cover
• Weed resistance: absence of weeds, absence of 

bare ground
• Pollinator resources: inflorescence production, 

floral richness
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As far as data collection, we used randomly placed transects in each plot, and assessed 5 quadrats per transect making sure to avoid sampling areas 1m from the edge since there were no buffers between plantings. 

We measured several metrics on vegetation rooted in the quadrats- canopy cover of key vegetation types, ramet density, as measured by stems, and inflorescence number.

And then we used those measures to estimate ecosystem function of seed mixes relative to each other. So we estimated erosion control using stem density and native cover, weed resistance using absence of weeds and bare ground, and pollinator resources using inflorescence production and floral richness.



Experiment
Results
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So lets take a look at the results over time. 
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Effects of seed mix design (grass:forb ratio)
Overall stand structure (canopy cover)

• Annual weeds 
decreased in all 
mixes; fewer in 
economy/diversity 
mix

• Perennial weeds (eg. 
Canada thistle, 
quackgrass) 
increased only in 
pollinator mix 

• High native cover 
only in diversity, 
economy mix

• Significant bare 
ground (after 
establishment) only 
in pollinator mix
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Let’s start with the effects of seed mix design first, and have a look at how the different seed mixes performed in overall stand structure, so canopy cover of key vegetation types. So we have four vegetation types, each graph has the percent canopy cover on the y axis, and year on the x-axis. The letters, if they are different, indicate statistically significant differences between treatments. We didn’t have cover data from year one, so we are looking at years 2 through 4 Lets look at the top left graph, annual weeds. We see here that overall,  annual weeds decreased regardless of mix, but that the pollinator mix still harbored a fair amount, even after 4 years. 

Looking at the graph on the top right here, we see that perennial weeds, which were primarily Canada thistle and quackgrass, increased only in the pollinator mix. Compared to the less than 5% cover in the diversity and economy mixes, the nearly 30% cover of perennial weeds is pretty worrying in terms of long term viability of these plantings. 

Now if we look at native cover on the bottom left, we see consistently high (nearly 90%) values in the economy and diversity mix, whereas the pollinator mix we barely hit 50%.

And lastly with the bottom right graph, we see bare ground over time with comparatively low bare ground in the economy and diversity mixes compared with the pollinator mix.
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• Native grass stems 
high in both 
economy and 
diversity mix, 
extremely low in 
pollinator mix

• Forb stems high in 
both pollinator and 
diversity mix, low in 
economy mix

• Diversity mix 
provides many 
stems of all kinds, 
economy, pollinator 
only those planted at 
high levels
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Now lets look at ramet, or stem density. Here we’ve got two graphs looking at grass stem density on the top, and forb stem density on the bottom. On the y-axis we’ve got stems, and again on the x axis we have time. This time we have density data for all years so 2015 was year 1 and 2018 is year 4. Again, the letters, if they are different, indicate statistically significant differences between treatments. 

So we see with grass stems on the top here, the economy and diversity mixes have fairly similar grass stem density, which is quite a lot, whereas the pollinator mix has barely any grass stems.

Then with native forbs on the bottom, we see the pollinator and the diversity mix tend to have roughly equal amount of forb stems, while the economy mix is performing pretty poorly in comparison by year 4.

So the general pattern here is that the diversity mix is providing lots of stems of both grass and forbs, but the economy and pollinator mixes are only providing one of the other and never both.



Effects of seed mix design (grass:forb ratio)
Plant diversity (species richness)

• Diversity mix 
produces most 
species consistently

• Species richness 
steady in diversity/ 
pollinator mixes 

• Signs of richness 
decreasing in 
economy mix
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Now we are looking at plant diversity, so species richness per transect. It’s not a surprising result- the diversity mix resulted in the most diverse stand. Also, a good sign in the diversity and pollinator mix that over time we are observing steady or increasing plant diversity. The worrying sign though is that in the economy mix it looks like we may be starting to lose species. What could be happening here is that we are seeing the grass starting to crowd out forb species, but that needs some follow-up analysis and further data collection. 



2016 2017 2018
0

20

40

60

Effects of first-year mowing
Overall stand structure (canopy cover)

• Mowing reduces 
annual weeds even 
after 3 yrs

• No significant 
mowing effects on 
perennial weeds

• Mowing increased 
native cover early 
on, but effect 
dissipated

• No mowing effect on 
bare ground
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Alright, lets switch our focus to the effects of first year mowing. Looking here again at canopy cover  of our four vegetation types. Overall, mowing had fewer clear effects. Looking at the graph in the upper left, we see that mowing reduces annual weeds, especially in the second year, but also more long term, the difference was there even after 4 years. Looking at the bottom left graph, we can see that mowing increased native cover early on, but effect dissipated by the third year. We didn’t find any effects of mowing on perennial weeds or bare ground.
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Effects of first-year mowing
Sown plant abundance (ramet density)

• Effects the first year 
with both grass and 
forbs

• Grasses benefited 
more from mowing, 
effects detectable 
up to year three

• Forb response less 
pronounced 
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Now looking at the effect of mowing on stem density- again grasses here on the top and forbs on the bottom graph. On the whole mowing is beneficial to native plants. We see in particular the mowing seemed to benefit grasses more overall, as on the top graph we see a more grass stems with mowing all through year 3, though we lose the effect in year four. Forb stems on the bottom here show a less clear trend at least statistically- we are only seeing increased stems with mowing in year one. But by and large, by mowing in the first year, the stem density reaches gets close to reaching density levels in year 2 that we see in the more mature 4 year stands. Basically its accelerating establishment.



Effects of first-year mowing
Plant diversity (species richness)

• Species richness 
improved with 
mowing in year 1 
and 2

• Effect fades by year 
3
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Here is the effect of mowing on species richness. An overall positive response, with more species found in the first two years. Again note how mowing is accelerating establishment. Year 2 plantings in many ways are functioning similarly as more mature plantings. Though we see the effect fade over time as the unmowed plots “catch up” so to speak.





Effects of seed mix design and first-year mowing
Floral resources (inflorescence number)

• Pollinator mix most 
floral resources, 
diversity mix 
intermediate

• Economy mix provides 
minimal pollinator 
habitat 

• Mowing improved 
flowering in balanced 
and forb dominated 
mixes

• Mowing decreased 
flowering in grass 
dominated mix

• Floral diversity 
(Pielou’s evenness)
highest in diversity mix
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Now lets have a look at floral resources. So what we are seeing here is the cumulative floral resources for plots over their lifetimes. So each year, we are summing the current number of inflorescences with how many were produced in the past. That gives us a more complete picture of the value to pollinators these different treatments are providing. So we are looking at inflorescences per square meter on the y axis, and the x axis is split out by mix- same color, same mix, and within each mix is the mow no-mow treatment. The letters are showing statistical significance between mixes and the asterisks are showing significance between mowing treatments. 

So the pollinator mix definitely provided the most floral resouces, followed by the diversity mix and then the economy mix. Interestingly mowing improved flowering only in the balanced and forb dominanted mixes- that is the diversity and pollinator mixes. Mowing actually had the opposite effect in the grass dominated economy mix. Given how we saw mowing benefiting grass stem density, I wonder if this is also a reflection of the effects of grass dominance pushing out forbs.

And we did assess floral resource diversity, and we found that the diversity mix had the highest evenness, which was 60% higher than the pollinator mix. 



Floral resources 2016 (Year 2)
Influence of Seed Mix and Mowing

• Black-eyed susan
(rudhir) the dominant 
flower

• Oxeye (helhel) 
important in diversity 
and economy mixes

• Yellow coneflower 
(ratpin) important in 
mowed plots

Presenter Notes
Presentation Notes
So we are going to take a whirlwind look at how the floral resouces were composed, and how they’ve changed over time. So this is year two. Black-eyed susan is clearly dominant here, which is very much expected for an early planting. In the diversity and economy mixes, oxeye is important as well. And then with mowing, we see that yellow coneflower increases in importance.




Floral resources 2016 
Pollinator Mix, July (Year 2)

Mow No-Mow
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Here’s what that looks like on the ground- lots of black eyed susan, big effects from mowing.




Floral resources 2017 (Year 3)
Importance of Seed Mix and Mowing

• Yellow coneflower 
(ratpin) the dominant 
flower

• Oxeye (helhel) 
important in diversity 
and economy mixes

• Large decrease in 
black-eyed susan
(rudhir)
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Now year three there was a sizable shift in flower composition- in the third year yellow coneflower is the dominant flower, with oxeye as another important component again in the diversity and economy mixes. Obviously the big difference from the previous year though is the loss of black-eyed susan flowers. 



Floral resources 2017
Pollinator Mix, July (Year 3)

Mow No-Mow
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So a shot of the plots year 3, yellow coneflower clearly dominant, and the effect of mowing is much less apparent. 



Floral resources 2018 (Year 4)
Importance of Seed Mix and Mowing

• No species especially 
dominant, flowering 
more even

• Large decrease in 
yellow coneflower 
(ratpin)

• Increase in golden 
alexander (zizaur)

• Practically no 
flowering in mowed 
economy mix

Presenter Notes
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Then last year we saw more changes, with the main differences being that flowering species became more even, basically that there was no longer a particularly dominant flowering species. The big increaser this year was golden alexander, which was really prevalent in the pollinator mix. Then the other interesting thing here is that there was practically no flowers in the mowed economy mix.



Floral resources 2018
Pollinator Mix, July (Year 4)

Mow No-Mow
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Then here are the plots last year- we can see more diversity in what’s flowering- blazingstar, old golden alexanders, compass plant in addition to the coneflowers from last year.



Floral resources 2019
Pollinator Mix, July (Year 5)

Mow No-Mow
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Then here are the plots this year- a similar look as last year, but no data yet.



Effects of seed mix design (grass:forb ratio)
Cost-effectiveness

• Mixes designed for 
particular functions 
are cost effective for 
those functions but 
not others

• Functionally balanced 
approach not 
optimized, but 
moderately cost 
effective for multiple 
functions
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And then finally, lets look at cost outcomes. So here we are looking at two metrics- cost per thousand stems in the top graph and cost per thousand inflorescences in the bottom graph. Lower is better here. These are telling us how much did we pay to get a thousand native plant stems and how much did we pay to produce a thousand native inflorescences?

So what we’re seeing is that if you optimize your seed mix for a particular ecosystem service, such as flower provision or cheap ground cover, you are likely to perform well on that metric and your planting will be cost effective. However, you miss out on other ecosystem services and the planting is not cost effective at all on other important services.  But if you strive for a more balanced approach, you can achieve better cost effectiveness among multiple services, even if you haven’t necessarily optimized them all.

This is what we see with the single goal economy  and pollinator mixes- the economy mix is the best value in producing lots of native stems per dollar, but the flowering is very low and so we have a grassy stand with poor value with respect to floral resources. The pollinator mix on the other hand is not cost effective at creating a dense native stand, but is a good value with respect to producing flowers. 

The diversity mix sort of splits the difference- not clearly the most cost effective on single metrics, but quite cost effective when considered in a multifunctional context.



Effects of seed mix design (grass:forb ratio)
Multifunctionality and ecosystem service provision

The Diversity Mix (1:1 grass:forb seeding ratio) most multifunctional
• In relative comparison with other mixes among ecosystem services, Diversity Mix provided 

most services at once (compared to optimization of one or few)

Presenter Notes
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And lastly let’s illustrate how efficiently these mixes provided different ecosystem services. So we are looking at petal charts here, and we are looking at how these mixes did relative to each other on these 6 ecosystem services related to erosion control in blue, pollinator resources in green, and weed resistance in orange. What we see is that the balanced 1:1 grass to forb mix was was most multifunctional. It did not perform the best at each individual metric, mostly there was a different mix that was better in one of the metrics, but on the whole it provided the most benefits at once. So those stands planted with the diverse balanced mix are sort of being a jack of all trades when it comes to ecosystem service provision.



Seed mix design plays an influential role in ecosystem 
service provision

1) Strongly grass dominated mixes provide 
erosion control and weed resistance but 
minimal pollinator resources

2) Strongly forb dominated mixes provide 
pollinator resources but low erosion control 
and weed resistance

3) Balanced grass:forb seed mixes provide all 
three services at moderate to high levels 

First year mowing positively influences the degree of 
service enhancement

1) Mowing generally increased pollinator 
resources

2) Mowing accelerated native establishment, but 
effects faded over time  

Research Summary
Seed mix design & mowing influences on multifunctionality and cost effectiveness

Presenter Notes
Presentation Notes
So to sum up what we’ve learned,  seed mix design, that is the grass to forb ratio and species selection approach choices you make, plays an influential role in ecosystem service provision. We found that grass dominated mixes -that is 3 to 1 grass to forb ratio, provide good erosion control and weed resistance in a very cost effective way, but they yielded minimal pollinator resources. Strongly forb dominated mixes -that is 1 to 3 grass to forb ratio, provide cost effective pollinator resources, but lower erosion control and poor weed resistance. And then diverse balanced grass forb seed mixes provide all three services at moderate levels and moderate cost effectiveness all at once.

And with first year mowing, we found that overall it positively influences the degree of service enhancement. Specifically mowing increases pollinator resources, and accelerated native establishment, though the effects fade over time.







Improve CRP seed mix specs for cost-effectiveness and 
multifunctionality
• Balanced grass to forb ratio (1:1) with many species 

and functional groups would perform well for 
pollinators (CP42) and native cover (CP25)

• More cost efficient- moderate cost, high 
establishment

Use first year mowing when fast establishment required
• CRP contracts only 10-15 yrs so a lost year=contract 

performance 10% worse

Foregoing first year mowing not a death sentence for 
permanent plantings
• Cost/labor savings could be redirected under tight 

budgets

Implications for practice
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So how can we use this research for management decisions?

I think one thing we can do is try to improve the seed mix specs for a few of the popular native vegetation CRP programs so that resulting stands will be more cost effective and multifunctional. A more balanced mix with equal grass to forb seeding rates and many functional groups performs almost as well for pollinators so that’s ticking the boxes for CP-42, but also resists weeds and provides high native cover for the CP-25 practice. This kind of mix, while moderately expensive, results in high establishment, and thus more cost effectiveness.

As far as recommendations for mowing- I think our data shows it’s a must for CRP contracts or any circumstances where rapid establishment is necessary. Particularly in the CRP context, the lag year that resulted in not mowing could be 10% of that contract lost- we’re paying for 10 years of ecosystem services- so we really need to make those most out of them.

Now on the other side of that coin, if we are working with a more permanent planting or an ecological restoration project, there’s a case to be made for skipping the mowing and using the savings on something else, maybe for a higher quality seed mix. If you can tolerate a few more annual weeds and a site that’s aesthetically very ugly for 3 years, our data shows that on most establishment metrics, once its mature, prairie reconstructions function the same whether it was mowed the first year or not.
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ECONOMY MIX
Seeding Rate

Quantity sowed
Seeding Rate Cost 2015 

Cost
2016 
Cost

Grass/Sedge Scientific Name Seeds sowed/sqm Seeds /sq ft grams PLS lb/ac per gram per lb 2015 Cost per ac

Big Bluestem Andropogon gerardii 46.3 4.3 6.69 1.17 $          0.01 $        6 $       0.09 $        7 

Side-oats Grama Bouteloua curtipendula 46.3 4.3 7.74 1.35 $          0.02 $      10 $       0.17 $      14 

Canada Wildrye Elymus canadensis 46.3 4.3 10.79 1.89 $          0.02 $      10 $       0.24 $      19 

Switchgrass Panicum virgatum 32.3 3.0 2.92 0.51 $          0.02 $      10 $       0.06 $        5 

Little Bluestem Schizachyrium scoparius 46.3 4.3 4.37 0.77 $          0.04 $      18 $       0.17 $      14 

Indian Grass Sorghastrum nutans 46.3 4.3 5.82 1.02 $          0.04 $      16 $       0.21 $      16 

Tall Dropseed Sporobolus compositus 59.2 5.5 2.85 0.50 $          0.03 $      12 $       0.08 $        6 

TOTAL 322.8 30.0 41.19 7.21 $       1.02 $      81 

Forbs (Legumes) Scientific Name

Milk Vetch Astragalus canadensis 10.8 1.0 0.92 0.16 $          0.07 $      30 $       0.06 $        5 

Purple Prairie Clover Dalea purpurea 10.8 1.0 1.04 0.18 $          0.06 $      25 $       0.06 $        5 

TOTAL 21.5 2.0 1.95 0.34 $       0.12 $        9 

Forbs (Non-Legumes) Scientific Name

Prairie Sage Artemisia ludoviciana 10.8 1.0 0.06 0.01 $          0.56 $    253 $       0.03 $        3 

Tall Boneset Eupatorium altissimum 5.4 0.5 0.16 0.03 $          0.35 $    160 $       0.05 $        4 

Ox-eye Sunflower Heliopsis helianthoides 5.4 0.5 1.24 0.22 $          0.06 $      25 $       0.07 $        5 

Wild Bergamot Monarda fistulosa 10.8 1.0 0.22 0.04 $          0.22 $    100 $       0.05 $        4 

Stiff Goldenrod Oligoneuron rigidum 5.4 0.5 0.19 0.03 $          0.22 $    100 $       0.04 $        3 

Prairie Cinquefoil Potentilla arguta 10.8 1.0 0.07 0.01 $          0.26 $    120 $       0.02 $        1 

Yellow Coneflower Ratibida pinnata 10.8 1.0 0.52 0.09 $          0.08 $      35 $       0.04 $        3 

Black-eyed Susan Rudbeckia hirta 5.4 0.5 0.08 0.01 $          0.06 $      25 $       0.00 $        0 

Sweet Coneflower Rudbeckia subtomentosa 8.1 0.8 0.27 0.05 $          0.17 $      75 $       0.04 $        4 

Showy Goldenrod Solidago speciosa 5.4 0.5 0.08 0.01 $          0.53 $    240 $       0.04 $        3 

New England Aster Symphyotrichum novae-angliae 5.4 0.5 0.12 0.02 $          0.50 $    226 $       0.06 $        5 

Golden Alexanders Zizia aurea 2.7 0.3 0.35 0.06 $          0.13 $      60 $       0.05 $        4 

TOTAL 86.1 8.0 3.36 0.59 $       0.50 $      40 

FORBS 107.6 10.0 5.31 0.93 25% $       0.62 $      49 

GRASS/SEDGE 322.8 30.0 41.19 7.21 75% $       1.02 $      81 

GRAND TOTAL 430.4 40.0 46.50 8.14 100% $   130 



POLLINATOR MIX
Seeding Rate

Quantity sowed
Seeding Rate Cost 2015 Cost 2016 Cost

Grass/Sedge Scientific Name Seeds sowed/sqm Seeds /sq ft grams PLS lb/ac per gram per lb 2015 Cost per ac

Junegrass Koeleria macrantha 31.6 2.9 0.23 0.04 $          0.26 $    120 $       0.06 $        5 

Little Bluestem Schizachyrium scoparius 29.1 2.7 2.75 0.48 $          0.04 $      18 $       0.11 $        9 

Brown fox sedge Carex vulpinoidea 19.8 1.8 0.29 0.05 $          0.21 $      96 $       0.06 $        5 

Tall dropseed Sporobolus compositus 17.8 1.7 0.86 0.15 $          0.03 $      12 $       0.02 $        2 

Big bluestem Andropogon gerardii 3.6 0.3 0.51 0.09 $          0.01 $        6 $       0.01 $        1 

Side-oats grama Bouteloua curtipendula 3.4 0.3 0.58 0.10 $          0.02 $      10 $       0.01 $        1 

Prairie dropseed Sporobolus heterolepis 3.0 0.3 0.29 0.05 $          0.13 $      60 $       0.04 $        3 

TOTAL 108.2 10.1 5.50 0.96 $       0.27 $      22 

Forbs (Legumes) Scientific Name

Purple prairie clover Dalea purpurea 25.2 2.3 2.43 0.42 $          0.06 $      25 $       0.13 $      11 

White prairie clover Dalea candida 22.5 2.1 1.71 0.30 $          0.06 $      25 $       0.09 $        7 

Canada milk vetch Astragalus canadensis 3.3 0.3 0.28 0.05 $          0.07 $      30 $       0.02 $        1 

White wild indigo  Baptisia alba 0.6 0.1 0.55 0.10 $          0.26 $    120 $       0.15 $      12 

TOTAL 51.6 4.8 4.97 0.87 $       0.25 $      20 

Forbs (Non-Legumes) Scientific Name

Culver's root Veronicastrum virginicum 31.6 2.9 0.06 0.01 $          1.30 $    590 $       0.07 $        6 

Alumroot Heuchera richardsonii 27.7 2.6 0.06 0.01 $          1.54 $    700 $       0.09 $        7 

Black-eyed susan Rudbeckia hirta 25.5 2.4 0.40 0.07 $          0.06 $      25 $       0.02 $        2 

Sneezeweed Helenium autumnale 20.6 1.9 0.23 0.04 $          0.19 $      85 $       0.04 $        3 

Wild bergamot Monarda fistulosa 19.7 1.8 0.41 0.07 $          0.22 $    100 $       0.09 $        7 

New England aster Symphyotrichum novae-angliae 15.9 1.5 0.35 0.06 $          0.50 $    226 $       0.17 $      14 

Ironweed Vernonia fasciculata 14.2 1.3 0.86 0.15 $          0.26 $    120 $       0.23 $      18 

Golden alexander Zizia aurea 14.1 1.3 1.85 0.32 $          0.13 $      60 $       0.25 $      19 

Yellow coneflower Ratibida pinnata 11.8 1.1 0.57 0.10 $          0.08 $      35 $       0.04 $        3 

Foxglove beardtongue Penstemon digitalis 10.3 1.0 0.11 0.02 $          0.20 $      90 $       0.02 $        2 

Prairie cinquefoil Potentilla arguta 9.0 0.8 0.06 0.01 $          0.26 $    120 $       0.02 $        1 

Rattlesnake master Erynigium yuccifolium 8.9 0.8 1.72 0.30 $          0.17 $      75 $       0.28 $      23 

Prairie blazingstar Liatris pycnostachya 8.7 0.8 1.15 0.20 $          0.40 $    180 $       0.45 $      36 

Common Mt. Mint Pycnanthemum virginianum 8.7 0.8 0.06 0.01 $          0.74 $    338 $       0.04 $        3 

Stiff Goldenrod Oligoneuron rigidum 8.1 0.8 0.29 0.05 $          0.22 $    100 $       0.06 $        5 

Heath Aster Symphyotrichum ericoides 7.9 0.7 0.06 0.01 $          0.56 $    253 $       0.03 $        3 

Pale Purple Coneflower Echinacea pallida 6.2 0.6 1.70 0.30 $          0.11 $      51 $       0.19 $      15 

Ohio Spiderwort Tradescantia ohiensis 4.7 0.4 0.86 0.15 $          0.28 $    126 $       0.24 $      19 

Smooth Blue Aster Symphyotrichum laeve 4.3 0.4 0.11 0.02 $          0.28 $    126 $       0.03 $        3 

Showy Goldenrod Solidago speciosa 3.8 0.4 0.06 0.01 $          0.53 $    240 $       0.03 $        2 

Butterfly Milkweed Asclepias tuberosa 3.4 0.3 1.16 0.20 $          0.66 $    300 $       0.77 $      61 

Sky-blue Aster Symphyotrichum oolentangiense 3.1 0.3 0.06 0.01 $          0.53 $    240 $       0.03 $        2 

Common Milkweed Asclepias syriaca 1.6 0.2 0.58 0.10 $          0.22 $    100 $       0.13 $      10 

Prairie Violet Viola pedatifida 1.1 0.1 0.06 0.01 $          1.11 $    506 $       0.06 $        5 

Compass Plant Silphium laciniatum 0.8 0.1 1.65 0.29 $          0.19 $      85 $       0.31 $      24 

Rosinweed Silphium integrifolium 0.4 0.0 0.52 0.09 $          0.22 $    100 $       0.11 $        9 

Prairie Phlox Phlox pilosa 0.3 0.0 0.02 0.00 $          4.41 $2,000 $       0.11 $        9 

TOTAL 25.3 15.00 2.62 $       3.93 $   312 

FORBS 324.2 30.1 19.97 3.49 12% 75% $       4.32 $   343 

GRASS/SEDGE 108.2 10.1 5.50 0.96 0.00 25% $       0.27 $      22 

GRAND TOTAL 432.4 40.2 25.47 4.46 0.12 100% $       4.60 $   365 



DIVERSITY MIX
Seeding Rate

Quantity sowed
Seeding Rate Cost 2015 Cost 2016 Cost

Grass/Sedge Scientific Name Seeds sowed/sqm Seeds /sq ft grams PLS lb/ac per gram per lb 2015 Cost per ac
Big bluestem Andropogon gerardii 21.5 2.0 3.11 0.54 $          0.01 $        6 $          0.04 $        3 
Side-oats grama Bouteloua curtipendula 32.3 3.0 5.40 0.94 $          0.02 $      10 $          0.12 $      10 
Prairie brome Bromus kalmii 2.7 0.3 0.49 0.09 $          0.09 $      40 $          0.04 $        3 
Yellow fox sedge Carex annectens 10.8 1.0 0.17 0.03 $          0.44 $    200 $          0.08 $        6 
Bicknell's sedge Carex bicknellii 1.1 0.1 0.09 0.02 $          0.33 $    150 $          0.03 $        2 
Plains oval sedge Carex brevior 2.7 0.3 0.13 0.02 $          0.33 $    150 $          0.04 $        4 
Heavy sedge Carex gravida 0.2 0.0 0.03 0.00 $          2.12 $    960 $          0.05 $        4 
Field oval sedge Carex molesta 2.7 0.3 0.16 0.03 $          0.33 $    150 $          0.05 $        4 
Canada wildrye Elymus canadensis 10.8 1.0 2.51 0.44 $          0.02 $      10 $          0.06 $        4 
Fowl mannagrass Glyceria striata 10.8 1.0 0.10 0.02 $          0.42 $    192 $          0.04 $        3 
switchgrass Panicum virgatum 21.5 2.0 1.95 0.34 $          0.02 $      10 $          0.04 $        3 
Little bluestem Schizachyrium scoparius 21.5 2.0 2.03 0.36 $          0.04 $      18 $          0.08 $        6 
Indiangrass Sorghastrum nutans 21.5 2.0 2.71 0.47 $          0.04 $      16 $          0.10 $        8 
Tall dropseed Sporobolus compositus 53.8 5.0 2.59 0.45 $          0.03 $      12 $          0.07 $        5 
Prairie dropseed Sporobolus heterolepis 2.7 0.3 0.26 0.05 $          0.13 $      60 $          0.03 $        3 

TOTAL 216.5 20.1 21.72 3.80 $          0.88 $      70 
Forbs (Legumes) Scientific Name
Leadplant Amorpha canescens 2.2 0.2 0.17 0.03 $          0.33 $    150 $          0.06 $        5 
Canada milk vetch Astragalus canadensis 10.8 1.0 0.92 0.16 $          0.07 $      30 $          0.06 $        5 
White wild indigo  Baptisia alba 0.2 0.0 0.18 0.03 $          0.26 $    120 $          0.05 $        4 
Partridge pea Chamaecrista fasiculata 3.2 0.3 1.73 0.30 $          0.02 $      10 $          0.04 $        3 
Purple prairie clover Dalea purpurea 10.8 1.0 1.04 0.18 $          0.06 $      25 $          0.06 $        5 
Showy tick trefoil Desmodium canadense 1.6 0.2 0.42 0.07 $          0.11 $      51 $          0.05 $        4 
Illinois tick trefoil Desmodium illinoense 2.7 0.3 0.90 0.16 $          0.03 $      15 $          0.03 $        2 

Round-head bushclover Lespedeza capitata 0.5 0.1 0.10 0.02 $          0.53 $    240 $          0.05 $        4 

TOTAL 32.0 3.0 5.47 0.96 $          0.39 $      31 
Forbs (Non-Legumes) Scientific Name
Wild garlic Allium canadense 1.1 0.1 0.19 0.03 $          0.19 $      85 $          0.03 $        3 
Canada anemone Anemone canadensis 0.2 0.0 0.04 0.01 $          0.88 $    400 $          0.03 $        3 
Thimbleweed Anemone cylindrica 0.5 0.1 0.03 0.01 $          1.32 $    600 $          0.04 $        3 
Prairie sage Artemisia ludoviciana 10.8 1.0 0.06 0.01 $          0.56 $    253 $          0.03 $        3 
Swamp milkweed Asclepias incarnata 1.1 0.1 0.32 0.06 $          0.19 $      85 $          0.06 $        5 
Common milkweed Asclepias syriaca 2.2 0.2 0.78 0.14 $          0.22 $    100 $          0.17 $      14 
Butterfly milkweed Asclepias tuberosa 0.3 0.0 0.11 0.02 $          0.66 $    300 $          0.07 $        6 
Whorled milkweed Asclepias verticillata 0.5 0.1 0.07 0.01 $          0.88 $    400 $          0.06 $        5 
New Jersey tea Ceanothus americanus 0.5 0.1 0.10 0.02 $          0.56 $    253 $          0.06 $        5 
Prairie coreopsis Coreopsis palmata 0.4 0.0 0.06 0.01 $          0.71 $    320 $          0.04 $        3 
Shootingstar Dodecatheon media 1.1 0.1 0.03 0.00 $          2.82 $1,280 $          0.07 $        6 

Pale purple coneflower Echinacea pallida 2.2 0.2 0.59 0.10 $          0.11 $      51 $          0.07 $        5 

Rattlesnake master Erynigium yuccifolium 2.2 0.2 0.41 0.07 $          0.17 $      75 $          0.07 $        5 
Tall boneset Eupatorium altissimum 2.7 0.3 0.08 0.01 $          0.35 $    160 $          0.03 $        2 
Flowering spurge Euphorbia corollata 1.1 0.1 0.19 0.03 $          0.37 $    168 $          0.07 $        6 
Grass-leaf goldenrod Euthamia graminifolia 10.8 1.0 0.04 0.01 $          1.41 $    640 $          0.06 $        5 
Northern bedstraw Galium boreale 1.1 0.1 0.02 0.00 $          1.76 $    800 $          0.04 $        3 
Bottle gentian Gentiana andrewsii 5.4 0.5 0.03 0.00 $          1.76 $    800 $          0.05 $        4 
Bigtooth sunflower Helianthus grosseserratus 1.6 0.2 0.16 0.03 $          0.44 $    200 $          0.07 $        5 
Prairie sunflower Helianthus laetiflorus 0.2 0.0 0.08 0.01 $          0.74 $    338 $          0.06 $        5 
Ox-eye sunflower Heliopsis helianthoides 5.4 0.5 1.24 0.22 $          0.06 $      25 $          0.07 $        5 
Prairie blazingstar Liatris pycnostachya 1.1 0.1 0.14 0.02 $          0.40 $    180 $          0.06 $        4 
Michigan lily Lilium michiganense 0.1 0.0 0.02 0.00 $          3.76 $1,704 $          0.06 $        5 
Great blue lobelia Lobelia siphilitica 10.8 1.0 0.03 0.01 $          0.44 $    200 $          0.01 $        1 
Wild bergamot Monarda fistulosa 8.1 0.8 0.17 0.03 $          0.22 $    100 $          0.04 $        3 
Stiff goldenrod Oligoneuron rigidum 8.1 0.8 0.28 0.05 $          0.22 $    100 $          0.06 $        5 
Wild quinine Parthenium integrifolium 1.1 0.1 0.22 0.04 $          0.19 $      85 $          0.04 $        3 

Foxglove beardtongue Penstemon digitalis 10.8 1.0 0.12 0.02 $          0.20 $      90 $          0.02 $        2 

Prairie phlox Phlox pilosa 0.2 0.0 0.02 0.00 $          4.41 $2,000 $          0.07 $        6 
Prairiie cinquefoil Potentilla arguta 10.8 1.0 0.07 0.01 $          0.26 $    120 $          0.02 $        1 
Hairy mt. mint Pycnanthemum pilosum 8.1 0.8 0.06 0.01 $          0.71 $    320 $          0.04 $        4 
Slender mt. mint Pycnanthemum tenuifolium 10.8 1.0 0.04 0.01 $          0.74 $    338 $          0.03 $        2 
Common mt. mint Pycnanthemum virginianum 10.8 1.0 0.07 0.01 $          0.74 $    338 $          0.05 $        4 
Yellow coneflower Ratibida pinnata 10.8 1.0 0.52 0.09 $          0.08 $      35 $          0.04 $        3 
Black-eyed susan Rudbeckia hirta 8.1 0.8 0.13 0.02 $          0.06 $      25 $          0.01 $        1 
Sweet susan Rudbeckia subtomentosa 8.1 0.8 0.27 0.05 $          0.17 $      75 $          0.04 $        4 
Rosinweed Silphium integrifolium 0.2 0.0 0.26 0.05 $          0.22 $    100 $          0.06 $        5 
Compass plant Silphium laciniatum 0.1 0.0 0.24 0.04 $          0.19 $      85 $          0.04 $        3 
Showy goldenrod Solidago speciosa 8.1 0.8 0.12 0.02 $          0.53 $    240 $          0.07 $        5 
Smooth blue aster Symphyotrichum laeve 5.4 0.5 0.14 0.02 $          0.28 $    126 $          0.04 $        3 

New England aster Symphyotrichum novae-angliae 5.4 0.5 0.12 0.02 $          0.50 $    226 $          0.06 $        5 

Sky-blue aster Symphyotrichum oolentangiense 2.7 0.3 0.05 0.01 $          0.53 $    240 $          0.03 $        2 

Purple meadow rue Thalictrum dasycarpum 0.5 0.1 0.07 0.01 $          0.44 $    200 $          0.03 $        2 
Prairie spiderwort Tradescantia bracteata 0.5 0.1 0.08 0.01 $          0.56 $    253 $          0.04 $        3 
Ohio spiderwort Tradescantia ohiensis 1.1 0.1 0.19 0.03 $          0.28 $    126 $          0.05 $        4 
Ironweed Vernonia fasciculata 2.7 0.3 0.16 0.03 $          0.26 $    120 $          0.04 $        3 
Culver's root Veronicastrum virginicum 5.4 0.5 0.01 0.00 $          1.30 $    590 $          0.01 $        1 
Golden alexander Zizia aurea 2.7 0.3 0.35 0.06 $          0.13 $      60 $          0.05 $        4 

TOTAL 193.4 18.0 8.58 1.50 $          2.39 $   190 
FORBS 225.3 20.9 14.04 2.46 51% $          2.78 $   221 

GRASS/SEDGE 216.5 20.1 21.72 3.80 49% $          0.88 $      70 
GRAND TOTAL 441.8 41.1 35.77 6.26 100% $          3.66 $   291 
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