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Outline

Plant species richness in re-created prairie

▪Retrospective

▪Cover crops

▪Seed additions

▪Forb enhancement

Seed-based restoration

▪Describing the species pool

▪Describing seed mixes

▪Species differ in their “restorability” (a brief woodland detour)



Challenges to tallgrass prairie restoration

▪ Difficult and expensive getting high quality diverse seed 

▪ Many species don’t recruit reliably
▪ High competition with invasive species

▪ Requires periodic burns to maintain diversity

▪ Most restored prairies don’t have large grazers
▪ Roadsides have unique challenges relating to burning and mowing

?



▪ How are restorations managed? 

▪ How generally diverse, invaded, and grassy are restorations?

▪ Among the many aspects of a restoration, what are the most important processes 

determining outcomes?

Prairie Restoration Retrospective



• 93 restorations and 5 remnant areas sampled across Iowa during July 

2015 & 2016.

• 46 were roadsides restorations, and 47 were “conservation” restorations 
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What predicts diversity and establishment?

▪ Abundance of exotic species reduces diversity

▪ Mowing increases richness

▪ Early precipitation improves mix establishment

▪ Seed mixes

Prairie Restoration Retrospective



Prairie Restoration Retrospective



Prairie Restoration 

Retrospective

▪ Restorations are HIGHLY variable

▪ Seed mixes are pretty diverse

▪ Seed mixes are mostly very grassy



All milkweeds      Asclepias syriaca 

     



A. syriaca A. incarnata A. sullivantii

A. tuberosa A. verticellata
Danaus plexippus



Cover Crops
Questions

▪Can cover cropping improve prairie restoration outcomes in terms of 

diversity and mix recruitment?

▪Does the strength and nature of the effect depend on CC species or 

functional group?

Methods

▪Established experiment at Brushy

Creek in 2015

▪Oats, Tillage radish, biennial

primrose, Canada wild rye, or two

Species combinations



Cover Crops



Cover Crops



Cover Crops

Results

▪Cover crops did suppress some weed establishment early on

▪After 5 years, treatments did not substantially influence species diversity

▪A perennial species significantly altered composition favoring forbs and 

other cool-season species

Caveats

▪Cover crops are useful for many reasons like soil stabilization

▪One site

▪The mix was pretty grassy

▪Could depend on perennial vs annual weed seed bank



Seed Additions
Questions

▪Does timing of arrival influence the effect of seed additions?

▪ Is repeated addition more effective than a single addition?

Methods

▪60 plots at Brushy Creek State Park

▪Monitored for 3 years

Results

▪Very little treatment effects

▪Annual additions increased diversity 

through evenness

Caveats

▪Added all species from initial mix that we could

▪This included dominant grasses



Seed Additions



Forb enhancement /

Can grasslands be too grassy?

1. Restored prairies shift to C4 grass dominance over time
2. Restored prairies tend to be grassier than remnants
3. Diversity tends to decrease with C4 grass dominance 

Questions

▪Can seed additions, mowing, or graminicide be used to improve diversity 

and forb/grass ratios?



Design – Shaw Nature Reserve 

1 7 13 19 25 31 37 43

2 8 14 20 26 32 38 44

3 9 15 21 27 33 39 45

4 10 16 22 28 34 40 46

5 11 17 23 29 35 41 47

6 12 18 24 30 36 42 48

49 55

50 56

51 57

52 58

53 59

54 60

No herbicide

Control

Fusilade

Mowing

Glyphosate

No mow

Herbicide Treatment

Seed Addition

Seed addition

Mow Treatment

3 herbicide x 2 seed addition x 2 Mow = 12 treatments 



Forb Enhancement
Results

▪Seed additions increase richness and conservatism

▪Glyphosate plots had greatest increase, but also greatest invasion

▪Mowing increases richness in sown plots



Forb Enhancement



Seed based restoration

Seed 

vendors/

Species pools

Remnant / 

reference  

Seed mixes

Restored / 

reconstructed
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Recruitment from seed

Seed mix design



Describing the species pool
Questions

▪ Is there bias in the kinds of species that are available from seed vendors?

▪Expected common, showy, open-canopy, and perennial species

Methods

▪Developed regional and restoration species pool for Ozark highlands, MO

▪9 vendors (High overlap with prairie flora)



Describing the species pool

Results 

▪Forbs > graminoids

▪Perennials > annuals

▪Larger ranges

▪Moderate conservatism

▪Taller forbs

▪Longer bloom

▪Prairie species more widely available



Describing seed mixes
Questions

▪How do seed mixes compare to remnant plant communities?

▪How do seed mixes differ based on their marketing?

Methods

▪22 MO prairie remnants

▪102 seed mixes (vendors throughout Midwest)



Describing seed mixes



Soil Moisture



Premium and Economy mixes



Describing seed mixes

Results (very preliminary)

▪Similar relative abundance of

▪Functional groups

▪Conservatism

▪Seed mixes lack early bloomers

▪G:F around 50%, 0-100%

Next steps

▪More remnants

▪More seed mixes

▪ Increase collaboration



Species differ in “restorability”
Questions

▪What predicts variation in species recruitment

Methods

▪Missouri woodland study

▪Non-native shrub removal and canopy thinning

▪Re-introduced fire

▪Used seed additions to revegetate 

Dec 2016

June 2019



Species differ in “restorability”

121 species

121 species

79 forbs



Conclusions

▪Species recruitment is important as it is difficult to add them later

▪Seed additions can increase diversity at little, with disturbances

▪Mowing in the first two years tends to help sown species recruit

▪Excluding non-native / exotic species is a top priority

▪Seed mixes with more species tend to produce prairies with lower invasion 

and thus higher species diversity. Recommend higher forb:grass ratios to 

better approximate remnant-like prairie, when that is a restoration goal

▪Cover crops help soil, but are mostly neutral for species diversity

▪Grass-selective herbicide may be helpful in managing prairie to improve forb 

abundance and diversity, but we need to do a bit more research



Mechanisms behind differential prairie 

species establishment
Questions

▪Why might “conservative” species recruit less reliably?
Hypotheses

▪Fewer / worse seeds (not a fair chance)

▪ Increased AMF dependency (Bauer et al. 2018)

▪Bad competitors early in establishment

Methods

▪Established plots in 2022

▪20 paired species –high and low C

▪All species sown at same PLS

▪Applied Mycobloom to half of plots

▪Weeded half of plots

▪Counted all stems in 2023

▪ In progress with AMF assay

family species C_score

Apocynaceae Asclepias syriaca 0

Apocynaceae Asclepias viridis 5

Asteraceae Ratibida pinnata 4

Asteraceae Coreopsis palmata 7

Asteraceae Solidago speciosa 7

Asteraceae Solidago nemoralis 2

Asteraceae Oligoneuron album 9

Asteraceae Oligoneuron rigidum 5

Asteraceae Symphyotrichum pilosum 0

Asteraceae Symphyotrichum oolentangiense 7

Cyperaceae Carex bushii 4

Cyperaceae Carex bicknellii 8

Poaceae Bouteloua curtipendula 7

Poaceae Sporobolus compositus 3

Plantaginaceae Penstemon digitalis 3

Plantaginaceae Penstemon grandiflorus 8

Hypericaceae Hypericum pyramidatum 10

Hypericaceae Hypericum punctatum 3

Fabaceae Desmanthus illinoensis 3

Fabaceae Dalea candida 8



Mechanisms behind differential prairie 

species establishment

Asclepias viridis Desmanthus illinoiensis
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