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RESTORATION OF AN 1,800 ACRE PRAIRIE POTHOLE WETLAND 
COMPLEX IN NORTHWESTERN MINNESOTA

Robert L. Jacobson (Phone:  651-284-3767, Email: robert.jacobson@dot.state.mn.us), Transportation 
Program Supervisor Sr., Ecological Assistance and Planning Unit, Minnesota Department of 

Transportation, Office of Environmental Services (MS 620), 395 John Ireland Blvd., St. Paul, MN 55155

Abstract: In 1991, reacting to public concern about its disappearing wetlands, the State of Minnesota initiated the 
Wetland Conservation Act (WCA), one of the most sweeping wetland protection laws in the country. The purpose of 
the WCA is to maintain and protect Minnesota’s wetlands and the benefits they provide.  With its goal of no-net-loss 
of wetlands, the Wetland Conservation Act (WCA) requires anyone proposing to drain or fill a wetland first to try to 
avoid disturbing the wetland; second, to try to minimize any impact on the wetland; and, finally, to replace any lost 
wetland acres, functions, and values.  The WCA allows and encourages the replacement of impacted wetlands from 
public transportation projects through the establishment of wetland banks.  In 1996, the Minnesota Department of 
Transportation (Mn/DOT) and the Minnesota Board of Water and Soil Resources began planning the development of 
a joint agency wetland bank project.  The project area is approximately 1,800 acres in size and is the largest wetland 
bank site in the state. When the third and final phase of the project is completed in 2003, approximately 1,500 acres 
of wetland credits will be established.  The project restores about 150 prairie pot-hole basins and their surrounding 
uplands using diverse local ecotype seed mixes.  Located in northwestern Minnesota, the wetland complex is within 
the North American migratory bird flyway, and is also in the naturally occurring range of the North American Prairie 
chicken.  The project was funded by Mn/DOT and BWSR at a cost of a little over $2.0 million. The net cost per acre of 
wetland credit will be in the neighborhood of $1,500. MNDOT’s share of the credits will be used to mitigate wetland 
impacts caused by state highway projects.  BWSR’s share of the credits will be used to mitigate impacts caused by 
county, city, and township road improvements.  When all of the credits are certified, the land will be turned over to the 
Minnesota Department of Natural Resources (DNR) to be managed as a wildlife management area.  

Introduction
The overall purpose of this project was to restore approximately 700 acres of wetlands on an 1,800 acre tract 
of land the Minnesota Department of Transportation (Mn/DOT) and the Board of Water and Soil Resources 
(BWSR) purchased in 1999.  Upon restoration, wetland credits will be determined by inspection and the 
credits will be deposited in the Minnesota Wetland Bank for the purpose of mitigating wetland impacts caused 
by public transportation projects.  The credits will be used to mitigate unavoidable impacts of public road 
projects on wetlands.  After creation of the wetland bank credits, the land will be transferred to the Minnesota 
Department of Natural Resources to be managed as a wildlife management area.

Prairie pot-hole wetlands are found in the grassland regions of North America.  They are composed of wetland 
types ranging from shallow open-water marshes and saturated depressions, to temporarily flooded depressions 
that dry up in mid summer.  The emergent zone and saturated soil zones are dominated by sedges, rushes, 
meadow grasses, and wetland forbs (tables 1, 2, and 3).  Surrounding uplands are dominated by mesic 
tallgrass prairie species (table 4).  [Note:  Tables 1-4 are from Jacobson 2003 (in press)].  

For years it has been the assumption by many in the wetland restoration community that if you restore basin 
hydrology and plant the adjacent upland with an appropriate seed mixture (in the case of prairie pot-holes; 4-
5 warm season native grasses) the result will be a high quality wetland restoration project.  This assumption 
is based on the premise that wetland species will re-establish from seedbank and in some cases may be 
brought in by waterfowl and shore birds.  Likewise, prairie forbs are expected to volunteer in on their own in 
the uplands.  However, agency review and academic research have indicated that many wetland projects in 
the Midwestern USA that are restored this way are not turning out to be “high quality.” This especially seems to 
be the case with sedge meadow wetlands in intensively farmed areas (Galatowitsch and van der Valk 1996a) 
because the native seed bank is depleted or is not viable any longer (Budelsky et al., 1999).  High quality 
habitat is not necessarily created by seeding warm-season native grasses alone.  Low diversity native grass 
plantings may provide good nesting cover for grassland birds, but they do not provide good overall wildlife 
habitat due to a lack of forbs, which attract pollinating insects, small mammals, amphibians, reptiles, birds, 
and subsequently larger mammals as well.  Frequently, even projects that are planted with a high diversity of 
species in the wetland and upland zones are not meeting their intended “function and value” goals because 
they are not managed actively during the first five years of establishment.  The two problems most often 
encountered are that the wetland fringe (sedge meadow) zone becomes infested with reed canary grass 
(regardless of whether or not this zone is planted) and the upland becomes infested with weeds such as 
Canada thistle (Cirsium arvense).  Reed canary grass (Phalaris arundinacea) is a particular problem because it 
is extremely competitive, to the point of supplanting nearly all native sedge meadow species in just a few years.  
It is so pervasive in the landscape that it is found in nearly every drainage ditch, stream bank, shoreline, prairie 
pot-hole, etc., in the state.  Canada thistle is problematic because it is a noxious weed that must be controlled 
by law, and it is nearly always found in new restorations.  Resultant control measures with herbicides tend to 
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eradicate the composite and legume forbs planted in the upland buffer zones, thus decreasing biodiversity 
and habitat value.  It is important, then, that wetlands such as prairie pot-holes not only have their hydrological 
characteristics restored, but also have their native plant communities restored as well.  It is also very important 
to perform adequate site preparation and have a follow-up vegetation management plan implemented to 
prevent the invasion of problematic exotic species.  

This project involved restoring prairie pot-hole hydrology, wet prairie, and mesic prairie.  It incorporated fairly 
rigorous site preparation involving both tillage and weed control prior to planting and also calls for post planting 
weed control and vegetation management for five years.  

Table 1.  
Common Species In MN Shallow Marsh Communities

Shallow Marsh Communities (Saturated soils to water depths up to 6 inches)
Common Name Botanical Name Indicator Succession Zone Installation 

Sweet flag Acorus calamus OBL L E S, P, PVM

Water plantain Alisma subcordatum OBL M E S, P, PVM

Indigo bush Amorpha fruticosa FACW L S P

American slough grass Beckmannia syzigachne OBL E S S, PVM

Water Arum Calla palustris OBL M E P, PVM

Slough sedge Carex atherodes OBL L E P, PVM

Bottlebrush sedge Carex comosa OBL L E P, PVM

Porcupine sedge Carex hystericina OBL L E P, PVM

Lake sedge Carex lacustris OBL L E P, PVM

Tussock sedge Carex stricta OBL L E P, PVM

Rattlesnake manna grass Glyceria canadensis OBL M E P, PVM

Reed manna grass Glyceria grandis OBL L E P, PVM

Knotted rush Juncus nodosus OBL L E P, PVM

Torrey’s rush Juncus torreyi FACW M E P, PVM

Rice cut-grass Leersia oryzoides OBL M S S, P, PVM

Water smartweed Polygonum amphibium OBL E E S, P, PVM

Great water dock Rumex orbiculatus OBL M S SB

Broad-leaved arrowhead Sagittaria latifolia OBL M E P, PVM

Soft-stem bulrush Schoenoplectus tabernaemontani OBL M E P, PVM

Hard-stem bulrush Scirpus acutus OBL L E P, PVM

River bulrush Scirpus fluviatilis OBL L E P, PVM

Three-square bulrush Scirpus pungens OBL L E P, PVM

Giant bur-reed Sparganium eurycarpum OBL L E P, PVM

Broad-leaved cattail Typha latifolia OBL L E SB

Wild rice Zizania aquatica OBL L E P, PVM

Indicator:  From USFWS Indictor Key For Region 3
Succession:  L = late, M = middle, E = early
Zone:  E = emergent, S = saturated, M = moist, MZ = Mesic, D = Dry
Installation:  S = seed, P = plant, PVM = pre-vegetated mat, SB = seedbank
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Sedge Meadow Communities (generally saturated soils dominated by sedges)
Common Name Botanical Name Indicator Succession Zone Installation
Canada anemone Anemone canadensis FACW L S S, P, PVM
Angelica Angelica atropurpea OBL L S SB
Marsh milkweed Asclepias incarnata OBL L S S, P, PVM
Red-stem aster Aster puniceus OBL L S S, P, PVM
American slough grass Beckmannia syzigachne OBL E S S, P, PVM
Beggar’s ticks Bidens cernua OBL E S SB
Fringed brome Bromus ciliata FACW M S S, P, PVM
Canada bluejoint grass Calamagrostis canadensis OBL L S S, P, PVM
Slough sedge Carex atherodes OBL L E P, PVM
Bebb’s sedge Carex bebbii OBL L S P, PVM
Bottlebrush sedge Carex comosa OBL L E S, P, PVM
Porcupine sedge Carex hystericina OBL L E P, PVM
Lake sedge Carex lacustris OBL L E P, PVM
Wooly sedge Carex lasiocarpa OBL L S P, PVM
Retrorsa sedge Carex retrorsa OBL L S P, PVM
Pointed broom sedge Carex scoparia FACW L S P, PVM
Awl-fruited sedge Carex stipata OBL L S P, PVM
Tussock sedge Carex stricta OBL L E S, P, PVM
Fox sedge Carex vulpinoidea OBL E S S, P, PVM
Spike-rush Eleocharis acicularis OBL M S P, PVM
Creeping spike-rush Eleocharis palustris OBL M S P, PVM
Virginia wild-rye Elymus vriginicus FACW- M S S, P, PVM
Joe-pye weed Eupatorium maculatum OBL L S S, P, PVM
Boneset Eupatorium perfoliatum FACW+ L S S, P, PVM
Grass-leaved goldenrod Euthamia graminifolia FACW- M S S, P, PVM
Reed manna grass Glyceria grandis OBL L E S, P, PVM
Fowl manna grass Glyceria striata OBL M S S, P, PVM
Sawtooth sunflower Helianthus grossesserratus FACW- L S S, P, PVM
Sweet grass Hierochloe odorata FACW L S P, PVM
Blue-flag iris Iris versicolor OBL L S S, P, PVM
Baltic rush Juncus balticus OBL L S P, PVM
Knotted rush Juncus nodosus OBL L S P, PVM
Slender rush Juncus tenuis FAC M S S, P, PVM
Torrey’s rush Juncus torreyii FACW M S P, PVM
Meadow blazingstar Liatris ligulistylis FACU+ L S S, P, PVM
Great blue lobelia Lobelia siphilitica FACW+ M S S, P, PVM
Spiked lobelia Lobelia spicata FAC M S P, PVM
Common bugleweed Lycopus americanus OBL E S SB
Wild mint Mentha arvensis FACW+ M S SB
Monkeyflower Mimulus ringens OBL M S S, P, PVM
Fowl bluegrass Poa palustris FACW+ M S S, P, PVM
Water pepper Polygonum hydropiperoides OBL E S SB
Arrow-leaved 
tearthumb Polygonum sagittatum OBL E S SB
Mountain mint Pycnanthemum virginianum FACW+ L S S, P, PVM

Soft-stem bulrush Schoenoplectus
tabernaemontani OBL M E S, P, PVM

Green bulrush Scirpus atrovirens OBL M S S, P, PVM
Woolgrass Scirpus cyperinus OBL L S S, P, PVM
Marsh skullcap Scutellaria galericuluata OBL E S SB
Giant goldenrod Solidago gigantea FACW L S S, P, PVM
New England aster Symphyotricum novae-angliae FACW L S S, P, PVM
Blue vervain Verbena hastata FACW+ M S S, P, PVM
Ironweed Veronia fasciculata FACW L S S, P, PVM
Culver’s root Veronicastrum virginicum FAC L S S, P, PVM
Indicator:  From USFWS Indictor Key For Region 3
Succession:  L = late, M = middle, E = early
Zone:  E = emergent, S = saturated, M = moist, MZ = Mesic, D = Dry
Installation:  S = seed, P = plant, PVM = pre-vegetated mat, SB = seedbank

Table 2. 
Common Species Found In MN Sedge Meadow Communities
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Wet Prairie Communities (seasonally saturated soils in the prairie region of the state)
Common Name Botanical Name Indicator Succession Zone Installation
Big bluestem Andropogon gerardi FAC- L M, MZ, D S, P, PVM
Canada anemone Anemone canadensis FACW L S S, P, PVM
Angelica Angelica atropurpea OBL L S SB
Dogbane Apocynum sp. FAC M S SB
Marsh milkweed Asclepias incarnata OBL L S S, P, PVM
Panicled aster Aster lanceolatus OBL L S S, P, PVM
Red-stem aster Aster puniceus OBL L S S, P, PVM
American slough grass Beckmannia syzigachne OBL E S S, P, PVM
Beggar’s ticks Bidens cernua OBL E S SB
Fringed brome Bromus ciliata FACW M S S, P, PVM
Canada bluejoint grass Calamagrostis canadensis OBL L S S, P, PVM
Slough sedge Carex atherodes OBL L E P, PVM
Bottlebrush sedge Carex comosa OBL L E S, P, PVM
Porcupine sedge Carex hystericina OBL L E S, P, PVM
Wooly sedge Carex lasiocarpa OBL L S S, P, PVM
Lake sedge Carex lucustris OBL L E S, P, PVM
Tussock sedge Carex stricta OBL L E S, P, PVM
Fox sedge Carex vulpinoidea OBL E S S, P, PVM
Virginia wild-rye Elymus vriginicus FACW- M S S, P, PVM
Joe-pye weed Eupatorium maculatum OBL L S S, P, PVM
Boneset Eupatorium perfoliatum FACW+ L S S, P, PVM
Grass-leaved goldenrod Euthamia graminifolia FACW- M S S, P, PVM
Reed manna grass Glyceria grandis OBL L E S, P, PVM
Fowl manna grass Glyceria striata OBL M S S, P, PVM
Sneezeweed Helenium autumnale FACW+ M S S, P, PVM
Sawtooth sunflower Helianthus grossesserratus FACW- L S S, P, PVM
Jewelweed Impatiens capensis FACW E S SB
Blue-flag iris Iris versicolor OBL L S S, P, PVM
Slender rush Juncus tenuis FAC M S S, P, PVM
Sweet grass Hierochloe odorata FACW L S P, PVM
Rice-cut grass Leersia oryzoides OBL M S S, P, PVM
Meadow blazingstar Liatris ligulistylis FACU+ L S S, P, PVM
Tall blazingstar Liatris pycnostachya FAC- L M S, P, PVM
Great blue lobelia Lobelia siphilitica FACW+ M S S, P, PVM
Spiked lobelia Lobelia spicata FAC M S P, PVM
Common bugleweed Lycopus americanus OBL E S SB
Prairie loosestrife Lysimachia quadriflora OBL M M P, PVM
Winged loosestrife Lythrum alatum OBL M M P, PVM
Wild mint Mentha arvensis FACW+ M S SB
Monkeyflower Mimulus ringens OBL M S S, P, PVM
Switch grass Panicum virgatum FAC+ L M S, P, PVM
Fowl bluegrass Poa palustris FACW+ M S S, P, PVM
Water pepper Polygonum hydropiperoides OBL E S SB
Arrow-leaved tearthumb Polygonum sagittatum OBL E S SB
Mountain mint Pycnanthemum virginianum FACW+ L S S, P, PVM
Soft-stem bulrush Schoenoplectus tabernaemontani OBL M E S, P, PVM
Green bulrush Scirpus atrovirens OBL M S S, P, PVM
Woolgrass Scirpus cyperinus OBL L S S, P, PVM
Sprangletop Scolochloa festucacea OBL M S S, P, PVM
Marsh skullcap Scutellaria galericuluata OBL E S SB
Giant goldenrod Solidago gigantea FACW L S S, P, PVM
Indian grass Sorghastrum nutans FACU+ L M Seed
Prairie cord-grass Spartina pectinata FACW+ L S S, P, PVM
Hedge nettle Stachys palustris OBL E S SB
New England aster Symphyotricum novae-angliae FACW L S S, P, PVM
Tall meadowrue Thalictrum dasycarpum FACW- L S S, P, PVM
Blue vervain Verbena hastata FACW+ M S S, P, PVM
Ironweed Veronia fasciculata FACW L S S, P, PVM
Culver’s root Veronicastrum virginicum FAC L S S, P, PVM
Indicator:  From USFWS Indictor Key For Region 3
Succession:  L = late, M = middle, E = early
Zone:  E = emergent, S = saturated, M = moist, MZ = Mesic, D = Dry
Installation:  S = seed, P = plant, PVM = pre-vegetated mat, SB = seedbank

Table 3.  
Common Species Found In MN Prairie Meadow Communities
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Table 4.  
Common Species Found in MN Mesic Tallgrass Prairie Communities

Materials & Methods
The project was a collaborative effort between Mn/DOT, BWSR and the DNR.  The Minnesota Department 
of Transportation purchased approximately 1,800 acres and provided the expertise for restoring the native 
plant communities and managing the vegetation during establishment.  The Board of Water an Soil Resources 
performed the hydrological analyses, hydraulic engineering, plan production and administered the contracts.  

Mesic Tallgrass Prairie Communities (generally mesic soils, dominated by warm-season grasses and forbs)
Common Name Botanical Name Succession Zone Installation Range
Prairie onion Allium stellatum M MZ, D S, P
Leadplant Amorpha canescens L D S, P
Big bluestem Andropogon gerardi L MZ, D S, P
Prairie sage Artemisia ludoviciana M MZ, D S, P
Butterfly milkweed Asclepias tuberosa L MZ, D S, P SW, SE
Whorled milkweed Asclepias verticillata L MZ, D P
Heath aster Aster ericoides M MZ, D S, P
Smooth-blue aster Aster laevis L MZ, D S, P
Sky-blue aster Aster oolentangiensis L MZ, D S, P
Silky aster Aster sericeus L D S, P
Canada milkvetch Astragalus canadensis M MZ, D S, P
Sideoats grama Bouteloua curtipendula L MZ, D S, P
Kalm’s brome Bromus kalmii M MZ, D S, P
Partridge pea Chamaecrista fasciculata E MZ, D S SW, SE
Prairie coreopsis Coreopsis palmata L MZ, D S, P
White prairie clover Dalea candidum M MZ, D S, P
Purple prairie clover Dalea purpureum M MZ, D S, P
Showy tick-trefoil Desmodium canadense M MZ S, P
Narrow-leaved coneflower Echinacea angustifolia L MZ, D S, P NW, SW
Canada wild rye Elymus canadensis M MZ, D S, P
Slender wheat grass Elymus trachycaulus M MZ, D S, P
Western wheat grass Elytrigia smithii M MZ, D S, P NW, SW
Flowering spurge Euphorbia corollata L MZ, D P
Prairie smoke Geum triflorum L D S, P
Maximillian’s sunflower Helianthus maximilliani M M, MZ S, P
Stiff sunflower Helianthus rigidus M MZ, D S, P
Early sunflower Heliopsis helianthoides M MZ, D S, P
Golden aster Heterotheca villosa L D P
June grass Koeleria macrantha L D S, P
Round-headed bushclover Lespedeza capitata M MZ, D S, P
Rough blazingstar Liatris aspera L MZ, D S, P
Tall blazingstar Liatris pycnostachya L M, MZ S, P
Wild Bergamot Monarda fistulosa M MZ, D S, P
Switch grass Panicum virgatum L M, MZ P
Showy penstemon Penstemon grandiflorum L D S, P
Prairie cinquefoil Potentilla arguta L MZ, D P
 Scurf pea Psoralea argophylla L MZ, D P
Pasque flower Pulsatilla nuttaliana L D P
Columnar coneflower Ratibida columnifera M MZ, D S, P
Grey-headed coneflower Ratibida pinnata M MZ S, P SW, SE
Prairie rose Rosa arkansana L MZ, D S, P
Black-eyed Susan Rudbeckia hirta E MZ S, P
Little bluestem Schizachyrium scoparium L MZ, D S, P
Upland-white aster Solidago ptarmicoides L MZ S, P
Stiff goldenrod Solidago rigida M MZ, D S, P
Showy goldenrod Solidago speciosa M MZ S, P
Indian grass Sorghastrum nutans L MZ, D S, P
Tall dropseed Sporobolus asper L MZ, D S, P
Sand dropseed Sporobolus cryptandrus L MZ, D S, P
Tall dropseed Sporobolus heterolepis L MZ S, P
Needle & thread grass Stipa comata L D P
Green needle grass Stipa viridula M MZ S, P NW, SW
Prairie spiderwort Tradescantia bracteata M MZ, D S, P
Blue vervain Verbena hastata M M, MZ S, P
Hoary vervain Verbena stricta M D S, P
American vetch Vicia americana M MZ, D S, P
Golden Alexanders Zizea aurea M M, MZ S, P
Indicator:  From USFWS Indictor Key For Region 3
Succession:  L = late, M = middle, E = early
Zone:  E = emergent, S = saturated, M = moist, MZ = Mesic, D = Dry
Installation:  S = seed, P = plant, PVM = pre-vegetated mat, SB = seedbank
Range:  Approximate range in Minnesota
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The Department of Natural Resources performed the land surveys and let the construction and restoration 
contracts.  The restoration project is located near Winger MN in Polk County (figure 1).  Land use prior to the 
restoration was agricultural; however, much of the land was difficult to farm due to the saturated nature of the 
soils and high water table. 

Fig. 1. Project Location

Slope and Aspect of Site
The slope of the land in the project area is relatively flat.  Most slopes are less than one percent; however, a few 
areas of up to four percent slope exist randomly over the project site.

Presettlement Vegetation
Presettlement vegetation on the site falls within the Aspen Parkland/Tallgrass Prairie region of Minnesota.  The 
site likely consisted of “prairie pot-holes” containing a mixture of sedge and prairie meadow species in low-lying 
areas, surrounded by a mixture of tallgrass prairie and aspen/oak parkland in the upland areas.  

Vegetation in the Watershed
About 75 percent of the watershed tributary to the site is planted into small grains and soybeans.  The non-
cropped areas are either wetlands, wet meadows or forest.  Most forest stands are dominated by aspen.  The 
project site links an existing state wildlife management area on the south with a federal waterfowl production 
area on the north side, making a sizable contiguous block of natural open space. 

Existing Seed Bank Analysis
No samples were taken to analyze seed bank in either the upland or wetland areas for the project.

Invasive Species on Site
Reed canary grass was the only invasive species that was noted on the site.  Canada thistle is reported to be 
present and requires periodic control.

Agricultural History of Site
The site had a history of being planted in soybeans, barley and wheat.  

Herbicide Use The Year Prior to Planting
During 1999, the owner generally used MCPA, a broadleaf herbicide, on barley.  It was applied in June.  For the 
soybean crop, the owner used Fusion, a grass herbicide, and Blazer, a broadleaf herbicide.  These were applied 
post emergence during June.  

Site Construction
All grading work and installation of structures was performed under a construction contract following plans 
developed by BWSR.  Locations of basins were determined by examining historical records and aerial photos 
looking for natural wetlands. Basins of a variety of sizes and depths were excavated and temporary wetlands 
formed in natural low areas in the landscape.  The restoration of wetland hydrology was accomplished by 
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installing simple ditch blocks for the smaller basins that have a low watershed-to-pool ratio.  The larger basin 
restorations generally had either a standpipe or weir type of outlet installed.  Where feasible, features were 
incorporated to allow flood-water to be retained as much as possible.  For berms and dykes that needed top-
dressing, the contractor was instructed to take borrow from wetland pool areas which created some shallow 
open water areas.  Due to its size, the project was constructed and restored in three phases consisting of 
approximately 600 acres each.  Upland seeding of each phase was done in either the spring or fall of the 
year and excavation of wetland basins was done the season after the upland had been planted (figure 2).  
Construction was staged this way so that vegetation was growing on the upland prior to basin excavation.  The 
intent was for the upland vegetation to capture rainfall and thus reduce water level bounce in the basins.  

Fig. 2. Basin Excavation.

Contractor Knowledge, Skills and Experience
The contract for work was awarded based on contractor qualifications, experience and ability to perform 
the work on a large scale.  The contractor (owner or foreman) conducting the work was required to have a 
background in restoration ecology (i.e., a bachelor’s or master’s degree in conservation biology, wildlife, 
ecology, botany or related field) and a minimum of five years of experience in restoring wetland/upland systems 
to native plant communities.  Experience only in conventional seeding of pastures, CRP, and highway projects 
did not qualify as experience in restoration seeding for the project.  The contractor had to demonstrate that 
they could perform detailed seeding of native species, such as wetland species that need specific seed 
treatments and need to be placed in specific places at specific times to establish successfully.  They had to be 
knowledgeable in identifying native wetland and prairie plants from noxious weeds in order to conduct selective 
spot herbicide treatments to control noxious weeds without harming the establishing native plant seedlings.  

Pesticide Application
All personnel applying chemicals were required to have a Commercial Pesticide Applicator license.  Logs were 
kept for all application of herbicides on the project.  

Equipment 
The contractor had to be able to supply a minimum of three Truax-type drills for seeding on this project and a 
minimum of one broadcast or cyclone seeder.  The contractor also had to be able to conduct one mowing of the 
site per year for two years.  

Planting Zones
Two planting zones (upland and wetland) were designated for seeding.  The upland zone and some small 
wetland areas were planted with an upland seed mix.  The wetland zone was seeded with a wetland seed mix.   
The wetland zone was defined as a 40-foot wide band that is centered along the approximate location of the 
boundary of each wetland basin.  BWSR staff placed flags every 100 feet or so along the wetland boundaries to 
identify the location of the center line of each 40-foot wetland planting zone. 

Time of Planting
This project was considered to be a spring, early summer native planting of primarily warm season species.  
No seed was planted after July 7, 2000, except by agreement of the contractor and the project manager.  (See 
section on Fall Planting.)  Delays due to weather related problems were the only valid reason for not completing 
the work according to schedule.  Delays due to contractor workload (related to other projects) were not 
acceptable and were deemed just cause for the state to terminate the contract.
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Seed and Seed Mixes
All seed was required to comply with minimum germination and purity standards as per the Minnesota State 
Seed law.  All seed weights of grasses and forbs were measured as pure live seed (PLS).  All seed was cleaned 
and processed so that it could be installed using a Truax native seed drill (or equivalent type) seed drill.  Seed 
was purchased and supplied to the installer by the project manager. 

Two seed mixes, wet prairie (table 5) and mesic prairie (table 6), were installed on the project.  The major 
component of both mixes was native (or wild) harvest with an origin requirement of 75 miles of the project 
location.  The native harvest was supplemented with additional species with an origin requirement of 200 
miles of the project location.  The origin of the supplemental species was certified by the Minnesota Crop 
Improvement Association (MCIA).  Certification level was “Yellow Tag,” which guarantees that the seed is 
derived from wild ecotypes and documents the genetic origin of the parent plant materials.  In the event that 
certain species were not available as certified, those species were to be supplied by a MCIA Certified Approved 
Collector/Producer along with documentation demonstrating the origin of the materials.  Documentation 
consisted of MCIA forms indicating the origin of all species contained in the seed mixes and/or documentation 
indicating the location of seed harvested from the wild that is not certified through MCIA.  All substitutions were 
subject to the approval of the project manager.  Preference was given to more local origin seed over that of 
more distant origin or cultivars for this project.  The project manager had the right to reject any seed which he/
she felt did not meet origin requirements or accept seed of more distant origin if necessary to do so because of 
availability problems. The seeding rate for both mixes was 12 PLS lbs/acre.  

Native Harvest
Because tallgrass prairie native harvest is combined at the end of the summer it tends to be dominated by big 
bluestem (Andropogon gerardi), Indian grass (Sorghastrum nutans) and mid-to-late season blooming forbs.  
Many cool season native grasses and early blooming forbs may not be represented in the native harvest.  
Therefore, native harvest was supplemented with additional cool season native grasses such as Canada wild 
rye (Elymus canadensis), Virginia wild rye (Elymus virginicus) and slender wheat grass (Elymus trachycaulus).  
Additional forbs were purchased separately and included to ensure the earlier blooming species were present.  
The wetland seed mixture consisted of native harvest (as above) supplemented with wet prairie species.  Both 
seed mixes contained cover crops of oats and annual rye grass.  In later phases of the project the wetland mix 
contained American slough grass (Beckmannia syzigachne), an annual-short term perennial wetland grass, as 
cover crop.  

Table 5  
Wet Prairie Seed Mix

Common Name Botanical Name % of Mix
Native Harvest NA 30.0
Supplemental Meadow Grasses & Rushes NA
Brome, fringed Bromus ciliata 4.0
Bluejoint grass Calamagrostis canadensis 0.5
Wheatgrass, slender Elymus trachycaulus 8.0
Wild-rye, Virginia Elymus vriginicus 8.0
Switchgrass Panicum virgatum 1.0
Bulrush, softstem Scirpus vallidus 0.5
Cord grass, prairie Spartina pectinata 4.0
Supplemental Meadow forbs NA
Milkweed, marsh Asclepias incarnata 0.1
Aster, New England Aster novae-angliae 0.1
Aster, swamp Aster puniceus 0.1
Tic-trefoil, showy Desmodium canadense 0.1
Sunflower, early Heliopsis helianthoides 0.1
Blazingstar, tall Liatris pycnostachya 0.1
Mint, mountain Pycnathemum virginianum 0.1
Black-eyed Susan Rudbeckia hirta 0.1
Vervain, blue Verbena hastata 0.1
Ironweed Veronicastrum virginianum 0.1
Cover Crop(s) NA
Oats Avena sativa 35.0
Rye-grass, annual Lolium italicum 8.0

Total: 100.0
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Table 6  
Mesic Prairie Seed Mix

Seed Sources
The following sources were approved to supply seed for the project:  Prairie Restorations, Hawley MN; Kaste, 
Inc., Fertile, MN; North American Prairies, Annandale, MN; Carlson Prairie Seed Farms, Lake Bronson, MN.    

Seed Blender(s)
Shooting Star Native Seeds, Spring Grove, MN, purchased and blended all components of the seed mixes for 
this project.  Seed was purchased from the approved seed sources listed above. 

Seedbed Preparation
All fields were inspected by the contractor and the project manager, and both had to agree to suitability for 
planting with a Truax-type drill.  Fields that were found to be unacceptable for planting with a Truax-type drill 
were further prepared to achieve a firm seed bed prior to installation.  Seed bed preparation included deep 
tillage (3-6 inches), disking to break up dirt clumps, harrowing, dragging, and packing.  Patches of weeds such 
as Canada thistle were treated with glyphosate prior to seeding.  Large infestations of reed canary grass were 
also treated with glyphosate.  The contract estimated that approximately 10 percent of the acres planted in 
each phase would require treatment for Canada thistle and/or reed canary grass. Rate of application was 2.0 
quarts/acre of glyphosate based on the most concentrated form available.  

Planting of Upland Zone
The seed mix for uplands was installed with a Truax seed drill that was able to accurately meter the types of 
seed to be planted and kept all seeds uniformly mixed during the operation.  The drill contained a minimum 
of two seed boxes: a fine seed box and a box for large/fluffy seeds; and it had to be equipped with disc furrow 
openers and packer assembly to compact the soil directly over the drill rows.  Maximum row spacing was eight 
inches.  Small and fine seeds were drop-seeded onto the ground surface from the fine seed box.  Large/fluffy 
seeds were placed to obtain a final planting depth of one-quarter to one-half inch.

Common Name Botanical Name % of Mix
Native Harvest NA 46.0

Supplemental Grasses
Wild rye, Canadian Elymus canadensis 6.0
Wheat grass, slender Elymus trachycaulus 6.0
Supplemental Forbs NA
Onion, prairie Allium stellatum 0.1
Aster, heath Aster ericoides 0.1
Aster, smooth-blue Aster laevis 0.1
Milkvetch, Canada Astragalus canadensis 0.1
Prairie clover, white Dalea candidum 0.1
Prairie clover, purple Dalea purpureum 0.1
Tick-trefoil. showy Desmodium canadense 0.1
Coneflower, narrow-leaved Echinacea angustifolia 0.1
Ox-eye, common Heliopsis helianthoides 0.1
Bushclover, round-headed Lespedeza capitata 0.1
Blazingstar, rough Liatris aspera 0.1
Blazingstar, tall Liatris pycnostachya 0.1
Bergamot, wild Monarda fistulosa 0.1
Penstemon, showy Penstemon grandiflorum 0.1
Coneflower, columnar Ratibida columnifera 0.1
Black-eyed Susan Rudbeckia hirta 0.1
Goldenrod, stiff Solidago rigida 0.1
Vervain, blue Verbena hastata 0.1
Vervain, hoary Verbena stricta 0.1
Alexanders, golden Zizia aurea 0.1
Cover Crop(s) NA
Rye grass, annual Lolium italicum 10.0
Oats/winter wheat NA 30.0

Total: 100.0



ICOET 2003 Proceedings                                                            124                                                                Making Connections

Planting of Wetland Zone
The small seed components of the wetland mix (i.e., bluejoint grass, and forbs) and the seed that germinates 
without incorporation (i.e., prairie cord grass) were broadcast.  The large seed component of the mix was drilled 
after broadcasting the small seed component.  After both small and large seed components were planted, the 
wetland zone was dragged with a harrow.  

Maintenance Mowing
Bids were required to include provisions for at least one and possibly two mowings.  The Contractor invoiced 
mowings as separate billable items.  The actual number of mowings required was determined during field 
inspections by the contractor and the project manager.  The timing was to coincide with the phenology of the 
native plant community, cover crop and weed invasion.  When vegetation reached an average height of 12 
inches, the project sites were mowed to a height of 6 inches with a flail or rotary mower taking care to not 
smother the establishing native seedlings with cut vegetation.   Mowing was allowed to commence only after 
approval of the project manager.  The contractor was responsible to rectify any damage caused from improper 
mowing. Mowing of the unseeded portions of the wetland basins was to be done if soil wetness was a problem.  
Mowing of noxious weeds as conducted on an as-needed basis, coordinated between the contractor and the 
project manager.  This mowing was billed at an hourly rate and conducted in such a manner to comply with 
state and local noxious weed control requirements.  Consideration was given to subcontract mowing to 
local farmers.

Maintenance Spot Spraying  
Spot spraying of thistles and reed canary grass was conducted if a problem developed.  The scope and timing 
of spot spraying was determined during field inspections by the contractor and the project manager.  Bids were 
based on an hourly rate for a person applying the spot spraying and cost of the herbicide.  Spot spraying was 
allowed to commence only after approval of the project manager.  Bids for this action were supplied on a hourly 
rate to include the cost of the herbicide, equipment, and personnel.

Fall Planting
If seeding was not able to be accomplished in all fields by July 7, the contractor was required to prepare and 
submit a planting plan for a fall, dormant seeding which was to be done between October 1 and October 31.  
This plan was to be submitted to the project manager by August 1 for approval.  

Cost Overruns
Cost overruns could only apply to tillage and pre-planting herbicide applications.

Billing and Payment Schedule
Bills were submitted after completion of the planting and after each mowing.  Payment was made by the State 
within net 30 days.  

Results and Discussion

Establishment of Upland Vegetation
Upland vegetation in all three phases of the project was established as expected for tallgrass prairie 
restorations done by Mn/DOT.  The planting strategy assumes that vegetation on sites will establish in 
a successional manner with annual species dominating the first year and middle successional species 
dominating the second year.  The third and fourth years exhibit a transition from middle to later successional 
species.  By year five the later successional species are generally dominant (see tables 1-4 for succession 
levels of species in the seed mixes).  Typically, sites in their first year of establishment are dominated by the 
cover crops oats and annual rye grass and annual agronomic weeds such as wild mustard (figure 3).  Mowing 
is done to reduce competition for sunlight between annual species and the establishing native grass and forb 
seedlings (figure 4).  Sites that are in their second year of establishment are dominated by cool season native 
grasses such as Canada wild rye, slender wheat grass, and Virginia wild rye (figure 5 and figure 6).  The most 
common forbs present were bergamot and black-eyed Susan’s (figure 7), early sunflower and showy tic-trefoil 
(figure 8).  Other species that were seeded were present but were not blooming yet.  Warm season native 
grasses were present in the understory.  In the third year of establishment, the cool season native grasses 
began to fade out, typified by having very little flowering and seed set.  Warm season grasses were present 
but not yet dominant (figure 9).  Note the full seed head in second year Canada wild rye (figure 5) and empty 
second year seed heads still present in Canada wild rye in the third year (figure 9).  
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Fig. 3. Wild mustard growing in first-year planting. 

Fig. 4. Mowed first-year planting

Fig. 5.  Canada wild rye.

Fig. 6.  Virginia wild rye.



ICOET 2003 Proceedings                                                            126                                                                Making Connections

Fig. 7. Bergamot and black-eyed susans.

Fig. 8. Early sunflower and showy tic-trefoil.

Fig. 9. Warm season grasses in understory.

Establishment of Wetland Vegetation
We used the same planting strategy to establish wetlands as uplands.  However, until recently we have not had 
a good annual wetland species to provide first-year cover.  American slough grass (Beckmannia syzigachne) 
appears to provide this function (figure 10).  We found it growing in many wet areas on the site naturally and 
included it in the third phase of the planting and on other projects done in 2002.  Some Carex and Scirpus 
species (fox sedge-Carex vulpinoidea and green bulrush-Scirpus atrovirens) may also work well for early 
successional cover.  But they are still fairly new to the marketplace and not available in large quantities, so 
they are still somewhat expensive to use as cover crops.  First-year establishment in the planted wetland zones 
tended to be sparse (except for cattails), probably because they were too wet for oats to establish well.  In the 
second year of establishment many of the native meadow grasses were found, such as fringed brome (Bromus 
ciliata), Virginia wild rye (Elymus virginicus), cord grass (Spartina pectinata) and bluejoint grass (Calamagrostis 
canadensis).  Softstem bulrush (Scirpus vallidus) was also present in abundance in the second year (figure 11).  
Blue vervain (Verbena hastata) and marsh milkweed (Asclepias tuberosa) were the two most common forbs 
in the second year of establishment.  All planted species were present by year three of establishment (figure 
12).  A number of shallow basins were planted with the upland seed mixture and failed to establish (figure 
13); whereas, deeper basins seeded with the wetland mix did establish (figure 14).  This is most likely because 
there was too much standing water in the spring, and the seedlings drowned out.  We plan to purchase 
additional sedge meadow seed and will plant these areas in the fall of 2003 or spring of 2004.  
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Fig. 10. American slough grass.

Fig. 11. Second-year wetland fringe meadow species.

Fig. 12. Third-year wetland fringe

Fig. 13. Mudflat-failed upland seeding.
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   Fig. 14. Shallow marsh planted with wetland mix.

Conclusions
This project attempted to incorporate protocols for restoring wetlands advocated by Professor Susan 
Galatowitsch (and others) who are proponents of planting both the uplands and wetlands with biologically 
diverse native plant communities.  Along with the vegetative restoration it is also important to include post-
planting management to control unwanted species.  Methods and plant materials were as up-to-date as were 
possible in 1999-2000 when the restoration and management specifications for the project were developed.  
Since 2000 we have developed additional restoration specifications (as exhibited in tables 1-4) by expanding 
the number of species installed as seed and by including seedlings if desired.  

We were very pleased with the overall establishment of both upland and wetland vegetation.  Control of 
unwanted species, such as reed canary grass and Canada thistle, during initial site preparation reduced 
infestations to manageable levels.  Although, there will need to be some follow-up management for reed canary 
grass as it is still present around some basins, as can be seen in figure 12 (foreground).  It is also expected 
that the variety of wetland types (figure 15) restored to the landscape and the high diversity of species present 
will attract an abundance of wildlife species, both migratory and permanent residents.  

    Fig. 15. Wet prairie and shallow marshes surrounded by upland prairie.
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