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Executive
Summary

hough the use of biomass for heat and fuel
production is not new in the United States,
there has been a renewed interest in bioenergy
production in response to increasing energy costs,
dependence on foreign oil, greenhouse gas emissions
and climate change. Recent legislation reflects the
high level of interest. For example, the 2007 Energy
Independence and Security Act (110 P.L. 140) raised
the Renewable Fuel Standard (RFS-2) to require
biofuels blending (with gasoline) of 36 billion gallons
per year by 2022 of which 21 million are to come from
non-corn sources with the focus on cellulosic materials.
The northern Great Plains holds some of the greatest
potential for the production of cellulosic biomass, but the
region is also critical for wildlife producing 50-80%
of waterfowl populations and providing breeding
habitat for more than half of the bird species that breed
in North America.
The Best Management Guidelines (BMGs) presented
in this document were developed through a process
that involved an advisory group of natural resource
professionals with expertise in agronomy, production
aspects of energy crops, wildlife (amphibians, birds,
insects, mammals, reptiles), and native ecosystems.
The following guiding principles helped define the uses
and limitations of the BMGs:

Credit: Plains and Prairie Pothole Landscape
Conservation Cooperative.

The Best Management Guidelines
(BMGs) presented in this document
were developed through a process
that involved an advisory group of
natural resource professionals with
expertise in agronomy, production

• Integrate considerations that address biodiversity as
an integral part of bioenergy sustainability
• Incorporate biodiversity when switchgrass or native
warm-season grass mixes are established on
marginally productive cropland (i.e., no conversion of
native sod, wetlands, etc., is assumed)
• Provide a basis for development of site-specific
practices that are tailored to local situations
• Balance environmental sustainability and the needs of
production economics

aspects of energy crops, wildlife

• Must be feasible to adopt and include profit potential

(amphibians, birds, insects,

• Intended for use by the bioenergy industry and
biomass producers

mammals, reptiles), and native
ecosystems.

1

Switchgrass. Credit: USDA-Jeff McMillian @ USDA-NRCS PLANTS Database.

• Although designed for the Prairie Pothole Region, the
BMGs should be useful in adjacent geographies within
the Northern Great Plains and elsewhere
Two feedstocks were selected – switchgrass and a
3-species mix of big bluestem, indiangrass, and sideoats
grama. These feedstocks are currently the focus of
collaborative efforts funded by the U.S. Department of
Agriculture to create a Midwestern regional system for
producing advanced transportation fuels derived from
native perennial grasses. Guidelines were designed to
focus on site selection, planting design, establishment,
management, and harvest of these feedstocks on wildlife
and their habitats (i.e., food, water, cover, and space).
Effects on grassland songbirds, waterfowl, shorebirds,
mammals, amphibians, reptiles, insects, and aquatic
organisms are discussed.
Wildlife management is complex. The effects of
bioenergy production on wildlife will depend on the
combination of several factors that influence both the
wildlife and the habitat. Wildlife sustainability necessitates
considering (in the context of the differing needs of
individual wildlife species) the feedstock selected, the
surrounding habitat, the habitat that is replaced, the
method of establishment, how intensively the stand will
be managed, what inputs (herbicides, fertilizers, etc.)
will be used, how much area the feedstock occupies,
and how it is to be harvested as well as the timing of

those operations. The advisory group of natural resource
professionals worked together to consider, sort out
implications, and identify approaches that integrate a
basic level of consideration of wildlife needs.

The following BMG’s reflect compromise in
recognition of energy purposes and economic needs
of industry and agricultural producers by focusing
on the basic level of wildlife conservation needed to
sustain species, not the maximum that is possible.

Best Management
Guidelines (BMGs)
Landscape and Site Selection
Considerations
• Do not convert prairie/sod, wetlands, or other rare
native ecosystems.
• Plant biomass crops on existing cropland or other land
with a cropping history.
• Plant biomass crops, as much as possible, on fields
adjacent to native prairie/sod or established stands

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

2

of native warm-season grasses to increase native
ecosystem health (larger tracts of continuous
grassland are better than smaller fragments).
• Use native grasses as biomass feedstocks. Locate
big bluestem, indiangrass, and sideoats grama
mixtures on drier sites and switchgrass on either dry or
wet sites (depending on cultivar – upland or lowland)
to take advantage of the range of growing conditions
native grasses provide.
• Avoid tiling or ditching to drain water from land or
in-field low areas that provide important wetland
habitat in the early spring.
• Be aware of potential resources (food, water, cover) in
the surrounding area and, as feasible, plant feedstocks
that complement those resources.
• Consider using biomass plantings as conservation
practices for existing cropland; for instance, place
plantings along water bodies (streams, ditches, lakes,
rivers, wetlands) to reduce erosion and chemical
runoff, and on highly erodible soils to reduce erosion.
• In the event hybrid or genetically-modified varieties are
considered for use, consult with the state fish and
wildlife agency to determine potential risk to nearby
native prairie/sod and develop a containment plan.

Planting Design
• Match the native grass feedstock to local/regional
soil types and vegetation to enhance yield potential
and ecosystem compatibility.
• Consider growing a diverse mixture of big bluestem,
indiangrass, and sideoats grama as well as
switchgrass to create diversity of habitat (structural
and spatial) on the landscape and reduce risk to the
producer through crop diversification.
• Create a native warm-season grass/forb buffer
zone around potholes, wetlands or other bodies of
water to provide habitat (pollinators included) and an
agrochemical barrier. These buffers should be as wide
as possible (100’ minimum recommended), seeded
at the lowest NRCS rate, and include a 50’ unmowed

3

area (closest to the pothole/wetland) with the
remainder harvested at a height of 10” or higher.
• Establish native warm-season grass/forb field
borders on portions of the field not connected with
potholes/wetlands to retain inputs on site and provide
additional wildlife habitat. These field borders should
be wide enough to address site-specific wildlife needs
(consult the state fish and wildlife agency to determine
the appropriate width) and managed to create early
successional habitat by burning, disking, or haying
every 3 to 5 years.
• Consider enrolling field borders and wetland buffers
in wildlife-friendly conservation programs, which also
provide a constant and dependable source of revenue.

Establishment
• Follow NRCS recommended seeding rates and do not
exceed as doing so increases establishment cost and
makes stands less desirable for ground-dwelling wildlife.
• Avoid the use of fertilizer during the establishment
year to minimize excessive weed growth (which can
slow growth of the grasses planted) and potential
runoff into streams and wetlands.
• For fields that were planted to a winter cover crop the
previous fall, prepare/plant fields as early as practical,
but avoid planting during the peak nesting period.
Check with the local NRCS office and state wildlife
agency for local peak nesting seasons and dates.
• Plant no-till fields as late as practical to leave residual
food/cover longer for wildlife
• Plant bare, conventional-tilled fields as soon as
possible to reduce erosion and improve quality of
water feeding wetlands/potholes.
• Use only the minimum rate of herbicides needed to
establish biomass plantings and consider the
alternative of mowing when weeds are about 12” tall
(leave 6” stubble).
• Avoid the use of herbicide in field borders and wetland
buffers.
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Management
• Avoid use of fertilizer, herbicide, or mowing in core
buffer areas around potholes, wetlands and other
bodies of water and in unharvested field borders –
manage upland buffers with prescribed fire or shallow
disking (to set back plant succession) once every 3 to
5 years, prior to April 15 or after August 1 to avoid
peak nesting season.
• With the technical assistance of NRCS, develop and
follow an integrated pest management plan that takes
advantage of avian and insect predators and
minimizes the use of chemical pesticides.
• In the event chemical pesticides are necessary,
consider withholding application in a buffer adjacent to
wetlands/potholes (width determined in consultation
with NRCS and the state fish and wildlife agency).
• Monitor fertility and minimize use of fertilizers through
stand development and beyond with the aid of an
NRCS precision nutrient management program plan
designed specifically for perennial grasses, (saves
cost, benefits water quality, and is easier on wildlife).
• Consider periodic spring prescribed burns (prior to
peak nesting season) on portions of field with enough
stubble residual from the previous year to carry a fire
(stimulate grasses and benefit wildlife).

Harvest
• Add flushing bars to equipment to minimize bird
injuries and deaths.
• Harvest fields from the interior of the field to the exterior
to encourage wildlife to flush into surrounding areas.

• Leave at least 4” to 6” stubble after harvest to
elevate windrows (aid airflow and speed up drying),
and catch/retain snow to boost soil moisture.
Higher stubble heights (>10”) are recommended to
benefit wildlife.
• Leave wildlife cover in the form of taller stubble (10”
or taller) after harvest on unproductive portions of
fields (e.g., wet depressions, highly eroded areas)
or adjacent to potholes/wetlands. This stubble will
provide winter habitat and spring nesting cover –
blocks are better than strips (5% of the total field area
is recommended).
• Avoid harvest until after the first frost to avoid
disturbance of nesting wildlife and improve quality of
biomass (i.e., reduce moisture and nutrient content) for
bioenergy production.
• Consider incremental harvest after the end of growing
season (i.e., store portions of the biomass as a
standing crop) versus harvesting all at once – this will
leave some cover for wildlife.
• Consider leaving a portion of the field as a standing
crop and delaying harvest until the end of the next
growing season, at which time another area can be
deferred.
We encourage the adoption and adaptation of these
high-level guidelines to best benefit local conditions while
minimizing negative impacts of bioenergy production
on wildlife. It is hoped that the BMGs will make it easier
for the bioenergy industry, agricultural producers,
policymakers, and others to understand and integrate
wildlife needs as bioenergy advances in the Prairie
Pothole Region of the Northern Great Plains as well as in
adjacent geographies.
Pothole. Credit: Cami Dixon, USFWS.
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Introduction and
Background

Credit: NRCS.

These Best Management Guidelines
(BMGs) are intended to help bioenergy
and agriculture producers to integrate
fish, wildlife, and native ecosystem
sustainability as biomass is produced in
the Prairie Pothole Region and adjacent
areas of the Northern Great Plains.

he decade of the 2000’s in the United
States (U.S.) and globally brought a
roller-coaster ride of concerns ranging from
increasing energy costs, dependence on foreign oil,
greenhouse gases and climate change, and concern
over availability and cost of food. Interest in renewable
energy, including bioenergy, escalated dramatically. The
Farm Security and Rural Investment Act of 2002 (P.L.
171) was the first farm bill with an energy title and the first
to authorize biomass harvest from Conservation Reserve
Program lands. The Food Conservation and Energy
Act of 2008 (P.L. 246) continued to focus attention to
bioenergy with over $1 billion in mandatory funding for
energy efficiency and renewable energy. The Energy
Policy Act of 2005 (109 P.L. 58) created the Renewable
Fuel Standard (RFS), which mandated the use of
renewable fuels and the 2007 Energy Independence
and Security Act (110 P.L. 140) raised the Renewable
Fuel Standard (RFS-2) to require biofuels blending (with
gasoline) of 36 billion gallons per year by 2022.

Humans have relied on combustible biomass for heat
and energy ever since the discovery of fire. In recent
years, both U.S. and global interest in generating heat
and energy from biomass has been on the rise.1 This
includes direct firing (biomass as the sole fuel), co-firing
(biomass burned with coal), cogeneration (heat from
burned biomass captured to produce more energy),
and gasification (gas captured from heated biomass
and then burned). The U.S. and Canada are the global
leaders in export of wood pellets. In addition, crop
residue, grasses, and many kinds of waste materials are
increasingly pelletized for energy.
The history of ethanol is illuminated on the U.S. Energy
Information Administration (EIA) website.2 The fuel for the
internal combustion engine invented by Samuel Morley
in 1826 was ethanol and the Model-T of 1908 was
designed to use both ethanol and gasoline. Petroleum
became the fuel of choice in the 1920’s but a resurgence
of interest in ethanol in the 1930’s and early 1940’s (due
to fuel needs tied to WW II) brought ethanol back into the
spotlight. At the end of WW II, interest in ethanol waned
until fuel shortages and escalating energy prices in the
1970’s turned public thoughts once again to ethanol.
Bioenergy has been a constant that society tends to
rely on most strongly in times of uncertainty and crisis.
The use of biomass to produce heat, whether through
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In addition to the significant potential the
Prairie Pothole Region holds for biomass
production, it is a critically endangered
ecosystem of immense importance to
wildlife. Over half of the nation’s waterfowl
are produced in this area and the region
provides habitat for more than half of the
bird species that breed in North America.
In addition, the Prairie Pothole Region is
immensely important to pollinators that
provide many societal benefits.

Credit: Tom Koerner/USFWS.

combustion or conversion to other energy forms, is
increasingly producing co-products of value such as
fly-ash (from biomass combustion of gasification) to
strengthen and reduce cost of cement, corn oil as a
by-product of corn grain to ethanol conversion, dried
distiller grains with solubles (DDGS) for livestock feed,
and others.
Although many parts of the United States are viewed as
having significant potential for biomass production, the
prairie regions of the Upper Midwest, including the Prairie
Pothole Region of the Northern Great Plains, holds some
of the greatest potential. The Prairie Pothole Region
is also very important to biodiversity and wildlife. Over
half of the nation’s waterfowl are produced in this area3
and the region provides habitat for more than half of the
bird species that breed in North America.4 In addition,
the Prairie Pothole Region is immensely important to
pollinators that provide many societal benefits.5
A 1995 study6 listed the tallgrass prairie, including in the
Prairie Pothole Region, as among the most diminished
of ecosystems in the United States with a 99% loss
east of the Missouri River and an 85% loss to the west.
The United States Department of Agriculture Economic
Research Service reported about 770,000 acres of
grassland were converted to cropland between 1997

and 20077 and observed that high corn prices could be
leading to grassland conversion. The United States Risk
Management Agency map of crop indemnities for 20128
shows significant crop indemnity payments in the Prairie
Pothole Region, suggesting that some of the rangeland
converted to crop production may be, at best, marginally
productive for production of food crops.
The Prairie Pothole Region is rich in grassland history
and has a demonstrated ability to produce some of the
best grasslands in the nation. However, many of the
native grasslands have been converted to crops that
can be prone to failure given the vagaries of the regional
climate. Biodiversity has declined significantly as the
great grasslands of the Prairie Pothole Region have been
lost to other uses. The resurgence of bioenergy, interest
in the production capacity of the Prairie Pothole Region,
and potential to produce perennial, herbaceous energy
crops on marginally productive cropland combine to offer
opportunity to produce both biomass and contribute
toward the conservation of biodiversity characteristic of
the native ecosystem in which biomass is produced.
These Best Management Guidelines (BMGs) are
intended to help bioenergy and agriculture producers to
integrate fish, wildlife, and native ecosystem sustainability
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Although there have been very few
research projects in the United States
that specifically study the effect of energy
crops on native ecosystems and the
associated biodiversity, there is a large
body of research regarding the effect of
plant diversity, density, structure, and
other factors on wildlife. The information
in this BMG publication is based on the
best available science and sense of the
experts involved in this effort.

as biomass is produced in the Prairie Pothole Region
and adjacent areas of the Northern Great Plains. The
BMGs were developed through a process that involved
an advisory group of natural resource professionals
with expertise in agronomy and production aspects
of energy crops as well as wildlife (amphibians, birds,
insects, mammals, and reptiles) and native ecosystems
that includes prairie/rangeland and wetlands. These
experts helped to design the BMG document, conducted
literature reviews, wrote content and, most importantly,
ensured that the agronomy and biology in the document
were grounded in the best available science and expert
opinion. The following served as the guiding principles
in crafting the BMGs and, therefore, define the uses and
limitations of the publication:
• Integrate considerations that address biodiversity as
an integral part of bioenergy sustainability.
• Incorporate biodiversity when switchgrass or native
warm-season grass mixes are established on
marginally productive cropland (i.e., no conversion of
native sod, wetlands, etc., is assumed).
• Provide a basis for development of site-specific
practices that are tailored to local situations.
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• Balance environmental sustainability and the needs of
production economics.
• Must be feasible to adopt and include profit potential.
• Intended for use by the bioenergy industry and
biomass producers.
• Although designed for the Prairie Pothole Region, the
BMGs should be useful in adjacent geographies within
the Northern Great Plains and elsewhere.
In addition, several recent publications were very helpful
and were consulted frequently. The first is one by The
Wildlife Society9 (“Effects of Bioenergy Production on
Wildlife and Wildlife Habitat”) and the second is an
Association of Fish and Wildlife Agencies10 publication
(“Assessment of the Bioenergy Provisions in the 2008
Farm Bill”). Both publications provided much information
about the connection between bioenergy and fish,
wildlife, and native ecosystem sustainability. These
publications also contained BMGs that were developed
as a national framework for tailoring to regional,
state, and local levels. A third document (“Wisconsin
Sustainable Planting and Harvest Guidelines for
Non-Forest Biomass”) is the result of a collaborative
effort among diverse stakeholders in Wisconsin that
included the bioenergy industry.11 This publication
illuminated what might be feasible in the nearby Prairie
Pothole Region.
Although there have been very few research projects
in the United States that specifically study the effect of
energy crops on native ecosystems and the associated
biodiversity, there is a large body of research regarding
the effect of plant diversity, density, structure, and
other factors on wildlife. The information in this BMG
publication is based on the best available science and
sense of the experts involved in this effort. As bioenergy
continues to advance and evolve, it would be helpful
if native biodiversity were fully incorporated into the
concept of bioenergy sustainability and research
pursued to better illuminate the effect of individual energy
crops, and landscapes dominated by energy crops,
on wildlife and the native ecosystem characteristics on
which they rely.
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Selected
Feedstocks

A

s previously mentioned, the 2007 Energy
Independence and Security Act (110 P.L.
140) requires the production of 36 billion
gallons of ethanol by the year 2022; 16 million gallons
of that production is supposed to come from cellulosic
material. Furthermore, of the 1 billion dry tons of biomass
targeted for production by 2030 by the U.S. Department
of Energy, it is anticipated that about one-third of it will
come from perennial crops.12 Though the addition of
native cool-season grasses could benefit wildlife, native
perennial warm-season grasses are the current prime
candidates for cellulosic bioenergy production because
of their high biomass yields, ability to capture and
store carbon, tolerance to extreme climatic conditions,
and compatibility with conventional farming practices.
In addition, these native grasses, once established,
usually have fewer input and maintenance requirements
compared to more traditional crops.13, 14, 15, 16, 17 Two
feedstocks – switchgrass and a 3-species mix of big
bluestem, indiangrass, and sideoats grama – have
been selected as central feedstock components of
collaborative efforts funded by the U.S. Department of
Agriculture to create a Midwestern regional system for
producing advanced transportation fuels derived from
perennial grasses grown on land that is either unsuitable
or marginal for row crop production.18 These native
warm-season grasses are components of the highly
diminished tallgrass prairie ecosystems of the
Northern Great Plains (including the Prairie Pothole
Region) and restoration of some of this cover type
could provide significant benefits to wildlife. Best
management guidelines (BMGs) presented within this
document will therefore focus on the establishment,
management, and harvesting implications of these two
native warm-season grass feedstocks on wildlife and
their associated habitats.

Sideoats grama. Credit: Brenda McGuire.

Two feedstocks – switchgrass and
a 3-species mix of big bluestem,
indiangrass, and sideoats grama – have
been selected as central feedstock
components of collaborative efforts
funded by the U.S. Department of
Agriculture to create a Midwestern
regional system for producing advanced
transportation fuels derived from
perennial grasses grown on land that is
either unsuitable or marginal for row crop
production. These native warm-season
grasses are components of the highly
diminished tallgrass prairie ecosystems of
the Northern Great Plains (including the
Prairie Pothole Region) and restoration
of some of this cover type could provide
significant benefits to wildlife.
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...the deep, fibrous root systems of switchgrass have other environmental
benefits including reducing runoff, increasing soil organic matter, and
improving soil surface hydrology – all of which may improve stream and
wetland quality for various wildlife and fish species.

Switchgrass.

Switchgrass
After evaluating 34 candidate species, the Department
of Energy Bioenergy Feedstock Development Program
chose switchgrass as its primary herbaceous bioenergy
crop. Since then, there has been considerable focus
by researchers, industry, and government officials
to develop switchgrass for commercial bioenergy
production. Commercial-scale, pre-operational testing
of facilities that may use switchgrass as a primary fuel
is already underway in numerous states (e.g., Alabama,
Iowa, South Dakota, and Tennessee).
In addition to the political and economic drivers,
sustainable production of switchgrass may have several
environmental benefits when replacing traditional row
crops such as corn or soybeans. Switchgrass is often

9

used for reseeding cultivated lands to native grass
because it is relatively easy to establish with proper
seedbed preparation, stabilizes soils, and provides
excellent winter cover for numerous wildlife species
when mixed with cool-season grasses and other
herbaceous flowering plants. Because it is related to
the corn and sorghum family, switchgrass seeds are
often highly desired by songbirds and upland game
birds during portions of their life cycles. Furthermore,
the deep, fibrous root systems of switchgrass have
other environmental benefits including reducing runoff,
increasing soil organic matter, and improving soil
surface hydrology19 – all of which may improve stream
and wetland quality for various wildlife and fish species.
Best management practices (BMPs) have been
developed for switchgrass bioenergy production in
most regions of the U.S.
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3-species mix (big bluestem,
indiangrass, sideoats grama)
Though several studies have indicated that singlespecies plantings may have higher biomass yield when
compared to multi-species plantings,20, 21 there is some
evidence that diverse mixtures of grasses may have
other benefits for bioenergy production. Diverse mixtures
tend to be more resilient and have reduced year-to-year
variability of aboveground biomass.22, 23, 24 This, in turn,
may lead to reduced dependence on external inputs
and lower risk to the producer. In addition, research
has shown that diverse mixtures may provide more
usable energy, greater greenhouse gas reductions, and
less agrichemical use while also increasing biomass
productivity through time.25, 26, 27, 28 More importantly for
wildlife, diverse mixtures will improve the overall quality
of habitat through the addition of vegetative structure
and compositional diversity, which has been shown to
increase biological diversity and ecosystem integrity.
Best management practices for establishing, managing,
and harvesting diverse mixtures of big bluestem,
indiangrass, and sideoats grama have been developed
specifically for the Great Plains and Midwest making
this diverse mix our second feedstock of choice. Mixing
perennial grass species with different life cycles, nutrient,
and growth characteristics reduces plant competition
among species while maintaining overall biomass
productivity and stability.29, 30, 31, 32 Similar mixtures have
shown high productivity in field tests.33 As a result,
projects are underway to determine the feasibility of using
this 3-species mix for large-scale bioenergy production.34
It is important to note that sideoats grama is in the
mixture primarily to provide early cover to prevent erosion
and serve as a nurse crop for the big bluestem and
indiangrass, which take a little longer to develop. Over
time, big bluestem and indiangrass will dominate the mix.

Noteworthy Differences
Between Feedstocks
Cultural practices are similar for establishing all
native warm-season grasses. However, the grasses
have different herbicide tolerances, so weed control
needs to be tailored to the species being planted.
Specifically, indiangrass seedlings do not tolerate

Identifying grasses. Credit: NRCS.

Though several studies have indicated that singlespecies plantings may have higher biomass yield
when compared to multi-species plantings, there is
some evidence that diverse mixtures of grasses may
have other benefits for bioenergy production. Diverse
mixtures tend to be more resilient and have reduced
year-to-year variability of aboveground biomass.
This, in turn, may lead to reduced dependence on
external inputs and lower risk to the producer. In
addition, research has shown that diverse mixtures
may provide more usable energy, greater greenhouse
gas reductions, and less agrichemical use while also
increasing biomass productivity through time.

atrazine and switchgrass seedlings do not tolerate
imazapic (Plateau), so care must be used when applying
herbicides to mixtures containing both indiangrass
and switchgrass. Choice of herbicide will also affect
wildlife by changing food, cover, and shelter through
the removal of vegetation. If pesticides are used, this
can affect wildlife species by removing prey resources
– especially insects for birds and small mammals – as
well as threaten pollinators, which help pollinate over
75% of our flowering plants and nearly 75% of our
crops35 making them critical components of healthy
ecosystems. Agricultural runoff into aquatic areas such
as streams and wetlands is also a concern. Guidelines
specifically addressing any major differences in feedstock
management and their resultant implications on wildlife
and habitat will be highlighted throughout the document.
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Wildlife
Biology in
Perspective

Farm potholes in South Dakota. Credit: NRCS.

There are 177 bird species that breed
in the Prairie Pothole Region and 130
of those rely on the Prairie Pothole
Region for feeding and resting while
traveling to other places. These
species don’t all need the same
habitat components and seasonal
needs of individual species can vary
considerably.
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he Prairie Pothole Region is tremendously
important to many species of wildlife. The Prairie
Pothole Joint Venture described the area as
having an unmatched (in North America) number of
depressions that hold water (i.e., potholes), at an average
of 83 per square mile. These potholes were historically
imbedded in a landscape of tallgrass, shortgrass, and
mixed grass prairie. Of the 800 species of migratory
birds in the United States, 300 species rely on the
Prairie Pothole Region for their lifecycle needs. There
are 177 bird species that breed in the Prairie Pothole
Region and 130 of those rely on the Prairie Pothole
Region for feeding and resting while traveling to other
places.36 These species don’t all need the same habitat
components and seasonal needs of individual species
can vary considerably. This is the complexity of wildlife
biology. Discussion of species and habitat connections
may help frame wildlife needs in the context of the Prairie
Pothole Region and how biomass production could be
most compatible with wildlife that depend on the region.
Cover, food, water, and adequate space are the four
basic elements commonly recognized as wildlife
“habitat.” This is wildlife biology at its simplest – the
30,000 ft. view so to speak. Looking at wildlife biology at
this level is like looking at a forest from an airplane. The
forest is obvious but what comprises it is not. It is the
same for wildlife biology; the basic four elements are all
wildlife need, but at that 30,000 ft. altitude the unseen
parts are the “what, when, and where” of the four habitat
elements. More specifically, the types of cover, food,
water, and space can differ seasonally for each species
and vary widely among species. The habitat, itself, also
changes through time. It is important how all of these
components interact to make a functional ecosystem.
The type and quality of the food and cover, as well as
how land is involved and how it is managed, determine
sustainability of wildlife.
Although seasonal species needs are similar for some
species, they can differ considerably among many
species living on the same landscape. The bobolink37
and ring-necked pheasant provide a good case in point.
Bobolinks winter on the grasslands and agricultural fields
of South America but summer in the Prairie Pothole
Region and adjacent areas where they prefer grasslands
with some ground litter and standing grassland cover
(absence of woody cover is a plus). In the fall, the
bobolink moves to freshwater marsh habitat and seeks

...there is a point at which the size of
individual tracts or patches of remaining
native habitat are too small and/or comprise
too little a percentage of the larger
landscape to maintain individual species.
The northern harrier and bobolink as well as

Prairie. Credit: USFWS.

the Henslow’s, savanna, and grasshopper
sparrows are examples.

out feeding areas with annual seed crops. In contrast,
the ring-necked pheasant is a non-native species that
is economically important to the Prairie Pothole Region
by way of the hunters that come to the area spending
money on lodging, food, and other items. The ringnecked pheasant needs undisturbed grassy cover in
the spring for nesting; in the summer they move to
agricultural fields like those in alfalfa or small grains
where their young can move about easily and find
insects. In winter, pheasants tend to use woody or other
tall vegetation (e.g., cattail sloughs) as a shield against
extreme cold and heavy snow typical of the Northern
Great Plains.38 The differences highlighted in the habitat
needs of these two species – both of which depend
on grasslands at some point during their life cycle –
emphasizes the need to understand species biology and
how management decisions may affect each.
Habitat required by individual species using the same
cover type can be quite different as well. Contrasting
habitat needs between the Henslow’s sparrow and
horned lark provides a good example. A report provided
by the Northern Prairie Wildlife Research Center in
Jamestown, North Dakota, describes Henslow’s sparrow
as preferring habitat that includes native grasslands
with litter build-up, tall standing dead residual grass,
the absence of woody material, and large grassland
expanses even though individual birds have small home
ranges. This species breeds in the prairie regions and
migrates to winter habitat in the south.39 Another report
by the Northern Prairie Wildlife Research Center provides
habitat information for the horned lark, which prefers
short, sparse herbaceous vegetation, interspersions of

bare ground, and little or no woody cover. This species
also prefers a larger habitat area but can do reasonably
well on smaller patches of habitat and it stays in the
same area year-round except in the most northern part
of their range.40 The Henslow’s sparrow likes grassland
sites with an unmanaged look imbedded within a larger
grassland landscape whereas the horned lark prefers
grassland patches that have a managed look and they
are more flexible regarding the extent of surrounding
grassland habitat. Differences between and among
species are very common and can add complexity to
wildlife conservation.
Another important difference in relation to the habitat
needs of individual species goes to how well they
respond to conversion or alteration of land cover in a
native ecosystem that fragments the native cover and
habitat normally available to wildlife dependent on that
ecosystem. A report from the Northern Prairie Wildlife
Research Center41 provides an excellent discussion of
fragmentation as it relates to grassland birds. Importantly,
there is a point at which the size of individual tracts or
patches of remaining native habitat are too small and/or
comprise too little a percentage of the larger landscape
to maintain individual species. The northern harrier
and bobolink as well as the Henslow’s, savanna, and
grasshopper sparrows are examples. The three primary
effects of fragmentation are also illuminated. One is
the size of the individual patches of remaining native
habitat (larger is generally better for wildlife). The second
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Habitat specialists tend to do best when
the native ecosystem is most intact
and less well when it is fragmented or
otherwise altered. Habitat generalists
can usually make use of many kinds of
habitat and can gain advantage over
habitat specialists when ecosystems
are fragmented. As long as the habitat
is ecologically site-appropriate, both
specialists and generalists should be
able to survive and co-exist.

is how widely separated the patches are by cropland,
introduced grasses, etc. The third is the extent of
transition (edge) between two cover types such as native
prairie and cropland because nesting and nest success
of grassland habitat specialist species can be negatively
impacted in edge areas.
The importance of habitat fragmentation is brought into
focus by how it affects wildlife species that are habitat
specialists and generalists. Habitat specialists are
species that require a narrow range of habitat conditions
in order to meet their needs whereas habitat generalists
are those that can take advantage of many types of
habitat. Habitat specialists tend to do best when the
native ecosystem is most intact and less well when it
is fragmented or otherwise altered. Habitat generalists
can usually make use of many kinds of habitat and
can gain advantage over habitat specialists when
ecosystems are fragmented. Continuing with grassland
birds as an example, the greater prairie chicken, upland
sandpiper, dickcissel, and western meadowlark require
mostly treeless grasslands for survival and are habitat
specialists. A few habitat generalist bird species that
commonly use grasslands along with other habitats
are the song sparrow, red-winged blackbird, common
grackle, and American goldfinch.42 All of these bird
species are important to the overall biodiversity of
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North America but giving too much advantage to the
generalists can, in some situations, contribute to the
decline of specialist species. The issue is broader than
birds and applies to all type of fish and wildlife – the
needs of habitat specialist species should be addressed
in addition to the habitat generalists if bioenergy is to be
compatible with native biodiversity as a whole. The use
of BMGs that incorporate specialist as well as generalist
wildlife needs and consultation with fish and wildlife
biologists can help ensure sustainability includes all
native wildlife species.
As long as the habitat is ecologically site-appropriate
(e.g., native mixed grasslands in association with
wetlands in the Prairie Pothole Region), both specialist
and generalists should be able to survive and co-exist.
However, when habitat change occurs, the balance can
be upset to the point that some generalist species get
the upper hand to the disadvantage of the specialists.
The brown-headed cowbird provides an excellent
example of how a habitat generalist species can gain
advantage to the detriment of habitat specialists as
ecosystems are fragmented. Cowbirds can be found in
many kinds of habitat but particularly like transition areas
(i.e., edge habitat) between cover types such as cropfield
and prairie. The female cowbird destroys a host species’
egg and replaces it with its own egg. The cowbird egg
hatches before that of the host species. The cowbird
young are demanding and end up getting a greater share
of food brought to the nest by the host species, which
may cause the host species to abandon the nest and not
make another nesting attempt that season.43 The brownheaded cowbird is native to the Prairie Pothole Region
and gains advantage with the presence of woody cover
and/or grass that is kept short.44
The Prairie Pothole Region and wildlife that depend on
the associated ecosystems, such as prairie grasslands
and wetlands, do best when the ecosystems on which
they depend are intact and fully functional.45 A 1995
study of ecosystems observed that ecosystems46 can
become impoverished through loss of their structure,
function, or composition. If the native cover is changed
and/or other natural processes such as the water cycle
are altered then the ability of the ecosystem to support
wildlife diminishes as well.47
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Despite the complexity of wildlife
biology, integration of wildlife
needs and production agriculture
is achievable. It simply takes
forethought and planning.

Upland Sandpiper/USFWS.

Agroecosystem is a designation sometimes given to
landscapes where the native ecosystem has largely
been converted to agricultural production. However, it is
not how the landscape is characterized that matters to
wildlife. Rather, it is the cover chosen for the land and it
is how that cover and other resources, such as water,
are arranged and managed that will determine the health
of wildlife native to the area. Wildlife will fare better when
the cover and management of the land mimic the native
ecosystem. Cover choice and management inconsistent
with the native ecosystem usually results in declining
native wildlife populations. The Environmental Protection
Agency (EPA) reports that the leading way that species

become threatened or endangered is through human
activity that alters their habitat.48 The effort needed to
recover the health of threatened or endangered species
can lead to unproductive contention among stakeholder
groups and be much more expensive than managing the
land for sustainability of species in the first place. Despite
the complexity of wildlife biology, integration of wildlife
needs and production agriculture is achievable. It simply
takes forethought and planning. Subsequent sections of
this publication provide a walkway toward alternatives
that can produce biomass and contribute to sustainability
of America’s grassland biodiversity heritage.
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Biodiversity

hen considering how biomass crops are
managed, it is important to recognize the
impacts on differing groups of species for
many reasons. For one, some fish and wildlife species
are important to local traditions or the local economy.
An example would be the ring-necked pheasant and
smallmouth bass, which are popular to those that hunt
or fish. Other species have already experienced so
much habitat loss that they are at risk of disappearing
altogether. Still other species are important in ways
that are sometimes overlooked – pollinators are among
these. It is important for private landowners to have
access to information that helps them recognize
and understand the needs of wildlife in regard to the
alternatives for managing their land. In fact, 96% of
the Prairie Pothole Region is privately owned49 making
collaboration between natural resource managers and
private landowners essential in order to achieve wildlife
conservation in the Prairie Pothole Region. The BMGs
in this document are designed to help integrate wildlife
conservation with production agriculture as biomass
crops are produced.

Grassland Birds

Greater Prairie Chicken. Credit: USFWS.

During the last 25 years, however,

Grassland birds associated with the Prairie Pothole
Region include songbirds such as the bobolink,
dickcissel, grasshopper sparrow, sedge wren, and
meadowlark, as well as upland game birds including
the ring-necked pheasant, greater prairie chicken, and
wild turkey. Songbird response to biomass production
will largely depend on vegetation structure (vertical
and horizontal), size and fragmentation of grassland
habitat, and the types of birds under consideration.50, 51

grassland bird populations have shown
steeper, more consistent, and more
geographically widespread declines
than any other group of North American
bird species due, in large part, to habitat
alteration and agricultural intensification.

Wilson’s Phalarope. Credit: NRCS.
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In addition, game birds will often be responsive to the
geography on which the biomass plantings are located,
the diversity of habitat types, and plant diversity within
the biomass production area.
The Prairie Pothole Region of the Northern Great Plains
provides breeding habitat for more than one-half of the
grassland bird species breeding in North America.52
During the last 25 years, however, grassland bird
populations have shown steeper, more consistent,
and more geographically widespread declines than
any other group of North American bird species53, 54,
55, 56, 57, 58 due, in large part, to habitat alteration and
agricultural intensification. Inappropriate or excessive
use of pesticides, herbicides and fertilizer, removal of
natural field edges, land drainage, harvesting or mowing
earlier in the season when birds are still nesting or rearing
broods, or harvesting needed winter thermal cover or
early spring nesting cover could all negatively impact
grassland birds.59 Expanding perennial grass bioenergy
crop production may have positive or negative effects
on grassland bird species depending on the land that is
replaced. If bioenergy crops replace native habitat types,
are improperly managed or harvested, or are planted to
pure grass stands lacking forbs or to monocultures of
introduced species (e.g., Giant Miscanthus), additional
habitat could be lost and populations of native wildlife
further diminished. However, if traditional row crops such
as soybeans and corn are replaced with native perennial
grasses (e.g., switchgrass, indiangrass, big bluestem,
sideoats grama) – especially if done in mixtures – then
suitable habitat may increase.
Biomass crops on agricultural lands are likely to be
intensively managed and extensively harvested. Notill methods can increase bird diversity and are often
recommended for native grass establishment of
bioenergy crops, although Best (1986)60 noted that
no-till fields may be an ecological trap for nesting birds
attracted to high residue depending on the timing of
management, including planting. Furthermore, these
tillage methods rely on agrochemicals for weed and
insect control that may affect birds through change
in the vegetative structure and reduction in food (i.e.,
insects and seeds). Nesting success generally remains
low for 1-2 years after planting due to limited cover
for birds and their nests61 but increases as stands
mature and overhead cover improves. Fertilizers applied

Flying rooster. Credit: Tom Koerner/USFWS.

Ninety-six percent of the Prairie Pothole
Region is privately owned making
collaboration between natural
resource managers and private landowners
essential in order to achieve wildlife
conservation in the Prairie Pothole Region.
The BMGs in this document are designed
to help integrate wildlife conservation with
production agriculture
as biomass crops are produced.

in the second or third year after planting are often
recommended to increase stand biomass, but this
may limit movement of ground-nesting and dwelling
species. Dense grass establishment after Years 3 to 5
causes a reduction in plant diversity and bird nesting
cover and an increase in litter.62, 63, 64, 65 During this
period, bird use may shift as grass stands mature. In
these cases, biomass harvest can be used to increase
grass stand health, productivity, and species diversity66
if harvest mimics various stages of maturity and natural
disturbance. Increasing site disturbance through
occasional fire, disking, or other methods can increase
bird use, because species that like open ground are
quick to use newly planted or disturbed fields for feeding
and brood rearing.
Harvest management and timing of harvest of perennial
bioenergy crops will be critical. Landscape arrangement
(i.e., how various habitats and land uses are arranged
spatially) must be considered when planting and
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The mixture of wetlands and grasslands found in the Prairie Pothole Region is critical for waterfowl recruitment,
producing 50–80% of the continent’s duck populations. In fact, the Prairie Pothole is so important for waterfowl
production that it has been called the “Duck Factory” of the nation. Typical waterfowl species found there
include blue-winged teal, mallards, canvasbacks, scaup, and northern shovelers.

Waterfowl flying. Credit: Plains and Prairie Pothole Landscape Conservation.

managing perennial grasses for bioenergy production.
Fall or winter harvesting of herbaceous biomass, though
ideal for production, may affect bird species composition,
abundance, diversity, and nest success the subsequent
spring due to changes in vegetation structure.67, 68
Perhaps more importantly, the loss of winter cover for
wildlife such as pheasants and turkeys – especially
in northern climates where winter mortality can be
significant – may be a concern. In these cases, remnant
cattail sloughs and use of buffers in agricultural fields can
improve bird habitat,69, 70, 71 but the width, placement,
and management of buffers must be considered. Narrow
buffers may result in low nest success72, 73, 74, 75 and
the benefits of buffers to birds (especially grassland
songbirds) may be negated if buffers are placed in
croplands adjacent to woody cover76, 77, 78 or subjected
to pesticide or herbicide overspray. Leaving some
residual stubble may improve cover for wildlife as well
as maintain stands and keep windrows elevated to
facilitate air movement and rapid drying prior to baling.79
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The relative benefits of remaining stubble will depend
on its height, how much residual there is and the
targeted bird species.

Waterfowl and Shorebirds
The mixture of wetlands and grasslands found in
the Prairie Pothole Region is critical for waterfowl
recruitment, producing 50–80% of the continent’s
duck populations.80, 81, 82 In fact, the Prairie Pothole is
so important for waterfowl production that it has been
called the “Duck Factory” of the nation. Typical waterfowl
species found there include blue-winged teal, mallards,
canvasbacks, scaup, and northern shovelers. In
addition, thirteen species of shorebirds breed in the
Prairie Pothole Region and require similar landscapes
mixed with grassland and wetland habitats for nesting
and brood rearing.83 Examples include piping plovers,
killdeer, upland sandpipers, long-billed curlews, and
common snipe.
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As with grassland songbirds, expanding perennial
grass bioenergy crop production may have positive or
negative effects on waterfowl and shorebirds depending
on the land that is replaced. For example, the U.S.
Fish and Wildlife Service (USFWS) estimates that CRP
has increased duck populations by more than 2 million
birds per year in the Prairie Pothole Region since its
establishment over 25 years ago.84 Because almost
a quarter of the nation’s CRP is in the Northern Great
Plains, even small, incremental reductions in wildlife
benefits may have significant, continental impacts on
duck populations.85 However, if more diverse bioenergy
crops of native perennial grasses replace pure stands of
corn or soybeans, then there may be a net increase in
habitat and wildlife populations may benefit.
Many of the establishment issues that were pertinent
for grassland birds (see “Grassland Birds” above) will
also apply to waterfowl and shorebirds. Timing of no-till
planting in the spring should take into consideration
the early nesting season (mid-April through May) for
waterfowl that may be attracted to high residue that
remains on the field from the previous season. Minimizing
the use of herbicides and pesticides will promote higher
diversity of food sources – especially insects – on which
many waterfowl rely following long migrations in order
to physically prepare themselves for the breeding and
nesting season. Small temporary or seasonal wetlands
are often the first open water sources to thaw in the
early spring making them critical feeding stopover
points for waterfowl and shorebirds as they migrate
north. In fact, more than 70% of the shorebird species
found in the Northern Great Plains require water depths
of less than 4 inches, and many are restricted to mudflat
areas with water less than 2 inches and less than 25%
cover.86, 87, 88 Because these areas will not produce
high yielding biomass anyway, they should be retained
whenever feasible to provide the wetland-grassland
mosaic necessary for good waterfowl and shorebird
production. Seven species of shorebirds nest in uplands
near or adjacent to wetlands in short to moderate
vegetation height.89 The overall height of vegetation
used for nesting by shorebirds is much shorter than is
used by most waterfowl.
As grass stands mature during the growing season,
ducks shift from nesting to brood rearing. Good
overhead cover provided by many perennial grasses will

benefit young broods though most dabbling ducks move
broods straight to wetlands after nesting and will spend
very little time in the uplands. If grass stands become too
dense, harvest can be used to open up the canopy and
increase grass stand health, productivity, and species
diversity. Late fall or early winter removal after the first
hard frost causes less direct mortality than harvesting
during nesting or brood rearing seasons; however,
changes in vegetative structure the following spring and
summer may affect breeding behavior of waterfowl. A
recent study showed nest initiation was delayed a full
month for hen mallards in fields that were harvested at
4-inches as opposed to leaving 10-inches of stubble or
not harvesting at all.90, 91 It is unknown whether those
hens were renesting after a failed first or second nesting
attempt and it is also unclear whether that delay in
nesting may have larger consequences on the population
as a whole (e.g., young birds may not be robust enough
to successfully survive the fall migration). Though
migratory waterfowl will not need winter cover, Ducks
Unlimited92 recommends leaving 18-inches or more of
residual stubble to provide some winter cover for other
resident wildlife while also helping breeding waterfowl
the following spring. Alternatively, non-harvested areas
(i.e., buffers or patches) can be retained or portions of
harvests can be deferred for a year.

Scaup. Credit: USFWS.
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Corn fields provide post-harvest sources of waste grain
on crop fields that are considered a high-value food
source for migratory waterfowl.93, 94 Other research has
indicated that winter annuals such as winter wheat, rye,
oats, and barley, may be more beneficial to waterfowl
than primary row crops of corn and soybeans.95, 96 It
follows that switchgrass and other perennial grasses
may also provide some residual seed benefit to migrating
waterfowl through seed production, although no studies
have quantified the effects. Advancements in harvest
equipment and techniques may also limit residual
material on fields.

Mammals
Native perennial grass cover in the Northern Great Plains
is used by a variety of mammals. These include larger
game species such as white-tailed deer and pronghorn;
predators such as coyotes, foxes, and raccoons; and
numerous small mammals including deer mice, prairie
voles, meadow jumping mice, and short-tailed shrews.
Bats are also found in open prairies, but are usually
associated with water bodies and woody vegetation.97
Although few studies have directly investigated effects of
bioenergy production on grassland-dwelling mammals,
there is enough known about habitat use by wildlife to
make pertinent inferences. For example, it is well known
that many mammals prefer early successional habitat
(e.g., habitat that has been recently disturbed through
disking or prescribed burning). In fact, 56 of the 60
mammal species commonly found in the northeastern
United States use early successional habitat.98 This

...periodic disturbance of perennial
grasslands helps to maintain plant diversity
and thereby benefit mammals that use
early successional habitat.

19

observation has been supported in research, though
no studies are specific to the Prairie Pothole Region.
For example, the greatest mammal diversity occurred
during the first 3 years after stand establishment of
exotic CRP plantings in Texas, though these stands
differed significantly from the surrounding short grass
prairie.99 Another study found a greater abundance and
diversity of small mammals in switchgrass compared

Small mammals are sometimes
overlooked, but they play an
important role in several ecosystem
services including predation of insect
pests and weed seeds, nutrient
cycling, and serving as a vital food
source to avian, reptilian, and other
mammal predators.

to corn or hay in the fall, with maximum abundance in
the third year after establishment.100 This indicates that
periodic disturbance of perennial grasslands helps to
maintain plant diversity and thereby benefit mammals
that use early successional habitat. However, perennial
grasses are often the only dependable cover available to
mammals in areas that are dominated by farms as well
as arid lands; the sturdy life form of these grasses can
prove overhead concealment from aerial and groundbased predators while also providing good winter cover
to protect from severe weather.
It should not come as a surprise that establishment,
management, and harvesting techniques for producing
bioenergy crops can affect mammal diversity and
abundance. Effects will largely depend on the species,
its individual food and other habitat requirements, and
the season of year. Conventional tillage may benefit more
disturbance-adapted species such as deer mice and
house mice whereas no-till practices are generally better
to improve small mammal habitat by providing additional
food and cover. Reduced use of herbicides during
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Most amphibians need aquatic and
terrestrial habitat to complete their life
cycle, so changes in either of these

Tiger Salamander. Credit: USFWS.

habitats could impact amphibian
the establishment phase helps the high plant diversity
characteristic of early successional habitat to last
longer to the benefit of many mammal species. Waste
corn, soybeans, and sorghum are high value food
sources for a variety of resident wild mammals. Similarly,
it is anticipated that seed-eating mammals may benefit
from residual grass seed left in the field following harvest
until heavy winter snow and ice makes it unavailable.
Leaving residue in the field after harvest may increase
cover and potential food sources (waste grain and
insects) resulting in increased biodiversity overall, but
further studies are needed.
Small mammals are sometimes overlooked, but they
play an important role in several ecosystem services
including predation of insect pests and weed seeds,
nutrient cycling, and serving as a vital food source
to avian, reptilian, and other mammal predators.101
Biomass harvesting for bioenergy production can expose
small mammals and other prey species to predators.
Several studies report negative effects to small mammal
populations from haying tallgrass prairie.102, 103, 104
Companion strip and block plantings of wildlife-friendly
grasses, legumes and other forbs and shrubs as well
as unharvested areas can provide escape cover and
safe travel lanes during harvest.105 These diverse native
plantings provide year-round food and brood areas,
travel/escape corridors, nesting material, and refuge sites
during and after biomass harvest. Unlike other mammal
species, management and harvesting of perennial
grasses for bioenergy production would likely have an

population health.

indirect effect on bats by changes in the diversity and
abundance of their prey (e.g., insects) rather than have
direct effects on cover they use.

Amphibians and Reptiles
The Prairie Pothole Region is rich in biodiversity, including
reptile and amphibian species. Reptiles associated
with the Prairie Pothole Region include species such
as the northern prairie skink, western painted turtle,
and western hognose snake. Amphibian species include
the northern leopard frog and tiger salamander, among
many others.
Reptiles are an important component of biodiversity
in the region and can be negatively impacted by loss
of habitat, cultivation, mowing, and application of
chemicals, but amphibians are particularly important due
to their abundance and role in predator-prey relationships
and nutrient recycling.106, 107, 108, 109 Reductions to
amphibian populations can trigger a domino effect that
alters the overall ecosystem.110. 111, 112 This is challenging
in that over 30% of amphibian species are at risk of
extinction.113 The loss of habitat has been cited as a
primary cause of amphibian declines.114 In the Prairie
Pothole Region, habitat alteration consists mainly of
the conversion of native and restored grasslands and
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wetlands to agricultural production.115, 116, 117 Most
amphibians need aquatic and terrestrial habitat to
complete their life cycle,118 so changes in either of these
habitats could impact amphibian population health.
Amphibians in the Prairie Pothole Region use wetlands
for mating, egg laying, feeding, and overwintering.119
Small and temporary wetlands are often more valuable
to many amphibians than larger, more permanent
wetlands,120 but deep wetlands with year-round water
provide overwintering habitat for species like the northern
leopard frog.121 Farming practices that influence water
quality through sedimentation or introduction of chemical
contaminants can affect amphibians both directly and
indirectly.122 Sedimentation can alter water depth and
volume and that can affect the plants and animals that
live there.123, 124 Herbicides and pesticides, in particular,
have been shown to influence amphibians from
larval to adult survival in the way of feeding behavior,
malformations, and suppression of their immune
systems.125, 126
Amphibians also spend part of their lifecycle in uplands
where they disperse, migrate, forage for food, and
overwinter. As in the case of wetlands, cultivation and
use of agrochemicals can impact amphibians.127 Little
research has been done on the impact of biofuels
production on upland amphibians128 and no research
can be found that has targeted the Prairie Pothole
Region. However, second year results from an on-going
biomass production investigation in the southeastern
U.S. showed that switchgrass plots have greater diversity
of amphibians and reptiles when compared to traditional
pine plantations.129 How switchgrass or more diverse
mixtures of native grasses compare to other habitat
types in the Prairie Pothole Region is an area that needs
further study. Connectivity of these upland habitats is
important for reproduction and to allow amphibians to
move to better habitat if drought eliminates the water
sources needed for that part of their lifecycle.130 In
addition, there are indications that traditional buffer zones
of 50 to 100 feet are not enough and that buffers of
465 to 950 feet from the wetland edge are necessary to
address habitat needs of most reptiles and amphibians.131
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Aquatic Resources
The prairie potholes are of glacial origin and were created
about 13,000 years ago. The Prairie Pothole Region
encompasses about 300,000 square miles and the
potholes are supplied by surface precipitation such as
rainfall and snowmelt. Water leaves the potholes mostly
by seepage or evaporation and rarely by overflow.
Because of this, dissolved salts tend to build-up and
create brackish water in potholes that rarely overflow.
Potholes that overflow often tend to have fresher
water.132 The Environmental Protection Agency133
characterizes pothole wetlands as having submerged
and floating aquatic plants in deeper water and rooted
plants, such as cattails and bulrushes, near the shore.
Potholes are often bordered by wet, marshy areas that
lead into the uplands. These prairie potholes absorb
rain and snow melt and thereby greatly reduce flood risk
downstream. The region is often described as one of the
most important wetland regions in the world and is home
to over 50% of North American waterfowl.
Aquatic invertebrates, including insects such as the
mayfly nymph and crustaceans like gammarus, provide
a very important high-protein food source to wetland
and non-wetland birds alike. Harsh winters limit fish
from establishing in most prairie pothole wetlands, but
this is a boon for bird species (especially waterfowl
and shorebirds) that feed on the aquatic insects as
the presence of fish would greatly limit invertebrate
populations. In addition, the presence of fish would
limit salamanders and frogs from communities that
rely on these wetlands.134 Water in sufficient quantity
and quality to recharge pothole wetlands and sustain
the rich life associated with these aquatic habitats is
extremely important to the biodiversity of the Prairie
Pothole Region.

Invertebrates
Insects, centipedes, millipedes, crustaceans, spiders,
and others encompass about 82% of all life forms
on earth.135 Some of these can interfere with human
health or activities through transmission of disease,
crop damage, livestock health, and in other ways. But,
invertebrates and their activities are more beneficial
to people and ecosystems than is often recognized.
Key benefits include: Cross-pollination of agricultural
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crops; aid decomposition of nearly 99% of human
and animal waste; recycle and return nutrients to the
soil.136 Invertebrates are also vitally important to nearly
every food-chain that exists137 and without them most
terrestrial life could not exist.138 Despite some negatives
created by insects and other invertebrates, the fact
is that agriculture, human health, native ecosystems,
and wildlife would be at-risk in the absence of the rich
diversity and presence of invertebrate species.
The agricultural value placed on pollinators has been
fairly steady at $10-15 billion per year.139 The Xerxes
Society140 sheds light on the importance of pollinators.
Worldwide, over 2/3 of agricultural crops (about 100 in
the U.S.) and about 70% of flowering plants depend on
pollinators. The fruits and seeds produced through the
efforts of insect pollinators comprise much of the diets of
25% or more of birds and mammals. Pesticide use, loss
of habitat, and introduced diseases are mentioned as the
primary risks to pollinators.

A recent study142 found that arthropod diversity and
abundance was 230% to 324% greater in switchgrass
and 750% to 2,700% greater in mixed-grass/forb prairie
relative to energy crops such as corn. Importantly,
another 2012 study of bioenergy crops in the Midwest143
showed that the type of bioenergy crop selected as
well as placement on the landscape could reduce
insect damage to adjacent food and forage crops as
well as lessen the need to use agricultural insecticides.
This is because perennial biomass crops could provide
habitat for predatory insects that would suppress the
normal pests associated with agricultural crops. Both
studies point out the tremendous potential benefits of
carefully selected and placed perennial biomass crops
to agriculture, biodiversity, and native ecosystems in the
Prairie Pothole Region.

The Natural Resources Conservation Service (NRCS)
provides information specific to South Dakota141 – the
heart of the Prairie Pothole Region – that pollinators are
of much value to nearly all native flowering plants (forbs,
legumes, shrubs, trees, and many aquatic plants) as well
as nearly 40 agricultural crop species. NRCS indicates
that pollinators require reliable sources of nectar and/
or pollen in their active period, which is late April to
early October in South Dakota. Best habitat includes
undisturbed areas for nesting with food sources (i.e.,
flowering plants) within 50 feet to ½ mile (up to ¾ mile for
the European Honey Bee).

...invertebrates and their activities are more beneficial to people and
ecosystems than is often recognized. Key benefits include: Crosspollination of agricultural crops; aid decomposition of nearly 99%
of human and animal waste; recycle and return nutrients to the soil.
Invertebrates are also vitally important to nearly every food-chain
that exists and without them most terrestrial life could not exist.

Bee in sunflower. Credit: Joanna Poe.
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Establishment,
Management,
and Harvest
Considerations

P

revious sections were intended to provide and
illuminate the wildlife biology foundation as
it relates to biomass production in the Prairie
Pothole Region. The rationale for the two high-potential
biomass crops selected for BMG development has
also been addressed. It is time to put it all together and
discuss how wildlife needs and biomass production can
be integrated in mutually compatible ways. Implications
and opportunities for wildlife conservation differ in each
phase of production, so establishment, management,
and harvest will be discussed individually.

Establishment
Selecting sites for biomass crop plantings is important
to wildlife and conservation of the native ecosystem.
Both switchgrass and the 3-species mix of big bluestem,
indiangrass, and sideoats grama are warm-season

Plantings that restore marginal
cropland to native warm-season
grasses and extend the area of such
cover on the larger landscape will favor
species of conservation concern that
have been on decline in the region.

Switchgrass planting. Credit: University of Tennessee
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grasses native to prairie ecosystems of North America.
Establishment of native warm-season grasses on most
marginal cropland sites in the Prairie Pothole Region
would be compatible with wildlife as long as native sod
or water flow/levels (aboveground or underground) are
not altered. Plantings that restore marginal cropland to
native warm-season grasses and extend the area of
such cover on the larger landscape will favor species of
conservation concern that have been on decline in the
region. Permanent cover adjacent to prairie potholes is
especially beneficial to aquatic and terrestrial species that
depend on these habitat types in close proximity. Native
warm-season grass plantings that link prairie and other
permanent cover on agricultural landscapes provide a

way for wildlife (especially small and less mobile species)
to move from area to area as food, water, and cover
quality and availability change throughout the year.
Native warm-season grasses like switchgrass, big
bluestem, and indiangrass have a reputation for being
challenging to establish. Historically, these grasses
often required 2 or 3 years to establish a stand suitable
for agricultural uses. However, this reputation may be
somewhat unwarranted, largely due to establishment
methods and stand development expectation differences
between native grasses and the introduced European
grasses that many U.S. agricultural producers are more
accustomed to using. In addition, advancements in
herbicides, cultivar development, cultivation methods,
and planting equipment have dramatically improved the
ease of establishment. Today, it is feasible to harvest
50% of the cultivar’s yield potential after frost in the
seeding year. By the end of the first full growing season
after seeding, it is feasible to produce and harvest
75% to 100% of the cultivar’s yield potential,144 with
many fields in the central Great Plains approaching full
production of 5 to 6 tons per acre.145 If precipitation is
adequate, warm-season grasses are readily established
when quality seed of adapted cultivars are used in
conjunction with the proper planting date, seeding rate,
seeding method, and weed control.
The use of selective breeding and, more recently,
genetic modification, to increase yield, endure climatic
hardship, and improve establishment can be beneficial
for production, but also adds characteristics that
enhance the ability of these new varieties to compete
with other plants.146, 147, 148 New varieties of switchgrass,
for example—particularly those that are genetically
modified—could outcompete native switchgrass and
have a negative impact if they migrate into remaining
native grassland ecosystems. In the case of highyielding hybrid or genetically-modified varieties of native
warm-season grasses, consultation with the state
fish and wildlife agency to determine potential risk to
native ecosystems is advised and development of a
containment plan may be prudent.
In the central Great Plains and Midwest, warm-season
grasses are usually planted 2 or 3 weeks before to 2
or 3 weeks after the recommended planting dates for
corn, typically from mid-April to early June. In the Prairie

Nest eggs. Credit: NRCS.

In the Prairie Pothole Region, wildlife
nest throughout the growing season but
the peak of nesting for most species
is April 15 - August 1 (varies state by
state). It is beneficial to avoid, to the
extent practical, disturbance of nesting
cover during the peak nesting period.

Pothole Region, wildlife nest throughout the growing
season but the peak of nesting for most species is April
15 - August 1 (varies state by state).149 It is beneficial
to avoid, to the extent practical, disturbance of nesting
cover during the peak nesting period. Planting biomass
crops on sites with a winter cover crop (which do provide
wildlife benefits), can result in lost wildlife cover but is
generally better than waiting until wildlife start nesting
and putting adults and nests at risk of destruction. Notill fields are best seeded later in the planting window
in order to leave residual food and cover longer for
wildlife use. It is advantageous for wildlife to plant bare
fields as soon as possible in order to reduce erosion
and improve the quality of water that feeds potholes,
streams, and other bodies of water. In addition, the first
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flush of vegetation may look weedy from an agricultural
standpoint but is very beneficial to many species of
wildlife that prefer plant diversity and patches of bare
ground for nesting or brood rearing.
Warm-season grasses are normally seeded at 30 pure
live seed (PLS) per square foot for optimum density for
biomass production. Excellent results are obtained by
planting after a soybean crop using a properly-calibrated
no-till drill with depth bands that plant seeds 1/4” to
1/2” deep in 7.5 to 10-inch rows.150 Big bluestem and
indiangrass seeds are fluffy and require a seed box
equipped with an active seed flow mechanism. If warmseason grasses are planted after crops that leave heavy
residue such as corn or sorghum, it may be necessary
to remove the residue prior to planting. If the field is

This seeding rate is intended to result in an
optimum density for biomass production
although as stand density increases,
attractiveness to most species of wildlife
declines. This is an especially important
factor for the young of ground-nesting
birds that have trouble moving through
dense vegetation. Many species of wildlife
(e.g., mammals, insects) prefer the more
open ground and plant diversity that is
prominent during the establishment period
when the stand has the greatest plant and
structural diversity...
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tilled, the seedbed needs to be packed to firm the soil as
would be done for alfalfa. This seeding rate is intended
to result in an optimum density for biomass production
although as stand density increases, attractiveness to
most species of wildlife declines. This is an especially
important factor for the young of ground-nesting birds
that have trouble moving through dense vegetation.
Many species of wildlife (e.g., mammals, insects)
prefer the more open ground and plant diversity that is
prominent during the establishment period when the
stand has the greatest plant and structural diversity; as
the stand matures the composition of wildlife species
present will also change. The addition of unharvested,
wildlife-friendly field borders and buffers between the
plantings and around prairie potholes and other bodies
of water can add habitat that help offset the habitat loss
associated with high stand density. Atrazine should not
be applied adjacent to wetlands or other bodies of water.
Weed competition is one of the major reasons warmseason grasses are slow to establish. Several herbicides
are currently recommended to control weeds during
establishment. All herbicides should be applied only as
approved for the intended use and according to label
instructions. A current recommendation for controlling
weeds in a mixed planting of big bluestem, indiangrass,
and sideoats grama is 4 ounces of imazapic (Plateau®)
per acre plus glyphosate immediately after planting
and prior to seedling emergence. For switchgrass,
applying 8 ounces of quinclorac (Paramount®) plus
1 quart of atrazine per acre immediately after planting
provides the best weed control and most rapid
establishment for upland and lowland switchgrass
ecotypes in Nebraska, South Dakota, and North
Dakota, USA.151 However, in this same study, the use
of quinclorac alone provided good weed control and
will be a better choice for establishing switchgrass near
wetlands where the use of atrazine should be avoided.
Weed control usually accounts for about 5-10% of
total establishment costs. After the establishment year,
a successfully established warm-season grass stand
requires limited herbicide applications. Mowing no
shorter than 6” when weeds reach about 12” in height is
an alternative to herbicide use.152
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Dense stands with low plant diversity will
be of limited benefit to many species of
wildlife, including invertebrates that are an
Native grass by corn. Credit: Plains & Prairie Pothole

important food base for wildlife such as

Landscape Conservation Cooperative.

birds and amphibians.

There are tradeoffs regarding the use of herbicide
versus mowing to control weeds as native warmseason grasses establish. Herbicides kill weeds and
can harm wildlife - particularly in aquatic systems where
they are known to harm invertebrates, amphibians,
fish, and associated wildlife as well as the aquatic
plant community. On the other hand, mowing during
establishment means mowing during the peak nesting
season and that can be detrimental to wildlife and their
reproductive activities. Herbicide use can help the native
grasses establish more quickly because it kills competing
plants whereas mowing simply helps grasses gain the
advantage. Use of mowing adjacent to water bodies
and herbicide higher on the landscape can provide for a
balanced establishment scenario that is kinder to wildlife
than using only one or the other.
Successful stand establishment that occurs in the
seeding year will be most economically viable for
biomass producers. Failing to establish successful
switchgrass stands in the seeding year can cost farmers
more than $120 per acre.153 A stand frequency of 50%
or greater (2 or more plants per square foot) indicates a
successful stand, whereas stand frequencies from 25 to
50% are marginal to adequate, and stands with less than
25% frequency are a partial stand. Stand frequencies can
be easily measured using a frequency grid.154 In a field
study on 12 farms in Nebraska, South Dakota, and North
Dakota, a switchgrass stand frequency of at least 40%
in the seeding year was a stand threshold for identifying

fields with successful post-planting year biomass
yields.155 However, producers that can access programs
like the USDA Biomass Crop Assistance Program
(BCAP), and defray the cost of production forgone during
establishment, can provide additional benefits to wildlife
during a longer establishment period. In addition, even
with herbicide, the vagaries of weather and other
factors can lengthen the establishment but, with native
warm-season grasses, patience will usually lead to a
successful stand.

Managing Established Stands
Biomass yield is influenced by factors associated with
the landscape chosen for the plantings (soil type, climate,
water availability, etc.) and management practices such
as ecotype, cultivar, fertilization, and harvest timing.
Most of the research to date in the Great Plains and
Midwest reports yields for warm-season grasses that
were developed in the 1980’s or 1990’s for grazing or
conservation. However, high-yielding cultivars developed
specifically for biomass yield in the Great Plains and
Midwest should be commercially available by 2015. For
example, a biomass-specific switchgrass experimental
cultivar developed by USDA-ARS at the University of
Nebraska has a 3-year average yield of 8 tons per acre,
2.4 tons per acre greater than Shawnee, a switchgrass
cultivar developed for grazing. Although bioenergy-

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

26

...placement of less dense but
unharvested, wildlife-friendly field borders
(that include legumes and/or forbs to
attract insects) and conservation of
adjacent native sod, wetlands and other
native cover would add wildlife benefits.

specific cultivars will have greater yield and stand density
than cultivars most familiar to wildlife biologists, these
differences will be most prominent for only a brief period
in late summer and autumn. As previously mentioned,
stand density can limit the ability of wildlife to enter
stands and move about to feed and otherwise seek
cover. This is particularly true for the young of groundnesting birds. In addition, tall dense stands of grass
tend to shade the ground and suppress shorter plants,
including sideoats grama, a component of the biomass
mixture. Dense stands with low plant diversity will be
of limited benefit to many species of wildlife, including
invertebrates that are an important food base for wildlife
such as birds and amphibians. However, there are
exceptions such as some species of mice and voles that
prefer dense vegetation. Availability of different types
of herbaceous cover across the greater landscape is
the best scenario for wildlife. Use of both switchgrass
and the native grass mixture for biomass crops in the
same area could be helpful to diversify structure and
food resources while minimizing risk to the producer
through crop diversification. In addition, placement of
less dense but unharvested, wildlife-friendly field borders
(that include legumes and/or forbs to attract insects) and
conservation of adjacent native sod, wetlands and other
native cover would add wildlife benefits.
Biomass production fields will require fertilization. Site
productivity, anticipated biomass yield, and time of
harvest dictate switchgrass fertilizer needs.156 Although
warm-season grasses growing in native grasslands and
CRP tolerate low fertility soils, fertilization is required to
optimize biomass, maintain stands, and replace nutrients
in bioenergy production fields where large quantities
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of biomass are removed annually. The primary limiting
nutrient for warm-season grass biomass is nitrogen (N).
Biomass increases as N rate increases, but excessive
fertilizer can result in N leaching or runoff and cause
groundwater and surface water contamination,157 so the
N rate must be carefully managed.
During the planting year, N application is not
recommended because N encourages weed growth
and increases establishment costs158 and residual N is
present in land cropped with soybeans. Soil sampling to
a depth of 1.5 m is needed since fertilizer rates are based
on the difference between crop need and available soil
N. Harvesting biomass removes N from the system and
this N must be replaced to meet plant growth demands.
Harvesting during the grass flowering stage removes
more N from the system than harvesting after a killing
frost, which is when we recommend harvesting biomass.
For example, harvesting a switchgrass field after frost
that produces 5 tons per acre of dry matter (DM) with a
crude protein concentration of 4% (0.64% N) will remove
about 64 pounds of N per acre. Not all removed N has
to be replaced with fertilizer N because of atmospheric
deposition and soil mineralization, but this will vary with
location and soil. In general, for post-frost harvests,
about 50 to 75 lbs of N per acre per year should be

The use of buffer strips and unharvested field
borders between biomass plantings and nearby
water bodies can benefit aquatic species
by keeping fertilizers out of the water and
increasing habitat diversity.

applied to meet anticipated yield goals.159, 160 In Nebraska
and Iowa, ‘Cave-In-Rock’ switchgrass yields increased
as N rate increased from 0 to 270 pounds of N per acre,
but residual soil N increased if more than 100 pounds
of N per acre was applied.161 Switchgrass yield was
optimized when 100 pounds of N per acre were applied,
with about the same amount of N being applied as was
removed by the crop. Soil testing should be conducted
periodically to monitor soil N levels. Phosphorus (P)
and potassium (K) are generally adequate for switchgrass
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Proper use of highly diverse field
borders and non-harvested buffer
strips – especially around riparian
areas – can help to offset some of the
losses in vegetative structure that
will naturally occur with harvest. Care
must be taken to not make these
areas too narrow, however, because
several studies have shown narrow
buffer strips and field borders can be
detrimental to wildlife reproduction
and survival.

Field border. Credit: NRCS.

growth on most cropland soils.162 However, quantifying
the response of bioenergy-specific cultivars to N, P,
and K is a major research need, no matter the
agricultural landscape.
Fertilizer can increase yield and profitability but the
increased vegetative response can be a negative to
wildlife, particularly if too much is applied. Fertilizer
entering streams, prairie potholes, and other bodies
of water can upset the ecology of these aquatic
systems to the degree that the plant community goes
out of balance, invertebrate populations decline, and
amphibians and other wildlife suffer. Over-fertilization also
adds unnecessary production costs that reduce profits.
It is most beneficial to the bottom-line of the agricultural
operation and health of wildlife and associated
ecosystems to obtain and use a nutrient management
prescription.163 The use of buffer strips and unharvested
field borders between biomass plantings and nearby
water bodies can benefit aquatic species by keeping
fertilizers out of the water and increasing habitat diversity.

It also merits mentioning that, although prescribed
burning is counter-intuitive to use as a management
tool for biomass crops, there may be times that there is
enough material on the ground to do a spring prescribed
burn. Prescribed burning can be used to return nutrients
to the soil and stimulate growth that season.

Harvest and Storage
Management
Harvesting perennial grasses for bioenergy production
will present a few obstacles for wildlife populations, but
many of these can be mitigated through careful planning
by the producer. The greatest implications for wildlife will
likely come through a loss of winter cover – especially for
resident wildlife such as white-tailed deer and pheasants
– and a change in the structure of the vegetation the
following spring and summer, which will most significantly
impact nesting and brood rearing by various species of
grassland songbirds and some species of ducks and
shorebirds. Proper use of highly diverse field borders
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...with the exception of a few
species that prefer short stubble
(e.g., house mice, killdeer, horned
larks, prairie dogs) increasing
stubble heights to 10-inches or
more will improve habitat for wildlife
by providing additional structure
and material for nesting, additional
substrate for insects and other prey
sources, and increased overhead
concealment from predators and
inclement weather.
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study managed for biomass production, switchgrass
biomass was greatest in plots fertilized with 100 pounds
of N per acre and harvested at a 4-inch stubble height
after frost.167 The combination of these management
practices ensures carbohydrate translocation to the plant
crowns for setting new tiller buds and maintaining stand
productivity and persistence, even during drought.168
However, with the exception of a few species that prefer
short stubble (e.g., house mice, killdeer, horned larks,
prairie dogs) increasing stubble heights to 10-inches
or more will improve habitat for wildlife by providing
additional structure and material for nesting, additional
substrate for insects and other prey sources, and
increased overhead concealment from predators and
inclement weather. Another option for the producer
would be to harvest portions of the field at differing
heights to create a mosaic for wildlife or, as previously
mentioned, leaving unharvested areas (i.e., field borders,
buffer strips, or alternate year blocks) that can act as
refugia for wildlife.

and non-harvested buffer strips – especially around
riparian areas – can help to offset some of the losses in
vegetative structure that will naturally occur with
harvest. Care must be taken to not make these areas
too narrow, however, because several studies have
shown narrow buffer strips and field borders can be
detrimental to wildlife reproduction and survival. Cattail
sloughs provide good winter cover for several wildlife
species, and shallow wetlands provide critical habitat
for ducks and shorebirds in the early spring as well as
amphibian populations.

Additionally, harvest timing is a major cultural practice
affecting feedstock composition.169, 170 Fortunately,
harvesting is an area in which wildlife impacts can
be minimized while still allowing the producer to
maximize production. Harvesting after frost provides
biomass with higher structural carbohydrates and
lignin as well as lower protein and ash compared to
earlier-harvested biomass – desired characteristics for
bioenergy production. In addition, harvest at that time

Maximizing biomass recovery, matching feedstock quality
to the conversion platform, ensuring a constant supply
of biomass and maintaining productive stands are the
primary feedstock harvest objectives for industry and
the producer.164 Productive stands can be maintained
indefinitely with proper harvest timing, cutting height, and
adequate N fertility.165 In the Great Plains and Midwest, a
single annual harvest to a minimum stubble height of 4”is
recommended to optimize biomass and energy inputs
and maintains stands.166 Harvest height is also important
to avoid mortality of small and relative non-mobile
species of wildlife such as turtles, salamanders and other
species that can be found in fields during this time of
the year. For example, in the first 9 years of a long-term

Fortunately, during harvest, producers
can minimize wildlife impacts while
maximizing production.

will be outside the primary reproductive season for
grassland wildlife. The use of a flushing bar (particularly
if harvest occurs during any portion of the nesting
season for wildlife in the area) could help to move
wildlife out of harm’s way as harvest takes place. In
addition, harvesting portions of the field farthest from
permanent cover toward permanent cover can help
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move wildlife into protective habitat as in-field cover
is removed. Additionally, mature stands of bioenergyspecific switchgrass cultivars will produce more than
500 pounds of seed per acre, which may provide a food
source for granivorous birds and small mammals through
the fall until snow and ice make it unavailable. However,
biomass facilities will likely need a year-round supply of
feedstock; as a result, there may be some cost tradeoffs
to biorefineries that could warrant harvesting in stages.
There is potential, therefore, to plan harvest in a way that
could benefit both the industry and wildlife production
simultaneously. Further research is needed in that area.
Switchgrass bioenergy Best Management Practices
(BMPs) and extension guidelines have been developed
for most agro-ecoregions,171 but most BMPs for other
native warm-season grasses have been developed
primarily for grazing, haying, and conservation.172,
173 Commercially available rotary-head harvesters
and large round or rectangular balers can handle the
volume of material in harvesting and baling operations
in switchgrass fields producing 6-8 tons per acre.174
A cutting height of 4” maintains stands and keeps the
windrows elevated to facilitate air movement and
more rapid drying to less than 20% moisture content
prior to baling.175 As previously mentioned, however,
leaving more than 10” is recommended to improve
wildlife habitat and could increase yields the following
year by capturing blowing snow and providing additional
moisture to the stand.
The goal for biomass storage is to preserve the biomass
so that it leaves the storage phase in the same condition
that it entered storage.176 This requires the biomass to
enter storage at low moisture levels (generally less than
18% is preferable) and to be protected from moisture
during storage.177 Research is limited on dry matter (DM)
losses during switchgrass storage but, in general, bales
stored inside can be stored indefinitely with minimal
DM losses (0 to 2%), regardless of bale type. However,
when bales are stored outside, differences in bale type
occur. Large round bales generally have less storage
losses, whereas rectangular bales tend to be easier to
handle and load on trucks for transport without road
width restrictions.178 Storage losses were greater for
tarped large rectangular bales than for tarped round
bales.179, 180 Tarped and untarped large rectangular bales
had DM losses of 7% and up to 25%, respectively, after

6-months of storage in Nebraska.181 Large square bales
can spoil from the top and bottom and lose DM rapidly.
Wrapping big round bales with at least three wraps of
net-wrap maintains the structure of the bale and reduces
bale contact with the ground and tarping reduces dry
matter loss to less than 3% in 6-months. Improper
storage not only results in DM losses, but can change
the compositional characteristics of the biomass. For a
detailed review on harvest and storage management, see
Mitchell and Schmer (2012).182
However, an alternative that can provide wildlife benefits
is to postpone harvest and temporarily store mature
biomass in the field. Depending on the length of time that
harvest is deferred, there may be some loss of material
(yield or quality) but native warm-season grasses tend
to be resistant to lodging and loss. In-field storage of
mature, standing biomass can provide wildlife benefits
even if only on a portion of the field and for a few
months. In this case, harvest could occur after snow
melt when the ground is still frozen, but prior to the
early nesting season (~April 1st). Given the challenges
of springtime weather in the Northern Great Plains,
however, greater benefits may accrue if some biomass
could be stored in the field until the end of the following
growing season. At that time, it could be harvested with
new growth and the ‘standing-storage’ approach could
be rotated to a different area. According to Harper and
Keyser (2008),183 deferring as much as 50 percent of a
field each year and harvesting on a biennial basis would
not amount to losing 50 percent of the field each year
because much of the yield from Year One is still present
in the field when harvested at the end of the second
growing season. In addition, letting biomass overwinter and harvesting in spring reduces ash and protein
concentrations even more,184 but research has indicated
that yield can be reduced by up to 40%.185 How much
yield would be impacted by waiting to harvest until the
end of the second growing season is an area in need of
further research.
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Best
Management
Guidelines (BMGS)

B

ased on the previous discussions of wildlife
habitat, ecosystem integrity, and speciesspecific needs, the following BMGs have
been developed to assist landowners and producers in
establishing, managing, and harvesting biomass crops
for bioenergy production in a manner that will be more
compatible with wildlife resources. These are minimal,
broad guidelines meant to incorporate a basic habitat
foundation regarding sustainability of wildlife as based on
expert opinion and the best available science; producers
are encouraged to consult with their state fish and wildlife
agency to further develop additional or more detailed
wildlife-friendly practices for their local conditions.

Landscape and Site Selection
Considerations
• Do not convert prairie/sod, wetlands, or other rare
native ecosystems.
• Plant biomass crops on existing cropland or other land
with a cropping history.
• Plant biomass crops, as much as possible, on fields
adjacent to native prairie/sod or established stands
of native warm-season grasses to increase native
ecosystem health (larger tracts of continuous
grassland are better than smaller fragments).
Round bales on prairie. Credit: Mozillaman.

Based on the previous discussions of
wildlife habitat, ecosystem integrity,
and species-specific needs, the
following BMGs have been developed
to assist landowners and producers
in establishing, managing, and
harvesting biomass crops for bioenergy
production in a manner that will be more
compatible with wildlife resources.
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• Use native grasses as biomass feedstocks. Locate
big bluestem, indiangrass, and sideoats grama
mixtures on drier sites and switchgrass on either dry or
wet sites (depending on cultivar – upland or lowland)
to take advantage of the range of growing conditions
native grasses provide.
• Avoid tiling or ditching to drain water from land or
in-field low areas that provide important wetland
habitat in the early spring.
• Be aware of potential resources (food, water, cover) in
the surrounding area and, as feasible, plant feedstocks
that complement those resources.
• Consider using biomass plantings as conservation
practices for existing cropland; for instance, place
plantings along water bodies (streams, ditches, lakes,

Nebraska switchgraas test crop. Credit: F. John Hay.

rivers, wetlands) to reduce erosion and chemical
runoff, and on highly erodible soils to reduce erosion.
• In the event hybrid or genetically-modified varieties
are considered for use, consult with the state fish
and wildlife agency to determine potential risk
to nearby native prairie/sod and develop a
containment plan.

Planting Design
• Match the native grass feedstock to local/regional
soil types and vegetation to enhance yield potential
and ecosystem compatibility.
• Consider growing diverse mixture of big bluestem,
indiangrass, and sideoats grama as well as
switchgrass to create diversity of habitat (structural
and spatial) on the landscape and reduce risk to the
producer through crop diversification.
• Create a native warm-season grass/forb buffer
zone around potholes, wetlands or other bodies of
water to provide habitat (pollinators included) and an

agrochemical barrier. These buffers should be as wide
as possible (100’ minimum recommended), seeded
at the lowest NRCS rate, and include a 50’ unmowed
area (closest to the pothole/wetland) with the
remainder harvested at a height of 10” or higher.
• Establish native warm-season grass/forb field
borders on portions of the field not connected with
potholes/wetlands to retain inputs on site and provide
additional wildlife habitat. These field borders should
be wide enough to address site-specific wildlife needs
(consult the state fish and wildlife agency to determine
the appropriate width) and managed to create early
successional habitat by burning, disking, or haying
every 3 to 5 years.
• Consider enrolling field borders and wetland buffers
in wildlife-friendly conservation programs, which also
provide a constant and dependable source of revenue.

Establishment
• Follow NRCS recommended seeding rates and do
not exceed as doing so increases establishment
cost and makes stands less desirable for grounddwelling wildlife.
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• Avoid the use of fertilizer during the establishment
year to minimize excessive weed growth (which can
slow growth of the grasses planted) and potential
runoff into streams and wetlands.
• For fields that were planted to a winter cover crop the
previous fall, prepare/plant fields as early as practical,
but avoid planting during the peak nesting period.
Check with the local NRCS office and state wildlife
agency for local peak nesting seasons and dates.

NRCS precision nutrient management program plan
designed specifically for perennial grasses, (saves
cost, benefits water quality, and is easier on wildlife).
• Consider periodic spring prescribed burns (prior to
peak nesting season) on portions of field with enough
stubble residual from the previous year to carry a fire
(stimulate grasses and benefit wildlife).

Harvest

• Plant no-till fields as late as practical to leave residual
food/cover longer for wildlife.

• Add flushing bars to equipment to minimize bird
injuries and deaths.

• Plant bare, conventional-tilled fields as soon as
possible to reduce erosion and improve quality of
water feeding wetlands/potholes.

• Harvest fields from the interior of the field to
the exterior to encourage wildlife to flush into
surrounding areas.

• Use only the minimum rate of herbicides needed to
establish biomass plantings and consider the
alternative of mowing when weeds are about 12” tall
(leave 6” stubble).

• Leave at least 4” to 6” stubble after harvest to
elevate windrows (aid airflow and speed up drying),
and catch/retain snow to boost soil moisture.
Higher stubble heights (>10”) are recommended
to benefit wildlife.

• Avoid the use of herbicide in field borders and
wetland buffers.

Management
• Avoid use of fertilizer, herbicide, or mowing in core
buffer areas around potholes, wetlands and other
bodies of water and in unharvested field borders –
manage upland buffers with prescribed fire or shallow
disking (to set back plant succession) once every 3 to
5 years, prior to April 15 or after August 1 to avoid
peak nesting season.
• With the technical assistance of NRCS, develop and
follow an integrated pest management plan that takes
advantage of avian and insect predators and
minimizes the use of chemical pesticides.
• In the event chemical pesticides are necessary,
consider withholding application in a buffer adjacent to
wetlands/potholes (width determined in consultation
with NRCS and the state fish and wildlife agency).

• Leave wildlife cover in the form of taller stubble (10”
or taller) after harvest on unproductive portions of
fields (e.g., wet depressions, highly eroded areas)
or adjacent to potholes/wetlands. This stubble will
provide winter habitat and spring nesting cover –
blocks are better than strips (5% of the total field
area is recommended).
• Avoid harvest until after the first frost to avoid
disturbance of nesting wildlife and improve quality
of biomass (i.e., reduce moisture and nutrient content)
for bioenergy production.
• Consider incremental harvest after the end of growing
season (i.e., store portions of the biomass as a
standing crop) versus harvesting all at once – this will
leave some cover for wildlife.
• Consider leaving a portion of the field as a standing
crop and delaying harvest until the end of the next
growing season, at which time another area can
be deferred.

• Monitor fertility and minimize use of fertilizers through
stand development and beyond with the aid of an
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Potential
Future
Improvements

T

he science behind the use of native perennial
grasses for bioenergy production is still
developing. Additional research will continue
to discover better methods for planting and harvesting
to increase biomass yields while also improving wildlife
habitat. Some examples include:

Michigan State University Extension Bioenergy Plots.

Landscape and Site Selection
Research Needs

Credit: Dennis Pennington, Bioenergy Educator.

• Understanding the landscape-scale effect of bioenergy
production on presence, diversity, and population
health of wildlife and associated food webs and
community structure.

discover better methods for planting and

Additional research will continue to
harvesting to increase biomass yields
while also improving wildlife habitat.

• Assessing the “before-and-after” effects on wildlife of
converting natural systems to bioenergy production
over both the short- and long-term.
• Evaluating long-term response of wildlife use across
varying feedstock production systems
• Using biomass sources that do not require a bigger
agricultural footprint, such as from residues or
other wastes.
• Evaluating the ecological impact of native grass
feedstock varieties, hybrids, and genetically modified
plants on remaining native grassland ecosystems
and assessing the effectiveness of containment
alternatives.
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No-till switchgrass. Credit: University of Tennessee.

Planting Design Research Needs
• Diversifying feedstocks and resulting implications
for wildlife.
• Interseeding legumes into perennial grasses in
biomass production fields to increase yield potential,
minimize the need for external fertilizer, and provide
additional wildlife habitat.

Establishment Research Needs
• Analyzing the impact of stand density on wildlife use
and biomass production.

Management Research Needs
• Quantifying the response of bioenergy-specific
cultivars to N, P, and K and resultant impacts
on wildlife.

Harvest Research Needs
• Identifying, demonstrating, and refining biomass
harvest strategies that provide the greatest benefits
to wildlife and the industry (e.g., harvesting in stages).
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• Researching the effects of harvest timing and
frequency on crop yield and wildlife production.
• Analyzing the potential for delayed harvest and its
effects on crop yield and wildlife production.
• Optimizing post-harvest stubble height for wildlife.
As interest in bioenergy from native warm-season
perennial grass feedstocks continues to expand,
sustainable production of these crops will become
increasingly important in order to ensure long-term,
healthy yields that minimize negative impacts on the
environment. Producers and the bioenergy industry
already recognize the potential for native warm-season
grasses to reduce agricultural runoff, improve water
quality and greenhouse gas emissions, and stabilize
soils. In addition, advancements in herbicides, cultivar
development, cultivation methods, and planting
equipment have dramatically improved the ease of
establishment and management of these feedstocks.
The development and site-specific incorporation of the
BMGs outlined in this document will serve to expand
the definition of “sustainability” to include our wildlife
resources and the many biological, economic, and social
services they provide.

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

Endnotes
Roos, J. A., and Allen M. Brackley. 2012. The Asian
Wood Pellet Market. General Technical Report PNWGTR-861. USDA USFS, Pacific Northwest Research
Station.
2 U.S. Energy Information Administration. 2008. Energy
Timelines: Ethanol. <http://www.eia.gov/kids/energy.
cfm?page=tl_ethanol> Accessed 24 September 2013.
3 U.S. Fish and Wildlife Service. 2013. Prairie Pothole
Region. <www.fws.gov/kulmwetlands/pothole.html>
Accessed 24 September 2013.
4 Knopf, F. L. 1994. Avian assemblages on altered
grasslands. Studies in Avian Biology 15:247-257.
5 Project Apis m. 2011. Bee Box Sept/Oct 2011. <http://
projectapism.org/content/view/148/55/> Accessed 24
September 2013.
6 Noss, R. F., and R. L. Peters. 1995. Endangered
Ecosystems: A status report on America’s vanishing
habitat and wildlife. Defenders of Wildlife. Washington D.C.
7 Classen, R., F. Carriazo, J. C. Cooper, D. Hellerstein, and
K. Ueda. 2011. Grassland to cropland conversion in the
Northern Plains: The role of crop insurance, commodity,
and disaster programs. USDA Economic Research
Service. Economic Research Report #120.
8 USDA Risk Manage Agency. 2012. 2012 RMA Crops’
Indemnities (As of 12/24/2012). <http://www.rma.usda.
gov/data/indemnity/2012/122412map.pdf> Accessed
24 September 2013.
9 Rupp, S. P., L. Bies, A. Glaser, C. Kowaleski, T. McCoy,
T. Rentz, S. Riffell, J. Sibbing, J. Verschuyl, and T. Wigley.
2012. Effects of bioenergy production on wildlife and
wildlife habitat. Wildlife Society Technical Review 12-03.
The Wildlife Society, Bethesda, MD, USA.
10 McGuire, B. 2012. Assessment of the bioenergy
provisions in the 2008 Farm Bill. Association of Fish and
Wildlife Agencies, Washington D.C., USA.
11 Hull, S., J. Arntzen, C. Bleser, A. Crossley, R.
Jackson, E. Lobner, L. Paine, G. Radloff, D. Sample, J.
Vandenbrook, S. Ventura, S. Walling, J. Widholm, and
1

C. Williams. 2011. Wisconsin sustainable planting and
harvest guidelines for non-forest biomass. Wisconsin
Department of Natural Resources, University of
Wisconsin-Madison, Wisconsin Department of Agriculture,
Trade, and Consumer Protection. 98 pp.
12 Oak Ridge National Laboratory. 2011. U.S. Billion Ton
Update: Biomass supply for a bioenergy and bioproducts
industry. U.S. Department of Energy, Energy Efficiency and
Renewable Energy, Office of the Biomass Program, Oak
Ridge, TN.
13 Graham, R. L., W. Liu, and B. C. English. 1995. The
environmental benefits of cellulosic energy crops at a
landscape scale. Environmental enhancement through
agriculture: Proceedings of a conference. Tufts University,
Center for Agriculture, Food and Environment. November
15-17, 1995. Boston, Massachusetts, USA.
14 Tolbert, V. R., and A. Schiller. 1995. Environmental
enhancement using short-rotation woody crops and
perennial grasses as alternatives to traditional agricultural
crops. Environmental enhancement through agriculture:
proceedings of a conference. Boston, Massachusetts,
USA.
15 McLaughlin, S. B., and M. E. Walsh. 1998. Evaluating
environmental consequences of producing herbaceous
crops for bioenergy. Biomass and Bioenergy 14:317-324.
16 McLaughlin, S., J. Bouton, D. Bransby, B. Conger,
W. Ocumpaugh, D. Parrish, C. Taliaferro, K. Vogel, and
S. Wullschleger. 1999. Developing switchgrass as a
bioenergy crop. Pages 282-299 in Perspectives on new
crops and new uses. American Society for Horticulture
Science Press. Alexandria, Virginia, USA.
17 Rinehart, L. 2006. Switchgrass as a bioenergy crop.
ATTRA – National Sustainable Agriculture Information
Service <https://attra.ncat.org/attra-pub/viewhtml.
php?id=311> Accessed 24 September 2013.
18 CenUSA Bioenergy. 2013. The CenUSA Bioenergy
Vision. <http://www.cenusa.iastate.edu/AboutUs/
Vision> Accessed 24 September 2013.
19 McLaughlin, S. B., and M. E. Walsh. 1998. Evaluating
environmental consequences of producing herbaceous
crops for bioenergy. Biomass and Bioenergy 14:317-324.
20 Griffith, A. P., F. M. Epplin, S. D. Fuhlendorf, and R.
Gillen. 2011. A comparison of perennial polycultures
and monocultures for producing biomass for biorefinery
feedstock. Agronomy Journal 103(3):617-627.
21 Mangan, M. E., C. Sheaffer, D. L. Wyse, N. J. Ehlke,
and P. B. Reich. 2011. Native perennial grassland species
for bioenergy: establishment and biomass productivity.
Agronomy Journal 103(2):509-519.
22 Jarchow, M. E. and M. Liebman. 2010. Incorporating
prairies into multifunctional landscapes: establishing

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

36

and managing prairies for enhanced environmental
quality, livestock grazing and hay production, bioenergy
production, and carbon sequestration. Iowa State
University Extension. PMR 1007. 26 pp.
23 Picasso, V. D., E. C. Brummer, M. Liebman, P. M. Dixon,
and B. J. Wilsey. 2011. Diverse perennial crop mixtures
sustain higher productivity over time based on ecological
complementarity. Renewable Agriculture and Food
Systems 26(4):317-327.
24 Hong, C. O., V. N. Owens, D. K. Lee and A. Boe. 2013.
Switchgrass, big bluestem, and indiangrass monocultures
and their two- and three-way mixtures for bioenergy in the
Northern Great Plains. Bioenergy Research 6(1):229-239.
25 McLaughlin, S., J. Bouton, D. Bransby, B. Conger,
W. Ocumpaugh, D. Parrish, C. Taliaferro, K. Vogel, and
S. Wullschleger. 1999. Developing switchgrass as a
bioenergy crop. Pages 282-299 in Perspectives on new
crops and new uses. American Society for Horticulture
Science Press. Alexandria, Virginia, USA.
26 Bies, L. 2006. The biofuels explosion: Is green energy
good for wildlife? Wildlife Society Bulletin 34:1203-1205.
27 Tilman, D., J. Hill, and C. Lehman. 2006. Carbonnegative biofuels from low-input high-diversity grassland
biomass. Science 314:1598-1600.
28 Picasso, V. D., E. C. Brummer, M. Liebman, P. M. Dixon,
and B. J. Wilsey. 2011. Diverse perennial crop mixtures
sustain higher productivity over time based on ecological
complementarity. Renewable Agriculture and Food
Systems 26(4):317-327.
29 Tilman, D., and J. A. Downing. 1994. Biodiversity and
stability in grasslands. Nature 367:363–365.
30 Hooper, D. U., and P. M. Vitousek. 1997. The effects of
plant composition and diversity on ecosystem processes.
Science 277:1302–1305.
31 Loreau, M., S. Naeem, P. Inchausti, J. Bengtsson, J. P.
Grime, A. Hector, D. U. Hooper, M. A. Huston, D. Raffaelli,
B. Schmid, D. Tilman, and D. A. Wardle. 2001. Biodiversity
and ecosystem functioning: current knowledge and future
challenges. Science 294:804–808.
32 Mangan, M. E., C. Sheaffer, D. L. Wyse, N. J. Ehlke,
and P. B. Reich. 2011. Native perennial grassland species
for bioenergy: establishment and biomass productivity.
Agronomy Journal 103(2):509-519.
33 Jarchow, M. E., and M. Liebman. 2010. Incorporating
prairies into multifunctional landscapes: establishing
and managing prairies for enhanced environmental
quality, livestock grazing and hay production, bioenergy
production, and carbon sequestration. Iowa State
University Extension. PMR 1007. 26 pp.
34 Mitchell, R., J. Volenec, and P. Porter. 2013. Establishing
and managing perennial grass energy crop demonstration

37

plots. CenUSA Bioenergy. <https://www.cenusa.iastate.
edu/PublicFile/_GetPublicFile?publicFileId=67>
Accessed 24 September 2013.
35 U.S. Fish and Wildlife Service. 2013. Pollinators
webpage. <http://www.fws.gov/pollinators/> Accessed
24 September 2013.
36 Prairie Pothole Joint Venture and Ducks Unlimited.
2003. The Prairie Pothole Joint Venture: PPJV 15 (19872002). <http://www.ppjv.org/pdf/15year.pdf> Accessed
24 September 2013.
37 Kreitinger, K., Y. Steele, and A. Paulion, editors. 2012.
The Wisconsin All-bird Conservation Plan, Version
2.0 Wisconsin Bird Conservation Initiative. Wisconsin
Department of Natural Resources. Madison, WI. <http://
www.wisconsinbirds.org/plan/species/bobo.htm>
Accessed 24 September 2013.
38 Ring-necked Pheasant: Fish and Wildlife Habitat
Management Guide Sheet. January 2002. Natural
Resources Conservation Service – Minnesota in
cooperation with Pheasants Forever and the Minnesota
Department of Natural Resources.
39 Herkert, J. R. 2003. Effects of management practices
on grassland birds: Henslow’s Sparrow. Northern Prairie
Wildlife Research Center, Jamestown, ND. Northern
Prairie Wildlife Research Center Online. <http://www.
npwrc.usgs.gov/resource/literatr/grasbird/hesp/hesp.
htm> Accessed 24 September 2013.
40 Dinkins, M. F., A. L. Zimmerman, J. A. Dechant, B. D.
Parkin, D. H. Johnson, L. D. Igl, C. M. Goldade, and B.
R. Euliss. 2000 (revised 2002). Effects of management
practices on grassland birds: Horned Lark. Northern
Prairie Wildlife Research Center, Jamestown, ND. 34
pages.
41 Johnson, Douglas H. 2001. Habitat fragmentation
effects on birds in grasslands and wetlands: a critique of
our knowledge. Great Plains Research 11(2):211-231.
Jamestown, ND: Northern Prairie Wildlife Research Center
Online. <http://www.npwrc.usgs.gov/resource/birds/
habfrag/index.htm> Accessed 24 September 2013.
42 U.S. Geological Survey, Northern Prairie Wildlife
Research Center. 2013. Managing habitat for grassland
birds: A guide for Wisconsin. <http://www.npwrc.usgs.
gov/resource/birds/wiscbird/overview.htm> Accessed
24 September 2013.
43 Ehrlich, P. R., D. S. Dobkin, and D. Wheye. 1988.
Cowbirds. Stanford University, Palo Alto, CA. <http://
www.stanford.edu/group/stanfordbirds/text/essays/
Cowbirds.html> Accessed 24 September 2013.
44 Koford, R. R., B. S. Bowen, J. T. Lokemoen, and A.
D. Kruse. 2000. Pages 229-235 in J. N. M. Smith, T. L.
Cook, S. I. Rothstein, S. K. Robinson, and S. G. Sealy,

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

eds. Ecology and management of cowbirds and their
hosts. University of Texas Press, Austin, TX. Jamestown,
ND: Northern Prairie Wildlife Research Center Online.
<http://www.npwrc.usgs.gov/resource/birds/cowbrd/
index.htm#contents> Accessed 24 September 2013.
45 Euliss, N. H., Jr., L. M. Smith, D. A. Wilcox, and B. A.
Browne. 2008. Linking ecosystem processes with wetland
management goals: charting a course for a sustainable
future. Wetlands 28:553-562.
46 Noss, R. F., E. T. LaRoe III, and J. M. Scott. 1995.
Endangered ecosystems of the United States: A
preliminary assessment of loss and degradation. U.S.
Department of the Interior. National Biological Service.
Biological report 28. Washington D.C. 58 pp.
47 Euliss, N. H., Jr., L. M. Smith, S. Liu, W. G. Duffy,
S. P. Faulkner, R. A. Gleason, and S. D. Eckles. 2011.
Integrating estimates of ecosystem services from
conservation programs and practices into models for
decision makers. Ecological Applications 21:S128-S134.
48 United States Environmental Protection Agency. 2013.
Learn more about threatened and endangered species.
<http://www.epa.gov/espp/coloring/especies.htm>
Accessed 24 September 2013.
49 Johnson, D. H., S. D. Haseltine, and L. M. Cowardin.
1994. Wildlife habitat management on the Northern
Prairie landscape. Landscape and Urban Planning 28:521. Bozeman, MT: Mountain Prairie Information Node.
<http://www.pdfio.com/k-568676.html#> Accessed 24
September 2013.
50 Best, L. B. 1986. Conservation tillage: ecological traps
for nesting birds? Wildlife Society Bulletin 14:308-17.
51 Maves, A. J. 2011. Developing sustainable harvest
strategies for cellulose-based biofuels: the effect of
intensity of harvest on migratory grassland songbirds.
Thesis, South Dakota State University, Brookings, USA.
52 Knopf, F. L. 1994. Avian assemblages on altered
grasslands. Studies in Avian Biology 15:247-257.
53 Knopf, F. L. 1994. Avian assemblages on altered
grasslands. Studies in Avian Biology 15:247-257
54 Herkert, J. R. 1995. An analysis of Midwestern breeding
bird population trends: 1966–1993. American Midland
Naturalist 134:41–50.
55 Igl, L. D., and D. H. Johnson. 1997. Changes in
breeding bird populations in North Dakota: 1967 to
1992–93. Auk 114:74–92.
56 Peterjohn, B. G., and J. R. Sauer. 1999. Population
status of North American grassland birds from the North
American Breeding Bird Survey, 1966–1996. Pages
27–44 in Ecology and conservation of grassland birds of
the Western Hemisphere. P.D. Vickery and J. R. Herkert,
editors. Studies in Avian Biology 19.

Fletcher, R. J., Jr., and R. R. Koford. 2002. Habitat
and landscape associations of breeding birds in native
and restored grasslands. Journal of Wildlife Management
66:1011-1022.
58 North American Bird Conservation Initiative, U.S.
Committee. 2011. The state of the birds 2011 report on
public lands and waters. U.S. Department of Interior:
Washington, D.C., USA. <http://www.stateofthebirds.
org/State%20of%20the%20Birds%202011.pdf >
Accessed 25 September 2013.
59 Askins, R. A., F. Chavez-Ramirez, B. C. Dale, C. A.
Hass, J. R. Herkert, F. L. Knopf, and P. D. Vickering.
2009. Conservation of grassland birds in North America:
understanding ecological processes in different regions.
Ornithological Monographs 64:1-46.
60 Best, L. B. 1986. Conservation tillage: ecological traps
for nesting birds? Wildlife Society Bulletin 14:308-17.
61 Millenbah, K. F., S. R. Winterstein, H. Campa III, L. T.
Furrow, and R. B. Minnis. 1996. Effects of Conservation
Reserve Program field age on avian relative abundance,
diversity, and productivity. Wilson Bulletin 108:4:760-770.
62 Millenbah, K. F., S. R. Winterstein, H. Campa III, L. T.
Furrow, and R. B. Minnis. 1996. Effects of Conservation
Reserve Program field age on avian relative abundance,
diversity, and productivity. Wilson Bulletin 108:4:760-770.
63 McCoy, T. D., E. W. Kurzejeski, L. W. Berger, Jr., and M.
R. Ryan. 2001. Effects of conservation practice, mowing
and temporal changes on vegetation structure on CRP in
northern Missouri. Wildlife Society Bulletin 29(3):979-987.
64 McCoy, T. D., M. R. Ryan, L. W. Burger, and E. W.
Kurzejeski. 2001. Grassland bird conservation: CP1 vs.
CP2 plantings in Conservation Reserve Program fields in
Missouri. American Midland Naturalist 145:1–17.
65 Cade, B. S., M. W. Vandever, A. W. Allen, and J.
W. Terrell. 2005. Vegetation changes over 12 years in
ungrazed and grazed Conservation Reserve Program
grasslands in the Central and Southern Plains. Pages
106-119 in The Conservation Reserve Program – Planting
for the future. Allen, A. W. and M. W. Vandever, editors.
Proceedings of a national conference, Fort Collins,
Colorado, USA, June 6-9, 2004. U.S. Geological Survey
Biological Resources Discipline. Scientific Investigations
Report 2005-5145.
66 Knapp, A. K., and T. R. Seastedt. 1986. Detritus
accumulation limits productivity of tallgrass prairie.
BioScience 36:662-668.
67 Best, L. B. 1986. Conservation tillage: ecological traps
for nesting birds? Wildlife Society Bulletin 14:308-17.
68 Maves, A. J. 2011. Developing sustainable harvest
strategies for cellulose-based biofuels: the effect of
intensity of harvest on migratory grassland songbirds.
Thesis, South Dakota State University, Brookings, USA.
57

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

38

Heard, L. P., A. W. Allen, L. B. Best, S. J. Brady, W.
Burger, A. J. Esser, E. Hackett, D. H. Johnson, R. L.
Peterson, R. E. Reynolds, C. Rewa, M. R. Ryan, R.
T. Molleur, and P. Buck. 2000. Pages 1985-2000 in
A comprehensive review of Farm Bill contributions to
wildlife conservation. Hohman, W. L., and D. J. Halloum
(editors). Technical Report USDA/NRCS/WHMI-2000.
U.S. Department of Agriculture Natural Resources
Conservation Service. Wildlife Habitat Management
Institute, Washington, D.C., USA.
70 Clark, W. R., and K. F. Reeder. 2007. Agricultural
buffers and wildlife conservation: a summary about linear
practices. Pages 45-55 in Fish and wildlife response to
Farm Bill conservation practices. Haufler, J. B. (editor).
Technical Review 07-1. The Wildlife Society, Bethesda,
Maryland, USA.
71 Conover, R. R., L. W. Burger, Jr., and E. T. Linder. 2007.
Winter avian community and sparrow response to field
border width. Journal of Wildlife Management 71:19171923.
72 Heard, L. P., A. W. Allen, L. B. Best, S. J. Brady, W.
Burger, A. J. Esser, E. Hackett, D. H. Johnson, R. L.
Peterson, R. E. Reynolds, C. Rewa, M. R. Ryan, R.
T. Molleur, and P. Buck. 2000. Pages 1985-2000 in
A comprehensive review of Farm Bill contributions to
wildlife conservation. Hohman, W. L., and D. J. Halloum
(editors). Technical Report USDA/NRCS/WHMI-2000.
U.S. Department of Agriculture Natural Resources
Conservation Service. Wildlife Habitat Management
Institute, Washington, D.C., USA.
73 Peak, R. G., F. R. Thompson, III, and T. L. Shaffer. 2004.
Factors affecting songbird nest survival in riparian forests
in a Midwestern agricultural landscape. Auk 121:726-737.
74 Henningsen, J. C., and L. B. Best. 2005. Grassland bird
use of riparian filter strips in southeast Iowa. Journal of
Wildlife Management 69:198-210.
75 Conover, R. R., L. W. Burger, Jr., and E. T. Linder. 2009.
Breeding bird response to field border presence and
width. Wilson Journal of Ornithology 121:548-555.
76 Peak, R. G., F. R. Thompson, III, and T. L. Shaffer. 2004.
Factors affecting songbird nest survival in riparian forests
in a Midwestern agricultural landscape. Auk 121:726-737.
77 Smith, M. D., P. J. Barbour, L. W. Burger, Jr., and S. J.
Dinsmore. 2005. Density and diversity of overwintering
birds in managed field borders in Mississippi. Wilson
Bulletin 117:258-269.
78 Riddle, J. D., C. E. Moorman, and K. H. Pollock. 2007.
The importance of habitat shape and landscape context
to northern bobwhite populations. Journal of Wildlife
Management 72:1376-1382.
69

39

Vogel, K. P., G. Sarath, A. J. Saathoff, and R. B.
Mitchell. 2011. Switchgrass. Pages 341 – 380 in Energy
Crops. Halford, N., and A. Karp (eds.). The Royal Society
of Chemistry, Cambridge, UK.
80 Cowardin, L. M., A. B. Sargeant, and H. F. Duebbert.
1983. Problems and potentials for prairie ducks. Naturalist
34:4–11.
81 Batt, B. D. J., M. G. Anderson, C. D. Anderson, and
F. D. Caswell. 1989. The use of prairie potholes by North
American ducks. Pages 204-227 in van der Valk, A. G.
(editor). Northern prairie wetlands. Iowa State University
Press, Ames, USA.
82 Reynolds, R. R. 2005. The conservation reserve
program and duck production in the U.S. prairie pothole
region. Pages 33-40 in Fish and wildlife benefits of Farm
Bill conservation programs: 2000-2005 update. Haufler,
J. B. (editor). Technical Review 05-2. The Wildlife Society,
Bethesda, Maryland, USA.
83 Skagen, S. K., and G. Thompson. 2013. Northern
Plains/Prairie Potholes Regional Shorebird Conservation
Plan. Version 1.
84 Reynolds, R. R. 2005. The conservation reserve
program and duck production in the U.S. Prairie Pothole
Region. Pages 33-40 in Fish and wildlife benefits of Farm
Bill conservation programs: 2000-2005 update. Haufler,
J. B. (editor). Technical Review 05-2. The Wildlife Society,
Bethesda, Maryland, USA.
85 Ducks Unlimited. 2006. Science and viewpoints related
to perennial biomass crops in the Northern Great Plains.
Bismarck, North Dakota, USA.
86 Skagen, S. K., and G. Thompson. 2013. Northern
Plains/Prairie Potholes regional shorebird conservation
plan. Version 1.
87 Helmers, D. L. 1992. Shorebird management manual.
Western Hemisphere Shorebird Reserve Network,
Manomet, MA. 58 pp.
88 Helmers, D. L. 1993. Enhancing the management of
wetlands for migrant shorebirds. Transactions of the North
American Wildlife and Natural Resources Conference
58:335-344.
89 Dinsmore, S. J., S. K. Skagen, and D. L. Helmers.
1999. Shorebirds: An overview for the Prairie Pothole Joint
Venture. Denver, CO. 24 pp.
90 Bender, J. J. 2012. Development of sustainable harvest
strategies for cellulose-based biofuels: The effect of
intensity and season of harvest on cellulosic feedstock
and upland nesting game bird production. Thesis, South
Dakota State University, Brookings, SD, USA.
91 Solem, A. J. 2013. Development of sustainable harvest
strategies for cellulose-based biofuels: Harvest effects on
79

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

game bird production. M.S. Thesis, South Dakota State
University, Brookings, SD, USA.
92 Ducks Unlimited. 2006. Science and viewpoints related
to perennial biomass crops in the Northern Great Plains.
Bismarck, ND, USA.
93 Krapu, G. L., D. A. Brandt, and R. R. Cox, Jr. 2004.
Less waste corn, more land in soybeans, and the switch
to genetically modified crops: trends with important
implications for wildlife management. Wildlife Society
Bulletin 32:127-136.
94 Kross, J. P., R. M. Kaminski, K. J. Reinecke, and A.
T. Pearse. 2008. Conserving waste rice for wintering
waterfowl in the Mississippi alluvial valley. Journal of
Wildlife Management 72:1383–1387.
95 Hartley, M. J. 1994. Passerine abundance and
productivity indices in grasslands managed for waterfowl
nesting cover. Transactions of the North American Wildlife
and Natural Resources Conference 59:322-327.
96 Devries, J. H., L. M. Armstrong, R. J. MacFarlane,
L. Moats, and P. T. Thoroughgood. 2008. Waterfowl
nesting in fall-seeded and spring-seeded cropland in
Saskatchewan. Journal of Wildlife Management 72:17901797.
97 Swier, V. J. 2003. Distribution, roost site selection, and
food habits of bats in eastern South Dakota. M.S. Thesis.
South Dakota State University, Brookings, SD, USA. 105
pp.
98 U.S. Department of Agriculture, Natural Resources
Conservation Service. 2007. Early successional habitat.
Natural Resources Conservation Service and Wildlife
Habitat Council Fish and Wildlife Habitat Management
Leaflet, Number 41.
99 Hall, D. L., and M. R. Willig. 1994. Mammalian species
composition, diversity, and succession in Conservation
Reserve Program grasslands. Southwestern Naturalist
39:1-10.
100 Schwer, L. J. M. 2011. Small mammal populations
in switchgrass stands managed for biomass production
compared to hay and corn fields in Kentucky. M.S. Thesis,
University of Kentucky, Lexington, KY, USA.
101 Schwer, L. J. M. 2011. Small mammal populations
in switchgrass stands managed for biomass production
compared to hay and corn fields in Kentucky. M.S. Thesis,
University of Kentucky, Lexington, KY, USA.
102 Sietman, B,E., W.B. Fothergill, and E.J. Finck. 1994.
Effects of haying and old-field succession on small
mammals in tallgrass prairie. The American Midland
Naturalist 131:1-8.
103 Kaufman, D. W., G. A. Kaufman, and B .K. Clark. 2000.
Small mammals in native and anthropogenic habitats
in the Lake Wilson area of north-central Kansas. The
Southwestern Naturalist 45:45-60.

Kaufman, G. A. and D. W. Kaufman. 2008. Effects of
haying on small mammals in mixed grass prairie of central
Kansas. Transactions of the Kansas Academy of Science
111:275-282.
105 Harper, C. A., and P. D. Keyser. 2008. Potential
impacts on wildlife of switchgrass grown for biofuels.
Agriculture Extension Publication SP704-A. University of
Tennessee, Knoxville, TN, USA.
106 Burton, T. M., and G. E. Likens. 1975. Salamander
populations and biomass in Hubbard Brook experimental
forest, New-Hampshire. Copeia 1975(3):541-546.
107 Davic, R.D., Welsh, H.H., 2004. On the ecological roles
of salamanders. Annu. Rev. Ecol. Evol. S. 35, 405-434.
108 Seale, D. B. 1980. Influence of amphibian larvae on
primary production, nutrient flux, and competition in a
pond ecosystem. Ecology 61:1531-1550.
109 Vanni, M. J. 2002. Nutrient cycling by animals in
freshwater ecosystems. Annual Review of Ecology and
Systematics 33:341-370.
110 Wyman, R. L. 1998. Experimental assessment of
salamanders as predators of detrital food webs: effects
on invertebrates, decomposition and the carbon cycle.
Biodiversity and Conservation 7:641-650.
111 Beard, K. H., K. A. Vogt, and A. Kulmatiski. 2002.
Top-down effects of a terrestrial frog on forest nutrient
dynamics. Oecologia 133:583-593.
112 Whiles, M. R., K. R. Lips, C. M. Pringle, S. S. Kilham,
R. J. Bixby, R. Brenes, S. Connelly, J. C. Colon-Gaud,
M. Hunte-Brown, A. D. Huryn, C. Montgomery, and S.
Peterson. 2006. The effects of amphibian population
declines on the structure and function of neotropical
stream ecosystems. Frontiers in Ecology and the
Environment 4:27-34.
113 Stuart, S. N., J. S. Chanson, N. A. Cox, B. E. Young, A.
S. L. Rodrigues, D. L. Fischman, and R. W. Waller. 2004.
Status and trends of amphibian declines and extinctions
worldwide. Science 306:1783-1786.
114 Cushman, S. A. 2006. Effects of habitat loss and
fragmentation on amphibians: A review and prospectus.
Biological Conservation 128:231-240.
115 Euliss, N. H., R. A. Gleason, A. Olness, R. L.
McDougal, H. R. Murkin, R. D. Robarts, R. A.
Bourbonniere, and B. G. Warner. 2006. North American
prairie wetlands are important nonforested land-based
carbon storage sites. Science of the Total Environment
361:179-188.
116 Gleason, R. A., N. H. Euliss, B. A. Tangen, M. K.
Laubhan, and B. A. Browne. 2011. USDA conservation
program and practice effects on wetland ecosystem
services in the Prairie Pothole Region. Ecological
Applications 21:S65-S81.
104

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

40

Wright, C. K., and M. C. Wimberly. 2013. Recent land
use change in the Western Corn Belt threatens grasslands
and wetlands. Proceedings of the National Academy of
Sciences of the United States of America 110:4134-4139.
118 Wilbur, H. M. 1980. Complex life cycles. Annual Review
of Ecology and Systematics 11:67-93.
119 Mushet, D.M., N. H. Euliss, and C. A. Stockwell. 2012.
A conceptual model to facilitate amphibian conservation in
the Northern Great Plains. Great Plains Research 22:4558.
120 Semlitsch, R. D. (editor). 2003. Amphibian
Conservation. Smithsonian Books. Washington D.C.,
USA. 336 pp.
121 Mushet, D. (USGS, Northern Prairie Wildlife Research
Center). 2013. Personal communication.
122 Gleason, R. A., N. H. Euliss, B. A. Tangen, M. K.
Laubhan, and B. A. Browne. 2011. USDA conservation
program and practice effects on wetland ecosystem
services in the Prairie Pothole Region. Ecological
Applications 21:S65-S81.
123 Gleason, R. A., and N. H. Euliss. 1998. Sedimentation
of prairie wetlands. Great Plains Research 8:97-112.
124 Euliss, N.H.J., Mushet, D. M., 2004. Impacts of water
development on aquatic macroinvertebrates, amphibians,
and plants in wetlands of a semi-arid landscape. Aquatic
Ecosystem Health and Management 7, 73-84.
125 Bruehl, C. A., S. Pieper, and B. Weber. 2011.
Amphibians at risk? Susceptibility of terrestrial amphibian
life stages to pesticides. Environmental Toxicology and
Chemistry 30:2465-2472.
126 Hof, C., Araujo, M.B., Jetz, W., Rahbek, C., 2011.
Additive threats from pathogens, climate and land-use
change for global amphibian diversity. Nature 480, 516519.
127 Mushet, D. M., N. H. Euliss, and C. A. Stockwell. 2012.
A conceptual model to facilitate amphibian conservation in
the Northern Great Plains. Great Plains Research 22:4558.
128 Rupp, S. P., L. Bies, A. Glaser, C. Kowaleski, T. McCoy,
T. Rentz, S. Riffell, J. Sibbing, J. Verschuyl, and T. Wigley.
2012. Effects of bioenergy production on wildlife and
wildlife habitat. Wildlife Society Technical Review 12-03.
The Wildlife Society, Bethesda, MD, USA.
129 Homyack, J., Z. Aardweg, T. Gorman, and D. Chalcraft.
2013. Initial effects of biofuels production on abundance
and diversity of herpetofauna in eastern North Carolina.
Wildlife Society Bulletin. 37:327-335.
130 Marsh, D. M., and P. C. Trenham. 2001.
Metapopulation dynamics and amphibian conservation.
Conservation Biology 15:40-49.
131 Semlitsch, R. D., and R. Bodie. 2003. Biological criteria
for buffer zones around wetlands and riparian habitats for
117

41

amphibians and reptiles. Conservation Biology 17:12191228.
132 Sloan, C. E. 1972. Ground-water hydrology of prairie
potholes in North Dakota. U.S. Department of the Interior.
Geological Survey Professional Paper 585-C. 29 pp.
133 U.S. Environmental Protection Agency. 2012. Prairie
Potholes. <http://water.epa.gov/type/wetlands/
potholes.cfm> Accessed 25 September 2013.
134 Euliss, N. H., D. M. Mushet, and D. A. Wrubleski.
1999. Wetlands of the prairie pothole region: Invertebrate
species compostion, ecology, and management. Pages
471-514 in Batzer, D. P., R. B. Rader, and S. A. Wissinger
(editors). Invertebrates in freshwater wetlands of North
America: ecology and management, Chapter 21. John
Wiley & Sons, New York. Jamestown, ND: Northern Prairie
Wildlife Research Center Online. <http://www.npwrc.
usgs.gov/resource/wetlands/pothole/> Accessed 25
September 2013.
135 United Nations Environment Program. 1995. Global
biodiversity assessment. Heywood, V.H. (editor).
Cambridge University Press, Great Britain.
136 Pimentel, D. 1980. Environmental quality and natural
biota. Bioscience 30:750-775.
137 Gilbert, L. E. 1980. Food web organization and
conservation of tropical diversity. Pages 11-33 in Soule,
M.F., and B. A. Wilcox (editors). Conservation Biology.
Sirans Association, Sunderland, MA, USA.
138 Wilson, E. O. 1992. The diversity of life. W. W. Norton
Company, Inc. New York, NY, USA.
139 Calderone, N. W. 2012. Insect pollinated crops, insect
pollinators and US agriculture: Trend analysis of aggregate
data for the period 1992-2009. PLoS ONE 7(5): e37235.
doi:10.1371/journal.pone.0037235.
140 The Xerxes Society for Invertebrate Conservation.
2013. Pollinator conservation. <http://www.xerces.org/
pollinator-conservation/> Accessed 25 September 2013.
141 USDA, Natural Resources Conservation Service.
2008. South Dakota fact sheet: Pollinators. SD-FS-55.
<http://plants.usda.gov/pollinators/Pollinators_South_
Dakota_Fact_Sheet_SD-FS-55.pdf> Accessed 25
September 2013.
142 Robertson, B. A., C. Porter, D. A. Landis, and D. W.
Schemske. 2012. Agroenergy crops influence the diversity,
biomass, and guild structure of terrestrial arthropod
communities. BioEnergy Research 5(1):179-188.
143 Meehan, T. D., B. P. Werling, D. A. Landis, and C.
Gratton. 2012. Pest-suppression potential of Midwestern
landscapes under contrasting bioenergy scenarios. PLoS
One 7(7): e41728. Doi: 10.1371/journal.pone.0041728.
144 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
145 Mitchell, R. B., K. P. Vogel, J. Berdahl, and R. A.
Masters. 2010. Herbicides for establishing switchgrass in
the central and northern Great Plains. Bioenergy Research
3:321-327.
146 Schubert, C. 2006. Can biofuels finally take center
stage? Nature 24:777-784
147 Ragauskas, A. J., C. K. Williams, B. H. Davison, G.
Britovsek, J. Cairney, C. A. Eckert, W. J. Frederick, Jr., J.
P. Hallett, D. J. Leak, C. L. Liota, J. R. Mielenz, R. Murphy,
R. Templer, and T. Tschaplinski. 2006. The path forward
for biofuels and biomaterials. Science 311:484-489.
148 Glaser, A., and P. Glick. 2012, Growing risk: Addressing
the invasive potential of bioenergy feedstocks. Washington
D.C., National Wildlife Federation.
149 U.S. Department of Agriculture, Farm Service Agency.
2008. Primary nesting season dates and duration.
<http://www.fsa.usda.gov/Internet/FSA_File/052708_
nestingdates.pdf> Accessed 25 September 2013.
150 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
151 R.B. Mitchell, K.P. Vogel, J. Berdahl, and R.A. Masters,
Herbicides for establishing switchgrass in the central and
northern Great Plains. Bioenergy Research, 3:321-327
(2010).
152 Missouri Department of Conservation. 2007. Rich
grasslands for Missouri landowners: A guide to help
improve your land for profit, aesthetics, and wildlife.
Missouri Department of Conservation, Jefferson City, MO,
USA. 36 pp. <http://www.moprairie.org/wp-content/
uploads/2013/04/MDCRichGrasslandsForMOOwners.
pdf> Accessed 25 September 2013.
153 Perrin, R. K., K. P. Vogel, M. R. Schmer, and R. B.
Mitchell. 2008. Farm-scale production cost of switchgrass
for biomass. Bioenergy Research 1:91-97.
154 Vogel, K. P., and R. A. Masters. 2001. Frequency Grid
- A simple tool for measuring grassland establishment.
Journal of Range Management 54:653-655.
155 Schmer, M. R., K. P. Vogel, R. B. Mitchell, L. E. Moser,
K. M. Eskridge, and R. K. Perrin. 2006. Establishment
stand thresholds for switchgrass grown as a bioenergy
crop. Crop Science 46:157-161.
156 Vogel, K. P., J. J. Brejda, D. T. Walters, and D. R.
Buxton. 2002. Switchgrass biomass production in
the Midwest USA: harvest and nitrogen management.
Agronomy Journal 94:413-420.

Vogel, K. P., J. J. Brejda, D. T. Walters, and D. R.
Buxton. 2002. Switchgrass biomass production in
the Midwest USA: harvest and nitrogen management.
Agronomy Journal 94:413-420.
158 Mitchell, R. B., K. P. Vogel, and G. Sarath. 2008.
Managing and enhancing switchgrass as a bioenergy
feedstock. Biofuels, Bioproducts, & Biorefining 2:530-539.
159 Vogel, K. P., J. J. Brejda, D. T. Walters, and D. R.
Buxton. 2002. Switchgrass biomass production in
the Midwest USA: harvest and nitrogen management.
Agronomy Journal 94:413-420.
160 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
161 Vogel, K. P., J. J. Brejda, D. T. Walters, and D. R.
Buxton. 2002. Switchgrass biomass production in
the Midwest USA: harvest and nitrogen management.
Agronomy Journal 94:413-420.
162 Sanderson, M. A., M. Schmer, V. Owens, P. Keyser,
and W. Elbersen. 2012. Crop management of switchgrass.
Pages 87-112 In Switchgrass, a valuable biomass crop for
energy. Monti, A. (ed.), Springer, London, England..
163 U.S. Department of Agriculture, Natural Resources
Conservation Service. 2010. Precision nutrient
management planning. Agronomy Technical Note No. 3.
Washington D.C., USA. <http://www.nrcs.usda.gov/
Internet/FSE_DOCUMENTS/stelprdb1043477.pdf>
Accessed 26 September 2013.
164 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
165 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
166 Vogel, K. P., J. J. Brejda, D. T. Walters, and D. R.
Buxton. 2002. Switchgrass biomass production in
the Midwest USA: harvest and nitrogen management.
Agronomy Journal 94:413-420.
167 Follett, R. F., K. P. Vogel, G. Varvel, R. B. Mitchell,
and J. Kimble. 2012. Soil carbon sequestration by maize
and switchgrass grown as bioenergy crops. Bioenergy
Research 5:866-875.
157

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

42

Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
169 Mulkey, V. R., V. N. Owens, and D. K. Lee. 2006.
Management of switchgrass-dominated Conservation
Reserve Program lands for biomass production in South
Dakota. Crop Science 46:712-720.
170 Monti, A., S. Fazio, and G. Venturi. 2009. The
discrepancy between plot and field yields: harvest and
storage losses of switchgrass. Biomass and Bioenergy
33:841–847.
171 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
172 Mitchell, R. B., and B. E. Anderson. 2008. Switchgrass,
big bluestem, and indiangrass for grazing and hay.
University of Nebraska-Lincoln Extension, IANR NebGuide
G1908.
173 Moser, L. E., and K. P. Vogel. 1995. Switchgrass, big
bluestem, and indiangrass. Pages xxx-xxx in Barnes, R.F.
(editor). Forages: an introduction to grassland agriculture.
Iowa State University Press, Ames, IA, USA.
174 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
175 Vogel, K. P., G. Sarath, A. J. Saathoff, and R. B.
Mitchell. 2011. Switchgrass. Pages 341 – 380 in Energy
Crops. Halford, N., and A. Karp (eds.). The Royal Society
of Chemistry, Cambridge, UK.
176 Hess, J. R., C. T. Wright, and K. L. Kenney. 2007.
Cellulosic biomass feedstocks and logistics for ethanol
production. Biofuel, Bioproducts and Biorefining 1:181190.
177 Mitchell, R., and M. Schmer. 2012. Switchgrass
harvest and storage. Pages 113-127in Switchgrass,
a valuable biomass crop for energy. Monti, A. (editor).
Springer, London, England.
178 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
168

43

Larson, J. A., D. F. Mooney, B. C. English, and D.
D. Tyler. 2010. Cost analysis of alternative harvest and
storage methods for switchgrass in the southeastern.
U.S. Southern Agricultural Economics Association Annual
Meeting (February 6 – 9, 2010), Orlando, FL, USA.
180 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
181 Mitchell, R. B., K. P. Vogel, and M. Schmer. 2012.
Switchgrass (Panicum virgatum) for biofuel production.
Sustainable Ag Energy Community of Practice, eXtension.
<http://www.extension.org/pages/26635/switchgrasspanicum-virgatum-for-biofuel-production#.
UkOcnsacOYF> Accessed 25 September 2013.
182 Mitchell, R., and M. Schmer. 2012. Switchgrass
harvest and storage. Pages 113-127in Switchgrass,
a valuable biomass crop for energy. Monti, A. (editor).
Springer, London, England.
183 Harper, C. A., and P. D. Keyser. 2008. Potential
impacts on wildlife of switchgrass grown for biofuels.
Agriculture Extension Publication SP704-A. University of
Tennessee, Knoxville, USA.
184 Mulkey, V.R., V. N. Owens, and D. K. Lee. 2006.
Management of switchgrass-dominated Conservation
Reserve Program lands for biomass production in South
Dakota. Crop Science 46:712-720.
185 Adler, P. R., M. A. Sanderson, A. A. Boateng, P.
J. Weimer, and H. G. Jung. 2006. Biomass yield and
biofuel quality of switchgrass harvested in fall or spring.
Agronomy Journal 98:1518-1525.
179

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

South Dakota potholes. Credit: NRCS.

Perennial Herbaceous Biomass Production and Harvest - Best Management Guidelines

44

National Wildlife
Federation
901 E St. NW, Suite 400
Washington, DC 20004
www.nwf.org

