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Introduction

This guide covers some factors to consider when planning
and implementing critical area seedings and conservation
plantings in the Northeast U.S., Figure 1b. It discusses
the differences between critical area stabilization,
conservation plantings, and restoration with an emphasis
on critical area stabilization. The use of native species,
diversity, and concern for the spread of invasive species
is emphasized. It points out the importance of soils, soil
organic matter and maintaining soil quality as an integral
part of all conservation plantings. It addresses the use
of structural erosion and water control measures where
needed to facilitate successful seeding and planting.
It stresses mulching as an integral part of most critical
area seedings and plantings. This guide is divided into
sections based on the steps in conducting conservation
plantings starting with planning, selecting plant material,
purchasing plant materials, and finally to installing the
seeding or planting.

The guide presents in Chapter 2, information in both
written and tabular format on all recommended plants
providing easy access to plant characteristics useful when
selecting specific species for planting. The scientific and
common names used were obtained from the PLANTS
Database, which also provides alternative synonyms. The
online version provides direct links to the USDA PLANTS
Database where photographs and other information
are readily available. PLANTS Database Characteristics
have been compiled for over 2,000 species and an
additional 500 cultivars from the scientific literature, gray
literature, agency documents, and the knowledge of plant
specialists. Characteristics data values are best viewed as

approximations since they are primarily based on field

observations and estimates from the literature, not precise
measurements or experiments. If you think the data can
be improved, please contact the PLANTS Database.

The guide covers which factors to consider when
purchasing seed or plants such as seed certification and
pure live seed. It discusses the need to amend soils for
pH, fertility, and organic matter. Information is provided
on the use of different types of seeding equipment for
the different types of seeds and site conditions. Planting
methods and maintenance requirements are given for
different types of grasses, legumes, forbs, trees, and shrubs
based on the propagule type, size and type of planting
stock. Chapter 4 covers implementation procedures, while
the adjacent appendices contain the plant information
in tabular form for convenience. A conservation seed
calculator in Appendix 2j and the critical area seed mix
table in Appendix 4d will be in a spreadsheet format
available on the USDA-NRCS Big Flats Plant Materials

Center website.

Refer to your state’s USDA Natural Resources
Conservation Service’s (NRCS) Electronic Field Office
Technical Guide (EFOTG) for conservation practice
Additional

purpose-specific seed mixes and plant recommendations

standards and specifications. state and
for wildlife habitat improvement, conservation reserve
programs, buffers and wetlands, and other conservation
practices are available in the EFOTG. The seed mixes and
plant recommendations in this guide are not meant to
supersede guidelines for government programs that are
subject to change. For additional information contact the
USDA-NRCS Plant Materials Specialist or Agronomist for

your area.

vii
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For some conservation plantings the use of herbicides
may be necessary. This guide does not recommend specific
herbicides, but recommends following the manufacturer’s
labeling and state pesticide regulations for the state in
which the product will be applied. Recommendations
for treatment, including specific herbicides, rates, and
timing should be obtained from published sources of
information. Such sources may be from state land grant
colleges, which are based on the current manufacturer’s
labeling, and are subject to annual reviews. When
published recommendations are not available and for
additional information relating to herbicide treatment
methods, seek advice from the manufacturer and a
consultant with the appropriate state pesticide applicator
certification.

Many of the references used are currently available
on the Internet and are linked in the text in the online
version. The current web addresses are given in the
reference section for the printed version. The online
version of this document is subject to updates of web
addresses where possible, addition of new research
findings as they become available, and supplemental
information pertaining to more species as they become
commercially available. This guide is available on the
USDA-NRCS National Plant Materials Program and Big

Flats Plant Materials Center website.
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Chapter 1
Planning Considerations and Site Assessment

Critical Area, Conservation, or Restoration
Planting

The purposes for critical area plantings are: stabilization,
erosion control, water-quality protection, public safety,
and infrastructure protection. Critical sites are often
characterized by damage to the soil structure, making
the site different from the surrounding ecosystem.
Critical area seedings are often used as part of
conservation practices like dams, diversion ditches or
waterways, where a vegetated cover is required to
perform the intended function of the structure or site. In

these cases, the vegetative cover should be maintained in

grass and legumes by mowing (Figure 1a), thereby
preventing natural succession or the growth of invasive
species. In some cases, these structures are located
within farming systems and selection of species may be
for a dual purpose such as for erosion control and forage
production. Critical area seedings, in these instances,
occur where restoration is not the intended purpose. In
other situations, once the site is stabilized and the soil
structure has been improved, we would want the site to
move toward natural succession, and the selection of
pioneer or transition species for planting would

accommodate this objective.

Figure 1a. Conservation practices such as diversions and waterways need grasses which are maintained by mowing.



The use of plants to resist soil loss, to slow water
velocity, and to protect against shallow slope failure is
an integral part of solving critical area problems. Plants
are living organisms that may fail due to a myriad of
biological and physical stresses, making their successful
use more multifaceted than engineered solutions. Plants,
through their interaction with the environment, provide
benefits to the ecosystem that engineering practices may
not. They also solve critical area conservation problems
and improve the soil quality of a site at the same time.
This is the basis for our discussion of plant materials and
techniques for their effective use.

Solving or preventing critical erosion problems is
typically achieved by a combination of engineering and
plant-based methods. The engineering portion provides
the grading, water-control structures, and when necessary,
adds mass and physical structure to a site with inert
materials such as rock or concrete. The structural portion is
usually intended to prevent mass failure of a slope, protect
the toe of banks, or redirect stream flows. Engineered
earthen structures, such as dams and waterways, are
designed and constructed for soil and slope stability and
includes vegetative treatments to protect and maintain the
integrity of the structure.

A site that is to be disturbed due to construction
should have a plan in place that limits the off-site effects
of runoff, erosion, and sedimentation. For construction
activities meeting certain criteria, the local, state, and
federal government mandates a Storm Water Pollution
Prevention Plan (SWPPP). For more information refer
to the Environmental Protection Agency (EPA) Storm

Water Discharges from Construction Activities website.

Additional information is provided by state and local
municipalities.

Conservation and restoration plantings are used to
maintain and enhance natural resources such as soil, water,
and air quality as well as wildlife habitat improvement.
They are usually conducted on land that has not been
severely disturbed by construction activities. When the
purpose is restoration, these sites can be planted with
the climax species for its ecological community and can
proceed toward natural succession. If the site is severely
disturbed other practices may be needed such as erosion
control, restoring hydrology, improving soil quality and
controlling invasive plants prior to the site being planted
with the climax species. For some plantings with specific
additional

conservation objectives, management is

needed to maintain the cover established to meet those
objectives. For example, if the conservation objective
is grassland birds or pollinator habitat improvement,
additional periodic mowing or controlled burning
management may be necessary to maintain the species

and structure of the new planting.

Plants and Risk

When plants are used in critical area treatment, there is
a risk of plant loss due to disease, insects, pollutants, or
weather extremes. These risks are in addition to failure
due to the selection of plant species or ecotypes that
are not adaptable to the site. Plants require a period
of establishment before they can effectively protect a
critical site. During this establishment period, the site is
vulnerable to failure. While engineered structures using
stone offer near-maximum protection upon completion,
using a plant-based solution is a conscious choice
accepting greater risk to achieve the long term benefits
plants provide to the ecosystem. Plant-based solutions
may be less expensive than engineering solutions even
when secondary maintenance measures are needed.
We advocate the use of native plant materials to solve
conservation problems, when they are available and have
been proven to be effective. In order to minimize the risk
of failure, it is sometimes beneficial to use introduced
non-invasive species for critical area stabilization.
Introduced species can provide rapid erosion control and
stabilization. They can also protect water quality, public

safety and prevent severe economic consequences.

Native Plants

For restoration purposes when the site has not been
degraded choose plants which represent the climax
community for the area that will be planted or if degraded
use pioneer species which will lead the site toward natural
succession. Use nearby reference ecological communities
and consult with the Natural Heritage Program for
lists of species typically found within the natural
community being planted. Native plants are often used
for general conservation plantings such as wildlife habitat
improvement, pollinator enhancement, and buffers for
water quality. Under these circumstances, native plants
are chosen to solve conservation problems or to enhance
natural resources, not for restoration purposes, since the
species chosen do not represent the climax community.

Once a critical area site has been stabilized and soil organic
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matter has improved, the introduction of native plants will
be more successful and natural succession will proceed.
Recognize that it is more challenging to establish native
plants by seed, especially non-improved local ecotypes, due
to high seed dormancy, poor seedling vigor, and lack of
disease and insect resistance. When planting native plants,
it is extremely important to follow specific protocols for
establishment, for example, pre-treating seeds to cold moist
conditions (cold stratification) to break seed dormancy or
by fall planting. Cold stratification is the treating of seed
by soaking in water (imbibing) then subjecting them to a
period of cold temperature just above freezing for 4 to 8
weeks or longer depending on the species. Native plantings
may need management practices not easily conducted on
steep slopes such as mowing for weed control.

Check whether the plants recommended in catalogs or
on websites are native to your state or the plant community
in which you are planting or trying to restore. Consult with
the Natural Heritage Botany Program in your state, or the

Nature Serve Explorer website. If the plant is native, you

should also check the status and ranking of the plant to
see if the plant species is rare, threatened, or endangered
in your state. Federally listed endangered species are not
commercially available and cannot be legally planted
unless cultivars were developed prior to the Endangered
Species Act. It is not advised to plant rare, threatened, or
endangered plants.

Due to the cost of seed production and marketing
considerations, “local” ecotypes may not be available
for your region. Available ecotypes may originate and be
produced from outside of the region where they are to be
planted. Sometimes native species have been produced
for the horticulture trade. It is important to inquire with
seed producers and marketers as to the origin of the seed
source that they are growing and marketing.

In Chapter 3, we will discuss the native plant
certification program of the Association of Seed Certifying
Agencies. This program certifies the origin of the seed and

how it has been produced to maintain its genetic integrity.

Existing Vegetation

Prior to excavation, a site inventory may reveal existing
vegetation that is functional or has aesthetic value. The site
may also contain rare, threatened, or endangered species.
To save vegetation, leave it in an undisturbed condition in
its original location or, if not possible, carefully move it

to a better location on-site or remove the vegetation from

the site for use elsewhere. Plant moving techniques are
site and plant specific and may require permits. Failure,
when moving plants, usually involves one or more of the
following mistakes:
® The plant is actively growing when moved.
B There is not enough undisturbed root mass and soil
moved.
® The new site does not have an appropriate soil
drainage class or soil quality.

® [nadequate care is given to the plant after moving.

Successfully protecting plants requires that the
boundaries of non-disturbance areas be adequately
delineated. Vegetation worth saving should be protected
by enforceable contractual agreements. Protecting
herbaceous plants in place may be as simple as staying off
thearea and protectingit from disturbance, sedimentation,
erosion, or pollutant run-on. Protecting woody plants
in place may be tedious because of the lateral extent of
tree and shrub root systems and the long-term effects
of root damage. Avoid traffic, grading, soil removal,
sedimentation, erosion, or filling in a root protection
zone around the tree. The distance needed for protection
is determined by measuring the tree trunk diameter at 4.5
feet above the ground in inches and multiplying this value
by 2.5 to obtain a value in feet. For example, a 12-inch tree
needs a 30-foot diameter root protection zone. Though
woody plant root systems may not be directly damaged by
limited traffic, the resulting soil compaction can produce
long-term problems that may not be evident for 5 to10
years. The functional and aesthetic value of large trees and
shrubs can be very high in dollar terms and the ability to
replace the damaged plants may simply not exist at any

price or in any reasonable period.

Weeds and Invasive Plants

For critical area stabilization, existing vegetation is only
a problem when it interferes with obtaining the proper
planting bed or when it consists of weeds that will hinder
establishment of the desired vegetation. On some sites, the
presence of any vegetation is an aid to stability and steps
to preserve it should be included in the planting plan.
Disturb only as much of a site as is absolutely necessary
to reduce environmental impacts and reduce costs of
sediment control and revegetation. In some circumstances,
the long-term goal for critical area stabilization is for local

climax species to naturally colonize the site. However,
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invasive plants can interfere with the initial effort and the
long-term goal. Effective treatments exist to control weeds.
Weeds with low densities or weeds that will fade as the
desired vegetation is established may be ignored. Weeds
must be controlled when establishing warm season
grasses on most agricultural soils in the Northeast as the
climate and soils favor cool season grasses and weeds.
Warm season grasses are especially useful on droughty
sites such as gravel pit revegetation.

Invasive plants are an overwhelming problem that
will hinder the establishment of desirable species.
Conduct a site assessment to determine their presence
and develop a management plan for their control and
a plan to prevent the introduction of invasive plants
from fill, topsoil, mulch, or other organic amendments.
Construction and planting equipment should be
thoroughly cleaned after use at a site infested with
invasive plants. Due to the ability of invasive plants
to rapidly colonize within areas of disturbed soil, it
is essential that all disturbed areas be mulched and
seeded as soon as possible. If outside the growing season
for seed germination, disturbed sites should still be
mulched. Sources of mulch should be free of invasive
plant parts or weed seeds, therefore the use of straw or
wood fiber mulch are preferred over hay. Although some
invasive plant species are available commercially, it is of
utmost importance that invasive plants not be used on
conservation plantings. It is also important to consider
invasive insect pests that are in the area to avoid planting
susceptible plants. Lists of invasive species are found on
state invasive species websites or at the USDA PLANTS

Database Invasive and Noxious Weeds web page.

Climate, Weather, and Slope Aspect

The USDA plant hardiness zone (PHZ) map released in
2012 is based on the “average annual minimum
temperatures” for each of the zones. These are calculated
using the lowest temperatures recorded for each of the
years 1976 to 2005, as well as more sophisticated
methods for mapping zones between weather stations
and considerations for microtopography and lake effect.
The PHZ map is helpful when selecting species of plants
that are tolerant of expected low winter temperatures.
Within plant hardiness zones, climate will vary based on
elevation, aspect, position on slope, and location within
PHZ. Cultivars and ecotypes within species may differ

greatly in winter hardiness, therefore the right cultivar or

ecotype may be as important as the right species. Refer
to Figure 1b, for a plant hardiness zone map of the
Northeast to determine the plant hardiness zone for
your location. An online version of this figure is located
at the U.S. National Arboretum PHZ website. This guide

covers the areas located in zones 3 through 6 although
some of the information would pertain to zones 2 and 7.
Another resource is the Ecoregion Maps from the (EPA)
Western Ecology Division. These maps use geology,
physiography, vegetation, climate, soils, land use,
wildlife, and hydrology to define their boundaries. The
relative importance of each characteristic varies from
one ecological region to another.

The slope’s aspect can affect plant selection,
establishment, and management. Slopes with north and
northeast aspects can reduce air and soil temperatures
and evapotranspiration. This can have a negative
impact on warm season grass plantings by slowing their
germination, establishment, and performance. In some
instances, a northern slope aspect can enhance snow
cover thereby reducing the freeze thaw cycle and frost
heaving. Conversely, south-facing slopes are generally
hotter and drier and can negatively impact seed
germination and seedling survival of warm and cool
season grasses as well as woody seedlings. Also, position
on the slope can influence frost-free periods due to frost
pockets when cold air flows down to the bottom of a
slope from an adjacent higher elevation. The Great Lakes
and other large bodies of water, tend to moderate air
temperatures of adjacent inland areas. Low temperatures
in winter are not as extreme, and these areas are less
prone to late spring and early fall frosts. Smaller bodies
of water also have the same effect, usually to a lesser
extent. Lake effect snow is a common phenomenon
around the Great Lakes and other large lakes increasing
total snow fall and snow cover.

Global climate change results in extremes in weather,
such as hot, dry periods and intense rainfall events. This
can increase the need for conservation plants, and will
add to the stress on these plants when used for critical
area protection. The winter survival as well as the seed
and fruit set of some trees and shrubs can be impacted
when planted close to the edge of its plant hardiness
zone. Mild falls with late frost can delay hardening off
in woody plants leading to winter hardiness concerns.
Earlier spring flowering followed by a frost can lead

to a reduction or elimination of fruit set. There is an
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indication and prediction that the species composition
of weeds and the distribution of invasive insects and
disease pests may change. Over time PHZ’s boundaries

are expected to shift due to climate change.

Soil Erosion

Soil erosion is the wearing away of the earth’s surface
by the forces of water and wind. It is a natural process,
which can have striking results, such as the Grand
Canyon or the Dakota Badlands. Most often, erosion
is a slow, less dramatic process. When the natural
landscape is disturbed by activities of humans such as
tillage, timber harvesting, urban development, mining,
road construction, or overgrazing, erosion can become
accelerated and destructive. Healthy, productive soil is
lost and sediments damage or clog water bodies, rivers,
streams, and reservoirs.

Soil erosion from water is caused and influenced by
long and steep slopes, intense rainfall, and raindrop
impact, when there is a lack of protection from plant,
crop residue, or mulch covers. Concentrated flows and

increased velocity of water increases sediment load

and increases erosion potential. During construction
activities, exposure of subsoil and compaction result in
decreased aggregate stability and impaired infiltration,

leading to increased runoff and soil erosion.

Soil erosion from water has several forms, including:

Sheet - uniform removal of soil without the
development of conspicuous water channels;

Rill - removal of soil through the cutting of numerous
small but conspicuous water channels or tiny rivulets; and

Gully - removal of soil through the formation of
relatively large channels or gullies cut into the soil by
concentration of runoff characterized with evidence of
“head” cutting.

Soil movement can also occur from streambank,
shoreline, and landslip erosion which is the mass
movement of soil from slides or flows.

When certain soils are kept unvegetated during
construction they can be susceptible to wind erosion,
which may have local offsite affects. Mulching or
temporary and permanent vegetative covers can alleviate

this problem.

Figure 1b. The USDA Plant hardiness zone map is used when selecting plant material for conservation plantings.
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Excess Water Management and Erosion
Control

Excess water should be diverted around the site to a safe
outlet or conveyed through the site via a waterway or
steep slope conveyance structure (Figure 1c). In some
cases, subsurface flows will need to be intercepted by
drainage tiles. Control of excess water is important to
avoid soil erosion and to facilitate revegetation efforts and
to prevent subsequent site damage. Erosion can be
reduced and revegetation efforts enhanced by grading and
terracing to allow more infiltration and to breakup long

slopes reducing concentrated flow areas. Refer to the

NRCS Engineering Field Handbook for guidance on water
control practices.

Geology
Because geology strongly influences soil development
and the characteristics of soil, understanding the geology
of an area is important in making critical area treatment
decisions. Parent material for soil development comes
from underlying rock strata or is transported from other
locations. The soil parent material affects the pH, water-
holding capacity, the nutrient content, and retention
capacity of the soil. This is particularly true of the subsoils
often found on disturbed sites. Bedrock and changes of
soil texture at various depths need to be addressed early in
the grading and revegetation process.

Geology contributes to the shape of the landform. The
slope of a site influences the erosion process through water

Figure 1c. Diversion ditches and waterways are used to divert
concentrated runoff away from new seedings and to direct water to a
safe outlet.

movement across the landscape. The local hydrology may
contribute to mass wasting of soils, and can result in
critical stabilization problems.

The East region includes several mountain ranges
including the Appalachians, Adirondacks, Green and
White ranges, and the Catskills. Glaciations over the
northern states have created complex till soils and
the marine and Great Lakes’ influences have created
sedimentary deposits and coastal sands.

Mining activity is a primary contributor of critical
areas to the region. There are active and abandoned
sand and gravel pits, coal, salt, copper, zinc, lead, iron,
titanium, limestone, slate, and hard rock mines in the
region, all requiring revegetation. Exposed minerals from
mining activity such as sulfur and iron, which result in
the formation of acid materials when oxidized, need to be

addressed early in grading and revegetation plans.

Soils

A site that is to be disturbed due to construction should
have a plan in place that minimizes the impact to the
soil and vegetation occurring outside the project’s
construction limits. This is typically done by clearly
marking and adhering to boundary markers like
sediment fencing. Areas that lie within a construction
site should have a plan for utilizing topsoil based on a
survey conducted to determine the depth and quality of
the topsoil. Topsoil within the construction site should
be removed and safely stockpiled for later redistribution
on the site. Soil is the medium in which seeds germinate
and roots grow and the ability to assess soil conditions
is critical in selecting successful vegetative options. Soil
amendments and treatments can mitigate some soil
problems. Moving topsoil from another site is often done
to replace the original topsoil layer. However, replacing
topsoil with that taken from another site is expensive
both economically and environmentally, and creates two
degraded sites. Furthermore, for some applications, the
selection of plant materials adapted to degraded sites may
make replacing the topsoil unnecessary.

Critical area plantings are often planned for sites where
soils have been degraded. The site may be considered
critical due to the removal of topsoil with only the subsoil
remaining. In some cases, the site consists of a mixture
of subsoil from the site or subsoil and other material
brought in having little or no topsoil. Subsoil material

is often infertile, weak in structure, very low in organic
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matter, higher in bulk density, and more acid or basic
than the associated topsoil.

Compaction is another serious issue facing disturbed
soils. It occurs when soil particles are pressed together.
Soil can be compacted by heavy machinery through
the destruction of soil structure or may be naturally
occurringin some subsoil. Compacted soil or subsoil may
be exposed during construction which then becomes the
planting medium. As soil particles are squeezed together,
soil density increases and pore space for air and water
are reduced. Lack of pore space in the soil reduces water
intake and movement throughout its layers. Compaction
also limits root growth and the biological diversity of the
soil. Bulk density is a measure of soil compaction and is
expressed as a weight per unit volume of soil, (grams/
cm?®). Root penetration, gas exchange, and soil water
movement becomes inhibited as bulk density rises to
1.4 g/cm?® in clays and up to 1.7 g/cm? in sands. Refer
to Chapter 4, Table 4a for information regarding bulk
density limits on root growth for specific soil textures.
Mechanical treatment and soil amendments may be
necessary to reduce the bulk density/soil compaction so
vegetation can be established.

These problems are compounded when organic
matter content is lost by topsoil removal. Soil compaction
can lead to low infiltration rates, increased erosion and
stormwater runoff, decreased water quality from polluted
runoff, and increased flooding. Despite soil limitations,
plant materials need to be successfully established to
stabilize the site and initiate recovery.

Soil samples from degraded sites can be analyzed for
organic matter, macro- and micronutrients, bulk density
(compaction), soil particle size distribution, pH, and
toxic elements or compounds. The mailing containers
and information for collecting soil samples for basic
soil tests can usually be obtained from local cooperative
extension offices or directly from labs. Site history is
important in determining which tests are needed. Using
soil tests to determine fertilizer rates can avoid over
application, reducing costs and preventing excess fertilizer
from polluting streams and/or groundwater. The results
of the soil analysis can assist in selecting plants that are
appropriate for the site.

Information on the identification and properties of
soils as they occur in the landscape can be found online
on the USDA-NRCS Web Soil Survey website or by
consulting with your local NRCS office.

Soil texture is an important soil characteristic that
drives crop production and field management and is
important when planning conservation or critical area
plantings. The textural class of a soil is determined by the
percentage of sand, silt, and clay. Soils can be classified as
one of four major textural classes: sands, silts, loams, and
clays. A soil textural triangle developed by the USDA is
used to determine soil textural classes from the percentages
of sand, silt and clay in the soil, more information can
be found on the NRCS Soils Education web page. Soil

texture determines the rate at which water drains through
a saturated soil, for example water moves more freely
through sandy soils than it does through clayey soils.
Once field capacity is reached, soil texture also influences
how much water is available to the plant as clay soils have
a greater water-holding capacity than sandy soils. Soils
also differ in their susceptibility to erosion (erodibility)
based on texture as a soil with a high percentage of silt
and clay particles has a greater erodibility than a sandy
soil under the same conditions.

Soil particle size distribution is important because
soil nutrient and water-holding capacity is related to the
percentage of soil fines (those particles that can pass
through a 200-mesh sieve, .0029-inch opening). As the
percentage of soil fines drops below 20 percent, the site
becomes increasingly droughty and devoid of nutrients.
In sand and gravel mine reclamation, where percent fines
by weight passing a No. 200 sieve is less than 15 percent,
warm season grasses should be used to assure a persistent
cover. Soil’s physical workability is also diminished in
heavy clay soils.

Soil drainage class identifies the natural drainage
condition of the soil. Drainage classes provide a guide to
the limitations and potentials of the soil for field crops,
forestry, range, wildlife, and recreational uses. The soil
drainage class roughly indicates the degree, frequency
and duration of wetness which are factors in rating
soils for various uses. The eight natural drainage classes
are: (1) Excessively drained; (2) somewhat excessively
drained; (3) well drained; (4) moderately well drained;
(5) somewhat poorly drained; (6) poorly drained; (7)
very poorly drained; and (8) subaqueous. For a detailed
description of each of these soil drainage classes refer to

the NRCS Soil Survey Manual, Chapter 3, Examination

and Description of Soils.
Soil acidity or alkalinity is measured by the pH
logarithmic scale (1 = acidic to 14 = basic, with 7.0 being
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neutral). This is a measure of the balance between
hydrogen ions (positively charged) and hydroxyl ions
(negatively charged) in the soil water solution. Good
soil conditions fall in the pH range of 6.0 to 7.0; fair
conditions range from 5.5 to 7.5. Plant problems begin
when pH is below 5.5 and above 7.5. The pH scale is
logarithmic, so a change from 5.0 to 6.0 is not a change
by a factor of 1, but a factor of 10; and a change of pH
from 5 to 7 is a factor of 100, therefore a pH of 5.0 is 10
times more acidic than a pH of 6.0. Eastern soils tend to
be acidic, but disturbed sites’ pH can be above 7.5 if the
parent material and subsoil is alkaline. The soil texture
and mineralogy affect the soil pH and its response to
lime. Chapter 4 covers the use of lime and sulfur to
amend the soil’s pH.

Macro- and micronutrients are present in healthy soils
and these enable plants to thrive. Disturbed sites can
be very nutrient depleted as the organic matter and A/B
horizons containing most of the nutrients available to
plants are lost. Fertilizers and organic supplements can be
applied after a soil nutrient analysis is performed. Though
micronutrients occur in soils at very low concentrations,
their absence is detrimental to some plant species.
Legumes are particularly sensitive to a lack of boron, yet
only 1 to 2 pounds per acre may be all that is needed.
The use of fertilizers and soil amendments are covered in
Chapter 4.

Soil Quality

Soil quality as defined by the Soils Science Society is
“the capacity of a specific kind of soil to function, within
natural or managed ecosystem boundaries, to sustain
plant and animal productivity, maintain or enhance
water and air quality, and support human health and
habitation” (Karlen et al., 1997). Soil quality integrates
physical, chemical and biological processes, and the
interactions between them. The chemical properties of
soil are analyzed with a nutrient soil test. Soil can also be
tested to determine the status of the soil’s biological and
physical parameters that are often limiting to plants on
disturbed sites. Cornell University provides soil quality

testing information at the Cornell University Soil Health

website.

Soil organic matter (SOM) is the most important
indicator of soil quality and productivity. It consists of
a complex and varied mixture of organic substances

and is found in the highest percentage in the topsoil.

Soil organic matter is the decomposed plant and animal
residue in soil. Humus is amorphous organic matter that
has reached a point of stability and if undisturbed is
resistant to further decay. Decayed soil organic matter
acts like a sponge, absorbing up to six times its weight in
water. In sandy soils, water held by organic matter often
makes the difference between seeding failure or success.
A pound of stabilized organic matter can have five times
as much cation-exchange capacity (CEC) as a pound of
clay, resulting in organic matter holding five times the
nutrients for plants to use. Soil organic matter increases
the formation and stability of soil aggregates (very
small clumps of soil particles) that are held together
by moist clay, organic matter, organic compounds or
fungal hyphae. These aggregates reduce soil surface
crusting and increase soil porosity. The infiltration and
water-holding capacity of the soil is increased providing
increased water availability for plants and less erosive
runoff. Erosion may be more serious after organic matter
loss due to reduction of infiltration and soil aggregate
stability, increased bulk densities, changes in soil
pH, reduction in nutrient and water-holding capacity,
and reduction in the buffering of toxic substances. It
is important to disturb as little of the site as possible.
The use of compost, manures, and approved biosolids
can be used to improve organic matter composition of
a site. Improving the organic matter on a site facilitates
the establishment and growth of plants that, in turn,
provide organic matter to soils.

Soil biology consisting of fungi, bacteria, and other
micro and macro invertebrates are important for the
decomposition of soil organic matter and nutrient
cycling. Fungi that colonize fresh organic matter enmesh
soil particles forming cross-links that assist with the
stabilization of soil particles into aggregates. Soil
bacteria are also involved in soil aggregation, producing
compounds called polysaccharides that are useful for
holding soil particles together. Plant roots occupy larger
volumes of well-aggregated soil.

Arbuscular endomycorrhizal fungi (AMF) form
symbiotic relationships with many plants. These fungi
need to be associated with living plant roots, benefiting
by obtaining soluble organic nutrients from the root cells.
The plant benefits from the enhanced absorption of water
and soil mineral ions such as phosphorus by the plant.
The association with AMF makes the plants more stress

tolerant. AMF will not be present on sites that are stripped
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to subsoils and if not re-introduced these will return very
slowly. The use of donor topsoil containing beneficial
bacteria and fungal parts can be advantageous to plant
success and to site stability. However, donor topsoil may
also introduce soil pathogens and weeds not currently on
the site. Topsoil saved from the work site and stockpiled
is most desirable. It is also worth noting that native plant
nurseries commonly add arbuscular endomycorrhizal
fungi inoculants into the soil mixes used to grow
plants. The use of commercial AMF inoculants for direct
application of disturbed sites is not supported by research

and is not a widely accepted practice.

Timing of Planting

For critical area and conservation planting it is extremely
important to follow time of seeding and planting
recommendations to facilitate success. Specific seeding
and planting date requirements by species and planting
stock are covered in Chapter 4 and Appendix 4a. Seeding
dates are given in ranges and are based on averages
within plant hardiness zones; timing will vary based
on elevation, aspect, position on slope, and location
within PHZ. For construction projects, seeding should
be done as construction is complete or at intervals
during construction. Temporary seeding and mulching
are important tools to reduce sedimentation and other
offsite impacts and to allow for permanent vegetation
establishment at the appropriate time of year. Engineered
approaches for critical area stabilization have strict
completion dates. This same approach should be enforced
when a vegetative approach is used as it has become
commonly acceptable to plant beyond recommended
dates. Since it takes the same or less time, money, energy,
and effort to plant during the optimum time of year;
do not plant outside of the appropriate time. Planting
outside of the optimum times often leads to failure of the
planting with resultant costs of replanting and potential
environmental degradation. Weather plays a major role
in determining the proper time to plant within or near
the optimum planting window. There is usually a fairly
short period of time during which planting conditions are
at or near optimum. To miss this period can mean the

difference between success and failure.

Present and Proposed Use

The choices made in stabilizing a site are influenced
by the intended use of the site. The intended use of the
site should be based on the inherent site limitations.
The site must be capable of supporting the planned use
and that use must not interfere with the stabilization of
the site. If pedestrian or vehicular use of the site will be
permitted, traffic patterns and water control should be
planned and designed to minimize erosion potential.
Control of unauthorized off-road vehicle activity must
be in place before installation of plants for critical area
treatment. Damage from unauthorized access during the
establishment period will undermine the success of the
planting. Select plants to meet the existing or future site
use to minimize or facilitate future maintenance. The
planting of trees and shrubs where appropriate can blend
structures or the site into the surrounding landscape.



Chapter 2
Plant Materials

The information in this section highlights the attributes
of plant groups and individual plant species. It starts
with the grasses, a group that is employed on almost
every site. Characteristics of the plants mentioned in
this chapter, including seeds per pound, are provided in
tables in Appendices 2c-2k. This information is compiled
from the PLANTS Database, Native Trees, Shrubs, and
Vines for Urban and Rural America (Hightshoe, 1987), and
other sources referenced in the tables. A legend for the
definition of the plant characteristics from the PLANTS
Database is provided in Appendix 2b. In the online
version, the tables in Appendices 2 (c, d, e, g, and h) are
linked to the PLANTS Database for photographs and
additional information. For additional detail for many
of the plants listed refer to the Plant Fact Sheets found on
the USDA-NRCS National Plant Materials website and
the PLANTS Database.

Grass Information

Grasses are the most useful group of plants for critical
area treatment and conservation plantings. Due to the
large number of species and their range of variability in
form and function, almost all plantings include grasses
either as the primary or temporary cover to serve until the
site is dominated by other species. Perennial grasses are
typically an early component of any natural revegetation/
succession following annuals. Some perennial grasses are
able to tolerate droughty, infertile soil conditions while
accumulating organic matter over time allowing for the
colonization of woody species.

In the Northeast, grasses are native to areas with
soils, hydrology, or other environmental conditions
unsuitable for succession to climax forests. These include
riverbanks and flood scoured flood plains repeatedly
disturbed by high velocity water and ice flows, as well as
sandy, droughty, or shallow soils of pine barrens and oak
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openings. Warm season grasses from climax grassland
communities migrated eastward after the last glaciation
period to occupy these areas. In wetland areas, native cool
season grasses, sedges, and rushes evolved and occupy
these sites.

The introduction from Europe of many cool season
grasses for use as forage contributed to the large
colonization and naturalization of grasses in areas that
were and are deforested for agricultural, housing, and
other uses. In most cases without management, these
areas will return to the forest-type climax community of
the physiographic region. Cool season grasses used for
critical area stabilization and turf have their origin from
these introduced cool season grasses. These include
ryegrass, tall fescue, red fescue, bromegrass, red top, and
others.

Grasses exist in a diverse range of conditions and
have adapted, in part, by evolving their physiology,
anatomy, and morphology. Typically they are divided
into two groups; warm and cool season grasses. We can
take advantage of some major distinctions that occur
between warm season and cool season grasses. These
two grass types are distinguished by their photosynthetic
systems. The cool season grasses are known as C, grasses
and the warm season grasses are known as C, grasses.
These names are based on the three and four carbon
atoms present in the first product of carbon fixation
produced from their different photosynthetic systems.
These photosynthetic pathways (each with associated
anatomical differences) explain why they grow more
efficiently during warm or cool temperatures. The more
extensive and fibrous root characteristics of warm season
grasses also increase their drought tolerance compared
to cool season grasses. Recognizing these differences is
vital in understanding how to use these types of grasses

to achieve environmental goals.
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As the names imply, cool season grasses grow most
efficiently when air and soil temperatures are cool,
between 55°F and 75°F; and warm season grasses grow
most efficiently when temperatures are between 65°F and
95°F. Once established, warm season grasses are generally
more efficient than cool season grasses at producing
above and below ground biomass and have deeper, more
robust root systems. When soils are deep and unimpeded,
the fibrous root systems of warm season grasses can
extend 6 to 8 feet. The fibrous root system is effective in
mining nutrients and moisture from large areas. This
allows them to tolerate low fertility levels and droughty
conditions (Figure 2a). Warm season grasses are higher in
fiber compared to cool season grasses due to differences
in their leaf anatomy and lower leaf to stem ratio. This
makes warm season grass less palatable and digestible to
livestock and wildlife. Most commonly used cool season
grasses originated in Eurasia, while most of the warm

season grasses used are native to North America.

grasses for fast establishment and warm season grasses
for tolerance of less favorable droughty conditions.
Introduced cool season grasses keep their growing point
low and close to the soil, tolerating close mowing or
grazing.

Native warm season grasses elevate their growing point
to about 6 inches above the soil surface, and are injured
by repeated close mowing or grazing. Consequently, it is
recommended that warm season grasses mowed during
the growing season be mowed no shorter than 6 to 8
inches above the ground as this also facilitates rapid
regrowth. A comparison chart of warm and cool season
grasses is provided in Appendix 2a.

Roots serve an important function for vegetative
stability and erosion control (Figure 2b). Both the cool and
warm season grass groups include species that are bunch
forming, rhizomatous, and stoloniferous. Bunchgrasses,
like hard fescue, maintain individual plants that increase in

basal diameter as time passes. They are generally more

Figure 2a. Warm season grasses, like switchgrass, have deep, fibrous
root systems, which adapt them to droughty conditions and low fertility
soils.

It is important to understand what happens during
plant establishment (seed germination and plant
development) when choosing a cool season or warm
season grass. Cool season grasses typically germinate
rapidly, producing a higher proportion of leaf area
compared to roots during the initial establishment
period. Warm season grasses tend to have more seeds
that are dormant, and which germinate slowly. Warm
season grass seedlings produce a higher proportion of
roots compared to leaves during the initial establishment

period. These survival strategies favor cool season

Figure 2b. Rhizomatous roots of grasses like those of prairie cordgrass,
serve an important erosion control function.

compatible with wildflower mixtures than are the
rhizomatous and stoloniferous grasses. Bunchgrasses can
have very extensive root systems providing excellent
erosion control. Seeded at high enough seeding rates, they
create a tightly woven sod providing excellent cover.
Rhizomatous grasses, like smooth bromegrass, produce
creeping underground structures called rhizomes that
generate additional plants at nodes from the original plant.
These create sod-like growth and fill in open surface space
faster than bunchgrasses. As a result, they may crowd out

other species over time. Stoloniferous grasses, like
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bentgrass, produce surface runners that also result in new
plants forming from the original plant. Some grasses are

both rhizomatous and stoloniferous.

Important Grasses for Critical Area
Plantings

The descriptions presented cover the most important grass
traits. For additional detail and cultivar information, refer
to Plant Fact Sheets, on the USDA-NRCS National Plant
Materials website, the PLANTS Database, the National
Turfgrass Evaluation Program website, and Grass Varieties
in the United States, Agriculture Handbook No. 170. Some

land grant colleges have data on varietal comparisons of
grasses and legumes used for forage production. Many
of these forage grasses and legumes are used for critical
area seedings and conservation cover. There are several
excellent identification guides available online which are

listed in the reference section.

Introduced Cool Season Grasses
Appendix 2c provides plant characteristics from the
PLANTS Database for introduced cool season grass

species useful for conservation seedings.

Group A. Very fast germination and growth

Annual ryegrass (Lolium multiflorum) is one of the fastest
grasses for quick cover and it tolerates moderately wet
soils (poorly drained) and light shade. Annual ryegrass
is a bunchgrass noted for its extensive root system. It
should beused alone for temporary cover for one growing
season as the rapid germination and early growth of this
species can hinder the growth of more valuable grasses
in mixes. Due to its low cost, the percentage of annual
ryegrass in some commercial mixes is overly high and
these mixes should be avoided. Annual ryegrass may
become weedy if allowed to reseed when used as a cover
crop in annual crops or used as a nurse crop in some
commercial mixes.

There are two kinds of annual ryegrasses Italian
and Westerwold, within these groups there are many
cultivars. The Westerwolds are true annuals that will
produce a large amount of biomass/forage in one season,
produce seed and then die. Annual ryegrass cultivars of
both kinds are either diploid or tetraploid (with twice
the number of chromosomes). Tetraploid cultivars

tend to yield more grass, but may be less winter hardy.
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Italian types, either diploid or tetraploid, will express
biennial behavior, and will not go to seed until after a
vernalization (overwintering) period. The Westerwold
type is considered the weedier of the two because when
sown in the spring it can go to seed during the growing
season. Use cultivars tested for superior winter hardiness
when seeding over the winter in plant hardiness zones
(PHZ) 4 and north.

Cereal rye (Secale cereale) is a small grain crop plant which
may be used for temporary cover. It is very winter hardy
and capable of late season establishment compared to
other winter annual grains and grasses. It grows on heavy
clay and sandy soils. It tolerates acid and lower fertility
soils more than the other winter grains with a pH range
of 4.5 to 8.0. ‘Aroostook’ rye is the cultivar of choice,
allowing for planting about one week later in the fall than
other cereal rye cultivars. Aroostook has exceptionally
fast, robust spring growth and flowers earlier than most

varieties.

Perennial ryegrass (Lolium perenne) is a bunchgrass,
short lived in PHZ 5a and north and may have excessive
mortality the first winter. You should select cultivars that
have been specifically tested in your region. Plant types
are available as lower growing turf or taller vigorous
forage varieties. Lower growing turf varieties provide less
competition in mixes when grown with slower growing
but longer lived cool season grasses. Use forage varieties
where wildlife cover is an objective. Newer turf varieties
may contain endophytic fungi that enable the grass to
tolerate temperature and moisture stress better than forage
types. To avoid impeding the growth of other species use
no more than 10 to 15 percent by weight of perennial

ryegrass in the mix.

Redtop (Agrostis gigantea = Agrostis stolonifera) is longer
lived, tolerates a lower pH and is much hardier than
perennial ryegrass. Redtop is low-growing, rhizomatous,
rapid spreading, and tolerates both dry and wet soil
conditions. It has tiny seeds, about 5 million seeds per
pound, which germinate rapidly and care is needed to
allow for even distribution. Usually no more than 1
to 3 pounds per acre are included in cool season grass
mixtures to avoid competing with the other species in the
mix. Redtop is typically sold as common seed, since there

are very few cultivars available.
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Group B. Intermediate germination and growth

Fine fescues consist of creeping red, chewings, sheep
and hard fescues. With the exception of creeping red,
these are all bunchgrasses. They are all cold hardy,
with medium seedling vigor and growth rate. They are
more drought and shade tolerant than most cool season
grasses and are adapted to well-drained, low fertility,
acidic sites. They do not tolerate high traffic areas like
athletic fields and intense summer heat can cause plants
to go dormant. They may provide a low maintenance
alternative in areas with low traffic. Their low fertility
and water requirements, slow growth, relatively low
height, and fine texture result in less mowing than other
cool season grasses.

Due to their slow establishment compared to other
cool season grasses, however, they should not be used
alone in areas requiring immediate erosion protection.
Weed control is needed especially in the establishment
year. Do not fertilize in the year of a spring seeding unless
weeds are controlled because fertilizer will generally
result in heavy weed growth. Fine fescues perform well in
wild flower plantings or in orchards because they are not
overly competitive. They are usually planted in mixes with
other grasses. Plant improvement programs have been
incorporating endophytic fungi associations to improve
insect and stress resistance.

Never mow fine leaf fescues in the summer during
conditions of heat or drought stress. For stands
dominated by the fine leaf fescues, a minimum cutting
height of 2.5 inches is tolerated, but a 3.5 inch or higher
cutting height is preferred. Mowing may be as infrequent
as once or twice per month spring and fall, and once
monthly in summer. Regardless of cutting height, always
wait until it rains before mowing fine leaf fescues in the

summer.

® Creeping red fescue (Festuca rubra) also referred
to as red fescue, is a fine-leaved, low-growing
rhizomatous fescue that spreads slowly by short
rhizomes but faster than tall fescue. Red fescue
establishes relatively faster than the other fine
fescues. Red fescue has good tolerance to shade and
many soil conditions, from well-drained to somewhat
poorly drained soils as well as sandy and acid soils.
It is drought resistant, once established, but requires

ample moisture for establishment. Where shorter

grasses are desired, this species is very useful in both
turf and critical area treatment plantings. Red fescue
has the most wear tolerance and seedling vigor of the

fine fescues.

B Chewings fescue (Festuca rubra ssp. commutata =
Festuca rubra ssp. fallax) is a fine-leaved bunchgrass.
It is shade and drought tolerant, slow growing, and
tolerates low fertility, sandy, and acidic soils. Chewings
fescue is more erect and shade tolerant than red fescue,
but not as wear or drought tolerant as other fescues. It
can be mowed to 1.5 inches; shorter than other fine
fescues, which prefer a minimum mowing height of
2.5 inches. Chewings fescue can be used in mixes for
low maintenance turf with reduced mowing regimes,
although it has more seed heads than the other fine
fescues.

® Sheep fescue (Festuca ovina) is a fine-leaved, short,
stiff bunchgrass with bluegreen leaves. It is shorter
than hard fescue and capable of large root biomass
production on soils with good drainage. Sheep
fescue is slow to establish, but tolerates low fertility
and sandy soils. It is the most drought tolerant of all
the fine fescues and is compatible with wildflower
plantings on drier sites. However, sheep fescue is the
least recommended for any turf application, due to

lack of general aesthetics.

® Hard fescue (Festuca ovina var. duriuscula = Festuca
brevipila) is a fine-leaved grass similar in appearance
and use to red fescue. It is a bunchgrass, capable of
high root biomass on well-drained soils. Hard fescue
is adapted to well-drained, infertile soils, is not overly
competitive and is slow to establish. Hard fescue is
more tolerant of drought, heat, and low fertility than
chewings and creeping red fescue but not as drought
resistant as sheep fescue. It is characterized as having
dark green fine leaves that are broader than sheep
fescue. Hard fescue is the most salt tolerant of the
fescues. It should not be mowed as low as the other
fescues. This grass is preferred for perennial cover
crops in orchards, Christmas tree plantations, and
wildflower plantings because of its non-rhizomatous
growth habit and its disease and stress resistance.
Hard fescue stays green longer under stress than other
fine fescues.
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Kentucky bluegrass (Poa pratensis) is the classic lawn
grass for the Northeast, and is sometimes included
in critical area treatment mixes where turf is desired
and suitable care will be provided because it can not
tolerate the stresses found at most critical sites. Kentucky
bluegrass is rthizomatous, but very shallow rooted and
grows best on well-drained loams or clay loams rich in
humus and on soils with limestone parent material. It
needs large amounts of nitrogen during its active growth
stages. Kentucky bluegrass is intolerant of drought,
excessive flooding, high-water tables, and poorly drained
soils. It prefers sunlight but will do well in light shade

with ample moisture and nutrients.

Orchardgrass (Dactylis glomerata) is a shade tolerant
bunchgrass. Compared to other cool season grasses it has
a dense, relatively deep root system. It does not grow well
in areas with high water tables but is moderately tolerant
to drought. Orchardgrass is an excellent grass for grazing
and hay and is not typically used in mixes for critical
area stabilization due to its clumping habit. It is used in
grass-legume mixes for nesting, brood rearing, escape and
winter cover in upland wildlife conservation plantings.
Due to its shade tolerance and suitability for wildlife it
is sometimes used in mixtures for seeding logging roads

and landings.

Tall fescue (Festuca arundinacea = Schedonorus phoenix) is
a bunchgrass that spreads by seed and short rhizomes. It
is widely adapted, easy to establish and long lived under
harsh conditions and mistreatment. It has a more rapid
growth rate and higher seedling vigor than red fescue.
Tall fescue is controversial because older forage varieties
and newer turf varieties contain an endophytic fungus
that helps the grass tolerate stress. The presence of the
fungus reduces forage quality and may affect wildlife.
For critical area treatment, the endophyte infected
varieties are more tolerant of degraded soils and should
be considered for high priority areas. Many cultivars
exist, including narrow bladed turf types as well as the
forage types. There are endophyte free varieties like
‘Kentucky 32’, and endophyte friendly varieties such as
‘MaxQ’, which are less virulent, and could be used in less
degraded areas or where there is concern for wildlife.
Due to its wider leaf and color it is noticeable when it

volunteers into bluegrass lawns.
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Group C. Relatively slow germination and growth

Smooth bromegrass (Bromus inermis) is a strongly
rhizomatous grass that is slow to establish and difficult to
plant due to its large, papery seed. Once established, it is
tolerant of dry conditions although not as drought tolerant
as some of the other fine fescues. Smooth bromegrass is
best adapted to cooler climates and is generally hardier
than tall fescue or orchardgrass. It is not tolerant of shade.
This plant may become weedy or invasive in some regions
or habitats.

Reed canarygrass (Phalaris arundinacea) is a strongly
rhizomatous grass that is slow to establish, tolerates
both wet and dry soils, and had been recommended for
wet spillways and drainage ditches. Reed canarygrass
is considered invasive in wetland ecosystems where it
displaces native species and is difficult to control once
established. In some states this species may appear on state
legislated invasive or noxious weed lists thus restricting it
from being used. Although seed of this species may still
be commercially available and may still be recommended
by some land grant colleges for forage, consider using

other species appropriate for your critical area sites.

Native Cool Season Grasses

There are not many native cool season grasses in the
Northeast that have been used or improved for critical
area plantings. This is probably due to the adequate
performance of introduced cool season species for critical
area stabilization and some of the natural limitations of
the native species which include poor seed production,
awned seed, very small seed size, and low seedling vigor
and plant growth. There are possibilities for improvement
in plant performance by selection and breeding. In some
instances, the use of non-improved germplasm or ecotypes
will satisfy the objectives of the planting while maintaining
genetic diversity. Some of the native species commercially
available for upland plantings will be reviewed below.
Appendix 2d provides plant characteristics from the
PLANTS Database for some native cool season grass and

sedge species useful for conservation seedings.

Fringed brome (Bromus ciliatus) is a long-lived bunchgrass
with a moderate growth rate, seedling vigor, and foliage
density. Fringed brome attains a height of up to 4 feet.



It does not tolerate excessively wet or dry soils. Fringed
brome is shade tolerant and compatible in mixes with
wildryes, warm season grasses, or wildflowers, providing
some early cover, but will not persist in warm season
grass plantings. Fringed brome occurs in a variety of
habitats including woodlands, forest openings, thickets,
grasslands, shrublands, prairies, meadows, marshes,

bogs, fens, and stream and lake margins.

Wild bromegrass (Bromus latiglumis) is a bunchgrass that
grows from 1 to 4 feet tall, has dense foliage, and is shade
and moisture tolerant, usually found in alluvial thickets

or woods.

Wildryes (Elymus spp.) are upright, moderate- to short-lived
bunchgrasses. They are predominately self-pollinating
but have a small percentage of cross-pollination and can
hybridize between species. They do not tolerate frequent
or low mowing. They can be compatible with native
warm season grasses and wildflowers in seed mixes.
Wildryes have awns similar to warm season grasses and
are best seeded using a drill with a native grass hopper
with picker wheels to ensure good seed distribution.
Follow additional procedures described in Chapter 4 for
chaffy (awned) seeds. There are other wildryes such as
bottlebrush grass (E. hystrix) and silky wildrye (E. villosus)
that can be added for diversity but are not as vigorous as

those mentioned below.

® Canada wildrye (Elymus canadensis) is a short-lived
bunchgrass with large, coarse leaves, which grows
to a height of 2 to 3 feet. Canada wildrye is adapted
to coarse-textured sandy, gravelly, or rocky soils and
is more tolerant of droughty, poor fertility soils than
Virginia wildrye. For this reason it may be used in
mixtures with warm season grasses on sandy soils
and critical areas for early establishment and cover
until the warm season grass species are established.
It also has the most tolerance to saline conditions
of the wildryes. The awned arching seed heads of
Canada wildrye are showy, and the grass is often used
for decorative planting near roadside rest areas and
in parks. It has high seedling vigor and rapid growth
but is not overly competitive with other grasses. It is
somewhat tolerant of shaded sites. If seeded early in
the spring, this wildrye frequently produces seeds in
the establishment year, providing a food source for

wildlife. Canada wildrye is naturally found growing
on dry to moist or damp, often sandy or gravelly soil
on prairies, dunes, streambanks, ditches, roadsides,
and disturbed ground, or in thickets and open woods

near streams.

B Virginia wildrye (Elymus virginicus) is a robust but
relatively short-lived grass, 2 to 3 feet in height, with
a seed head more upright than Canada wildrye. It
is tolerant of poorly drained to well-drained soils. It
grows in full sun to shade; however, plants that grow in
sunlight tend to be more robust than those that grow
in shade. It has moderate drought tolerance, seedling
vigor, and growth rate. Virginia wildrye grows in moist
to damp to somewhat dry soil, mostly on bottomland
or fertile uplands, in open woods, thickets, areas with

tall forbs, or weedy sites.

® Riverbank wildrye (Elymus riparius) is a bunchgrass
with a moderate lifespan. It is taller than other
wildryes reaching heights of up to 4 to 5 feet at
maturity. It has high seedling vigor and moderate
growth rate. It is more tolerant of acid soils than the
other wildryes, and can survive down to a pH of 4.5. It
is tolerant of poorly drained to well-drained soils. It is
has low drought tolerance and good shade tolerance.
Riverbank wildrye grows in moist, usually alluvial, and
often sandy soils in woods and thickets, usually along

larger streams and occasionally along upland ditches.

The following cool season grasses have very fine seeds,
having from 2 to 8 million seeds per pound requiring
very low seeding rates in mixes to avoid species from
dominating the stand or used in low rates due to their
expense. Care should be taken when calibrating and

mixing the seed to assure even distribution.

Canada bluejoint (Calamagrostis canadensis) is a long-
lived grass with a rhizomatous root system obtaining
heights up to 5 feet. It is useful for wetland restoration
and for stabilizing shorelines and streambanks. This
seed is very expensive due to low seed yields, and the
very fine seeds (3.8 million seeds per pound) are difficult
to process. The seed has fine hairs, which should be
processed during seed cleaning, to improve flow in some
seeding equipment. Over time this grass can produce

dense stands in open areas, although it has medium
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seedling vigor and spreads slowly. It is typically used
as a minor component in wetland mixes. It is tolerant
of poorly drained soils and tolerates a pH as low as 3.5.
Canada bluejoint may be established vegetatively by
plugging using 3,500-7,000 plants per acre. Canada
bluejoint can be found in a wide variety of environments
including meadows, open woods, wet thickets or
swamps, marshes, bogs, ditches, and the margins of

streams and lakes.

Autumn/Upland bentgrass (Agrostis perennans) is a
grass similar in habit to redtop. It has rhizomatous
spreading capability and grows up to 3.5 feet. This
species is tolerant of anaerobic soil conditions and has
low drought tolerance. It is relatively short lived with
low seedling vigor and intermediate shade tolerance.
Autumn bentgrass has a very fine seed, 8 million seeds
per pound and although the seed is not expensive, it
should be seeded at very low rates in mixes to prevent
it from dominating the stand. It is more tolerant of
shade and moisture than rough bentgrass, from which
it differs in its later flowering, leafier culms, and its basal
leaves that usually wither by anthesis. Autumn bentgrass
grows along roadsides and in fields, fens, woodlands,

and periodically inundated streambanks.

Rough bentgrass (Agrostis scabra) is a bunchgrass
reaching heights up to 2.5 feet. It has very fine seeds (5
million seeds per pound). Since it is a bunchgrass it is
less competitive than the autumn bentgrass or redtop. It
has low shade, drought and acidic soil tolerances. Rough
bentgrass grows in a wide variety of habitats, including
grasslands, meadows, shrublands, woodlands, marshes,
and stream and lake margins, as well as disturbed sites
such as roadsides, ditches, and abandoned pastures. It

has a more open panicle compared to upland bentgrass.

Fowl bluegrass (Poa palustris) is a bunchgrass reaching
heights up to 4 feet. It has intermediate shade tolerance
and medium seedling vigor. Fowl bluegrass is moderately
tolerant of wet areas and has low drought tolerance. It has
fine seeds (2 million seeds per pound) and is reasonably
priced. However it should be seeded at very low rates in
mixes so as not to dominate the stand. Fowl bluegrass
is widespread in cool-temperate, boreal, riparian, and
upland areas where it is used for soil stabilization and

waterfowl feed.
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Sedges (Carex spp.)

There are a few sedges which stand out as having better
than average seedling vigor and reasonable cost that have
potential for direct seeding in conservation plantings. There
are many more which are available in the seed trade as well
as those sold as plugs. Sedges are typically planted as plugs
ata spacing of 1.5 to 3.0 feet on center. Some sedges, which
are relatively inexpensive as seed and are listed in some
commercial mixes, are fringed nodding sedge (C. crinita),
nodding sedge (C. gynandra), shallow sedge (C. lurida),
Blunt broom sedge (C. scoparia), Squarrose sedge (C.
squarrosa), and Fox sedge (C. vulpinoidea). Other sedges and
some rushes (Juncus spp.), bulrushes (Scirpus spp.), bur reed
(Sparganium spp.), and forbs are included in commercial
wetland mixes with the sedges. Most sedge seed and the
above genera prefer stratification prior to germination and
lighted/surface conditions for optimum germination. The
Sparganium spp. prefers to be seeded as soon as they are
ripe or stored in moist peat and kept frost free.

Wetland indicator status for the sedges are noted below.
Obligate (OBL) wetland indicator status indicates that
the plant occurs almost always (estimated probability 99
percent) under natural conditions in wetlands. Facultative
Wetland (FACW) wetland indicator status indicates the
plant usually occurs in wetlands (estimated probability 67

to 99 percent), but is occasionally found in non-wetlands.

Fox sedge (Carex vulpinoidea) is a sedge with a bunch
growth form with a mature height of 3.2 feet and fine
foliage texture. It has medium anaerobic tolerance,
intermediate shade tolerance, and low drought tolerance
adapted to all but very coarse textured soils. It is a long-
lived sedge with medium seedling vigor and a moderate
growth rate after establishment. Fox sedge has fine seed
with approximately 1.3 million seeds per pound and
is reasonably priced, making it a major component in
mixes targeted for wet areas. Fox sedge seeds well without
stratification. Fox sedge has OBL wetland indicator status
and is found near water on moist, open ground in swamps,
prairie swales, lowland forests, wet ditches, ravines, and
along the edges of marshes, springs, lakes, and ponds.
Sometimes this robust sedge can spread aggressively,
especially in disturbed areas with reduced competition

from other plants.

Shallow sedge (Carex lurida) is a sedge with a bunch

growth form, a mature height of 3.2 feet and a porous



foliage texture. It has medium anaerobic tolerance and
low drought tolerance and is adapted to all soil textures.
Shallow sedge has an intermediate shade tolerance and
tolerates acid soils. It is a long-lived sedge with medium
seedling vigor and seed spread, and a moderate growth
rate after establishment. Shallow sedge has larger and
fewer seeds per pound than the other sedges described
in this section (250,000 seeds per pound). Similar to fox
sedge, shallow sedge has an OBL wetland indicator status
and is found in wet meadows, marshes, seeps, shores
of ponds, lakes, and streams, open swamp forests, and

ditches, mostly in acidic, often sandy soils.

Blunt broom sedge (Carex scoparia) is a sedge with a
bunch growth form, a mature height of 1.5 to 3.0 feet and
medium foliage texture. It has high anaerobic tolerance
and is drought intolerant, adapted to all soil textures
except coarse soils. Blunt broom sedge has high shade
tolerance and tolerates acid soils. It is a long-lived sedge
with low seedling vigor and seed spread with a moderate
growth rate after establishment. This sedge has fine seed
with approximately 1.3 million seeds per pound. Blunt
broom sedge has a FACW wetland indicator status and
is found in wet prairies, marshes, fens, gravelly seeps,

margins of ponds and streams, and roadside ditches.

Native Warm Season Grasses

Unless noted, the grasses listed are native to the
northeastern U.S., have extensive, deep fibrous roots, and
are bunchgrasses or have short thizomes. These grasses
have high seed dormancy and are slow to germinate
and establish. They are long lived, tolerant of droughty
and acid to alkaline conditions, but not to shade. Native
warm season grasses can be hardy to plant hardiness
zone (PHZ) 3, depending upon site specifics and chosen
ecotypes/cultivars. Flowering dates will also vary by
ecotypes with northern ecotypes flowering sooner than
southern ecotypes. These are mostly tall grasses providing
outstanding wildlife cover and critical area stabilization
on droughty sites like gravel mines. Cultivars have been,
and continue to be, selected for increasingly defined
areas of use, especially for biomass energy. There is also
non-cultivar, source-identified germplasm available from
some seed suppliers. Many of the cultivars and ecotypes
developed in the Midwest do very well in the East when
moved along latitudinal lines. Many warm season

grasses have populations or cultivars with differing

chromosome numbers (cytotypes) such as tetraploids
and octoploids. It is very important to collect or screen
for the same cytotype, when assembling seed for increase,
or developing ecotypes, in order to maintain good seed
production. Appendix 2e provides plant characteristics
from the PLANTS Database for warm season grass species
useful for conservation seedings. Appendix 2f provides a
list of warm season grass cultivars, their state of origin and

plant hardiness zones of adaptation.

Group A. Smooth seeded species that can be planted
with common drills

Switchgrass (Panicum virgatum) has evolved into two main
ecotypes. The upland types, which are predominately
octoploid, are typically found in northern regions. They
are semi-decumbent to erect and fine stemmed, the cultivar
‘Cave-in-Rock’ is an example of this type. The second
ecotype is the lowland types, which are predominately
tetraploid, are typically found in southern regions and are
less hardy in PHZ 5a and north. They are erect and stiff
stemmed, the cultivar ‘Kanlow’ is an example of this type.
Switchgrass is a stiff-stemmed, smooth-seeded, hardy, and
widely used bunchgrass which grows to a height of 6 feet.
It should be included in small amounts in all critical area
treatment plantings where warm season grass is desired.
Switchgrass seed weight has been reported to be from
259,000 to 389,000 seeds per pound varying by cultivar,
cytotype, and geographic area of origin. It has excellent
standability, having the ability to withstand snow and
winds, remaining upright over winter. Its good winter
standability provides good late winter and early spring cover
for wildlife. Some ecotypes have aerenchyma tissue in the
roots allowing air to travel down the roots providing more
tolerance to wet conditions. Switchgrass grows in tall grass
prairies, especially mesic to wet types where it is a major
component of the plant community, and on dry slopes,
sand, open oak or pine woodlands, shores, riverbanks,
and brackish marshes. For nesting cover for upland birds,
limit its percentage in the mix to 10 percent by weight.
Switchgrass can be used for biomass production, wildlife

habitat, gravel pit reclamation, and as a wind barrier.

Coastal panicgrass (Panicum amarum var. amarulum)
is similar to switchgrass in morphology and winter
standability but has better seedling vigor. The good

seedling vigor helps with initial stand establishment;
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however it is not hardy north of PHZ 6. It can be used as
an annual in colder climates to provide initial temporary
cover in mixes with other warm season grasses on sand
and gravel pits. Coastal panicgrass grows faster than most
warm season grasses and is usually found on the coastal
dunes, wet sandy soils, and the margins of swamps,
along the Atlantic Ocean and the Gulf of Mexico from
Connecticut to northeastern Mexico.

Deertongue (Dichanthelium clandestinum) is wide leaved
and shorter than most warm season grasses with a height
up to 2.5 feet. It is tolerant of wet sites as well as drier
conditions and is one of the more acidic soil tolerant
species useful in mixes for reclaiming coal mine sites.
Deertongue usually grows in semi-open areas in damp or

sandy woodlands, thickets, or on banks.

Eastern gamagrass (Tripsacum dactyloides) is a very large,
robust bunchgrass with wide leaves and thick stems that
can reach a height of 7 feet. Eastern gamagrass is one of
the earliest warm season grasses to break dormancy in the
spring. Eastern gamagrass is not as drought tolerant as the
others in this group butis moderately tolerant of anaerobic
conditions and some genotypes have aerenchyma tissue.
Eastern gamagrass has robust root systems that have been
reported to penetrate clay pan layers. Eastern gamagrass
has livestock forage quality and palatability superior to
most warm season grasses, although in the Northeast it is
more typically used for wildlife food and cover. A distant
relative of corn (Zea mays), eastern gamagrass has corn-
sized seed requiring deeper seeding depth than other
warm season grasses, and should therefore be seeded
separately with a corn planter to get proper depth. The seed
must be cold stratified or fall planted (late) as establishing
a solid stand can be difficult due to the hard seed coat
and seed dormancy. Due to the high cost of the seed and
the low number of seeds per pound (7,000) the seeding
recommendations historically are typically lower than
adequate to produce a good stand for forage production.
In the Northeast it's native range is within PHZ 6 and
south although it will tolerate lower temperatures to PHZ

5a when seeded.

Sand lovegrass (Eragrostis trichodes) is a short-lived
bunchgrass native to the Midwest but not to the Northeast.
This grass provides rapid germination on gravel mine sites

as a companion in mixes with eastern native grasses. It
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has high seedling vigor and 1.6 million seeds per pound.

It does not tolerate very acid soils.

Purpletop (Tridens flavus) is a short-lived relatively short
bunchgrass, obtaining a height of 2.5 feet. It is well
adapted to shallow, droughty, infertile soil tolerating a
pH to 4.5. It has moderate leafiness with only moderate
erosion protection. It has high seedling vigor and spreads
naturally by seed. Purpletop grows in old fields and open
woods and is hardy to PHZ 6 and south.

Group B. Chaffy seeded species that require
de-bearding or specialized drills

Big bluestem (Andropogon gerardii) is a bunchgrass with
short rhizomes that slowly expands the basal cover, with a
height of 6 feet or more. Itis best adapted to moist, sandy or
clay loams but also occurs in dry or shallow soils. It is not
tolerant of heavy clays, extremely wet bottomlands, deep
sands, high salinity, or high lime. Big bluestem is slightly
more drought tolerant than indiangrass and switchgrass,
but less than little bluestem. Like switchgrass, it is one of
the major grasses of the tallgrass prairie and eastern native
grasslands and should be a major component in most
warm season grass seed mixes on well-drained soils. Big
bluestem is more palatable to livestock than switchgrass

and indiangrass, but not as much as eastern gamagrass.

Sand bluestem (Andropogon hallii) is native to the
Midwest and is a special use species in the Northeast on
very droughty, highly disturbed sand and gravel mines.
Sand bluestem has a stature similar to big bluestem but
with better seedling vigor. It has a moderate lifespan,
and in mixtures with natives this grass adds diversity and
increases cover while being able to tolerate impoverished

conditions.

Indiangrass (Sorghastrum nutans) flowers later in the
spring than other warm season grasses originating from
similar geographic regions. Indiangrass grows 3 to 5 feet
tall and has conspicuous showy inflorescence of a golden
brown color. There are some blue ecotypes useful for
ornamental purposes. Indiangrass has short rhizomes
and grows best in deep, well-drained floodplain soils. The
winter standability of its dormant vegetation ranks second
to switchgrass for winter cover. Indiangrass was also a

major component of the tall grass prairie and is a major



component in most warm season grass mixes. Indiangrass
grows in a wide range of habitats, from prairies to

woodlands, savannahs, and scrubland vegetation.

Little bluestem (Schizachyrium scoparium) is a short-
statured bunchgrass obtaining heights up to 3 feet. It is
more drought tolerant than big bluestem, switchgrass,
and indiangrass. On very dry sites, this species should be
included in the grass mix and is exceptionally compatible
with forbs due to its shorter growth. Little bluestem may
have problems competing with other warm season grasses
and weeds on fertile loam soils. It grows preferentially
on sites with pH 7.0 but tolerates ph 5.2 to 8.4. Little
bluestem is the most difficult to de-awn making the
use of native seed hoppers almost mandatory. Habitats
include hill prairies, gravel prairies, sand prairies, black
soil prairies, clay prairies, scrubby barrens, rocky slopes
of thinly wooded bluffs, sandy savannas, hilltop glades
(limestone, sandstone, or shale), sand dunes, gravelly
areas along railroads, and abandoned fields.

Sideoats grama (Bouteloua curtipendula) may be
considered non-native or rare in some of the Northeast
states. It is a short statured grass 1.5 to 3 feet tall, and
slightly rhizomatous. It is moderately drought tolerant
adapted to shallow soils and tolerates moderately alkaline
conditions. Sideoats grama is found on rocky open slopes
although it is moderately tolerant to shady conditions.
It is being considered for use in mixes with other short
warm season grasses for ground nesting bird habitat,
but like little bluestem it does not compete well with tall

warm season grasses and weeds on fertile silt loam soils.

Group C. Vegetatively established species

American beachgrass (Ammophila breviligulata) is a leafy,
spreading, strongly rhizomatous grass, producing annually
up to 100 stems per clump under cultivation. This cool
season perennial grass species will spread up to 6 t010 feet
annually through subsurface rhizomes. It will grow 2 to
3 feet tall, tolerating annual over-topping accumulations
of sand up to a foot deep. A widely available sand dune
stabilizing plant, it is also useful in very droughty materials
such as mine wastes and gravels. An Atlantic coastal
cultivar “Cape” is widely available; however, this cultivar
should not be planted along the Great Lakes region due to

the occurrence of a Great Lakes subspecies.

Prairie cordgrass (Spartina pectinata) is one of the earliest
of the warm season grasses to emerge in the spring and can
grow up to 6 feet tall. Prairie cordgrass’s tolerance to very
poorly drained soils is attributed to the aerenchyma tissue
in its roots, which allows for air to transfer down through
the roots into saturated soil conditions. It is adapted to
very poor to well-drained soils, is very rhizomatous and
under moist conditions is capable of spreading 10 or
more feet annually. It tends to form solid stands on wet
spots contained within drier sites, but will also grow into
relatively dry areas. Prairie cordgrass may be planted by
seed but, is usually vegetatively planted due to the cost of
the seed, poor seed quality and low seedling vigor. Prairie
cordgrass grows in marshes, sloughs, and flood plains as
well as gravelly roadsides, being a common constituent of

the ice-scoured zones in the Northeast.

Saltmeadow cordgrass (Spartina patens) is a warm
season grass which grows up to 3.5 feet tall. This species
is hardy to PHZ 6 and south. Itis rhizomatous, extending
about 1 foot per year and growing immediately above
the intertidal zone, commonly forming solid stands.
Saltmeadow cordgrass is used for shoreline protection
and tidal marsh restorations. It is often utilized for
stabilizing levees and dunes near beaches and on barrier
islands. This grass is adapted to a wide range of soils from
coarse sands to silty clay sediments with pHs ranging
from 3.7 to 7.9. Saltmeadow cordgrass will tolerate
irregular inundations with up to 35 parts per thousand
of salinity. It is usually one of the dominant components
of coastal salt marshes, frequently extending from the
dry, sandy beach above the intertidal zone well up into

the drier portions of the marshes.

Smooth cordgrass (Spartina alterniflora) is a tall, coastal,
warm season grass which grows to a height of 6 feet. This
species, depending on ecotyope, can be hardy to PHZ 5
and south. Rhizomes spread about 2 feet per year forming
solid stands. It is utilized extensively for erosion control
along shorelines, canal banks, levees, and other areas
of soil water interface. Smooth cordgrass is an effective
soil stabilizer used on interior tidal mudflats, dredge-fill
sites, and other areas of loose and unconsolidated soils
associated with marsh restoration. This grass can be
found growing on sandy aerobic or anaerobic soils with
a pH range from 3.7 to 7.9 and is able to tolerate regular
inundations with up to 35 parts per thousand of salinity.
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Smooth cordgrass is found on muddy banks, usually of

the intertidal zone, in eastern North America.
Legumes and Wildflowers (Forbs)

Legumes

Legumes are exceptionally valuable conservation plants
that are used in crop rotations, for cover cropping, or as
a component in perennial grass and legume mixes for
forage, buffer, or wildlife plantings. They are also a useful
component in critical area plantings. The trait of greatest
value is their ability to fix nitrogen, through a symbiotic
association with certain rhizobia bacteria. These bacteria
convert atmospheric nitrogen gas to ammonia nitrogen,
a form usable by the legume plant. This relationship
occurs in specialized root tissue called nodules. As the
roots and leaves die and decompose, the organic nitrogen
is released in the soil and is mineralized into forms that
are available for uptake by other plants. The availability
of this nitrogen for associated grass plants is valuable in
the degraded soils of most critical areas. Stronger grass
growth and greater biomass builds soil organic matter
and improves erosion control. Increased organic matter
results in enhanced plant recruitment and succession. The
potential for long-term nitrogen fixation is important due
to the lack of maintenance fertilizer applications for most
conservation or critical area plantings. Some legumes
have taproots, which grow deep into the soil and have the
potential over time to provide channels for other plant
roots. These taproots are thicker than the fibrous roots of
grass, are usually fewer in number, and do not form the
dense intertwined root systems of grasses. A close look at
solid legume stands on sloping soils often reveals that soil
erosion is occurring under the mat of surface vegetation.
Legume leaves have a low carbon to nitrogen (C:N) ratio
and will quickly degrade in the fall providing less cover
than grasses over winter.

Soil stabilization and soil quality improvement are the
primary considerations in critical area treatment, but the
wildlife value of many legumes can be important. The first
use of revegetated land is often by wildlife for cover and/
or food. The enhancement of the growth of grasses and
other plants from the nitrogen supplied by legumes can
be a key factor in providing dense cover for wildlife. Many
legumes provide nutritious forage or browse for wildlife.
A few have negative food value and are avoided by some

classes of wildlife. Most legumes are excellent sources of
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nectar and pollen for honey and native bees. Legumes do
not have a wide tolerance of soil pH, and are generally
not adapted to wetter sites. Critical areas may have one or
more of these conditions. Iflegumes are in the mix, the soil
should be amended with lime to the level recommended
for the legume. For conservation practices such as
diversion ditches and waterways with adequate drainage,
the grass and legume seedings can be harvested each year
as a hay crop. Most common agricultural legumes are
not native to North America. Typically legumes need to
be seeded several weeks earlier than cool season grasses
when planted as a late summer seeding. This provides the
legume adequate time to become established and better

survive the winter freeze and thaw cycles.

Inoculating Legumes

When planting legumes the seed must be inoculated with
the appropriate inoculum (rhizobia bacteria) to enhance
nitrogen fixation. It is not a good practice to rely on native
rhizobia. Inoculating legumes is especially important on
low pH and disturbed soils where most if not all of the
existing rhizobia have been lost. Each legume genus or
species requires a specific species and strain of bacteria.
For example, there is not one inoculant that will work
for all legumes (i.e. clovers, alfalfa, birdsfoot trefoil, or
vetches). When possible you should purchase seed pre-
inoculated and use within one year or re-inoculate. Always
store in a cool dry environment. Some pre-inoculated
seed is encapsulated in a clay or limestone coating having
fewer seeds per pound requiring an increase in seeding
rate. If re-inoculating encapsulated seed use a small
amount of vegetable oil as sticker. When purchasing
inoculums for treating seed consult with your supplier
and read the package label for application instructions to
select the correct inoculum for the legume being planted.
Inoculants need to be stored in a refrigerator or cool, dry
environment until used and must be checked for the
expiration date, as expired inoculants will not provide
acceptable amounts of bacteria. Inoculation should take
place immediately before the seed is planted to protect the
inoculant from drying out, falling off the seed, and dying.
Moistening the seed with a very small amount of water,
augmented with a sugar or corn syrup solution (1:4) or a
commercial sticking agent will help the inoculant stick to
the seed. While in the field, keep inoculants out of direct
sunlight and overheated vehicles, and they should never

be stored or transported on the dashboard of a vehicle



Seed planted by hydroseeding should include quadruple

the recommended inoculation rate in the tank mix.

Hard Seed Coats

Hard seed is a form of seed dormancy, typically found in
legumes, that prevents the initiation of germination by
inhibiting moisture from entering the seed. This is more
often a problem with native legumes where breeding has
not occurred to reduce the percentage of hard seed. Legume
seeds may last a very long time in storage and in the soil
seed bank. Hard, shiny, impermeable seed coats protect the
seeds but also hinder germination. Seed can be scarified to
allow the seed to absorb water and initiate germination.
Methods involve a sanding treatment for small lots, or
carefully processing with hammer mills for larger lots. The
seed coat must be scratched or cracked without destroying
the seed. Sulfuric acid is another scarification technique
that may be done commercially. Native legumes,
sometimes require either or both scarification and cold
stratification. Cold stratification is the treating of seed by
soaking in water (imbibing) then subjecting them to a
period of cold temperature just above freezing for 4 to 8
weeks or longer depending on the species.

Check the germination vs. hard seed percentages
before purchasing, and in some cases you may want to
increase the seeding rate to compensate for an excessive
amount of hard seed. The seed dealer may have seed lots
with better germination, or may scarify the seed prior to
shipment. Scarified seed should be planted within the year
purchased and not held over for planting the following
year, since germination will decline more quickly with
scarified than unscarified seed. In some situations, an
optimum seed mix contains both seeds that are ready to
germinate and some that are hard. Hard seeds provide a
hedge against bad weather during the establishment year.
More information on dormant and hard seed is provided
in Chapter 3, “Reading and Understanding Seed Tags and
Seed Tests”.

Introduced Legumes

Introduced legumes species such as crown vetch (Coronilla
varia), yellow sweetclover (Melilotus officinalis), flat pea
(Lathyrus sylvestris), and perennial pea (Lathyrus latifolius)
were recommended in the past but are now considered
invasive and/or problematic. These species may appear
on state legislated invasive or noxious weed lists thus

restricting them from being used. Although seed of these

may still be commercially available, consider using other
introduced legumes or other species appropriate to your
critical area site. Do not use any introduced cool season
legumes outlined in the section below in combination
with wildflowers for pollinator habitat improvement, as
they will outcompete most wildflowers. It is possible to
use a mix of introduced legumes alone for that purpose.
Appendix 2g provides plant characteristics from the
PLANTS Database for introduced cool season legume

species useful for conservation seedings.

White clover (Trifolium repens) is a long-lived perennial,
attractive to insects and grazing mammals. White
clover can be classified in three general groups:
small, intermediate, and large. The small white clover
is a naturalized form and is not usually produced
commercially. Most of the white clovers sold in
this country as common white clover belong to the
intermediate group. Dutch white clover is considered
in the intermediate group. The large group is usually
referred to as the Ladino type and is more useful for
forage and erosion control work because it is taller and
more robust than the common Dutch type. New pasture
varieties are also useful for critical area seedings. To
be sure of what type you are purchasing buy certified
seed. White clover has smaller seed than most clovers
with 776,000 seeds per pound. It can tolerate wetter and
slightly more acid soils than red clover. Very dry soils
limit the establishment of white clover; it is less drought
tolerant than birdsfoot trefoil but more than red clover.
The extreme stoloniferous growth of the Dutch type can
restrict the establishment of other more slow germinating
species so keep its seeding rate low. The Dutch type is
low growing and marketed for use in lawns and is also
useful in mixes with low growing grasses for perennial
cover crops in orchards and tree nurseries. Do not use in

mixes with wildflowers due to its over competitiveness.

Red clover (Trifolium pratense) is a short-lived perennial,
which is not adapted to poorly or excessively drained soils.
It has limited usefulness for critical area seedings due to
its short life span and early seedling vigor overwhelming
slower-growing and longer-lived species. Frost seeding
into existing stands of grass (typically overgrazed pastures)
is a useful management technique; however, the existing
vegetation must be suppressed prior to frost seeding. Red

clover is also used as a cover crop, interseeded into corn
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or wheat to produce nitrogen for the succeeding crop. Red
clover has intermediate shade tolerance making it useful
for planting with shade tolerant grasses on log landings.
It is also an excellent forage plant for wildlife. Common
seed is satisfactory although newer varieties may have

greater persistence.

Alsike clover (Trifolium hybridum) is more tolerant of
poortly drained soils than white or red clover. It is taller
than white clover but is relatively short lived and is not
tolerant of shade. It has medium seedling vigor. Alsike
clover can cause health problems in horses when grazed
such as photosensitization and liver damage; in both
cases it takes a few days or weeks of grazing to produce
the symptoms. Alsike-induced photosensitization has

also been reported among other grazing animals.

Birdsfoot trefoil (Lotus corniculatus) is a moderately
long-lived perennial. It has a well-developed, branching,
tap-like root with side roots near the soil surface. It has
greater pH tolerance and longevity than the clovers or
alfalfa on critical areas, but is slower to establish with
less seedling vigor than most other forage legumes. Its
wider adaptation to moist conditions makes this a useful
plant; however, birdsfoot trefoil is potentially weedy and
is incompatible with plantings of native wildflowers and
warm season grasses. If used in mixes for critical area
plantings it is compatible with introduced cool season
grasses. The taller upright types should be used in mixes
for critical area planting. 'Viking' or ‘Norcen’ are useful
older cultivars, while 'Pardee’ is a variety resistant to
fusarium wilt providing better persistence. When cut
during the growing season it should be cut at a height no

lower than 4 inches.

Native Legumes

Native legumes are more useful for conservation plantings
such as wildlife and pollinator enhancement than for
areas with critical erosion problems. Native legumes are
typically more expensive than introduced forage legumes.
They are also typically slower to establish, have more
dormancy and hard seed than introduced legumes. It is
very important to scarify seed when the seed test indicates
a high percentage of hard seed as well as to inoculate with
species-specific inoculum. Most of the native legumes
are rated as low to medium in nitrogen fixation capacity.

Most cool season introduced grasses are too competitive
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to be grown with native legumes except for the non-
rhizomatous fine fescues. Short stature warm season
grasses and wildryes at moderate seeding rates are more
compatible in mixes with native legumes.

Native ecotypes are available from some commercial
sources. The availability and price of local ecotypes may
vary by year due to seed production constraints, some
seed of these species may originate from the Midwest. As
discussed in Chapter 3, be cognizant as to whether the seed
is being priced as bulk seed or pure live seed (PLS). Get a
cost estimate based on PLS when the recommendations
are given in PLS. Some native legumes have had some
selection or breeding for traits important to gardeners,
and these cultivars are being increased for the horticulture
market. Care should be taken to avoid ordering this seed if
restoration is the primary purpose. Some of this seed may
be listed in native seed catalogues. Not all legumes listed
in this guide are native to every state in the Northeast.
Those interested in native plantings are referred to the
Natural Heritage Botany Program in your state or the

Nature Serve Explorer website as discussed in the “Native

Plant” section of Chapter 1. Appendix 2h provides plant
characteristics from the PLANTS Database for some native

legume species useful for conservation seedings.

Canadian Milkvetch (Astragalus canadensis) has a wide
geographical distribution, therefore the origin of the
seed source should be identified. It is a short lived (3
to 4 years) rhizomatous species with a height up to 3.5
feet. It prefers moist sites and is not recommended in dry
upland soils. Canada milkvetch is used for erosion control,
forage, restoration projects, and wildlife habitats. It is also
a source of nectar for bumblebees, and its seeds are eaten
by wild turkeys. This species should be planted at a rate
of up to 0.25 PLS pounds per acre in mixtures with other
native plants. The flowers are creamy and greenish white,
blooming in late summer. Scarification improves seed

germination.

Yellow wild indigo (Baptisia tinctoria) is native to most
of the Northeast. Heights range from 1 to 3 feet with a
moderate growth rate and relatively low nitrogen fixation
potential. Yellow wild indigo prefers sun, is drought
tolerant, and prefers well-drained soils. It is very slow to
establish and does not spread vegetatively. Native ecotypes
of this species are expensive. There are Midwest cultivars,

developed for the horticulture market, which cost


http://www.natureserve.org/explorer/

somewhat less. This species has variants with blue, white,
yellow, and cream-colored flowers. Seed germination
improves with scarification or in combination with cold

stratification.

Blue false indigo (Baptisia australis) is considered native
to parts of the Northeast and may be useful due to the
larger biomass and nitrogen produced. It has a height
ranging from 3 to 4 feet. Compared to wild indigo,
blue false indigo is long lived in its natural habitats and
produces a heavy taproot that extends several feet. It is
slow to establish and large seeded, with 22,000 seeds per
pound. This plant does not grow well in shaded habitats.
It prefers gravelly, sandy or well-drained loamy soils and
can withstand prolonged droughts. Baptisias have been
used as ornamentals in gardens throughout the Northeast
for many years. Seeds need scarification or in combination

with cold stratification for improved germination.

Partridge pea (Chamaecrista fasciculata) is a reseeding
summer annual with golden-yellow flowers in late
summer that grows 1 to 2 feet tall. The origin of the seed
is critically important because southern origin ecotypes
will not mature and set seed in the shorter northern
summers. It grows best in full sunlight, has low water
requirements and a lower pH limit of 5.0. It occurs
naturally on disturbed sandy soils where a seed source
exists and remains for several years through prolific
reseeding. Usually a component of a wildflower mix,
it should be seeded at very low seeding rates due to its
prolific reseeding ability and potential to compete with

other desirable species.

Illinois bundleflower (Desmanthus illinoensis) is native to
the southern portion of the Northeast and Mid-Atlantic.
This species grows 3 to 4 feet tall and is multistemmed
with bipinnately compound leaves. It thrives on medium
textured soils and is tolerant of most soil types except very
coarse sands and heavy clays. Illinois bundleflower has
good droughttoleranceand tolerates pH 5 to 8. Itestablishes
easily, spreads from seed, and has high seedling vigor. In
its natural habitat, Illinois bundleflower is normally found
in association with tall, native warm season grasses. Seed

germination is improved by scarification.

Tick trefoil (Desmodium spp.) is native to the East

and includes showy tick trefoil (D. canadense) and

panicledleaf tick trefoil (D. paniculatum) with showy
ticktrefoil being the most widely available from native
seed providers. These plants grow erect up to 3.5 feet and
have a strong taproot. Showy tick trefoil prefers full sun
and tolerates a range of soil acidity. It is highly adaptable
and will grow on a wide range of soil textures from
coarse sands to fine clays, preferring loamy soil, as long
as adequate moisture is present. This species has good
seedling vigor and spread. It is very competitive and is
capable of competing with the tall warm season grasses.
For this reason, it should be limited to no greater than 1
Ib/ac in mixes. Seed and foliage are valuable to wildlife.
The seed is contained in a hairy pod that is Velcro-like in
attaching to clothes or fur. Scarification improves seed

germination.

Roundhead lespedeza (Lespedeza capitata) is native to the
Northeast, has stiff, erect stems thatare 2 to 4.5 feet tall and
is multi-stemmed. It is drought tolerant, preferring well-
drained soils. Roundhead lespedeza is shade intolerant
and is slow to establish. It is a desirable component in
short-statured warm season grass mixtures, providing
moderate nitrogen input. Germination is improved with
scarification. Other lespedeza that are currently available
or have shown seed production potential are hairy bush
clover (L. hirta), slender lespedeza (L. virginica), and
wandlike bush clover (L. intermedia). The hairy bush
clover is similar in height to the roundheaded. The other

two are 1 to 3 feet in height.

Sundial lupine (Lupinus perennis) is native to the Northeast
and grows to a height of 1 foot. There are ecotypes that
are specific to very sandy areas and have a coexistence
with the Karner blue butterfly, an endangered species. It
is important to use only this local ecotype in areas such as
the Albany Pine Bush. This ecotype is difficult to establish
in its natural droughty habitat. The roots are strong and
deep, making the moving of older established plants
difficult. This lupine is large seeded with 18,800 seeds per
pound. The seed should be scarified then soaked in water
overnight and treated with species specific inoculums
prior to planting. This genus is native throughout the
western United States and there are many cultivars on the
market. Another type of lupine, big leave lupine (Lupinus
polyphyllus), is sometimes sold widely in the horticulture
trade. This species is much larger than L. perennis and
should not be used as a substitute.
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Wild Senna (Senna hebacarpa) is native to the Northeast
but is considered rare in some states, so should not be
used indiscriminately. Ranging in height from 3 to 5 feet
with a single stem, this species tolerates moderate shade
and drought, prefers pH near neutral, and tolerates some
wetness. Wild senna has 23,000 seeds per pound and
has relatively good seedling vigor but is slow growing
and takes a couple of years to get established. Seed
germination is improved with scarification. Additional
information for this species is provided in the wildflower

table in Appendix 2i.

American and Carolina Vetch (Vicia spp.) are both
viney plants with slow vegetative spread and low
seedling vigor adapted to well-drained sites. They are
drought tolerant and shade intolerant and have 32,800
seeds per pound. American vetch is not dominating like
introduced vetches, but adds interest and diversity to
native seed mixes. Seed production and availability is
limited or unavailable at present.

Other Native Wildflowers (Forbs)

There is increasing interest in enhancing habitat for
pollinators, other beneficial insects and wildlife. For
pollinator enhancement seedings (Figure 2c), at least 75
percent of the mix as measured in PLS seeds/ft* should be
wildflowers with the remainder being non-aggressive
grasses. To add diversity and color to other wildlife
plantings 15 percent of the mix as measured in PLS seeds/
ft? should be in wildflowers. Like the native legumes, the
cost of most wildflower seed is high and establishment can
be challenging. The availability and prices will vary yearly
due to seed production constraints. Additional information
about purchasing wildflower seed is given in Chapter 3. As
mentioned in the “Native Legumes” section, get a cost
estimate based on PLS when the recommendations are
given in PLS. When planting native forbs follow the
precautions mentioned in the “Native Plants” section of
Chapter 1 about determining native, threatened, and
endangered status. Some of the species mentioned in this

guide are not native to all states in the Northeast.

Figure 2¢c. Wildflowers can add pollinator enhancement, aesthetics and diversity to warm season grass wildlife plantings. Photo by Eric Mader,

Xerces Society.
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Appendix 2i provides a table of 60 “native” wildflowers
and some of their attributes useful when planning
wildflower plantings. This table was compiled from many
existing tables, the PLANTS Database and other sources
listed in the table and reference sections. The table lists
the following information: pollinator ranking, plant
hardiness zone, bloom time and color, height, wetland
indicator status, pH range, sun light needs, vegetative
spread, seedling vigor, seed spread, seeds per pound,
a cost estimate and ease of establishment rating. Some
of these factors like height and flowering time will vary
depending on the ecotype planted and the site conditions
such as soils and plant hardiness zone. An estimated cost
per species is given based on 2011 prices, which are subject
to change, but gives some guidance when developing
mixes. A conservation seed calculator was developed so
that mixes could be created based on percentage of the
mix by seeds per square foot as well as by pounds per
acre. The seed calculator and a couple of sample mixes are
provided in Appendix 2j. The calculator will be available
on the USDA-NRCS Big Flats Plant Materials Center,
Website. Techniques for the establishment of wildflowers

are provided in Chapter 4.

Woody Plants: Trees and Shrubs

The initial climax vegetation in the vast majority of the
Northeast was forest. Historically, grasslands and
savannahs were a small component that occurred where
droughty soils and/or fire management by Native
Americans hindered woody plant recruitment. Critical
area treatment can be planned to progress rapidly to
woody plant dominance or to retain a grass-based cover.
The planting of trees and shrubs can facilitate the transition
to a woody cover and improve species diversity. Trees and
shrubs are often planted for other conservation objectives
such as riparian buffers for water quality benefits, forestry,
erosion control on streambanks, as well as food and cover
for wildlife and carbon sequestration. Windbreaks are
planted for wind erosion control, air quality, snow control
(Figure 2d), and energy conservation.

A table of tree and shrub characteristics is given in
Appendices 2k and 21 respectively, which is adapted from
Native Trees, Shrubs, and Vines for Urban and Rural America
(Hightshoe, 1987), and the USDA-NRCS PLANTS Database
2012. This table will be helpful in selecting trees and shrubs
for conservation plantings. The information provided

includes plant hardiness zone, plant height, flood and

shade tolerance, drought resistance, growth rate, longevity,
soil compaction, rooting type, density, pH and disease, and
insect resistance. Some plants may be rare or non-native
in some states in the Northeast. Refer to the Nature Serve
Explorer website and Natural Heritage Botanist for native
distribution and conservation status of the species for the
state in which the planting will be conducted.

In addition to these tables there are many excellent
texts and websites with species descriptions of trees and
shrubs that are available and listed in the reference section.

References include: Silvics of Forest Trees of the U.S. and

the U.S. Forest Service, Fire Effects Information database.

Figure 2d. Windbreaks can act as living snow fences to control snow
accumulation.

Temporary Cover, Smother Crops, and
Nurse Crops

The use of summer and winter annual grasses, legumes,
forbs, and short lived perennials have many applications
for conservation plantings. They can be used as temporary
covers to protect sloping land from soil erosion, provide
some weed control and produce organic matter for
improving soil quality. They can be used as smother
crops to assist with tillage, with or without herbicides to
help break up weed cycles. Cover crops with high C:N
ratios like mature cereal grain or warm season annuals
may temporarily tie up nitrogen so the addition of
supplemental nitrogen fertilizer may be warranted. These
species can be used as nurse crops at reduced rates to
provide quick cover and some limited weed control while
the permanent species are getting established. Some of
these species can help remediate soil compaction. The
seeding rates will vary depending on the purpose of their
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use. For critical area applications the use of dormant
seeding or mulch is sometimes used instead of temporary
late fall annual grain cover crop seeding. This is done to
avoid having to kill and incorporate residue in the spring.
Dormant seedings as discussed in Chapter 4 will require
some follow up reseeding. Some temporary covers need
to be managed to prevent them from going to seed and
becoming a weed problem for the following seeding or
providing too much residue to interfere with seedbed
preparation. Avoid using species of temporary covers
where they could be alternative hosts or refuges for insect
pests and diseases of nearby crops. Descriptions for some
of the species not covered elsewhere in the document are
given below. Seeding rates, seeding depth, seed weight
and recommended seeding dates are given for species

used for temporary cover in Appendix 4b.

Cereal Rye (Secale cereale) is a winter cereal grain which
can be planted later in the season than all other temporary
covers. The crop prefers well-drained soils but will tolerate
poortly drained soils. It grows in heavy clay and sandy
soils. It also tolerates acid and lower fertility soils more
than the other winter grains, tolerating a pH of 4.5 to 8.0.
Cereal rye has a well-developed fibrous root system that
reduces leaching of soil nitrates. The top growth provides
soil cover and suppresses weeds; however, its productive
spring growth can be difficult to manage in the spring.
Cereal rye has been reported to have allelopathy in which
compounds in its plant tissues and root exudates inhibit
germination and growth of weed seeds. However these
same compounds can have an impact on small seeded
crops if planted immediately following incorporation of

cereal rye residue.

Oats (Avena sativa) is a spring grain crop which produces
abundant biomass when planted in early August to the
beginning of September. Oats will winter kill providing
less of a management problem in the spring than cereal
rye but will not recycle nitrogen. The residue is quick
to degrade in the spring offering limited soil erosion
protection. It can be used as a nurse crop with cool season
species and at reduced rates with warm season grasses and
forbs. Oats grow in well-drained, fine sandy loam to clay
soils, and tolerate a pH of 5 to 8.5.

Wheat (Triticum aestivum) is a spring or winter annual so

appropriate cultivars should be selected for the intended
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purpose. Wheat requires slightly higher soil temperatures
to germinate and grow than cereal rye so should be seeded
at least a week earlier. Wheat prefers well-drained silt
loam or clay loam soils but will grow in fine sandy loam
to clay soils and tolerates a pH of 5 to 8.5. Wheat produces
less biomass in the spring than cereal rye so there is less
biomass to kill and interfere with seeding in the spring.
Wheat is susceptible to Hessian flies, so if this is a concern
in your area wheat should not be grown in the fall prior
to the Hessian fly free date to avoid spreading this insect
pest to nearby wheat production fields. Rye, barley and
triticale are not damaged by Hessian flies. Triticale is a

winter grain hybrid between rye and wheat.

Barley (Hordeum vulgare) is a spring or winter annual not
typically grown as a winter cover north of PHZ 7 since
young seedlings will undergo winterkill at temperatures
around 15° F. Therefore use spring cultivars and plant in
the spring in the Northeast unless you plant early and
can tolerate some winterkill. It prefers well-drained loamy
soils and is more drought tolerant than the other cereal
grains. It is less tolerant to acid soils, requiring a pH of 6
to 8.5. It is very tolerant to salinity and more tolerant of
alkalinity than the other cereal crops. It is a host to barley
yellow dwarf virus which can also infect wheat, but it is

not susceptible to Hessian fly.

Foxtail millet (Setaria italic) is a warm season annual
grass also referred to as German millet, which can be used
as a smother crop while not producing as much biomass
as sorghum-sudangrass. Foxtail millet forms slender, erect
and leafy stems that can vary in height from 2 to 5 feet.
Foxtail millet should be cut before seed matures to avoid
becoming a weed problem. Foxtail millet grows well on
well-drained loamy soils with a pH of 5.5 to 7.5. It will not
tolerate water-logged or extreme droughty coarse sandy
soils. Plant in a well prepared firm seedbed after soils
have warmed and first flush of weeds can be controlled
by tillage. Foxtail millet is a carrier for the wheat spindle
streak mosaic and the wheat curl mite which transmits the
disease. Although cultivars are not seriously bothered by

these pests, they can serve as an over-summering host.

Teff (Eragrostis tef) is a warm-season grass useful for
suppressing weeds when successfully established at high
plant population. Teff has very fine seed with 1.3 million
seeds per pound so requires a low seeding rate of 5 to 8



pounds per acre. Teff requires a well prepared firm seed
bed and a very shallow seeding depth to assure good
germination. Plant after soils have warmed and first flush
of weeds can be controlled by tillage. Teff produces a
fine plant structure that doesn’t leave soil clumpy for the
next crop. Teff tolerates dry conditions once established
better than buckwheat or sudangrass. It also requires less
maintenance since buckwheat must be controlled when
it matures and sudangrass requires mowing. Teff needs
minimal mowing and generally does not produce seed, so

volunteers are not an issue.

Sorghum-sudangrass (Sorghum bicolor X S. sudanense) is
a cross between forage or grain sorghum and sudangrass
often reaching 6 to 10 feet in height. It is a warm season
annual grass that grows well in hot, dry conditions
and produces a large amount of biomass useful for
soil organic matter enhancement. To improve biomass
production on nitrogen deficient sites apply at least 50
pounds per acre of nitrogen. It grows in well-drained to
somewhat poorly drained soil but has low flood tolerance.
Although optimum production is achieved when the pH
is maintained between 6.0 and 6.5 it tolerates a pH 5.0 to
8.0. Sorghum-sudangrass is very effective at suppressing
weeds and has been shown to have allelopathic properties.
The roots of sorghum-sudangrass are good foragers for
nutrients (especially nitrogen) and help control erosion.
Sorghum-sudan grass has been reported to be highly
effective in remediating compacted soils caused by farm
equipment. It is recommended to mow when it reaches
a height of 3 feet. If not mowed it can produce a large
amount of residue which may become a management
problem for subsequent seed bed preparation. Sudangrass
growth is easier to manage because the stems are narrower

and suppresses weeds better.

Buckwheat (Fagopyrum esculentum) is a very rapidly
growing, broadleaf summer annual growing to a height
of 2.5 feet in height with many lateral branches and
many fibrous superficial roots. Buckwheat has higher
tolerance to soil acidity and infertile soils than any other
grain crop tolerating a pH of 4.5 to 7.5. It is best suited
to light to medium textured, well-drained soils such
as sandy loams, loams and silt loams; it does tolerate
poorly drained soils but not flooding. Buckwheat
will not break up hardpan and will not grow well on

compacted soils. It can be sown from late May to early

August in PHZ 5. It is typically sown as a smother crop
at a rate of 50 pounds per acre drilled, or broadcast at 70
pounds per acre; then shallowly incorporated to 1 inch
deep. It will grow making an excellent weed suppressing
cover in 40 days, although weeds will grow in any gaps
over 10 inches. Buckwheat flowers in 4 to 6 weeks and
is very attractive to insects including bees. Buckwheat
is an effective phosphorous scavenger. It is succulent,
easy to incorporate, and decomposes rapidly. The main
disadvantage to buckwheat is that it sets seed quickly
and may, if not mowed or tilled, go to seed and become
a weed problem in subsequent crops. For additional
information on how to use buckwheat to bring idle land
back into production refer to the Cornell University
Buckwheat Guide.
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Chapter 3
Purchasing Seed and Plants

Purchasing Seed

Certified seed as discussed later in this chapter should
be your first choice for any seeding project. If certified
seed is not available, try to obtain non-certified seed
that may meet certification standards for purity,
germination percent, weed seed, and noxious weed
seed content. Inquire when choosing a particular seed
lot to ensure that it meets the highest quality standards
available from your supplier, since they frequently have
more than one seed lot to choose from. A seed lot is
seed of a particular crop harvested or gathered and
processed in the same way at the same time. Successful
plantings require the purchase of quality seed,
otherwise the effort and expense of site preparation,
planting, and management may be lost due to poor
stand establishment. Certified seed may cost more per
pound than common seed, but the assurance of quality
is well worth the premium.

Introduced grasses and legumes can frequently be
bought as mixes at local stores marketed as conservation
mixes. It is not advised to purchase off-the-shelf mixes
as these do not always contain the appropriate species
or proportion to obtain the best results. When ordering
individual species it is possible to get higher quality seed
than what is in some off-the-shelf mixes. The purchase
of native grass and forb (wildflower) seed requires more
effort than the purchase of introduced cool season
forage and turf seed. Native grass seed is produced by
smaller companies and is sold at fewer stores. Most
seed is bought in mid- to late winter and shipped to the
purchaser. It is best to purchase seed at least two months
before the expected planting date. In years with elevated
seed demand or low seed yield, it may require earlier
purchase to obtain the desired species, cultivars, or

ecotypes or the best-quality seed lots.
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Reading and Understanding Seed Tags and
Seed Tests

Samples of seed are submitted by state or certification
officials, growers, seed conditioners, or seed dealers to
obtain information that is required to be on the seed tag
(Figure 3a). The seed lab performs a number of tests on a
representative sample from each lot submitted. Seed tests
are conducted under controlled conditions based on the
“Rules for Testing Seeds” adopted by the Association of
Official Seed Analysts, referred to in this document as
the “official seed test”.

There is some flexibility, based on the species being
tested as to which types of pretreatments are used
which include: stratification, scarification, growth
regulators or other chemical methods. These methods
result in the maximum potential germination from
each seed lot under “laboratory conditions”, which
is used to compare performance between seed lots.
These procedures are typically used with native warm
season grasses, wildflowers and trees and shrubs. It is
important to note that these tests improve germination
in ways which are not used when direct seeding in
actual “field conditions”. This information is not always
obvious from the seed tag so it may be warranted to
contact your seed supplier for additional information
regarding which procedures were followed to obtain
the percent germination. If possible get a test without

any pretreatment for comparison.

Purity Test

Apuritytestis conducted to determine the composition of
the seed lot and to determine its degree of contamination
by unwanted components. A purity test is conducted to
separate the seed into the following components: pure
seed, inert matter, other crop seed, and weed seed. These

components must add up to 100 percent. For mixtures



Information Found on a Seed Tag:

Reliable Seed Company
123 Production Way
Seeduville, PA 12345 USA
Phone: (123) 456-7890

KIND: Big Bluestem, Andropogon gerardii
VARIETY: ‘Niagara’

NET WEIGHT: 25 Ibs PURE SEED: 93.80%
LOT #: 1B097 OTHER CROP: 0.00%
DATETESTED: January 2012 INERT MATTER: 5.60%
ORIGIN: PA WEED SEED: 0.60%
GERMINATION:  32.00%

NOXIOUS: 21/Ib Bedstraw HARD SEED: 0.00%
15/lb Wild Onion DORMANT: 61.00 %

TOTAL: 93.00%

—_

. Kind (species and common name);

Variety:

. Lot number;

Origin;

. Net weight;

. Percent pure seed;

. Percent germination:

. Date of test;

. Percent hard and/or dormant seed;

. Total germination;

. Percent inert matter;

. Percent other crop seed;

. Percent weed seeds;

. Name of restricted noxious seed (number
per pound of seed); and
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. Name and address of company responsible
for analysis (seller).

Figure 3a. State and federal seed laws dictate the information found on the seed tag.

the percentage of each species is listed in order of
predominance by descending order.

Pure seed is the marketed seed exclusive of inert
matter, weed seeds, and all other seeds distinguishable
from the kinds and varieties being considered for sale.

Inert matter includes dirt, plant parts, and certain
types of damaged seeds. Most grass seed should
contain no more than 15 percent inert matter. Even
low percentages of inert matter containing pieces of
stem or un-threshed seed clusters can block passage
through a drill. Purity and inert matter of grass,
forb, and shrub seed will vary by species, harvest and
processing methods. Certain species are known to have
more inert matter based on the morphology of the seed
being harvested and cleaned. For agricultural seeds that
are coated the following information is on the tag: (1)
percentage by weight of pure seeds with coating material
removed; (2) percentage by weight of coating material;
and (3) percentage by weight of inert material exclusive
of coating material.

Other Crop Seeds are species normally grown as a
crop and unintentionally occur in the seed lot. If there is
over 5 percent it is considered a planned part of the mix.
The seed tag requires a percent by weight of the total of all
other crop seeds. If the specific types of other crop seed
are a concern, you may request a complete seed analysis
report for the lot, which lists other crop species and the

number of seeds per pound individually.

Weed Seeds found in the seed lot are reported as
the combined total percentage by weight of common
and restricted noxious weeds. The name and number of
restricted noxious weed seeds per pound is also listed on

the tag as required by law.

Prohibited, Restricted and Common Weed
Seeds

During the purity test, the seed lot sample is examined
for the presence of “restricted” and “prohibited”
noxious weed seed and a list of those weeds is available
from the seed analysis report. Each state has its own
list of prohibited and restricted noxious weeds. All
seed lots must meet the regulations of the state where
it is sold. The Federal Seed Act and state laws do not
allow “prohibited noxious weeds” in any seed lot,
whereas “restricted noxious weeds” are allowed in a
seed lot but are restricted to a limited number of seeds
per pound. The name and number of seeds per pound
of any restricted noxious weeds must be listed on the
seed tag. Each state requires similar information, but
the prohibited and restricted weed lists vary from state
to state. By law, seed that comes from a state that has
less restrictive weed lists must meet the more restrictive
requirements of the receiving state. Contact the State
Department of Agriculture or the crop improvement
association in your state for specific information. A list
of noxious weeds regulated by states is listed on the
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USDA Agricultural Marketing Service web page, State
Noxious Weed Seed.

Common weed seeds are those weeds that are not

on the prohibited or restricted noxious weed lists and
should not total more than 0.5 percent by weight. The
major problem with common weeds is that it is hard to
determine what they are because they are not listed on
the tag. The only way to find out is from the seed analysis
report. In general, the fewer weed seeds the better, as it
is beneficial to avoid the introduction of any new weed

species to a farm or ecologically sensitive area.

Seed Dormancy and Hard Seed
Seed dormancy is caused by physical, chemical or
physiological mechanisms.

® Physical dormancy is due to an impervious seed

coat preventing water uptake, seed imbibition and
the onset of germination. Physical dormancy can be
overcome by scarification, the rupturing of the seed
coat by mechanical means. This type of dormancy is
used to describe hard seed and is typical of legumes.
® Chemical dormancy is due to chemical inhibitors
in the seed which prevent germination, this type of
germination can be overcome by leaching.
® Physiological/morphological dormancy is due
to seeds having underdeveloped embryos which
prevents germination and can be broken via
stratification or after-ripening in dry storage.

Seeds can have multiple mechanisms for dormancy.
Dormant seeds may germinate at a later date and produce
viable plants, they may germinate and succumb to
competition, or they may never germinate at all.

The amount of dormant seed in a seed lot is
important to know when purchasing seed. Dormant
seed, which includes hard seed, refers to the portion
of the seed sample that does not germinate during the
official seed test and is still viable. Legumes are best
known for hard seeds. Hard seeds are seeds that remain
hard at the end of the official seed test period because
they have not absorbed water due to an impermeable
seed coat. Hard seeds look just as they did when
planted with no increase in size since they have not
imbibed water. After the official seed test those seeds
which remained firm with no evidence of imbibition
are considered hard seed. Those that have imbibed, did
not germinate and squash when pressure is applied are

considered non-viable.
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Many grasses and native species are known to have
varying types and amounts of dormancy other than hard
seed. Seeds which have not germinated by the end of the
official seed test and have imbibed water and are swollen
in size need to be tested for viability. The tetrazolium
chloride test (TZ test) in which seeds are stained with a
dye is a method used to determine viable seed. Viable
seed with live (respiring) tissues will stain a red color and
are listed as dormant seed, while those seeds not stained

are considered dead non-viable seed.

Germination Test

A germination test samples for percent germination which
determines the capability of a seed lot to produce normal
seedlings under specified standard laboratory procedures.
For seed that does not germinate, additional procedures
determine the percentage of dormant and/or hard seed
as explained above. These percentages should be listed
separately on the seed tag and lab report. If the seed is a
legume then the dormant seed is considered hard seed and
is listed separately as “hard seed “on the seed tag. If the
seed is a grass or other non hard seed, then the seed that
has not germinated after the official seed test is then given a
tetrazolium chloride (TZ) viability test, and the percentage
of seed exhibiting respiration islisted separately as “dormant
seed” on the seed tag. Be aware that some approved
standard germination tests allow for a pretreatment such
as stratification which breaks seed dormancy and this may
increase the germination rate reported in the germination
percent compared to non-pretreated seed.

The minimum germination allowed to be sold
is regulated by state agencies. Appendix 3a provides
examples of minimum seed germination requirements for
certified seed for some species. Typically for non certified
seed to be sold it must meet two-thirds of the rate allowed
for certified seed. The germination of most cool season
introduced grass species is normally above 80 percent
and should not be lower than 60 percent. Germination of
some native grasses, forbs, and shrubs are typically lower,
but can vary widely according to species.

Germination tends to decrease in all seed as it ages even
under ideal seed storage conditions with some species and
seed lots within species losing germination more rapidly
than others. Cool season grasses tend to lose germination
quicker than warm season grasses when both are stored
in cold storage. The seed test date should be within 9 to18

months. This time interval will vary depending on state


http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5090172
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5090172

laws for the particular seed types: turf, forage, legumes,
flower, shrub, or tree seeds. Older seed can get retested,
and if it still meets state minimum germination guidelines
it can be sold with the new test date. When seed ages and
germination rates drop, there is also a drop in seedling
vigor, therefore it is always best to obtain seed lots with

the highest germination rate possible.

Certified Seed
Certified seed is the progeny of seed that has been
handled to maintain its genetic identity and has been
approved by a certifying agency. There are four classes
(generations) of certified seed used to track the seed
as it is increased in quantity by seed producers to meet
commercial demand. In order of genetic purity they are
breeder, foundation, registered, and certified seed. The
final generation designated “certified seed” is the only
class sold to the consumer. Certified seed is designated
by a blue tag. Certified seed meets established quality
standards for germination, purity, and weed seeds. A
cultivar/variety is formally released with distinctive traits
documented as uniform and stable when evaluated over
multiple locations and years. Since certified seed has a
proven identity, the cultivars or ecotypes adapted to the
region can be positively identified and purchased.

Several U.S. states have native plant certification

programs that certify to “Pre-Variety Germplasm” using

standards from the Association of Official Seed Certifying
Agencies (AOSCA). The pre-varietal releases have three
designations: source identified, selected, and tested. The
“source identified” designation includes unevaluated
germplasm identified only by species and geographic
location of the wild growing parents. The geographic
location is defined by the developer, and may be a small,
restricted represent