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Invasive Plant Treatment Project DEIS Appendix E

Revegetation Planning and Implementation

In order to conserve and enhance the biodiversity and sustainability of wildland ecosystems,
numerous authorities and policies are in place to promote the use of native species in restoration
and revegetation (R6 2005 FEIS). Regional direction for the use of native plants was issued in
1994 with the Pacific Northwest Revegetation Policy. It set a long term goal for using native
plant species as much as possible.

The Deschutes and Ochoco National Forests and Crooked River National Grassland have been
actively collecting and propagating native seeds and plants for various projects; however, we do
not yet have enough native seed to be able to meet all of our needs. We must prioritize where to
use our limited quantities of native seeds and the available seed must be ecologically appropriate
for the sites where it will be used. At some sites (e.g., Project Area Units 12-05, 15-22, and 15-
32), we will collect and/or propagate plants of adjacent native species and replant those in the
treated areas. Though our goal is to use native plant species whenever possible, some introduced
species will continue to play an important role in site restoration. Introduced (“cultivar”) species
may be used on Paulina District (e.g., Project Area Unit 72-15) in areas where the sites are
highly degraded, the invasive plant species is very aggressive (e.g., medusahead and
houndstongue), and the native plant community is absent or greatly reduced. On degraded
invasive plant sites where desirable plant species are absent or in low abundance, revegetation
with competitive grasses and forbs may be necessary to direct and accelerate plant community
recovery, and achieve site-management objectives in a reasonable timeframe (Erickson et al.
2005).

Available information and expertise will be used to develop revegetation plans for the above-
listed sites. One source of information will be the “Draft Guidelines for Revegetation of
Invasive Weed Sites and Other Disturbed Areas on National Forests and Grasslands in the
Pacific Northwest” (Erickson et al. 2005). These guidelines provide strategies and
considerations for site assessment, selection of plant materials, site preparation, planting
techniques, and use of mulches and fertilizers. Revegetation prescriptions will vary depending
on site type (e.g., riparian or upland), erosion potential, and land use designation (e.g., special
management area, such as wilderness, Research Natural Areas, and Special Interest Areas).

Revegetation will involve site preparation, such as raking to prepare a seed bed to promote seed
germination, planting of seeds and/or propagules (depending on the species, this is done either in
early spring or late fall to take advantage of available moisture), vigilant treatment of invasive
plants as they germinate from the existing seedbank, and monitoring the results. In some cases, a
follow-up seeding/planting may need to be done.
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Introduction

This document provides methods and guidance for revegetation of invasive weed sites
and other disturbed areas on National Forests and Grasslands in the Pacific Northwest (Region
6). Steps are outlined for assessing existing and potential site conditions, and for developing
long-term revegetation strategies that are effective, affordable, and consistent with the ecological
context and land management objectives of the site and surrounding landscape. The need for this
document was driven by relatively new policies and programs that promote the use of native
plant materials in revegetation projects (Appendix A,B). Historically, resource managers in the
western United States have relied on introduced species (e.g., smooth brome, orchardgrass,
timothy, crested wheatgrass) that have been selectively bred for characteristics that, at least in the
short-term, made them logical choices for revegetation projects. Although some introduced
species will continue to play an important role in site restoration, it has become increasingly
clear that the widespread and excessive use of highly competitive and persistent non-native
species has had adverse impacts on the diversity and health of our native forest, rangeland, and
aquatic ecosystems (Detwyler 1971; Covington and Moore 1994; Kaufmann et al. 1994; Kay
1994; Mills et al. 1994; Brown 1995, Lesica and DelLuca 1996; Bartos and Campbell 1998;
Schoennagel and Waller 1999; Brown and Rice 2000) As a consequence, new direction for
revegetation projects strives for a balance between rapid establishment of high levels of
competitive plant cover, and broader, more long-term objectives aimed at restoring inherent
ecosystem properties (e.g., genetic and species diversity, vegetation structure) and processes
(e.g., disturbance regimes, succession patterns, hydrologic regimes, and nutrient cycles).

Revegetation with carefully selected plant materials is a critical component of integrated
weed management strategies. Commonly used control tactics, such as manual or chemical
treatments, may eliminate or suppress invasive species in the short term, but the resulting gaps
and bare soil create open niches that are susceptible to further invasion by the same or other
undesirable plant species (Westman 1990; Jacobs et al. 1999; D’ Antonio and Meyerson 2002).
On degraded weed sites where reproducing individuals of desirable species are absent or in low
abundance, revegetation with well-adapted and competitive grasses, forbs, and legumes can be
used to direct and accelerate plant community recovery, and achieve site management objectives
in a reasonable timeframe (Hobbs and Mooney 1993; Sheley et al. 1996, Brown and Amacher

1998). This document incorporates a landscape ecology approach to revegetation that first
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considers and prioritizes individual projects in the context of watershed scales. More fine-scale
elements of a successful revegetation design are also addressed, including evaluation of existing
and potential site conditions, identification of realistic site goals, and development and
implementation of appropriate action strategies. Because the science and practice of restoration
is rapidly evolving, and the potential and most effective usage of many native species has not
been fully explored, an experimental approach to revegetation is advocated. Sections and
references on monitoring principles and techniques are therefore included to provide tools for
resource specialists to evaluate the efficacy of alternative revegetation treatments, and gain
insights into how methods may be refined to better achieve desired outcomes (i.e., adaptive

management).

The recommendations in this document follow National and Regional Forest Service
authorities and policy guidelines (see Appendix A, B), and are intended to provide a conceptual
framework from which site-specific revegetation prescriptions can be developed. A number of
sections, including the Decision Matrix and Site Prescriptions, were initially developed by
resource specialists on the Siuslaw National Forest (Region 6), and refined and augmented by
multi-Forest revegetation teams in Region 2 in cooperation with the National Park Service

(http://fsweb.arnfpng.r2.fs.fed.us/). Detailed treatment descriptions and management scenarios
are beyond the scope of this document, and specialists including District and Forest botanists,
silviculturists, geneticists, ecologists, soil scientists, and range conservationists should be
consulted as necessary to refine revegetation prescriptions and identify the most appropriate
plant materials (species and seed sources) and revegetation methods for a particular site.
Restoration of disturbed sites should be approached as a multi-disciplinary effort, and will be
most successful when local knowledge and expertise are fully utilized and integrated into

comprehensive revegetation strategies.

Revegetation in a Landscape Context

Revegetation programs and strategies should be developed using a landscape ecology
approach that considers individual projects in the context of watershed scales. Thus,
revegetation of invasive weed sites should fit into broader ecological strategies that address other
major restoration issues of a given watershed, including departures from historical vegetative

conditions, at-risk aquatic/wildlife/plant species, hydrology, uncharacteristic wildfire risks, etc..
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Projects can then designed and prioritized so that they contribute to the overall goals for the
particular watershed or landscape planning area. In addition, efforts should be taken to ensure
that revegetation projects are fully integrated with the suite of other ongoing resource
management projects, both spatially and temporally. One obvious example is that weed control
operations must be tightly linked and coordinated with post-removal revegetation plans. A
landscape ecology approach to revegetation also requires a thorough understanding of the
underlying problems contributing to the need for revegetation, and how they interact with other
processes within the watershed. This may be accomplished through assessments of the larger
landscape area and its connection to the problem site. A key question is whether the site problem
IS unique, or symptomatic of other problems within the watershed that need to be addressed at a
larger scale. Finally, in an era where the extent and intensity of management is declining and
more aligned with natural processes, revegetation projects must be compatible with the dominant

disturbance processes of the site and surrounding area (e.g., wildfire cycles, herbivory).

Some of the major issues to consider during the development of landscape-scale

revegetation strategies for invasive weed sites include:
(the following section is not compete)

1. The current extent and patterns of spread of invasive species: Design projects to

cut off or slow the spread paths and corridors using spatial strategies similar to
those of wildfire management. Interrupt dominant vectors to minimize the
degree and rate of propagule spread. Identify recurring points of invasion (e.g.,
roads/trails); revegetate the sites with highly competitive species. Tier
revegetation to control prioritization scheme. Because funding for invasive spp.
management efforts is typically limited, it is essential to prioritize revegetation of
sites occupied by species and populations that are most important to control.
Prioritization should be based on impacts of invader species, site characteristics,

and potential for success.

2. Grazing and hydrologic issues in riparian systems: Revegetion species should be

chosen based on consideration of site and landscape level aquatic strategies and
goals. Utilize the Rosgen or other hydrologic classification schemes to determine
succession on the stream and physical site characteristics to help select species for
revegetation that will be compatible with the dominant hydrologic disturbance
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processes. Design projects with hydrologic disturbance in mind. Ungulate
herbivory can be the dominate disturbance process (e.g., in the Blue Mountains)

and must be factored into design and cost of revegetation.

3. Historical range of variability (HRV) and degree of departure: Quantify historical

range and variability of landscape pattern dynamics to assess current landscape
conditions and define limits of acceptable change. Design appropriate landscape
vegetation treatments consistent with overarching ecosystem management goals.
In upland settings, consider implications of fire regime (e.g., low intensity,
frequent return interval versus infrequent high intensity). In high intensity fire
areas, for example, revegetation efforts may emphasize use of species that

disperse and spread rapidly, have high seed production, and are tolerant of fire.

Site Assessment

Following the development of larger scale landscape strategies, site assessment is the next
critical phase in the design of a successful revegetation project. There are 3 primary steps in
determining whether a given site requires active revegetation. These include:

e Evaluation of site history and existing conditions
e Defining land management and site goals

e Determining the need for action

Site History and Existing Conditions:

The evaluation of existing site conditions involves first determining what resources or values
are at risk from degradation of the site. Example of site risks to be considered include: (1)
erosion and soil loss potential, (2) the likelihood of invasion or re-invasion by undesirable plant
species, (3) loss of cultural, visual, or social values, and (4) potential effects on threatened,

endangered, or sensitive (TES) species, and their forage and habitat.

Site dominated by invasive weed species may have an increased risk of surface run-off and
soil erosion due to the loss of vegetative cover and native plants that have inherent soil
stabilizing growth habits (e.g., extensive fibrous root systems). Risk of erosion will be higher on

steep slopes (>40-50%) and sites with crusted, shallow, compacted, or highly erodible soils.
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Erosion can have negative effects on “downstream” ecosystem processes and species through
sediment transport and deposition. On site, loss of the soil surface layer may strongly affect the
degree and speed of revegetation due to depletion of organic matter, water holding capacity, and

critical nutrient reserves.

Risk of noxious weed invasion or re-invasion on a site is largely dependent on the abundance
of undesirable species in the seed bank, the size and proximity of surrounding weed populations,
the ease of seed movement to the site, and the growth and spread characteristics of any adjacent
weed species (D’Antonio and Meyerson 2002). For example, a population of an aggressive
knapweed less than a quarter mile down a well-traveled road renders a site highly susceptible to
invasion. In contrast, a site surrounded by several miles of dense forest that separates it from a
population of a rhizomatous weed species such as white top is at fairly low risk of invasion.

Loss of native vegetative cover may negatively impact the availability and abundance of
culturally important medicinal or food species. Artifacts present in the soil also may be at risk of
being disturbed or transported by soil erosion accompanying the loss of vegetative cover.
Aesthetics and recreational quality are diminished by patches of bare soil, as well as by
unattractive invasive plants that have sharp spines or thorns. Wildlife species have co-evolved
with native plant species and are highly dependent on them for food, or cover, or both. Of
special concern are TES species that may be directly or indirectly affected by degraded
vegetative conditions resulting from weed invasions. For example, listed fish species may be
adversely affected by altered seasonal water flows or by increased sediment loads in streams due
to erosion of disturbed weed sites. Propagules from weed sites in close proximity to special
management areas of high social or ecological value can disperse and become established in the
pristine habitats that often harbor TES plant species. Finally, revegetation of invasive weed sites
with aggressive non-native cover species may unintentionally introduce equally invasive, though
not officially designated as noxious, plants into the vicinity of TES plant populations resulting in

excessive competition with rare native species that are already in decline or at risk of extirpation.

In additional to risk assessment, it is also important to determine the causes of site
degradation. Broad categories include soil disturbance, loss of native species, and loss of whole
plant communities whose structure normally regulates the processes of nutrient cycling and
water retention. Within these broad categories, the agents contributing to disturbance and their
relationship to ecosystem degradation should be identified and evaluated in terms of their
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continued presence and ongoing effects. For instance, if road construction has disturbed soils in
the past, is the road still maintained (bladed annually, subject to ditch cleaning, sprayed annually
to control existing weed infestations), or has it been closed or even obliterated? Or, if native
plants have been lost due to heavy grazing pressure by domestic or wild ungulates, do those
animals still have access to the area? Revegetation, especially with native species, is difficult to
impossible in the face of continuing disturbance. Passive restoration (the removal of the
disturbing agent so that unassisted site recovery can take place) will be the simplest and most
cost-effective step towards revegetation of some sites, and is requisite to the success of active

revegetation methods.

Desired Future Condition:

Defining revegetative goals, or desired future condition, for a given site is a crucial step in
site assessment. In many cases, the recovery of natural ecosystem processes and pre-disturbance
conditions, or some close approximation, will be assumed as the preferred state. This suggests a
plant community that is structurally diverse, fully functioning in all ecosystem processes, and
consisting of locally adapted native species. A knowledgeable botanist or a plant ecologist
should be consulted at this stage to help in identifying realistic goals for site revegetation. In
some cases, such as in the presence of ongoing degradation or large-scale infestations, complete
recovery to pre-disturbance conditions may not be an appropriate objective. Revegetation goals
must also be realistic, both in the sense that they may actually be achieved, and that they are
affordable. Some common and overarching goals for revegetation of National Forests and
Grasslands include:

e Contribute to the restoration of ecosystem structure and function.

e Minimize or contain surface erosion, particularly if the project or downstream
area is susceptible to impacts of erosion and/or sedimentation.

e Maintain or re-establish nutrient cycling as quickly as possible through
establishment of desirable vegetative cover for nutrient uptake, and placement of
woody debris or mulch for nutrient input.

e Avoid or minimize stream or riparian area sedimentation

e Exclude noxious weeds and undesirable non-native species by revegetating sites
with local native species or non-persistent cover crops that will not be overly
competitive with native vegetation in the target area.

e Give special consideration to sites of high ecological or social value, and areas
containing TES species or habitat. Revegetation with local native species (local
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ecotypes) is a high priority within intact and pristine ecosystems, core
conservation areas, and their buffers and connecting corridors.

Need For Action:

Determining the need for action on a specific site requires consideration of the potential for
natural recovery. For example, is there adequate moisture available to support natural
regeneration, sprouting, and establishment of native vegetation within a reasonable period of
time? The degree of disturbance, as indicated by the proportion of the existing plant cover that
consists of desirable native species, will also affect revegetation outcome. Ten to twenty percent
native cover is considered a minimum required to facilitate natural recovery of a site (James
1992, Sheley et al. 1996, Goodwin and Sheley 2003). The diversity, abundance, and viability of
plant propagules of desirable species in the seed bank or within the immediate vicinity are
additional important determinants in natural recruitment and recovery. A novel method for
quantifying site disturbance and the potential for natural recovery based on the plant cover of
individual species, and their longevity and native/non-native status is described in McArthur et
al. (1995). The formula® could easily be modified to incorporate information on additional life
history traits such as root morphology (e.g,. rhizomatous vs. non-rhizomatous) and seral status.
Sites dominated by propagule pools of early seral (pioneering) native species are predicted to
have the greatest likelihood of natural colonization and recovery, while those reliant on late seral
species for regeneration or dominated by undesirable rhizomatous species will generally be less

successful.

The size of the invasion and the length of time that weeds have been present may strongly
influence revegetation strategies and the need for active manipulations. Very small sites are the
most easily re-colonized by the extant seed bank and by plant propagules dispersed from
surrounding sources. Depending on the ecological setting, it is reasonable to allow revegetation
to occur on its own on sites less than about 0.25 acres, or to possibly assist natural recovery
through the redistribution of seed from surrounding plants by hand. The longer the site has been
occupied by invasive plants, the greater the potential for the seed bank to become dominated by

undesirable species, and for chemical or physical changes in soil conditions (e.g., shifts in

! Disturbance value = Sum[Cover*(Longevity-Origin Scores)]/Number of Species. Longevity: 1=annual,
2=biennial, 3=biennial to perennial, 4=perennial. Origin: 1=native to local area, 2=exatic to the area, but native to
North America, 3=exotic to North America.
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nitrogen pools and pH) and associated microbial communities that may adversely affect species
replacement dynamics and natural site recovery (Evans et al. 2001; Svejcar and Sheley 2001,
D’Antonio and Meyerson 2002).

Other soil conditions influencing outcome include the degree of substrate disturbance (loss or
mixing of soil horizons) and seedbed physical characteristics, including the extent of crusting
and compaction. As fertility and water holding capacity are lost with the A and B soil horizons it
becomes increasingly difficult to establish vegetation. Regardless of the method of regeneration,
cultural amendments and manipulations may be required on highly degraded sites to help
decrease the competitive advantage of exotic species, and improve the number and condition of
regeneration sites available for germination and root extension of desired species. Examples
include topsoil replacement, incorporation of organic matter, mulching, seedbed disking and
imprinting to aid water infiltration and soil aeration, liming to adjust pH, and nutrient
enhancements/manipulations. An experimental technique of great promise in Bromus tectorum
dominated communities is the application of sucrose to reduce plant-available nitrogen and
create a soil environment more conducive to the establishment of native perennial vegetation
(McLendon and Redente 1992; Young et al. 1999;Paschke et al. 2000).

Selection of Plant Materials

Regional Priorities and Guidelines:

When site assessment indicates a need for active revegetation, the next critical step is to
determine the species and seed sources that will establish and perform well on the site without
impeding natural community recovery and succession, or compromising the diversity, genetic
integrity, and long-term viability of resident wild populations. The potential risks and impacts of
revegetation treatments are greatest for seeding and planting projects that involve large acreages,
or that occur in or near management areas of high social or ecological value. In 1994, Region 6
formulated revegetation policy that set general guidelines and priorities for plant material usage
in disturbed areas on national forests and grasslands, including sites occupied by invasive exotic
plants (see Appendix B). Regional priorities, as well as definitions and rational, are as follows:

Appendix E Revegetation Guidelines



Priority 1 - Local Native: Plant materials of native species that originate from genetically

local sources. Benefits of use include high adaptation to spatial and temporal extremes, and low
input requirements (e.g., supplemental water, fertilizer). Local native plant materials are
recommended for projects of all sizes (Fig. 1, adapted from Lesica and Allendorf 1999),
especially in and around pristine or relatively intact habitats and ecosystems such as designated
or proposed wilderness, roadless areas, wild and scenic river corridors, Research Natural Areas
(RNAS), Special Interest Areas (SIAS), riparian areas, wetlands, cultural use areas, TES species
habitat and connecting corridors, etc. For severe and large-scale disturbances, a mixture of
genotypes or seed sources from ecologically different populations has been suggested as a
strategy for maximizing genetic variation and enhancing the likelihood of plant establishment
and persistence in stressful environments (Fig. 1, adapted from Lesica and Allendorf 1999).

The ecological and geographic
boundaries that define a local
population are determined primarily

by the heterogeneity of the climate and

1.

2. preferred non-native

genotypic mixture

habitat, the genetic structuring of the
populations, the extent of local

adaptation, and the consequences of A e

Degree of Disturbance

mixing distant gene pools (Fenstar and C R e

Dudash 1994; Knapp and Rice 1994;
Linhart 1995; Montalvo et al. 1997;

Size of Disturbance

Lesica and Allendorf 1999; Hufford Fig. 1. Relationship between size and degree of disturbance and

primary and secondary preferences for plant material for
and Mazer 2003)' Although seed zones revegetation on National Forests and Grasslands in Region 6.

(Adapted from Lesica and Allendorf 1999).

and transfer guidelines have been

developed for most Pacific Northwest conifer species (USDA 1973; Randall and Berrang 2002),
such information is generally lacking for other native plant species. As a consequence,
elevational restrictions along with existing spatial frameworks such as EPA ecoregions, 5" field
watersheds, and conifer seed zones are frequently used to guide seed movement in native shrubs,
grasses, and forbs (Erickson et al., submitted). In the absence of supporting genetic data, the
spatial scale of seed mixing and movement in the Pacific Northwest should be limited to
geographic areas on the order of Level Il ecoregions (Fig. 2; Omernik 1987, 1995), with

additional restrictions based on elevation, cold hardiness, and local precipitation patterns. Area
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geneticists should be consulted for guidance in determining the most appropriate genetic sources
of plant material for a particular restoration site.
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Use of local sources of native seed requires carefully coordinated and integrated programs to
ensure adequate quantities of suitable seed are available at critical times for project work. A new
5-year Regional contract for native grass and forb seed production (53-04R3-03-14,
http://www.fs.fed.us/r6/uma/native/) will help facilitate this process at reasonable cost. Table C-
1 (Appendix C) contains seed yield and cost figures for native grass and forb species included in
the contract. Table C-2 (Appendix C) describes ecological attributes and suggested seeding
rates for a broad array of native species that have successfully been used in revegetation projects

in the Pacific Northwest.

Priority 2 - Preferred Non-Native: The volume of seed needed for large-scale restoration

may at times preclude the use of local native seed, particularly for unplanned events such as
wildfires, or other disturbances where it is critical to quickly establish vegetation in order to
protect basic resources values and prevent weed invasions. In these instances, a second choice
would be sterile hybrids or annuals/biennial/perennial introduced plant species that are non-
persistent and non-invasive (Fig.1, adapted from Lesica and Allendorf 1999). Preferred non-
native species are those that will not aggressively compete with the naturally occurring native
plant community, will not invade plant communities outside the project area, persist in the
ecosystem over the long term, or exchange genetic material with local native plant species.
Appendix D includes recommendations for non-native species that may be seeded as temporary
ground cover for both erosion control and as noxious weed competitors until native species can
become established and occupy the site. The list includes sterile hybrids, such as REGREEN
and annuals such as white oats (Avena sativa) and winter wheat (Triticum aestivum). A more
complete list of perennial non-natives that are suitably non-persistent may be developed on
Districts/Forests by examining past revegetation efforts where the seeded species are known.
Exotic species that have not already been introduced into the area, or that have been found to be
aggressive and/or persistent, should be avoided. Table E-1 (Appendix E) provides a listing of
non-native species that, although commonly used in the past, are generally no longer
recommended due to their highly aggressive nature that has resulted in widespread loss or
displacement of native species and plant communities in western wildlands. These include
Kentucky bluegrass (Poa pratensis); smooth brome (Bromus inermis); crested wheatgrass

(Agropyron cristatum); orchard grass (Dactylis glomerata); yellow and white sweetclover
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(Melilotus officinale and M. albus); alsike clover (Trifolium hybridum) and alfalfa (Medicago
sativa to name a few. As a last resort, some of these “species-to-avoid” may play a limited role
in revegetation of small, highly degraded sites where there is poor potential for native plant
community recovery, or in settings where there is little risk of spread beyond the original site of

introduction (e.g., seeding around buildings on administrative sites).

Priority 3 - Non-local Native: This category includes native species that do not occur naturally

in the local ecosystem, or native plant material that does not originate from genetically local
sources. These types of plant materials, including most commercial cultivars (Table E-2,
Appendix E), are generally not preferable for wildland use due to concerns over adaptability,
genetic diversity level, and the potential for genetic contamination or “swamping” of local native
gene pools, including those of TES plants (Millar and Libby 1989; Knapp and Rice 1994;
Linhart 1995; Montalvo et al. 1997; Lesica and Allendorf 1999; Hufford and Mazer 2003).
Because commercial cultivars are typically selected for agronomic traits such as high fecundity,
vegetative vigor, and competitive ability, their use may also adversely impact resident natural
populations through direct competition and displacement. Moreover, cultivars of native species
(and introduced look-alikes such as sheep fescue, Festuca ovina) can be very difficult to
distinguish from native germplasm, which could severely complicate efforts to collect and
propagate local material and waste valuable economic resources. Because of these concerns,
cultivars are recommended for use only on small, highly disturbed sites (Fig. 1, adapted from
Lesica and Allendorf 1999) that are not in close proximity to areas of high social or ecological
value such as designated or proposed wilderness areas; Research Natural Areas (RNASs); Special
Interest Areas (SIAs), TES species habitat or corridors, and riparian/wetland areas. Where
cultivars have been used, it is important to document and map their locations so these areas can

be avoided during seed harvesting activities.

Designing Seed Mixes

The design of an effective seed mixes incorporates a number of factors, including land-use
objectives and site characteristics such as existing and potential vegetation, weed density and
biomass, precipitation/temperature regimes, soil characteristics, and shade conditions. In
addition, short-term objectives of quick establishment of competitive plant cover must be
balanced with more long-term goals of restoring fully functioning and self-sustaining plant

communities that will be resilient to further disturbances (i.e., will not degrade to pre-treatment,
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weed-dominated conditions). This may be achieved by devising seed mixes containing
compatible species that (1) maximally occupy available niches (enhance functional diversity),
and (2) possess physiological and growth characteristics that facilitate their establishment,

competitiveness, and tolerance of stress.

Researchers have found that sites with high functional group diversity, especially with
respect to native forbs, are more competitive and resistant to weed invasion and establishment
because site resources are fully utilized (Carpinelli 2000; Symstad 2000; Pokomy 2002).
Although the full spectrum and diversity of the desired plant community rarely will be achieved
during revegetation, niche occupation and resources use can be enhanced by combining key
species that vary in their seasonal growth pattern, seral status, reproductive mechanisms, and
growth form and root morphology (e.g., fibrous-rooted grasses and forbs with deep taproots)
(Panetta and Groves 1990; Jacobs et al. 1999; Goodwin and Sheley 2003). Example of native
cool-season grasses (grow in the early spring/summer and utilize soil resources in the upper soil
profile) that can be competitive against invasive weeds include blue wildrye (Elymus glaucus),
squirreltail (Elymus elymoides), mountain brome (Bromus carinatus), thickspike wheatgrass
(Elymus lanceolatus), slender wheatgrass (Elymus trachycaulus), bluestem or western
wheatgrass (Pascopyrum smithii), and prairie junegrass (Koelaria macrantha), Sandberg
bluegrass (Poa secunda) (Borman et al. 1991; Brown and Amacher 1999; Goodwin and Sheley
2003). Idaho fescue (Festuca idahoensis), a cool-season bunchgrass, can also be a strongly
competitive once mature stands are established. Competitive native forbs and legumes include
blue flax, (Linum lewisii), common yarrow (Achillea millefolium), pearly everlasting (Anaphalis
margaritacea), fireflower (Epilobium angustifolium) and various lupine (Lupinus) and vetch

(Vicia) spp.

Native grass-like species, such as sedges, spikerushes, rushes, and bulrushes, may be useful
in revegetating riparian and wetland areas. Under these conditions, containerized seedlings often
show better survival and establishment than seeding. Deep-rooted shrubs may also be seeded or
planted to more fully utilize resources from the lower soil profile, especially late in the growing
season. Shrub vegetation can facilitate the establishment of understory species by increasing
water availability and reducing understory temperatures and evapotranspiraation. Over the long
term, perennial shrubs will also enhance soil fertility and structure and increase nutrient cycling
(West 1989).
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A more complete list of native species suitable for revegetation activities should be
developed on Districts/Forests by knowledgeable plant resource specialists (i.e., range
specialists, botanists, ecologists, etc.) through examination of target sites and nearby undisturbed
reference areas. There’s a broad array of competitive native species that may be useful in
revegetation; however, research efforts have not fully explored their potential or the conditions
under which they would be most effective. In general, characteristics that make a species well-
suited for revegetation include broad ecological amplitude, rapid germination and early seedling
growth, and aggressive root systems. Such species are often early seral natural colonizers of
disturbed sites. Late seral species often have lower growth rates than colonizers, but still can be
an important component of a seed mix because they tend to be highly competitive and often have
high root/shoot ratios (Brown and Amacher 1999). Combining native and non-native species in
seeding or planting mixes, however, is generally not recommended due to incompatible growth
and life history strategies. An exception would involve the mixing of one or two long-lived
perennial native species with a non-native temporary cover crop type species (e.g., from the list
in Table D-1, Appendix D) that will rapidly colonize and occupy the site until the slower

perennial species become established.

Seed Labeling and Testing

The genetic origin of all native seed used in restoration should be known; purchased seed
should be certified as to source identity. Purchased seed, both native and non-native, must have
documented and recent (<1 year old) germination, purity, and “All State’s Noxious Weed” test
results. The more recent the test, the more likely it is to reflect the true condition of the seed .
Testing should be conducted by a National Association of Official Seed Certification Analysis
(AOSCA) approved seed testing laboratory (Table C-2, Appendix C). Copies of seed test results
should be retained in associated project files.

Purity testing verifies the proportion of pure seed contained in the seed lot and identifies
contaminants, including other crop seed, weed seed, and inert matter (e.g, stems, chaff, small
stones). Graminoid seed with more than 10-15 percent inert matter will be difficult to apply
through a rotary seeder or rangeland drill. Germination tests provide information on how well
the pure seed portion of the seed lot will perform under favorable field conditions. The
percentage of pure live seed (PLS), calculated as the percent purity multiplied by the percent

germination, is commonly used as a standardized indicator of seed quality. See Table C-2,
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Appendix C, for suggested minimum acceptable germination and purity standards for grass and
forb seed.

Many native species produce seeds that are dormant and won’t germinate without
afterripening (time) or special germination enhancement treatments (stratification, scarification,
gibberellic acid, etc.). In these cases, seed viability may be estimated using other procedures.
Most widely used is the fast and inexpensive tetrazolium (TZ) test, which involves a biochemical
staining technique with tetrazolium chloride that visibly stains live, germinable seed (Young and
Young 1986).

Seed test results should verify that the seed lot contain no “Prohibited” noxious weed seed,
and that seed meets or exceed standards for “Restricted” or “Other Weed Seed” content
according to Oregon and/or Washington State standards for Certified Seed (Table C-2, Appendix
C). Because each state has different lists of prohibited and restricted noxious weeds, request
that the seed be tested with an “All-States Noxious Weed Exam”. The name and number of seeds
per pound of weed and other crop seed will be listed on the seed label. Be on the alert for
aggressive nonnatives that, although not prohibited or restricted by the State, may still pose a

threat to native plant communities.

Determining Seeding Rates

Seeding rates for grasses and forbs can vary greatly depending on site condition, species, and
methods of application. Recommended seeding rates for pure grass seed mixtures are generally
in the range of 20-50 viable seeds per square foot (Goodwin and Sheley 2003); pure forb and
shrub mixes will be lower (you wouldn't want 10 Elderberry shrubs in every square foot for
example). Higher rates are often recommended for severely disturbed sites to compensate for
high seedling morality due to limiting environmental factors and competition. Goodwin and
Sheley (2003), for example, suggest a seeding rate of 80 PLS/ft? for perennial grasses in severely
burned areas, and doubling or tripling rates when seeding to prevent weed invasions, or if
broadcast seeding or hydroseeding. Brown and Amacher (1999) recommend 250-350 PLS seeds
per ft? on severe disturbances. Increasing the seeding rate, however, will never make up for poor

seedbed preparation, poor seeding methods, or improper timing of seeding.
Seeding rates are calculated using the following information:

1) total number of seeds per pound
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2) percentage of each pound that is pure, live seed (PLS)
3) number of acres to be treated

4) target PLS /ft? after considering site conditions and seeding method

Example calculations for a single species seed mix: seed 1 acre with blue wildrye which has
131,000 seeds per pound and is 83% PLS to get a result of 20 PLS /ft*:

(1 acre) x (43,560 ft*/acre) x (20 PLS/ft?) = 871,200 PLS
(131,000 seeds/Ib) x (0.83) = 108,730 PLS/Ib.
871,200 + 108,730 = 8.01 Ib.

Example calculations for a multi-species seed mixture: seed 1 acre with 4 species at different

rates (to equalize competition) to obtain a coverage of 40 PLS/ft.%:

Target Coverage
Species Seeds per pound PLS (PLS/ft2)
Blue wildrye 131,000 0.83 10
Mountain brome 81,500 0.86 10
Prairie junegrass 2,300,000 0.80 10
Sandberg’s bluegrass | 925,000 0.80 10
Total Coverage: 40 PLS/ft?

2 Bluebunch wheatgrass may be substituted on drier sites. ldaho fescue would be a good addition to this mix if available.

Blue wildrye: (1 acres) x (43,560 ft*/acre) x (10 PLS/ft?) = 435,600 PLS
(131,000 seeds/Ib) x (0.83) = 108,730 PLS/Ib.
435,600 + 108,730 = 4.01 Ib/acre.

Mountain brome: (1 acre) x (43,560 ft*/acre) x (10 PLS/ft?) = 435,600 PLS
(81,500 seeds/Ib) x (0.86) = 70,090 PLS/Ib.
435,600 + 70,090 = 6.21 Ib/acre.

Prairie junegrass: (1 acre) x (43,560 ft?/acre) x (10 PLS/ft?) = 435,600 PLS
(2,300,000 seeds/Ib) x (0.80) = 1,840,000 PLS/Ib.
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435,600 + 1,840,000 = 0.24 Ib/acre.

Sandberg’s bluegrass: (1 acre) x (43,560 ft*/acre) x (10 PLS/ft?) = 435,600 PLS
(925,000 seeds/Ib) x (0.80) = 740,000 PLS/Ib.
435,600 + 740,000 = 0.59 Ib/acre.

Total Mix = 11.05 Ib/acre

How to use PLS: If the plan calls for a certain amount of pounds of PLS seed per acre,
how much bulk seed is needed? To calculate the corresponding bulk amount, divide the
PLS percentage into the number of pounds recommended. Example: You want to plant 5
PLS pounds of Idaho Fescue per acre. The analysis label indicates 85% purity and the
germination is 79%. .85 x .79 = .67 PLS. Divide .67 into 5 Ibs/acre = 7.5 Ibs of BULK

seed/acre.
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Internet Resources
Weed Related Websites

Weed ID Sites

CropNet — Weeds

http://www.crop-net.com/weeds.htm

American Cyanamid Weed
Guide

http://www.cyanamid.com/tools/weedguide/index.shtml

UC Pest Management Guidelines
- Weed Photo Gallery

http://www.ipm.ucdavis.edu/PMG/r785700999.html

FMC Weed ID

http://ag.fmc.com/ag/weedbug

Idaho Noxious weeds

http://www.oneplan.state.id.us/pest/nw00.htm

University of lllinois Weed ID

http://web.aces.uiuc.edu/weedid.htm

lowa State Weed ID

http://www.weeds.iastate.edu/weed-id/weedid.htm

Noxious Weeds of Kansas

http://www.ink.org/public/kda/phealth/phprot/weeds.html

Common Weed Seedlings of
Michigan

http://www.msu.edu/msue/iac/e1363.htm

Oregon State Weed ID site

http://www.css.orst.edu/weeds/id.html

University of New England
Weed ID

http://www.une.edu.au/agronomy/weeds/photo _library/ph_lib.html

Rutgers Coop Extension - Weeds
of New Jersey

http://www.rce.rutgers.edu/weeds/index.html

Virginia Tech Weed
Identification Guide

http://www.ppws.vt.edu/weedindex.htm

WSSA Photo herbarium

http://ext.agn.uiuc.edu/wssa/subpages/weed/herbarium0.html

Wyoming Noxious Weed Site

http://www.uwyo.edu/plants/weeds/id

Weed Control

ARS Exotic and Invasive Weeds
Unit

http://wric.ucdavis.edu/exotic.html

NC Aquatic Weeds (East)

http://www.cropsci.ncsu.edu/aguaticweeds

Yellow Star thistle

http://soils.ag.uidaho.edu/yst

Weeds of No-till Cropping
Systems

http://www.btny.purdue.edu/Extension/Weeds/NoTilID/NoTillWeed1.html

North Carolina Cotton Weed
Control

http://ipmwww.ncsu.edu/Production Guides/Cotton/chptr10.html

New York Forage Crops Weed
Control

http://wwwscas.cit.cornell.edu/forage/recommends/recindex.html

Weeds of Minnesota Wheat

http://www.smallgrains.org/techweed.htm

Agricultural Companies

Aventis http://www?2.aventis.com

BASF http://www.basf.com

Bayer http://www.agro.bayer.com/

Dow AgroSciences http://www.dowagrosciences.com
DuPont http://www.dupont.com

FMC Home Page http://www.fmc.com

Monsanto http://www.monsanto.com

Novartis http://www.novartis.com/agri/index.html

Rohm and Haas Home Page

http://www.rohmhass.com

Zeneca Main page

http://www.zeneca.com
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http://ext.agn.uiuc.edu/wssa/subpages/weed/herbarium0.html
http://www.uwyo.edu/plants/weeds/id
http://wric.ucdavis.edu/exotic.html
http://www.cropsci.ncsu.edu/aquaticweeds
http://soils.ag.uidaho.edu/yst
http://www.btny.purdue.edu/Extension/Weeds/NoTillD/NoTillWeed1.html
http://ipmwww.ncsu.edu/Production_Guides/Cotton/chptr10.html
http://wwwscas.cit.cornell.edu/forage/recommends/recindex.html
http://www.smallgrains.org/techweed.htm
http://www2.aventis.com/
http://www.basf.com/
http://www.agro.bayer.com/
http://www.dowagrosciences.com/
http://www.dupont.com/
http://www.fmc.com/
http://www.monsanto.com/
http://www.novartis.com/agri/index.html
http://www.rohmhass.com/
http://www.zeneca.com/

Herbicide Company Geneology |

http://www.css.orst.edu/herbgnl/tree.html

Educational Resources

American Society for the
Advancement of Science

http://www.aaas.org

1998 Weed Science
Compendium

http://www.agsci.kvl.dk/weedsci/teaching/weedbk98.htm

BLM environmental Education

http://www.blm.gov/education/fire_and_weeds.html

K-8 Weed Projects

http://www.sped.ukans.edu/~unitest/explorer-db/html/835851687-
81ED7DA4C.html

National Science Foundation

http://www.nsf.gov

Miscellaneous

Council for Agricultural Science
and Technology

http://www.cast.science.org

The Environmental Weeds Home
Page (Austrailia)

http://weeds.merriweb.com.au

Sustainable Agriculture Network

http://www.sare.org/san

University of New England,
Australia

http://www.une.edu.au/agronomy/weeds

WeedJobs (Jobs in Weed
Science)

http://www.NRCan.gc.ca/~bcampbel

University Weed Science Sites

Auburn University

http://www.ag.auburn.edu/dept/ay

University of California, Davis

http://veghome.ucdavis.edu/weedsci/WWW/Welcome.html

Colorado State University

http://www.colostate.edu/Depts/IPM/nipm/agwee.html

University of Georgia Weed
Science

http://mars.cropsoil.uga.edu/fac_weed.htm

University of Illonois, Urbana-
Champaign

http://w3.aces.uiuc.edu/CropSci/weed-lab

lowa State Weed Science

http://extension.agron.iastate.edu/extweeds/Default.htm

University of Maryland Weed
Science

http://www.agnr.umd.edu/users/weed

University of Missouri-Colunbia
Weed Science

http://www.psu.missouri.edu/agronx/weeds

University of Nebraska Weed
Science

http://ianrwww.unl.edu/ianr/agronomy/ws.htm

New Mexico State University
Weed Science

http://taipan.nmsu.edu/weeds/

North Dakota State University

http://ncweeds@ndsuext.nodak.edu/extnews/weedpro/

Oregon State University

http://www.css.orst.edu/weeds/

Rutgers University

http://www.rce.rutgers.edu/weeddocuments/index.htm

Southern Illinois University

http://www.siu.edu/~weeds/

Texas A&M

http://aggie-horticulture.tamu.edu/plantanswers/turf/publications/weed?2.html

Virginia Tech Weed Science

http://www.ppws.vt.edu/

University of Wyoming

http://www.uwyo.edu/plants/weeds/

U.S. Government Weed

Related Sites

BLM Weed Site

http://www-a.blm.gov/weeds/

BLM Weed Hall of Shame

http://www.blm.gov/education/weeds/hall of shame.html

Federal Interagency Committee

http://bluegoose.arw.r9.fws.gov/FICMNEWFiles/FICMNEWHomePage.html
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http://aggie-horticulture.tamu.edu/plantanswers/turf/publications/weed2.html
http://www.ppws.vt.edu/
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FICMNEW

National Agricultural Pests
Information System

http://www.agnic.nal.usda.gov/agdb/napis.html

National Biological Control
Institute

http://www.aphis.usda.gov/nbci/

National Park IPM of Weeds

http://www.colostate.edu/Depts/IPM/natparks/natpark.html

USDA ARS Southern Weed
Science

http://msa.ars.usda.gov/la/srrc

USDA ARS Weed Science
Laboritory (Beltsville, MD)

http://www.barc.usda.gov/psi/wsl/wsl.htm

Weed Science Societies

and Organizations

American Crop Protection
Association

http://www.acpa.org

Colorado Weed Management
Assoc

http://www.fortnet.org/CWMA

European Weed Research
Society

http://www.ewrs.ac.uk

Herbicide Resistance Action
Committee

http://www.PlantProtection.org/HRAC

International Weed Science
Society

http://www.css.orst.edu/weeds/iwss

International Weed Science
Congress

http://www.sercomtel.com.br/ice/plantas

North American Weed
Management Association

http://www.nawma.org

North Central Weed Science
Society

http://www.ncwss.iastate.edu

Northeastern Weed Science
Society

http://www.ppws.vt.edu/newss.htm

Southern Weed Science Society

http://www.weedscience.msstate.edu/swss

Weed Science Society of
America

http://ext.agn.uiuc.edu/wssa

Weed Science Society of
Victoria, Australia

http://home.vicnet.net.au/~weedsoc

Western Society of Weed
Science

http://www.wsweedscience.org

Individual State Weed Sites

Arizona Rangeland Weeds

http://ag.arizona.edu/OAL S/agnic/weeds/home.html

Colorado's 10 Most Wanted
Weeds

http://www.ag.state.co.us/commish/press/1999/weedweek.html

Control of Invasive Exotic Plants
in the Great Plains

http://www.npsc/nbs.gov/resources/literatr/exotic/exotic.htm

Kansas Noxious Weeds

http://www.ink.org/public/kda/phealth/phprot/weeds.html

Michigan

http://mel.lib.mi.us/science/weeds.html

North Dakota Weed Information

http://www.ext.nodak.edu/extpubs/weeds.htm

Wyoming Weed and Pest
Council

http://www.wyoweed.org/

Appendix E Revegetation Guidelines



http://www.agnic.nal.usda.gov/agdb/napis.html
http://www.aphis.usda.gov/nbci/
http://www.colostate.edu/Depts/IPM/natparks/natpark.html
http://msa.ars.usda.gov/la/srrc
http://www.barc.usda.gov/psi/wsl/wsl.htm
http://www.acpa.org/
http://www.fortnet.org/CWMA
http://www.ewrs.ac.uk/
http://www.plantprotection.org/HRAC
http://www.css.orst.edu/weeds/iwss
http://www.sercomtel.com.br/ice/plantas
http://www.nawma.org/
http://www.ncwss.iastate.edu/
http://www.ppws.vt.edu/newss.htm
http://www.weedscience.msstate.edu/swss
http://ext.agn.uiuc.edu/wssa
http://home.vicnet.net.au/%7Eweedsoc
http://www.wsweedscience.org/
http://ag.arizona.edu/OALS/agnic/weeds/home.html
http://www.ag.state.co.us/commish/press/1999/weedweek.html
http://www.npsc/nbs.gov/resources/literatr/exotic/exotic.htm
http://www.ink.org/public/kda/phealth/phprot/weeds.html
http://mel.lib.mi.us/science/weeds.html
http://www.ext.nodak.edu/extpubs/weeds.htm
http://www.wyoweed.org/
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