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6 PLANNING PHASE THREE: VEGETATION ANALYSIS 

6.1 INTRODUCTION

We are now in Phase Three of the process of planning. Phase One began with defi ning the 
overall objectives of the revegetation project, the management areas (revegetation units), and 
the natural models (reference sites). Phase One included conducting preliminary assessments of 
vegetation, climate, and soils, as well as defi ning appropriate Desired Future Conditions (DFCs) 
for each revegetation unit. In Phase Two, site factors that might limit or aid the establishment 
of vegetation were identifi ed and analyzed, including which limiting factors in the roadside 
environment could be mitigated. Now that the environment has been defi ned, the task is to 
fully analyze the vegetation of the site.

In Phase Three, you will gather information about native vegetation on the reference sites and 
revegetation units. With this information, you will be able to refi ne the DFCs and consider the 
most appropriate revegetation methods to meet your objectives. By the end of Phase Three, 
you should have:

Completed the vegetation assessment of all reference sites, creating a comprehensive  ·
species list and defi ning plant communities and successional processes;

Determined which species and groups of species will be used on the project; and ·

Identifi ed target plant requirements and created a menu of potential stocktypes and  ·
plant establishment methods for revegetating the site.

In Phase Four, elements from these previous phases will be pulled together into a comprehensive 
revegetation strategy.

6.2 VEGETATION ASSESSMENTS

The objective of assessing vegetation is to: 1) create a comprehensive species list, 2) defi ne plant 
communities, and 3) identify successional processes. To do this, information about species and 
communities that was gathered in Phase One is revisited and supplemented as necessary with 
additional fi eldwork. This information will be used to select species, stocktypes, and planting 
strategies for revegetation.

To develop a comprehensive species list and defi ne plant communities and processes, you 
will need to revisit your maps and literature, and review the fi eld data that you collected from 
reference sites in Phase One. These include:

Vegetation and soils maps including noxious weed maps; ·

Plant association guides; ·

Maps and literature about threatened, endangered, or sensitive species; ·

Information about roadside management practices; ·

Species lists and vegetation descriptions from literature and/or local contacts; and ·

Species lists and vegetation descriptions from reference sites and project area. ·

6.2.1 Organize the Comprehensive Species List

Compile a comprehensive species list and organize your list into life forms:

Trees,  ·

Shrubs, ·

Annual grasses, ·

Perennial grasses, ·

Annual forbs, ·

Perennial forbs, and ·

Sedges and rushes. ·
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6.2.2 Defi ne Plant Communities and Ecological Settings

Species should also be identifi ed according to plant communities and ecological settings, 
as described in Phase One. For example, communities should be grouped as they appear in 
diff erent ecological settings:

Hot/dry,  ·

Warm/dry,  ·

Cool/moist, and ·

Cold/dry.  ·

6.2.3 Identify Successional Processes

Species should be identifi ed according to their successional group:

Early seral,  ·

Mid seral, ·

Late seral, and ·

Climax. ·

The next step is to analyze the above information so that you can select species, nursery 
stocktypes, and outplanting methods to match the needs of your project. 

6.3 DEVELOP SPECIES LISTS FOR THE PROJECT

From the vegetation assessment, each species on the comprehensive species list is considered 
for potential use on the project. This is accomplished by screening potential species through 
the following criteria:

Workhorse species,1) 

Working groups (groups of workhorse species),2) 

Specialist species, and3) 

Research and trial species.4) 

6.3.1 Determine the Workhorse Species

“Workhorse species” is a term used to describe locally-adapted native plants that have the 
following characteristics:

Broad ecological amplitude (that is, occurring in many diff erent environments), ·

Abundance, and ·

Ease of propagation and ability to survive well on roadsides. ·

If native species fulfi ll all three requirements, they will be the main species used in revegetation. 
Tables 6.1 and 6.2 illustrate how the process of selection works.

6.3.1.1 Amplitude

Workhorse species have broad ecological amplitude, occurring in many diff erent environments. 
The main criterion for workhorse species is amplitude (Table 6.1), or the recurrence of the 
species across a wide array of ecological settings. For example, if surveys revealed the same 
species on both hotter, drier environments and north-facing slopes on the project, that species 
has a high ecological amplitude.

6.3.1.2 Abundance

Abundance indicates the quantity, dominance or cover of species on each revegetation unit 
(0=never, 1=rare, 2=common, 3=abundant) (Table 6.1). It is summarized for the road project by 
adding together the abundance ratings given for the species in each revegetation unit.
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Table 6.1 – Analyzing amplitude and abundance. From species data collected at all reference 
sites, develop a comprehensive species list for analysis.

Abundance indicates the quantity, dominance, or cover of species on each revegetation 
unit (0=never; 1=rare; 2=common; 3=abundant). It is summarized for the road project by 
adding together the abundance ratings given each revegetation unit. In the case of Achillea 
millefolium, the abundance is 13 (out of a total of 15), indicating that it is a dominant species in 
all revegetation units. Allium fi brillum has a relatively low abundance of 2, which indicates that 
it is not abundant on this project.

Amplitude indicates the relative presence of a species on a project. It is the sum of the presence 
of each species in each revegetation units. For instance, Achillea millefolium was found on 
reference sites of all 5 revegetation units, so the amplitude is 5 indicating that this species is 
widely distributed. Allium acuminatum on the other hand, was found only on one reference site 
of a revegetation unit, and therefore has an amplitude of 1.

Scientific Name

Achillea millefolium
(common yarrow) 2 3 2 3 3 5 13

3 3 1 2 1 5 10

0 1 3 2 1 4 7

2 0 0 0 1 2 3

3 1 3 2 3 5 12

3 2 3 0 1 5 9

2 1 1 0 1 4 5

2 1 2 1 1 5 7

0 0 0 3 0 1 3

2 0 0 0 0 1 2

0 0 0 3 0 1 3

0 0 0 2 0 2 5 

Abies grandis
(grand fir)

Abies lasiocarpa
(subalpine fir)

Agastache urticifolia
(horsemint)

Agoseris aurantiaca
(orange agoseris)

Agoseris glauca
(pale agoseris)

Agoseris grandiflora
(bigflower agoseris)

Allium acuminatum
(tapertip onion)

Allium fimbriatum
(fringed onion)

Allium macrum
(rock onion)

Allium madidum
(swamp onion)

Warm.

Dry

Cool,

Moist

Cold,

Dry
Riparian

1 2 3 4 5

Meadow Amplitude Abundance

Acroptilon repens
(Russian knapweed)
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6.3.1.3 Ease of Propagation

Species that have high amplitude and are abundant may also lend themselves to propagation. 
Ease of propagation usually involves the following characteristics:

Plant materials (seeds, seedlings, or cuttings) are relatively easy to collect and process; ·

Seeds, plants, and cuttings are easy and inexpensive to propagate and culture in  ·
a nursery;

Seeds store well (longevity); ·

Seeds do not have special requirements for breaking dormancy. ·

It is now possible to determine which species are potential workhorse species for your project. 
The species that score high in amplitude, abundance, and ease of propagation will be the 
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Table 6.2 – Selecting species to propagate. The comprehensive species list can be used to 
determine the species that are most appropriate to use on the project. Workhorse species 
criteria are based on amplitude, abundance, and ease of propagation. A species such as 
Achillea millefolium, for instance, fi ts all criteria. Whether this species is propagated depends 
on whether it is a member of a particular working group and the objective of the project. Since 
this species fi ts into the “visuals” working group, and visuals are an important objective of this 
road project, this species will be selected for propagation. Agastache urticifolia is also showy 
and has a high amplitude and abundance. However, very little is known about the propagation 
of this species. This species has the potential of being a workhorse species, but will be placed on 
development status until more information or trials can be established to determine how easy it 
is to propagate. 

Allium fi brillum and Allium macrum are specialist species that occur together in a unique 
habitat. Since this road project provides an opportunity to enhance this habitat, these species 
are placed in a “conservation” working group. These species are considered specialists because 
they have low abundance, low amplitude, and little is known about how to propagate them. 
These species will be selected for propagation, however, because of the important role they play 
in restoring a unique habitat. Since little is known about seed propagation, seeds will be sent to 
the nursery for propagation into bulbs. The comprehensive species list also identifi ed Acroptilon 
repens, a noxious weed species, in several of the revegetation units.

Scientific Name

Achillea millefolium
(common yarrow) PF E N – 5 13 Easy Existing

T L N – 5 10

T L N – 4 7

PF E to M I N/A 2 3

PF E N – 5 12 Unknown Potential

PF E N – 5 9

PF E N – 4 5

PF E N – 5 7

PF E N – 1 3

PF E N – 1 2

PF E N – 1 3

PF E N – 2 5

Visual

Visual

Conser-
vation

High
Priority

Conser-
vation

High
Priority

Trials

Abies grandis
(grand fir)

Abies lasiocarpa
(subalpine fir)

Agastache urticifolia
(horsemint)

Agoseris aurantiaca
(orange agoseris)

Agoseris glauca
(pale agoseris)

Agoseris grandiflora
(bigflower agoseris)

Allium acuminatum
(tapertip onion)

Allium fimbriatum
(fringed onion)

Allium macrum
(rock onion)

Allium madidum
(swamp onion)

Life

Form1 Succession2 Origin3 Weeds4 Amplitude Abundance
Ease of

Propagation
Work Horse Specialist

Working

Group
Development

Acroptilon repens
(Russion knapweed)

1 Life forms: First letter stands for annual (A) or perennial (P).  Second letter stands for trees (T), shrubs (S), grasses (G), forbs (F), 
  sedges and rushes (W).
2 Succession: Early seral (E), mid-seral (M), late seral (L), and climax (C).
3 Origin: Native (N), introduced (I).
4 Weeds: Passive (P), aggressive (A), noxious (N).
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Figure 6.1 – Example working group. 
A comprehensive species lists for recovered 
reference sites was created during the 
assessment phase. Four species commonly 
occurred together in many of the reference 
sites. Venus penstemon (Penstemon 
venustus), scarlet gilia (Ipomopsis aggregata), 
phacelia (Phacelia heterophylla), sedum 
(Sedum stenopetalum), and (not pictured) 
mountain brome (Bromus carinatus) 
emerged as a potential “working group” for 
this site. This working group of four forbs and 
one grass was utilized to revegetate the south- 
and west-facing (hot-dry) slopes on this 
project. (Weston-Elgin Road Project, Umatilla 
National Forest, Oregon.)
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workhorse species you will choose to utilize on the project. Table 6.2 gives an example of how 
workhorse species were identifi ed from a comprehensive species list.

6.3.2 Develop Working Groups

The goal of roadside revegetation is not merely to establish plants, but to create functioning, 
sustainable plant communities. For revegetation purposes, a “working group” is a mix of 
workhorse species developed for a specifi c ecological function or management objective. One 
of the best ways to identify working groups is to review the comprehensive species list and 
determine which workhorse species commonly occur together on similar reference sites. For 
example, if fi ve species that commonly occur together on recently disturbed reference sites 
have been identifi ed, you have probably identifi ed a working group.

Working groups should also meet both short- and long-term project goals. When designing 
working groups, remember that it is possible to establish diff erent species at diff erent 
times. For example, grasses may need to be established early for controlling surface erosion. 
Outplantings of shrubs or trees could be done later to increase species diversity and encourage 
long-term slope stability. Workhorse species and working groups are not only mid and late 
seral, but also climax species.

The groups are further defi ned by their ability to fulfi ll certain management criteria. For example, 
can this group of plants be utilized (perhaps with some modifi cation) to perform functions 
that fulfi ll project objectives, such as weed control, conservation goals, soil stabilization, or 
visual enhancement? 

6.3.2.1 Weed Control

One of the most important ecological functions that plants can serve during revegetation is 
to occupy the site so there is no niche available for invasive species to establish. By occupying 
ecological niches from spring to fall with a combination of annual and perennial native species, 
site resources such as moisture, nutrients, and space, are denied to undesirable species. Working 
groups that are eff ective in controlling weeds are usually composed of a mix of forbs, grasses, 
grass-like species, and trees and shrubs that exploit the whole growing season and occupy 
multiple ecological niches (Sheley 2005).

6.3.2.2 Visual Enhancement

A high-visibility site might call for a species mix to include wildfl owers and other showy 
plants for roadside beautifi cation. These species can be practical “workhorses” that provide 
valuable functions, but also maximize color and visual enhancement throughout the season 
(Figure 6.1).



Figure 6.2 – Example of a specialist 
species. Aspen do not meet 
“workhorse” criteria because they 
are challenging to propagate and 
require special protection during 
outplanting. However, for a project 
in Umatilla National Forest, Oregon, 
aspen are important for ecological 
reasons and societal goals; therefore, 
aspen are included in revegetation as 
a “specialist” species.
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6.3.2.3 Erosion Control

On sites where erosion control is an important management objective, the working group 
would be based on plants that are highly eff ective for erosion control. This includes species 
which germinate and grow quickly, produce a high ground cover, generate biomass throughout 
the season, and survive for several years. 

6.3.2.4 Conservation Enhancement

As a functioning plant community, the working group increases the ecological health and 
biodiversity of project sites. In some cases, a working group will specifi cally focus on a group 
of species that are important for ecological and/or societal reasons. These can include sensitive 
species or species that are desired by the public. 

6.3.3 Identify Specialist Species

Working groups will not always be made up of workhorse species and there may be a need 
to propagate “specialist” species. The development of the working groups for a revegetation 
project will determine which additional specialist species will be needed. Since there may be 
very little information about the propagation of specialists, the number of species placed in 
this category should be prioritized and limited. If only a small number of specialist plants are 
needed, then other revegetation methods besides seed propagation should be considered. 
These include wild and nursery grown cuttings and plants. Some areas may contain special 
microclimates or soils that require a unique mix of species, or working group, that are typically 
not available. Seeps, springs, and serpentine soils are examples of some special environments. 
The important concept is that, for each project objective, a working group can be developed 
to meet that objective.

6.4 IDENTIFY TARGET PLANT REQUIREMENTS

Now that you have a list of which species to use for revegetation, the challenge is to determine 
how to propagate them and what is the best plant material for a particular site or objective.

One of the most useful tools for selecting the plant materials best suited to the project is the 
Target Plant Concept (Landis and others 2006). The Target Plant Concept is a holistic way of 
integrating how aspects of plant propagation, project site characteristics, and outplanting 
methods aff ect the selection of appropriate plant materials. The concept is based on the 
premise that there is no such thing as an “ideal” all-purpose seed mix or stocktype that will 
always work in any situation. Instead, the fi tness of the plant material is determined by its 
appropriateness to the site in which it will be outplanted.

The Target Plant Concept consists of 6 requirements for establishing native plants (Figure 6.3). 
At this point in the process, two of them have been covered: the objectives for establishing 
vegetation, and the factors that possibly play the largest role in limiting plant survival and 
growth on each revegetation unit.
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2. Type of Plant Material

5. Timing of Outplanting Window

6. Outplanting Tools and Techniques

3. Genetic Considerations 

4. Limiting Factors on 
     Outplanting Site

1. Objectives of Outplanting Project

Figure 6.3 – The Target Plant 
Concept identifi es 6 requirements 
for establishing native plants 
(adapted from Landis and 
Dumroese 2006).
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The remaining questions to ask are:

What are appropriate genetic sources for each species? ·

What type of plant material should be used (seeds, cuttings, or plants)? ·

What methods will be used to install plant materials and what post installation plant  ·
care is appropriate?

What is the proper season for outplanting or seeding (the outplanting or  ·
seeding window)?

6.4.1 Ensure Local Adaptation and Maintain Genetic Diversity

It is important to know the original collection source of seeds, plants, or cuttings to help ensure 
better long-term adaptation to local conditions and protect the genetic resources of local plant 
communities. Seed transfer guidelines (how far plant material can be transferred from point of 
origin to the project) have been developed for many forest tree species. This was the outcome of 
years of research that revealed that failures in tree planting establishment were sometimes the 
result of moving seeds too far from their source of origin. Although work is underway, guidelines 
for plant material movement are lacking for many native grasses, forbs, and shrubs used in 
revegetation activities. As a result, many native plants of inappropriate or unknown origin are 
being sold and planted in revegetation projects, despite the strong concerns. Mechanisms are 
available to help revegetation specialists choose appropriate materials (Insets 6.1 and 6.2).

6.4.2 Consider Plant Establishment Methods

Once species have been chosen and genetically appropriate sources of plant materials have 
been identifi ed, the next step is to determine the most appropriate plant materials for the 
project. Revegetating with native plants commonly involves multiple methods to reestablish 
vegetation on the project site. Possibilities to consider are:

Maximizing natural regeneration/recovery, ·

Direct seeding, and ·

Outplanting nursery stock. ·

In areas with relatively good soil stability that are bordered by healthy populations of viable 
native species, the existing seed bank and natural regeneration processes is a key part of 
re-establishing native vegetation on road sites. Minimizing the road footprint and damage 
from road construction is an important aspect of any type of planning, but will be especially 
key if revegetation tactics will involve supporting natural regeneration over more intensive 
revegetation interventions. In these cases, as long as topsoil is saved, the disturbance from 
road construction might serve to scarify the native seed bank. Often the option of maximizing 
natural regeneration is not suffi  cient to fully revegetate a roadside environment; nevertheless, 
it should always be considered as a possibility. Salvaging and reapplying duff  and litter layers 
to disturbed surfaces can aid in maximizing natural regeneration. The revegetation plan should 
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Inset 6.1 – Locally Adapted Plant Materials

(Excerpted and adapted from Withrow-Robinson and Johnson 2006)

For revegetation success, much more is involved than just creating a list of native species. 
Seed origin and genetic foundation (number of parent plants) must also be considered. 
Origin of seed collections and genetic foundation are often overlooked in revegetation 
projects. However, these are key factors to help ensure survival of the plants and protect 
local genetic resources.

Distinguishing Native and Local

The defi nition of what is “native” and what is “local” is not always agreed upon. For many 
people, a native species is one that was in the area before European settlement. However, 
many of these “natives,” including trees and shrubs common in riparian communities, 
are widely distributed across many states and huge geographical regions. In Oregon, for 
example, native trees such as Douglas-fi r (Pseudotsuga menziesii), ponderosa pine (Pinus 
ponderosa), western white pine (Pinus monticola), Oregon white oak (Quercus garryana), and 
black cottonwood (Populus trichocarpa) all range from Canada to Mexico, and, in some cases, 
from the Pacifi c to beyond the Rocky Mountains. Many herbaceous plants, such as yarrow 
(Achillea millefolium), also have very broad distribution. Each is native to, and survives in, a 
wide range of conditions across a broad landscape beyond Oregon. This is possible because 
local populations of each species have adapted to local conditions that vary with elevation, 
latitude, rainfall, temperature, and much more. For widely distributed species, “native” does 
not necessarily mean “local.” Plants from the Cascade Mountains in Oregon would not be 
expected to be well adapted to the Oregon Coast Range. The same species may occur in 
both locations, but the climates and soils to which the local populations have adapted are 
very diff erent between these two areas. This principle has been illustrated through decades 
of experience with forest tree species in North America and Europe. Local plant material 
sources have been shown to perform better than non-local sources of native species in 
many reforestation projects. Such experiences in forestry indicate that strict attention to 
source of origin for planting materials in revegetation activities is important.

Transfer Guidelines

In recognizing the need to use native species of local origin, it is important to determine 
how far plant materials can be moved and still be considered local. This question can be 
addressed through the use of transfer guidelines that recommend how far seeds or other 
plant materials can be transferred from their point of origin.

There is no magic number to indicate how far a plant might be successfully moved (e.g., within 
a 50 mile radius). One problem is that “local” is best defi ned in terms of the environment 
(local climate and soils) rather than in absolute distance. Many factors contribute to the 
environmental conditions to which a plant species must adapt, including rainfall, maximum 
and minimum temperatures, aspect, soil drainage and pH. The scope of adaptation also 
varies greatly between species. Some species (generalists) can be moved much farther 
than others (specialists) and still be well adapted to local conditions and regions. Thus, 
transfer guidelines vary from species to species and from region to region. Developing 
useful transfer guidelines is a slow process, incorporating several research approaches and 
computer models. Although guidelines have been developed for only a small number of 
native plants, work is underway on important herbaceous species.

Seed Zones and Elevation Bands

A common type of transfer guideline used to help managers identify appropriate sources 
of plant materials is the seed zone map developed for most of the western states. The seed 
zone map divides each state into geographic areas within which plant materials can be 
transferred with a minimal risk of being poorly adapted. Seed zones help identify where 
plant materials originated and how far they can be moved. Figure 6.4 shows seed zones 
for western redcedar and Douglas-fi r. These zones represent areas of fairly uniform 
environmental conditions. In mountainous regions, elevation bands within each zone are 
used to further defi ne adapted areas.
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Figure 6.4 – 
Example of seed 
zones for 
Douglas-fi r and 
western redcedar 
(St. Clair and 
Johnson 2003; 
Withrow-Robinson 
and Johnson 2006).

Douglas-fir western redcedar
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Seed zone maps are not perfect, since variation of adaptive traits is often continuous across 
the landscape rather than showing distinct boundaries as delineated in a seed zone map. 
Forest tree seeds and seedlings that are available from seed companies and nurseries are 
usually identifi ed by their seed zone, which makes it easier to purchase appropriate materials 
for your project. However, for many other species of interest, it can be diffi  cult to fi nd plant 
materials of known origin. 

One variation of the seed zone approach that could be used for other native species is the 
focal point seed zone. Beginning with a known point, such as a project area, this approach 
uses the same environmental factors, genetic information, and GIS technology that are 
used to develop seed zones or to construct customized focal point zones for that project 
area. The focal point approach is conceptually straightforward and logical, but has some 
practical limitations relating to source tracking and maintaining availability of growing 
stock. It is currently used more for herbaceous (non-woody) plants grown directly for seeds 
than for woody plants. This approach also gives the revegetation specialist the opportunity 
to “shop” for reliable plant material sources whose origin is within the customized focal 
point seed zone. Several organizations (e.g., the Native Seed Network) have established 
systems to track the collection and propagation of native species using the focal point seed 
zone approach.

Seed zones are further delineated by elevation bands. Depending on the species, elevation 
bands are delineated in increments of 500 to 1,000 ft. Some species, such as western white 
pine (Pinus monticola) can be moved across all elevations.

Ecoregions

Ecoregions may be substituted for seed zones to guide the transfer of plant materials. 
Ecoregions are defi ned areas of similar geographic, vegetative, hydrologic, and climatic 
characteristics, that are divided into diff erent levels, each level representing increasing 
degrees of detail. Because ecoregion maps identify areas with similar environmental 
characteristics, they may be useful to help determine initial seed zones. Several ecoregion 
maps have been developed. The map developed by the U.S. Environmental Protection 
Agency (EPA) has four levels, from coarse (Level I) to fi ne (Level IV). When other transfer 
guidelines are lacking, EPA Level III ecoregions, in conjunction with elevation bands, may 
be suitable to serve as temporary seed zones. Genetic research in forest trees has led to 
further divisions for most species and seed zones that are smaller than Level III ecoregions, 
so this might be considered a minimum starting point for guiding source selection of other 
revegetation species.

Since research-based transfer guidelines for most native plants do not exist as yet, the issue 
is often simply overlooked. This may lead to mistakes in selecting plant materials. Buying 
whatever plant materials are available from an easy or inexpensive commercial source 
can lead to the introduction and use of inappropriate plant materials. On the other hand, 
restricting acquisition to plant materials from the project site, or its immediate area only, 
can lead to loss of genetic variation and other issues such as delays in obtaining suffi  cient 
number of seeds. Neither is a satisfactory solution, and some guidance is needed. Until there 
is genetic data for each native species used in revegetation, seed transfer guidelines using 
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seed zones, focal point seed zones, and ecoregions are a fairly safe and conservative option 
for most native species. What is known from a century of forestry experience is that seed 
source is an important issue that should not be ignored by revegetation specialists.

Genetic Variation

Another important issue in selecting native plant materials is maintaining genetic variation 
in the populations established in revegetation work. Plant populations must be genetically 
variable to be able to adapt to new stresses. Collection and propagation procedures need 
to conserve suffi  cient genetic diversity to buff er environmental changes in both the short 
term (years) and long term (decades or centuries). Also, a suffi  cient number of unrelated 
seed parents (in outcrossing species) must be included to ensure that inbreeding will not 
become a problem in the future. Both issues come down to numbers; the more plants that 
contribute to the new population, the more genetic variation will be captured and the lower 
the likelihood that relatives will mate (less inbreeding). These criteria should be considered 
by managers, whether they are buying plant materials or collecting their own. 

Failing to consider genetic variation when selecting plant materials can potentially have 
signifi cant consequences on the viability and sustainability of revegetation eff orts. Yet it is 
easy to imagine how variability can be eroded. If plants are propagated from a very small 
and inadequate sampling of the population, genetic variation of the propagated plants will 
be greatly reduced.

Reproductive strategies vary widely between species. No single collection and propagation 
protocol will ensure the genetic integrity of all types of plants used in revegetation. However, 
the issue of genetic variation cannot be ignored. The following considerations should be 
given when collecting native plant materials:

Number of parents. ·  There is suffi  cient genetic research for woody forest species 
to recommend having a minimum of 20 unrelated seed parents represented in a 
collection in order to capture most of the genetic variation in a population. A similar 
number of individual parents should be included in cutting beds of clonally 
propagated species. Additional plant material would be needed if contribution 
by parents (of seeds or cuttings) is unequal. For dioecious species, attention to 
male-female ratios is essential to ensure adequate representation of both sexes. 
For species such as grasses, it is important to consult a geneticist familiar with those 
plant groups for guidance as to what an adequate parent population might be.

Source sites (stands).  · To represent the population of a seed zone well, seeds or 
cuttings should be collected from multiple sites within the zone. A similar numbers 
of parents should be sampled from each site. Seek out larger communities to help 
meet parent selection criteria.

Individual parents within a selected source.  · Individual maternal parents (seed 
trees) should be well separated from each other, yet not isolated from other trees. 
This will allow cross pollination by numerous paternal parents. A similar amount of 
seeds should be collected from each parent.
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Inset 6.2 – What To Do If There Are No Locally Adapted Native Seed 

Sources Available

(Adapted from Erickson and others 2003; Aubry and others 2005)

The volume of seeds needed for a revegetation project may not always be available in 
suffi  cient quantities, particularly when plans have changed or the revegetation specialist 
has not been involved until the latter stages of the project. In these instances, there are 
three choices available to the revegetation specialist: 1) wait several years until the 
appropriate seeds are available; 2) use non-native cultivars or non-local native cultivars; or 
3) use introduced species that are non-persistent, non-invasive, or sterile.

Defer Seeding

If the appropriate species or seed sources are not available, then consider not seeding until 
the appropriate seeds become available. In the interim, soil cover for erosion control should 
be considered.

Non-Local Native Species

Native species that do not occur naturally in the local ecosystem, or native plant material 
that does not originate from genetically local sources, may be considered. These types of 
plant materials may include commercial cultivars. A cultivar is “a distinct, often intentionally 
bred subset of a species that will behave uniformly and predictably when grown in an 
environment to which it is adapted” (Aubry and others 2005). These cultivars 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 threatened, endangered, and sensitive plants (Millar and Libby 1989; Knapp and Rice 
1994; Linhart 1995; Montalvo and others 1997; Lesica and Allendorf 1999; Huff ord 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 diffi  cult to distinguish from native germplasm. This could severely complicate 
eff orts to collect and propagate local material and waste valuable economic resources. 
Because of these concerns, cultivars should be used sparingly, with project objectives 
clearly understood. Consult with the seed producer or distributor before buying seeds and 
ask for the most appropriate cultivar for your area, where the source for the cultivar was 
collected (geographic location and elevation), and how many collections were made. The 
seeds should be certifi ed with a certifi cation tag attached to each seed bag. Tests for seed 
germination, purity, noxious weeds, and seeds per pound should be obtained.

Introduced Species

When appropriate seed sources are not available, sterile hybrids or annual/biennial/perennial 
introduced plant species that are non-persistent and non-invasive may be considered. 
Preferred non-native species are those that will not aggressively compete with the naturally 
occurring native plant community, invade plant communities outside the project area, 
persist in the ecosystem over the long term, or exchange genetic material with local native 
plant species. Some of these species include sterile hybrids, such as Regreen (a wheat x 
wheatgrass sterile hybrid) and annuals such as common oat (Avena sativa) and common 
wheat (Triticum aestivum). 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. Non-native 
species that were commonly used in the past should be avoided include Kentucky bluegrass 
(Poa pratensis), smooth brome (Bromus inermis), crested wheatgrass (Agropyron cristatum), 
orchardgrass (Dactylis glomerata), yellow and white sweetclover (Melilotus offi  cinalis and 
M. albus), alsike clover (Trifolium hybridum), and alfalfa (Medicago sativa), to name a few. 
These species are generally no longer recommended due to their highly aggressive nature, 
resulting in widespread losses or displacement of native species and plant communities in 
western wildlands.
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acknowledge aspects of the revegetation process that are expected to develop naturally 
(Clewell and others, 2005).

However, if native seed regeneration is not suffi  cient to revegetate the site, additional plant 
materials will need to be obtained and established. Plant materials may include:

Seeds, ·

Cuttings, and ·

Plants. ·

Determining which plant material to select for revegetation depends on the type of species 
being grown. For example, conifer trees have been shown to establish better and faster from 
plants than from seed or cuttings. On the other hand, grasses can be established from plants, 
but growing grass plants and planting them is very expensive compared to using seeds. Some 
species, however, do not produce reliable crops of seeds and therefore other plant materials, 
such as cuttings, will have to be used. Tables 6.3 and 6.4 compare the advantages and 
disadvantages of diff erent establishment methods and stocktypes. Various Implementation 
Guides (Chapter 10) describe obtaining plant materials in greater depth.

6.4.2.1 Seeds

Seeds are collected in the wild from native stands of grasses, forbs, shrubs, trees, and wetland 
plants. This plant material is used for seeding projects, such as hydroseeding of cut and fi ll slopes 
or other large areas of bare soil. Seeds of grass and forb species are best used for direct sowing, 
whereas seeds of shrubs and tree species are best used to grow nursery plants. If large amounts 
of grass or forb seeds are required for a project, seed collections can be increased through 
seed increase contracts. It can take up to three years to obtain enough seeds for a revegetation 
project – one year to collect the wild seeds and one to two years for seed increase. One of 
the advantages of utilizing seeds as the plant material is that seeding can be an inexpensive 
method of reestablishing plants for a large area. Guides to collecting wild seeds, increasing 
seeds, and salvaging and topsoil, duff , and litter are available in Chapter 10.

6.4.2.2 Cuttings

Cuttings are taken from stems, roots, or other plant parts and directly planted on the project 
site or grown into rooted cuttings at a nursery for later outplanting. Only a few species, such as 
willow (Salix spp.) and cottonwood (Populus spp.), can be easily established from direct sticking 
of cuttings on a project. Other species, such as quaking aspen (Populus tremuloides), can be 
established from cuttings in a controlled nursery environment, but not in the fi eld. Propagating 
plants from cuttings of most species is not possible under most growing conditions. Cuttings 
are collected in the wild in the winter months and either stored or immediately planted on the 
project. If large quantities of cuttings are required, cuttings can be propagated by growing 
them in stooling beds for several years at a nursery or other growing facility. Guides to working 
with cuttings are presented in Chapter 10.

6.4.2.3 Plants

Trees and shrubs are typically established using nursery stock rather than by direct seeding 
for several reasons. First, obtaining seeds from most tree and shrub species is expensive; in 
many years, they can be diffi  cult to fi nd or collect. Second, shrub and tree seeds germinate and 
grow into seedlings at a slower rate than grass and forb species, giving them a disadvantage 
on the sites where grasses and forbs are present. Starting shrubs and conifers from large plants 
instead of seeds gives them a competitive advantage over grasses and forbs because roots are 
often longer and better developed, allowing access to deeper soil moisture. Grass and forb 
species are seldom established from nursery-grown plants because of the high cost. Exceptions 
are when grass or forb seeds are rare or hard to collect or increase; if species are diffi  cult to 
establish from seeds on disturbed sites; or when the project requires restoring threatened or 
sensitive species.

Plants are typically grown in a nursery. However, for some projects, plants are salvaged from 
the construction site or adjacent areas. Sometimes salvaged plants are simply relocated quickly 
from one area to another. At other times, they may be transplanted into a nursery and replanted 
at a later time. Plants that are grown in a nursery require a lead time of one to two years from 
the time of ordering to availability. A variety of stocktypes are available from the nursery, 



Table 6.3 – Comparison of plant material types for revegetation planning (adapted from 
Dorner 2002).

Type Advantages Disadvantages

Balled-in-burlap

The plant is grown in the 
fi eld, dug up with its roots  
and surrounding soil, and 
wrapped in a protective 
material such as burlap.

•  Well-developed root systems 
increase chances of survival 
on site 

•  Provide shade and earlier 
establishment of upper 
canopy on site

• Expensive
•  Large and heavy to transport

Bare-root

The plant is sold without any 
soil around its roots.

• Less expensive
•  Easier to transport to site, 

lightweight to carry around 
for planting

•  Roots have not been 
restricted by containers

•  Require care not to let root 
systems dry out before 
planting.

•  Diffi  cult to establish in dry 
sites or sites with warm, 
sunny spring seasons.

Container

The plant is sold in a 
container of potting media or 
soil with drainage holes. Sizes 
and shapes of containers 
range from very small to 
very large.

•  Well-established root 
systems with intact soil

•  Provide “instant” plants 
on site

•  Available in a variety of 
sizes, many are available 
year-round

•  Can be planted all year long

•  Native soil not used in 
nursery, transplant shock 
may occur when roots try to 
move into native soil

• Can be expensive
•  Can be diffi  cult to transport 

to and around site if large 
numbers are used

•  Can be diffi  cult to provide 
irrigation until established, 
may actually require more 
maintenance than plug

Liners/Plugs

A small plant, rooted cutting 
or seedling that is ready for 
transplanting. They are often 
used for herbaceous plants 
and grasses.

•  Well-established root 
systems with intact soil.

•  Easy to transplant, plant 
material pops out of 
containers easily

• Same as above
•  Smaller plants may take 

longer to establish, require 
more initial maintenance

Cuttings

A piece of branch, root or 
leaf that is separated from a 
host plant and used to create 
a new plant.  These may be 
placed in a rooting medium 
or stuck  directly into the 
ground for planting.

•  Inexpensive to produce; 
Cuttings may easily be taken 
on site or from nearby site 

•  Easy and light to transport 
Known to work well in 
rocky areas or areas diffi  cult 
to access

•  No established root systems
•  Timing of taking cuttings 

and planting them is 
important, varies among 
species limited to 
dormant periods

Salvage

Native plants that are 
removed from a site (to a 
nursery, storage area, or 
directly to another fi eld 
location) before ground 
disturbance at that site 
occurs. (Can also refer 
to salvaged cuttings or 
seed sources.)

•  Can use plant material 
that would otherwise 
be destroyed

•  Plant material could be local 
to site

• Relatively inexpensive
•  Small or young salvage 

plants often adapt more 
readily to transplant than do 
mature specimens

•  Diff erent native plants 
respond diff erently to being 
dug up, some loss could 
be expected

•  Requires fairly intensive 
measures to protect plants 
and ensure they have 
adequate irrigation
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On-Site Methods

Characteristic Wild Cuttings Seeds Nursery Plants

Effi  cient use of seeds 
and cuttings

N/A NO NO YES

Cost of establishment HIGH MODERATE LOW MODERATE

Ability to establish 
diffi  cult species

YES NO NO YES

Option of using specifi c 
genotypes

NO NO YES YES

Precise scheduling of 
plant establishment

YES YES NO YES

Control of stand 
composition and density

YES YES NO YES

Matching stocktypes to 
site conditions

NO NO NO YES

Depletion of adjacent 
plant stands

YES YES NO NO

including small to very large plants; plants in containers or those without soil around the roots 
(bareroot); and plants grown in greenhouse environments or fi eld-grown plants (Figure 6.5). 
Selecting a stocktype will depend on the needs of the project, as there are multiple options for 
propagation and establishment, and many stocktypes to choose from.

For any stocktype, various desired characteristics should be defi ned including age, size, change 
of survival on the site, ability to compete with other vegetation and/or tolerate animal impacts; 
and methods that will be necessary to outplant and maintain the stocktype. For bareroot 
stocktypes, size, age, and potential survival rates should be considered. For cuttings, consider 
if the project requires containerized cuttings (with a root system in a container), heeled 
cuttings (with roots, but no container) or simply cuttings to stick directly in the ground on 
the project site. For cuttings, length, caliper, and issues of storage are also important factors. 
For container plants, no standard terminology exists for describing the diff erent types of 
container plants available (Landis and others 1992). They are usually described by their 
container type, referring to the volume and usually the shape of the container. Size and age of 
the plant is also described. When ordering container plants, consider age, caliper, height, root 
size and depth, and any other special characteristics that might help the plant survive in the 
fi eld (Table 6.3).

Salvaging plants from the project area can be an important component of protecting native 
plant diversity on the project site. Sometimes salvaged plants are simply relocated instantly 
from one area to another. Other times, they may be transplanted or moved to a nursery 
area, cared for, and then re-planted at an appropriate time. “Salvage” may also involve 
harvesting cuttings or seeds from plants that are going to be removed during the road 
construction process.

Depending on the species, genetics, site limiting factors, and specifi c project objectives, some 
idea of the appropriate “target” stocktypes will already be defi ned. For example, some plants 
respond well to certain propagation methods, some will be salvaged (“wildings”) from the 
site, and some are obvious candidates for direct seedling applications in order to facilitate fast 
regeneration. The needs and characteristics of a particular species will help determine if direct 
seeding, nursery propagation, or other methods are the more appropriate strategy. There are 
many options to consider. Some of these options are summarized in Table 6.4.

Table 6.4 – Comparison of diff erent plant establishment methods (adapted from Landis 
and others 1992).
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Figure 6.5 – Nursery stock is available in many container 
sizes and shapes. Consider the advantages and drawbacks of 
diff erent options before ordering plants.
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6.4.2.4 Scheduling

Timing is a key factor for 
obtaining plant materials 
because many native plants 
or seeds are not widely 
available from nurseries and 
seed companies. Even if a 
species is available, the odds 
are that it is not from a local 
source that is genetically 
adapted to your project site. 
Therefore, the earlier you 
start planning the better. 
It usually takes a lead time 
of two to three years to 
administer seed collection, 
seed increase, and seedling 
propagation contracts. 
Sometimes you may need 
to allow three years to 
achieve suffi  cient quantities 
of seeds. Plants (seedlings, 
cuttings, and so on) ordered 
from nurseries take a great 
deal of advanced planning 
for both seed collection 
and for plant propagation. 
Failure to realize the lead 
time necessary for seed 
collection and propagation 
of appropriate native plant 
materials is one of the most 
common mistakes made in 
revegetation projects.

6.4.3 Select Plant Material Installation and Maintenance Methods

There are many methods of installing plant materials on the project site. Seeds can be applied 
through hydroseeding equipment, disked or drilled into the soil surface, broadcast sown, 
imprinted, and/or covered with a variety of types of mulch. There are also a variety of techniques 
for installing cuttings and plants, including an expandable stinger (Figure 6.6), waterjet stinger, 
pot planter, auger, and regular old shovel. These methods are discussed in Chapter 10.

After plant materials have been installed, care is required until they are well-established. This 
includes protection from browsing animals, high temperatures, winds, competing vegetation, 
and drought. Measures that can be taken to mitigate for browsing animals include installing 
netting and tree shelters, as well as applying animal repellents. Seedlings can be protected 
from high temperatures and wind with shade cards, tree shelters, and large obstacles, such as 
logs. Competing vegetation is controlled through weeding, mulch, or herbicides. In extremely 
dry conditions, soil moisture can be supplemented by using irrigation systems.

6.4.4 Determine Outplanting Windows

In addition to ensuring you have enough lead time to successfully carry out native revegetation 
goals, you also need to determine the seasons for planting. There are advantages and 
disadvantages to carrying out operations at any time in the year and determining the timeframe 
should be based on the species, plant material, and site factors.

The optimum time of year to outplant for greatest plant survival is called the outplanting 
window. It is determined by graphing the annual precipitation, temperatures, and snow 
accumulation of a site. This information can be obtained from climate stations, as described in 
Phase One. Outplanting windows are also defi ned by the species, stocktype, and outplanting 
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Figure 6.7 – Outplanting must be 
timed properly for best results given site 
conditions and species requirements 
(reproduced from Page and Bork 2005).

Figure 6.6 – Match stocktypes to outplanting options and equipment available. The 
expandable stinger (A) is a special planting machinery that attaches to the arm of an excavator. 
Long-tube stocktypes are placed in the stinger and pushed in the soil (B). The stinger opens and 
plants the seedling in the soil (C, D). This machinery can reach very steep, rocky slopes that are 
inaccessible for manual planting.

A
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methods. For example, two diff erent species of bunch grass might have very diff erent survival 
rates depending on when they were outplanted. Figure 6.7 shows survival rates for bluebunch 
wheatgrass (Pseudoroegneria spicata), which survived better when planted in fall, and spreading 
needlegrass (Achnatherum richardsonii), which did better when planted in spring.

Several factors are important for determining outplanting windows. These include 1) soil 
temperatures in late winter and early spring, 2) precipitation during spring and early summer, 
3) soil temperatures in fall, 4) precipitation in fall, and 5) snow cover. Three examples of 
identifying outplanting windows are provided in Figures 6.8, 6.9 and 6.10. Applying the 
following set of guidelines to the climate data will help clarify the optimum times to plant.

6.4.4.1 Soil Temperatures in Late Winter and Spring

Seedlings must develop new roots soon after they are planted to become established and 
survive the hot (and in many regions, dry) summer of the fi rst growing season. For most species, 
new root growth occurs when soil temperatures exceed 42 °F. Waiting for soil temperatures to 
warm to 42 °F in the spring before outplanting, however, will shorten the period of time when 
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Figure 6.8 – The project site 
is located near Tiller, Oregon, 
where winters are wet and 
relatively mild, and summers 
are dry and hot. North slopes 
support Douglas-fi r, incense 
cedar, and madrone. South 
slopes support ponderosa pine, 
oaks, and grasses. During the 
summer months, strong drying 
winds blow up the valley in the 
afternoon. Weather station 
records, from a U.S. Regional 
Climate Station located 
several miles away, show daily 
maximum summer temperatures in July and August averaging 84 °F.

The site has two planting windows. The spring planting window starts after the risk of the 
last winter cold front in mid-February has passed and ends two months before monthly 
precipitation dips below 1.5 inches. The fall planting window begins as soon as the fi rst fall rains 
wet the soil profi le and ends one month prior to soil temperatures dropping below 42 °F. 

Long dry summers, coupled with high temperatures and strong winds, create challenges 
to establishing seedlings. Outplanting in the fall or in mid to late winter is essential in order 
to develop new roots. Removing grass and other vegetation from around the seedling and 
applying a mulch fabric in March increases soil moisture. In places, tree shelters and shade cards 
placed around seedlings can protect them from the drying eff ects of the afternoon wind.

Hydroseeding in October with mulch and tackifi er will keep seeds in place long enough to 
germinate in November. Complete seedling establishment will occur by the following April.

Case Study: Low Elevation, Western Cascade Site
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Figure 6.9 – The climate at 
this project site is typifi ed by 
dry, mild summers and cold 
winters with a snow pack 
extending from late fall to 
late winter. (Climate data was 
from a weather station located 
near the town of Chiloquin, 
Oregon.) Ponderosa pine, 
quaking aspen, and bitterbrush 
are the dominant vegetation 
on the site. The planting 
window begins immediately 
after snowmelt. Precipitation 
drops off  signifi cantly in April 
and May. Planting must be 
completed no later than 
the fi rst week of April when 
monthly precipitation drops 
below 1.5 inches. Note that soil temperatures during the recommended planting windows are 
cooler than 42 °F. Nevertheless, it is more important to plant early on arid sites than wait until 
soil temperatures warm. Rainstorms in the fall do not deliver enough moisture to recharge the 
soil before mean fall temperatures drop below 42 °F. Early planting can take place in the fall if 
seedlings are irrigated at the time of planting. Seedlings on south slopes should be mulched to 
conserve soil moisture, while seedlings on cooler north aspects would benefi t from, but may not 
require, mulch.

Grass and forb seeding in September and October is essential since most seeds from this 
area require a stratifi cation period. Seeds will not germinate in the fall because of the lack 
of continuous fall moisture and low temperatures. Germination occurs immediately after 
snowmelt in the spring. Seed germination can be poor because the soil surface dries out quickly 
due to low humidity, high solar radiation, and low precipitation. Mulching the seedbed with 
ground wood fi ber or straw will maintain high humidity around germinating seeds. Spring 
seeding can be successful if seeds are soaked for several days prior to seeding and if seeding is 
done as soon as snows have melted.

Case Study: Cool, Arid Site
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Figure 6.10 – This site is 
located in the high Cascade 
Mountains at 4,800 ft elevation. 
Mixed stands of mountain 
hemlock and noble fi r occupy 
the site. Snowpack begins in 
November and is present on the 
site until May, just as summer 
air temperatures increase. 
Seedlings must be planted as 
soon as the snow leaves the site. 
Thunder storms will typically 
wet the soil by late summer, 
opening a second planting 
window sometimes as early 
as late August. Competing 
vegetation must be controlled around container seedlings planted at this time to maintain 
high soil moisture for the remainder of the fall. Scalping vegetation immediately after planting 
and applying a mulch will help maintain high soil moisture. As temperatures begin to drop in 
late summer, evaporative demands on the planted seedlings are reduced. Planting must be 
completed by late September to ensure that seedlings will have some time to develop new roots. 
North sites will have cooler soil temperatures and should be planted sooner than south aspects.

Weather station data indicate average minimum air temperatures are cold during the growing 
season. Applying tree shelters around seedlings will increase daily air temperatures, creating a 
more favorable environment for seedling growth. North aspect seedling plantings might benefi t 
more from tree shelters than south aspect plantings.

Sowing can take place in the late spring, immediately after snowmelt, and again in the fall. 
Late spring sowing will be signifi cantly enhanced by applying mulch over the seedbed and/or 
pregerminating seed prior to sowing. Seeds of species that do not require stratifi cation should 
germinate within a month after sowing in late spring. Species requiring stratifi cation should be 
sown in the fall.

Case Study: High Elevation Site
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soil moisture is available to the seedling. For this reason, a common restoration strategy is to 
outplant seedlings as soon after the last threat of a deep frost in the winter has passed, even if 
the soil temperatures are below 42 °F. 

6.4.4.2 Precipitation in Spring and Summer

Much of the western United States experiences dry summers, with winters receiving most of 
the precipitation. Under this regime, soils lose their moisture in the summer and recharge from 
storms that occur in the fall and winter months. Plants have adapted to this climate by growing 
new roots and leaves during the spring, when soil moisture is high, and shutting down or 
becoming dormant in the summer, when soil moisture is depleted.

The most critical factor for seedlings that are outplanted in the spring is the length of time 
available for the seedling to develop new roots before soil moisture is depleted. Sites with little 
or no precipitation in the spring or summer will dry out faster than sites with high spring and 
summer precipitation. A rule of thumb is that an average monthly precipitation of less than 
1.5 inches will do little to recharge a dry soil during late spring through fall. Figures 6.8, 6.9, and 
6.10 show spring outplanting windows for three very diff erent project sites. On low elevation 
sites west of the Cascade Mountains, the planting window can be fall and spring (Figure 6.8), 
whereas high elevation sites might have a planting window only in late spring (Figure 6.10).

6.4.4.3 Soil Temperatures in Fall

If outplanting is planned for late summer or early fall, it is important that soils have high moisture 
and temperatures are warm enough to encourage new roots to grow into the soil before winter 
arrives. On cold sites where seedlings are not protected by snow, the upper portions of the 
soil profi le will typically freeze. Fall outplanted seedlings that have not established new roots 
below the frost line risk desiccation by wind or sun exposure in the winter months because 
no water is available to the seedling. For greatest success, soil temperatures should remain 
above 42 °F for at least one month after seedlings are planted in the fall for root development 
and seedling establishment prior to winter. Figure 6.10 shows a late summer planting window 
on a high elevation site where precipitation is high in September and soil temperatures are 
above 42 °F.

Soil temperatures are signifi cantly warmer on south aspects, which means that outplanting 
windows on south exposures are often wider and extend further into the fall than planting 
sites on north aspects, given soil moisture is adequate for root growth. Weather stations do 
not report soil temperatures. However, they can be extrapolated from average monthly air 
temperatures with a certain degree of reliability. Placing recording thermometers in the soil 
before construction will give more exact soil temperatures.

6.4.4.4 Precipitation in Fall

When outplanting seedlings in the fall, high soil moisture is essential for seedling survival and 
growth. Fall soil moisture is typically very low, and the only means of recharging a dry soil is 
through rainstorms or irrigation. Two or more inches of rain over a period of at least several days 
is often required to moisten most dry soils. Many sites in the western United States, however, 
seldom have rainstorm events great enough to moisten the top 12 inches of soil before cold 
soil temperatures occur. Fall planting on these sites has a low potential for seedling survival. 
On sites with suffi  cient fall precipitation, planting windows are open as soon as a rainstorm 
event wets the surface 12 inches of soil.

6.4.4.5 Snow Cover

Seedlings should not be planted through snow, so outplanting windows are open before snow 
accumulation and after snowmelt. Be aware, however, that cold water from melting snow keeps 
soil temperatures low. Soil temperatures should be monitored during or following snowmelt.

6.4.5 Determine Sowing Windows

The outplanting windows for seed sowing may be diff erent than those for planting nursery 
stock. Optimum planting times for seeds are called “sowing windows.” Sowing windows change 
by site environment, sowing methods, and seed needs. Seeds will germinate and develop into 
healthy, viable plants when: 1) seed stratifi cation requirements are met, and 2) seeds are in a 
warm, moist environment during germination. Seed stratifi cation requires a cold, moist period, 
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ranging from a few weeks to several months, during which time the seeds are conditioned for 
germination. This usually occurs naturally in the western United States during the early to mid 
spring, but it can be induced artifi cially in seed coolers.

After seed stratifi cation requirements have been met, a moist, warm period must follow in which 
seeds and soil do not appreciably dry down. Drying during this time can prevent germination 
and kill new germinants. In the western United States, these conditions are best met by sowing 
seeds in the late summer to early fall. On warm, moist sites (e.g., Figure 6.8), seeds that require 
a very short stratifi cation period will germinate in the early fall and begin to establish ground 
cover before winter rains occur. Fall-sown seeds requiring stratifi cation will have moisture and 
temperature requirements met during the winter months. On drier sites (Figure 6.9), fall-sown 
seeds will not germinate due to lack of precipitation.

If fall sowing is not possible, sowing can take place in the late winter or early spring. Sowing 
at this time generally results in less vigorous stands of grass and forb seedlings because there 
is a shorter period of favorable conditions for seeds to germinate and seedlings to become 
established. Another drawback of spring sowing is that some species will not receive the 
required cold, moist period to break seed dormancy and germinate. Once germination has 
occurred, several months of periodic precipitation with average air temperatures exceeding 
40 °F are required for successful establishment of ground cover.

Spring sowing can be enhanced in several ways. A mulch applied over the seeds will help 
maintain higher seed moisture levels and keep soil moisture in the soil for a longer period. 
Seeds requiring stratifi cation can be artifi cially stratifi ed for spring sowing to achieve earlier 
germination (Cook and others 1997). Care must be taken that the seeds do not mold or begin 
to germinate during this period, or dry down for sowing. The eff ect of hydromulch equipment 
on germinating native species seeds is unknown at this time; seeds may be damaged if sown 
using this method.

6.5 NEXT STEPS

By the end of Phase Three, you will have completed an assessment and analysis of the native 
vegetation on your revegetation units and reference sites. You will have refi ned your DFCs for 
short- and long-term goals; gained an understanding of the species, plant communities, and 
successional processes; analyzed species and communities in order to select the species to be 
used for revegetation; and reviewed potential plant material types and seeding or outplanting 
methods to consider in order to revegetate the site. Now it is time to move to Phase Four, 
where all the elements will be integrated into a comprehensive strategy for road design, site 
treatments, and revegetation – the Revegetation Plan.
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