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Preface

This Manual describes methods for planning and
implementing revegetation projects in Yukon. It takes

a practical approach based on experience with various
methodologies and plant species that have proven

to be successful in the territory over the past three
decades. The Manual was designed to address a range
of revegetation sites and applications, from borrow pits
and mine sites, to highway right-of-ways, transmission
lines and pipeline corridors — even parks.

Land Managers in Yukon need to wear many different
hats, and this Manual was written to be useful

to professionals who do not necessarily come from a
background in revegetation but who in the course

of their work need to develop or implement revegetation
plans. Professionals with more experience, including
those outside the territory, should find this document

to be a useful summary of the current approaches to
revegetation work in Yukon.

Revegetation projects in Yukon face a number of
fundamental climatic and environmental challenges,
usually simultaneously: a short growing season; little
and poorly-timed precipitation; and weakly-developed,
shallow soils with a variety of nutrient deficiencies and
little organic content. Adding to these challenge are

a lack of specialized equipment in the territory for seeding
and fertilizing, and limited commercial availability of
appropriate seeds, fertilizers and other supplies. Usually,
these need to be special-ordered and trucked long
distances, which adds to project costs and complicates
logistics. The methods and strategies recommended

in this Manual were developed specifically to increase
the chances of revegetation success in light of these
challenges.

Yukon Revegetation Manual was written as an update
of Guidelines for Reclamation/Revegetation in the
Yukon published in 1993 (Vol. 1) and 1996 (Vol. 2).
Those Guidelines represented the first large-scale
attempt to compile a set of seed mixes and practices
for revegetation projects in Canada’s north. Principally,

it used a framework of regional ecological data,

patterns in native vegetation-soil associations, and field
trials for individual revegetation species to recommend
regionally-specific seed mixes. With this approach,

the old Guidelines focused heavily on the biology of the
vegetation, but less on the practical aspects of site
preparation and implementation. At the time the old
Guidelines were written, the Yukon revegetation industry
was still in its infancy. Since then, a number of species

or cultivars it recommended have turned out to be
commercially unavailable, while others were ineffective
in Yukon conditions and a few have turned out to be
invasive. There also have been subsequent advancements
and refinements in revegetation methodologies.

The current Manual uses the lessons learned to winnow
out those practices and revegetation species that have
proven to be impractical or unsuccessful. It takes a less
regional approach because experience has shown that

the geographic location of a revegetation project in Yukon
is less critical than other aspects of the site, such as slope,
elevation, soil fertility, soil moisture, soil organic content
and level of disturbance. Consequently, the current
Manual uses a more site-specific approach; it presents
revegetation as a more integral component of overall
project design; and it recognizes that a more aggressive
approach to revegetation often is necessary because

many sites in Yukon will consist of bare mineral soil and/or
have steep slopes. Because of these challenges, this
Manual takes a decidedly more “how-to” approach by
explaining methods and equipment in greater detail.

None of this implies that the learning process is over — far
from it. Revegetation planners are encouraged to continue
experimenting with plant species, soil amendments,
equipment and other aspects of the revegetation process.
Despite best efforts, some revegetation projects will

still fail. But practitioners can take heart knowing that

the success of a Yukon revegetation project sometimes
hinges as much on the vagaries of extreme weather events
(i.e., "luck”), as on good planning and good project
execution.

Yukon Revegetation Manual vii
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Key Messages

Successful projects in Yukon depend on the application of several principle stratagems

("key messages”) that run as threads throughout this Manual. They are presented

in this chapter to underscore their importance and to serve as a preview of the detailed

information that will be found in subsequent chapters.

Key Message 1:
Successful Revegetation is
Incremental

How is success measured in the revegetation industry?
Even though many of the tools and techniques are the
same, revegetation work is not farming, where the
objective is to achieve maximum productivity year after
year on the same plot of land. In contrast, revegetation
planners try to establish a functional and permanent
ground cover in a single, cost-effective treatment. Usually,
success is gauged by the extent, evenness, health and
resilience of new plant growth, and a project is deemed
successful if the vegetation is effective at stabilizing
ground surfaces and preventing erosion (additional
objectives are discussed throughout this Manual ).

Too often, a Yukon revegetation project consists of simply
broadcasting a generic seed mix on dry, compacted
ground with essentially no organic content; the extent

of the ground work entails dragging a chain harrow
behind the broadcaster (Fig. 1.1). A good many of these
projects fail or produce unacceptable ground cover.

6 Yukon Revegetation Manual — Chapter 1

In contrast, successful revegetation projects in Yukon are
the result of following a number of critical steps that
are detailed in this Manual. The most important ones are:

e Collecting baseline information about site conditions,
including soil testing

e Properly preparing the ground, including
decompaction

e Preserving or stockpiling, and then reapplying soil
organic materials

e Fertilizing with the appropriate blend and at the
appropriate rate

e Prescribing a seed mix with the right diversity and
species for the site conditions

e Properly timing each activity

Each one of these steps adds incrementally to the quality
and outcome of the project. Whenever one step is skipped,
or corners are cut, the results will suffer proportionately.
Shortcutting too many steps, or even one critical step,
often results in complete site failure — the conditions in
Yukon are just too unforgiving.

YG ENERGY, MINES & RESOURCES
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FIG 1.1

Too often in the past, a Yukon revegetation project has simply
meant broadcasting a generic grass mix on a sterile compacted
surface with few organics and no ground preparation other
than dragging a chain harrow behind the broadcaster.

Key Message 2:
Define the Objective

Clearly defining the objectives of a revegetation project

is fundamental to planning the project and evaluating

its success. The objectives can vary dramatically between
projects, which is why there is no single criterion for judging
project success. The objectives may include all or some of
the following: providing protection from erosion, jump-
starting the natural restoration process, excluding invasive
species, maintaining the genetic integrity of the native
vegetation, helping to maintain the ground’s thermal
regime, providing an enhancement of perceived aesthetics,
or achieving the most ground cover for the least cost.

For example, when revegetating a small (0.1 ha) drilling
pad at a remote mining exploration site, the goal may

be to promote the growth of natural vegetation and avoid
the introduction of non-native plants (non-native genetics)
to an otherwise pristine area — in other words, ecological
restoration. Erosion might not be much of a concern
because it is a flat site. On such a site, the preferred course
of action may be to collect and sow seeds from local
plants. Whereas in a highway corridor, the main objective
often is to rapidly stabilize slopes covered with bare
mineral soil, with the additional goals of controlling for
invasive species, managing per-acre revegetation costs,

Most sites prepared this way yield poor results, or fail completely.
Successful revegetation projects in Yukon require proper ground
preparation, application of organic materials and/or fertilizer,

and properly selected species for the seed mix.

and promoting herbaceous species over woody species,
because the latter impair visibility for drivers. Collecting
local seeds for such a project not only is impractical, it
will not be the best way to achieve the project objectives.

The information and prescriptions presented in the
remainder of this Manual are always discussed in the
context of site objectives.

FIG 1.2

Good site preparation is critical for revegetation success
in Yukon, including the addition of organic materials and
measures to control for runoff and erosion.

Chapter 1 — Yukon Revegetation Manual 7
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Key Message 3:
Know Your Site

There is no single, one-size-fits-all approach to revegetation.
Every site will be truly unique. Therefore, in order to
develop an effective revegetation plan, it is imperative
that practitioners become familiar with each site’s specific
conditions and challenges. Minimally, this involves a site
visit, developing a site narrative, and collecting baseline
information about site conditions that affect plant growth.
Typically, this information includes a description of the
site’s elevation, slope, aspect, sediment properties,
drainage patterns, precipitation regime, and a survey of
the surrounding vegetation. Soil samples also should

be collected to analyze the nutrient status and pH of the
soil. All of these data will be critical for making informed
decisions regarding issues such as which species to include
in a seed mix, seeding rate, fertilizer application, surface
treatments, and setting realistic goals. Knowledge of

the surrounding native vegetation will provide insight into
general soil conditions and limitations to plant growth,

as well as natural colonizing species that are in the vicinity.
It also provides a preview of what the disturbed site may
look like after it has been revegetated, and thus may serve
as a criterion for gauging the project’s success.

T. OMTZIGT

Chapter 2 provides a more thorough review of the
planning process, including more guidance on the type
of baseline information required for proper planning
and methods of data collection.

T. OMTZIGT

FIG 1.3

Know your site. These three photos
illustrate the effect that aspect and slope
have on revegetation. All were taken

at the same site in southern Yukon, within
100 m of each other. The first photo (a)

is a north-facing slope, the second (b) is

a south-facing slope and the third (c) is a
flat spot above the slopes. All have the
same gravely, organic-poor substrate and
all were seeded with a generic grass

mix 25 years ago. Essentially none of the
planted grass became established; all
plants in the photos revegetated naturally.
Notice how much the vegetation differs
on each surface due mostly to the way
that the different slopes and aspects affect
moisture retention.

T. OMTZIGT
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FIG 1.4
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Stockpiling and reapplying organic materials is one of the most effective ways to increase the success of revegetation

projects in the territory.

Key Message 4:
Saving and Applying
Surface Organic Materials

The difference in germination and growth between seeds
sown in organic-rich soil versus bare mineral soil is
remarkable. However, many projects call for revegetation
work on sites where the surface is graded or stripped
ground, or even fill material, with little or no organic
content. Consequently, one of the best steps that can

be taken to enhance revegetation is to preserve (stockpile)
any surface organic materials that are stripped during
development activities and reapply them prior to seeding.
This is by far the best way to improve the soil’s nutrient
status, tilth and moisture-retaining qualities. Organic
material that is stockpiled and stored for years still retains
its value. In addition, seeding rates can be cut in half

or more when organic materials have been re-applied,
because they contain a natural seed supply that will
germinate when the organics are spread and exposed

to air and water. Not only is this practice the common-
sense approach, it often costs less money and effort in
the long run and offers the best chance for establishing
natural vegetative cover that retains local plant genetics.

Being able to preserve soil organics for later use requires
careful project planning. Sites are easily disturbed, but it
takes a deliberate effort to separate the different ground
materials (soils, organics, sediments) into stockpiles.

It means identifying good stockpile locations as part of
the overall site development plan. This may be as simple
as pushing the material to just outside of the work area,
something which is commonly done in road construction.
For large or long-term projects, such as a mining operation,
the stripped-off duff layer and underlying organic soil
may need to be hauled away to a location where it will
not interfere with other mining operations. Methods and
practices of preserving and applying soil organics are
described in Chapter 3.

Keep in mind that many of the tools and techniques
presented in this document are only necessary because it
is assumed that soil organic content will be poor. In other
words, they mostly apply when the goal is to establish
vegetation on bare mineral soils. Throughout the planning
process and during deliberations over how much ground
preparation is necessary and how much seed and fertilizer
to apply, planners should ask themselves how much
trouble and money could have been saved if the original
organic material on-site had been stockpiled and re-spread.

Chapter 1 — Yukon Revegetation Manual 9
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Key Message 5:
Ground Conditioning and
Fertilizing

As part of a successful revegetation strategy in Yukon, it is
almost always necessary to take actions that will improve
poor soils and poor growing conditions. Increasing soil
organic levels and providing tillage (i.e., decompacting
the soil) are the main methods used to develop good soil
structure. In addition, fertilizing nutrient-poor soil will
provide a short-term influx of nutrients that will enhance
initial plant growth, though the effect will only last one
to three seasons at most. Once the plants are established,
soil-building processes will continue naturally due to the
turnover and breakdown of plant matter, and generally
no further soil amendments will be needed.

The surface preparation techniques used to create
suitable and stable soil conditions depend on the site’s
topography and erosion potential. Flat surfaces can
simply be decompacted using tilling techniques, while
slopes with erosion-prone surfaces or very steep sites
may require the application of ground cover materials,
such as mulches, or bioengineered approaches

(e.g., the creation of terraces and willow staking).

10 Yukon Revegetation Manual — Chapter 1
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FIG 1.5
Decompaction is one of the most
important aspects of site preparation
because it provides for aeration,

water absorption and root penetration.
Here, a five-shank subsoiler (“ripper”)
is used to decompact a site. Large disk
harrows and other tilling implements
can also be used. The application of
properly-formulated fertilizer is a key
to successful revegetation in Yukon.

Chapter 3 discusses the requirements for plant growth in
the context of revegetation. It also summarizes data on
nutrient deficiencies and other limitations to plant growth
encountered in Yukon soils and describes the use of
ground preparation techniques and fertilizers to improve
growing conditions.

Key Message 6:
Choose the Right Species for
the Seed Mix

The previous Guidelines for Reclamation/Revegetation

in the Yukon presented about four dozen species to
consider for revegetation seed mixes. Many of those
species are not available commercially, some have turned
out to be unsuitable for Yukon conditions, and a few

are now known to be invasive. This Manual has reduced
the list of recommended plants to 23 commercially available
species, and has removed the invasive species (this number
does not include the numerous local species which are
recommended for seed collecting and transplanting).

These 23 species have broad application in the territory
and are proven performers, but each species still exhibits
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FIG 1.6
Choose the right species for the site. The species recommended

for use in Yukon are listed in Chapter 5 and described in Chapter 6.

They have been selected for their proven performance in
Yukon'’s challenging conditions. Still, each species has a unique
set of adaptations and it is important to match the right

species for site conditions. For example, slender wheatgrass
(Elymus trachycaulus) is a good colonizing plant on dry to moist
sites with alkaline soil. It is a good species to seed on slopes
because of its moderately fast growth and roots that hold the
soil well.

strengths and weakness and will grow best in a given
set of conditions, be it wetter or drier, alkaline or acidic,
for instance. Thus, one of the best hedges for success

is to understand the characteristics of these 23 species in
order to create a seed mix that is matched to the site
conditions and the project objectives. Chapter 5 presents
options for species to consider in seed mixes based

on site conditions, while Chapter 6 presents individual
summaries and adaptive traits for these species.

Key Message 7:
Native vs. Non-Native
Species Selection

Currently in Yukon and elsewhere, the major trend in
the revegetation industry is to seed or transplant species
that are native to a region. The main rationale behind
this trend is twofold. First, native species are arguably
the best-adapted plants for site conditions, and generally
they require less maintenance and persist longer than
non-local species (though this is certainly not always

the case). When properly established, they form plant
communities with the potential to be self-sustaining and
self-perpetuating over time. Second, some practitioners

FIG 1.7

The use of non-native plants, such as annual ryegrass, is still an
option for certain applications, especially on difficult terrain
where it is critical to establish stabilizing ground cover rapidly.
While the industry trend is to plant only native species, currently
that is extremely difficult to implement in Yukon because
commercial seeds of “native” species are propagated outside
Yukon (in Alberta and Alaska), and therefore will have foreign
genotypes that can contaminate native populations through
cross-breeding. When it is a project priority to protect native
genotypes, one strategy is to plant non-native species that cannot
hybridize with local plants, as long as these non-native species
are not invasive, will not cause ecological harm, and will gradually
yield ground to native plants. Most of the non-native species
recommended in this Manual have been selected for those
criteria.

argue from a biogeographical as well as a bioethical
standpoint that it is inappropriate to introduce non-native
species to a region because of the potential that they will
alter natural ecosystems.

However, there is a contrary view that is gaining support

in this debate. It argues that most varieties of “native”
plants used in revegetation are actually developed and
cultivated far from the locale where they will be planted.
Through cultivation and selection by growers, these
cultivars develop a unique genome that is no longer
“native.” When seeds from those cultivars are planted,
they have the potential to introduce new, non-native
germplasm into the system (sometimes referred to

as “genetic contamination”) as they cross with native
conspecific plants. Using this rationale, planting non-native
plants may actually introduce less genetic contamination
because they are less likely to breed with native plants,
though interspecies hybridization can occur, especially
among grasses. Proponents of this unconventional
approach advocate for the intentional planting of non-
native species, but carefully choosing species that will only
persist for a few years and then give way to native species.
On the other hand, the evidence is still equivocal regarding
the long-term effects or harm done by the hybridization of
native plants with non-native cultivars of the same species.

Chapter 1 — Yukon Revegetation Manual 1
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And it should be pointed out that the practice of planting
non-native cultivars and non-native species has been
occurring for over 50 years in Yukon, with no apparent
harm to local genetics.

Clearly, there is much debate and even confusion in the
native versus non-native plant discussion, even to the level
of defining what is a native plant. Because this is one of
the more important decisions to be made by revegetation
planners, the native versus non-native discussion will

be taken up in more detail in Chapter 4, where it will be
shown that the issue is complicated in Yukon because
there is no commercial production of native plant cultivars
in the territory. Essentially all commercial seed is cultivated
outside Yukon, so the only way to plant true native

plants is for practitioners to collect and sow local seeds
themselves. Often that is not practical, especially for

large sites. Thus, it is inevitable that the vast majority of
revegetation projects in Yukon will necessarily utilize
non-native cultivars (and that fact alone renders mute
much of the native versus non-native debate). It is
emphasized throughout this Manual that commercial
seed must be sourced from suppliers in western Canada
(except southern/coastal B.C.) or Interior Alaska because
those cultivars will be adapted to Yukon conditions.

In a few circumstances, the use of non-native species
(two annual grasses, seven perennial grasses, and alfalfa)
will be suggested as an option to achieve a specific goal.
This practice can be justified because the recommended
species do not spread or persist and are not expected

to form a threat to native systems.

12 Yukon Revegetation Manual — Chapter 1

FIG 1.8

Good timing for each step of the
revegetation process is critical in Yukon
because of the short working season.
The jute/straw matting at this site

was placed the first week of October,
just before the first snow. By then,
local willow shrubs had gone dormant,
meaning willow cuttings could be
harvested and immediately staked in
ground that was not yet frozen.

Key Message 8:
Timing

Timing is an important consideration for any revegetation
work done in Yukon. Due to the short growing season,
work on the ground is typically limited to the period from
late May until the end of September. Moreover, seeding

is not recommended between early July and the end

of August because seedlings will emerge but will not have
enough time to mature and build the reserves necessary
to survive winter. Normally, seeding is done in spring

or early summer. Alternatively, frost seeding may be done
when the ground is beginning to freeze, usually in October
for most areas of Yukon. Chapter 4 elaborates on these
options.

The short work season in Yukon means that planning
ahead is critical. Revegetation often represents the last
stage of a larger development project, but revegetation
work should be included in the early stages of overall
project planning. There are two main reasons why this is
so important. First, contractors may need to be instructed
how to prepare the site in @ manner that is conducive to
subsequent revegetation efforts. For instance, they may be
required to scrape and stockpile organic materials when
the project begins, or to contour and condition the site
surface after construction (while equipment is still on site).
Second, the process of soil testing and then ordering
appropriate fertilizer and seed takes time. Waiting until
construction is completed in September is much too late
to begin thinking about the revegetation plan, if planting
still needs to occur that season.



Key Message 9:
Follow-up Monitoring

Finally, it is important to remember that the outcome of a
revegetation project, even one that is carefully planned,
can go awry for no fault of the planner or implementation
team. Yukon has a challenging climate for young plant
growth and the weather in any given season can be a
complete wild card. In a wet year, the chance of success is
much higher, but a dry year or a year in which it does not
rain during critical periods can spell failure. Poorly-timed

rainfalls seem to be the norm in Yukon. If the revegetation

effort has failed, or new growth is very sparse, a second

or even third seeding may be required. Therefore, for a

revegetation project to have a good chance of success, it is
essential to make periodic site visits to monitor the progress
of plant growth and other developments, such as erosion.

Revegetation, restoration, rehabilitation, and reclamation -

what'’s the difference?

Revegetation The goal of a revegetation program

is simply to re-establish plant growth on a disturbed site.
Revegetation programs do not necessarily have an
implied intent to achieve a natural ecological condition
or specific successional (seral) stage. Their goals often
have more to do with stabilizing surfaces, increasing soil
fertility, promoting native plant growth, or promoting
the growth of certain plant types or species over

others. As such, revegetation work is only one aspect
of restoration, rehabilitation or reclamation projects,
and this Manual primarily provides guidance for
revegetation, not the broader fields of restoration,
rehabilitation or reclamation.

Ecological Restoration Ecological restoration is the
process of assisting the recovery of an ecosystem that
has been degraded, damaged, or destroyed. It is an
intentional activity that initiates or accelerates whole
ecosystem recovery with respect to species composition,
community structure and ecological function. A restored
ecosystem will be self-organized, and self-sustaining.
Not all revegetation projects have the goal of restoring
a natural ecosystem. However, when ecological
restoration is the larger project goal, it will greatly
affect revegetation strategies.

Rehabilitation This term is often used synonymously
with ecological restoration. However, it implies an effort
to intentionally improve ecological conditions on a site
without an original, pre-disturbance ecosystem available
for reference. Usually this means that humans have

lived in the area for such a long period and have altered
the landscape to the extent that there is no surrounding
original ecosystem towards which the site can be driven.
Given this definition, there is little true rehabilitation
work that occurs in Yukon.

Reclamation As the terms “restoration” and
“rehabilitation” come into more common usage,

the term “reclamation” is used less, though it is still
commonly applied in the mining industry. In part, this
is because there is a perception that “reclamation”
implies that only some former attributes or uses of

the site will be recovered - i.e., that the site is not
capable of being fully “restored” or “rehabilitated”
because some vital aspect has been removed or
irreparably altered during development. These points
are debatable, and a more neutral use of “reclamation”
would be in reference to the shaping and reconstructing
of features on a site such that it is habitable for the
same or similar plant and animal species that existed
prior to the disturbance. Thus, the goal of a reclamation
projects usually is not to achieve the same community
structure, ecosystem function, or diversity as the
pre-existing ecosystem. Rather, the intent is to establish
some stability and semblance of healthy biological
function on the site; it is understood that site may have
less diversity and biological complexity than a natural
ecosystem, especially in the early stages. Actively
revegetating the site is usually fundamental to the
reclamation process, but reclamation also addresses
larger issues such as the cleanup of contaminated
materials, surface recontouring, landscape engineering
and public safety.

Definitions modified from: Clewel and Aronson (2007),
SER (2002), and FHWA (2007).

Chapter 1 — Yukon Revegetation Manual
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Planning Steps

Although revegetation work generally is the last step in a development project, planning

YG HIGHWAYS & PUBLIC WORKS

for it should be an integral part of the overall project design from the beginning.

This allows for better decisions to be made regarding site logistics (e.g., locations to
stockpile organic material), site preparation (e.g., slopes, grades), and areas to avoid
disturbing because they may be very difficult or costly to revegetate. This chapter outlines

the range of issues and questions that practitioners should consider when developing

a revegetation plan.

2.1

Defining the Revegetation
Objectives

Usually, the most important objective of revegetation work
is to stabilize and protect ground surfaces, i.e., providing
sufficient ground cover to prevent surface erosion and
promote root penetration. The second most common
objective is ecological restoration. Other objectives include
maintenance of the site’s thermal regime, enhancement of
aesthetic values, reduction of maintenance costs, mitigating
wildlife issues, and preventing the spread of noxious
(invasive) plants. Each of these objectives is discussed
below.

2.1.1 Short-Term and Long-Term
Erosion Control

Erosion can cause irreparable and costly damage

to landscapes, waterways and infrastructure. Ongoing
erosion also impedes the re-establishment of natural
vegetation on a site. For these reasons, the prevention
or reduction of erosion is often the most important
and immediate objective of a revegetation project.

14 Yukon Revegetation Manual — Chapter 2

When designing a revegetation plan to prevent immanent
erosion, it is important to choose seed mixes and soil
amendments that will establish a tenacious ground
covering quickly. This can be accomplished by seeding
fast-growing annual grasses, which will provide immediate
cover, mixed with perennial species for long-term stability
of the site. Chapter 4, Section 4.2 discusses these strategies
in detail.

A common mistake is to rely too heavily on revegetation

to fix serious erosion problems, such as imminent slope
failures (Fig. 2.1). Seeding efforts can be wasted on a steep
slope with loose fill because the new vegetation will not
create sufficient ground stability to help prevent mass slope
failure. Measures such as erosion control blankets or
mulching may help provide additional slope stability, but
more likely engineered solutions will need to be developed.
In those situations, revegetation should be part of the
solution, but cannot be used alone. Chapter 3, Section 3.4
describes advanced erosion protection methods and
revegetating slopes is a major theme running throughout
this Manual (Fig. 2.2).
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FIG 2.1

Properly assess the challenge. A common mistake is to rely solely on revegetation for
erosion control. Simply seeding this fill slope will not stabilize it quickly enough to
prevent gullying and sedimentation of the adjacent creek. If stockpiled organics are
available, they should be spread on the slope, followed by seeding and covering
with jute matting. If large rock rubble is available, rocks could be placed at the base
of the slope. Alternatively, willow cuttings should be staked where the slope meets
the water (see Chapter 4). Vulnerable sites like this require good follow-up monitoring

as well.

2.1.2 Ecological Restoration

In Yukon, many human-caused disturbances can be viewed
as temporary scars on a mostly undisturbed landscape.
Consequently, for many revegetation projects in Yukon the
goal is to return a disturbed site back to a maintenance-
free, self-supporting state of vegetative cover that is
similar to the surrounding area (ecological restoration)

(Fig. 2.3). When ecological restoration is the goal, special
considerations must be made in the revegetation plan
(e.q., species selected for seeding, seeding densities).

FIG 2.3

Projects involving large-scale reclamation and ecological
restoration, such as the Clinton Creek Mine, are rare in Yukon.
The difficulty with such large sites is that no on-site vegetation
or natural seed bank exists to initiate revegetation, and there

is little or no organic soil. Intensive seeding and soil rehabilitation
are required on these sites, and it will take decades before a
functioning ecosystem has returned.

FIG 2.2

Erosion control will be a challenge on this site.
The project engineers had no choice but to
construct such a steep slope and narrow ditch.
But as a consequence, a variety of techniques
will have to be used to control erosion, and
revegetation costs will be higher. Jute/straw
matting could be placed over seed or some
bioengineering and willow staking could be
prescribed. However, both of these solutions
will be expensive because the site is very
large. A more cost-effective solution would be
to place rocks and check dams in the ditch and
hydroseed the slopes (both sides of the ditch).
It would still be advised to place jute matting
on the most vulnerable sections of slope.

However, compared to other regions of the world, ecological
restoration is a less daunting task in Yukon. Often it

is fairly easy to foster regrowth of the native vegetation
on-site and let natural processes take over. Consider

the following suggestions when whole or partial ecological
restoration is the goal:

e Establish initial site cover first to prevent erosion and
to kick-start soil-building processes. (Section 4.2.3,
Seeding Rate and Density)

e Stockpile and then re-apply organic material
because it will contain a natural seed bank
(Section 3.2.1, Improving Soil Organic Content).

e Find a way to incorporate locally-collected plant
materials, such as transplants, cuttings and seeds.
Another reason for this is to retain the genetic
integrity of plants in the region (Sections 4.1,

The Use of Native Plants, Non-Native Plants and
Cultivars and 4.3, Locally-Source Plant Materials).

e Consider whether it is feasible to translocate
sections of sod and organic mats from nearby areas.
(Section 4.3.2, Locally-Collected Woody Species:
Cuttings, Transplants and Nursery Stock).

Special effort should be made to avoid introducing
invasive species; ensure that commercial seed is certified
to be free of specified species (Sections 2.1.6, Controlling
for Invasive Plants and 4.2.4, Seed Nomenclature, Quality
and Sourcing).

Chapter 2 — Yukon Revegetation Manual
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FIG 2.4
a: Melting permafrost. Ice-rich ground was encountered

unexpectedly during slope work at this road reconstruction
site. The disturbance and removal of insulating ground cover
caused thermal destabilization of the ice and initiated melting.
The debris flow in the foreground is sediment saturated with
water from the melting ice. Once initiated, such melting is
difficult to halt. If ice bodies in permafrost ground are disturbed,
the situation should be remediated as quickly as possible with
the application of granular fill, organic materials and a dense
seeding of grasses adapted for cold, wet soils (it is important to
measure the pH of these sites and match the grass species

accordingly).

FIG 2.5
Distribution of permafrost in Yukon
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b: Same site as photo a after soil and organics were placed
over the melting permafrost. This provided insulation and halted

the melting process.

2.1.3 Maintaining Thermal Regimes on

Permafrost Sites
The prevention or minimization of permafrost melting can
be an important objective of revegetation planning

for Yukon sites, and the successful re-establishment of a
vegetative cover has been shown to minimize thermal

degradation (Fig. 2.4).
Except in the high arctic, permafrost requires an insulating
surface cover in order to remain stable. Without cover

to keep it cool, permafrost will melt in a short period

(often during the first summer it is exposed), and usually
will result in thermokarsting — melting and ground
saturation, followed by slumping and erosion Thermokarsting
can lead to the formation of depressions, pot-holed
ground, shallow ponds/lakes, and mass wasting (landslides).
Accumulations of organic matter on the ground surface,
as well as living plants, form the insulative cover that
protects permafrost from melting. When a development
project removes the insulative cover, especially in summer,
permafrost degradation and thermokarsting can occur
quite rapidly and there is a very short window of
opportunity to complete the work and remediate the site.

If a development project occurs in a permafrost area
(Fig. 2.5), project engineers usually have already taken into
account the potential for permafrost degredation and
thermokarsting. Revegetation planners will need to
work closely with the project engineers and work crews.
The challenge is to recreate the insulative layer that
once protected the permafrost as quickly as possible.

g
Experience has shown that it is difficult to halt, and nearly

impossible to reverse, the melting and thermokarsting
process once it has begun. Every effort should be made

to stockpile organic layers that will be stripped from
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FIG 2.6
Most grasses planted for revegetation are bunch grasses, but native forbs will grow between the tufts of grass,

either on their own or by planting seeds that were collected locally. This relationship can be put to use when planning for
site aesthetics. The purple flowers are beautiful Jacob’s Ladder (Polemonium pulcherrimum).

the site, and to reapply them as soon as possible. In
addition, seeding densities should be increased and seed
mixes should include 10% annual grasses (for rapid
cover), with a balance of perennial grasses adapted to
cold, low-nutrient environments. Species that are planted
on permafrost sites usually do not need to be as drought-
tolerant as at other sites, but careful attention should

be paid to the site’s pH, with appropriate plant species
chosen to match (permafrost sites in Yukon vary widely

in pH because of large variation in parent sediments).
Strategies for permafrost sites are discussed in more detail
in Scenarios 5, 6 and 7 of Chapter 5.

2.1.4 Enhancement of Aesthetic Values

In many Yukon revegetation projects, aesthetic and
scenic effects are an important consideration. In these
cases, planners need to think beyond the functional
aspects of plant species chosen for seeding, and should
ask themselves whether the species will produce an
aesthetically-pleasing vegetative cover.

In the revegetation world, much emphasis is placed on
seeding grasses, but consider adding forbs and translocating
shrubs to enhance the site’s appearance. Sometimes

visual enhancement simply means using taller vegetation
to create a visual barrier (to block the view of a borrow

pit for instance). In such cases, the best strategy can be to
translocate some local shrubs or trees en mass. Most grass
species chosen for revegetation mixes tend to be bunch
grasses. The bare spaces between tufts of grass may be
unattractive to some people; consider planting filler species,
including flowering forbs (Fig. 2.6) (see Section 4.2.2,
Gauging the Appropriate Level of Species Diversity).

Aesthetic sensibilities also can determine how quickly the
new vegetation must become established. Even with a
good revegetation plan, that could take years, which might
be fine for a mine site or wildland site, but it is often
desirable to establish vegetation more quickly on sites with
a high public profile and where beautification is a high
priority. This can mean allocating more funds in the
revegetation budget for a higher seeding density, seeding
with more rare and often expensive seeds, using more
fertilizer, and transplanting woody species. When these
projects fall more in the realm of landscaping than
revegetating they are beyond the scope of this Manual.

Chapter 2 — Yukon Revegetation Manual 17
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FIG 2.7

Elk foraging on brome grass that was seeded along the Alaska
Highway. Brome is no longer recommended for inclusion

in Yukon revegetation seed mixes, partly because it is a strong
attractant to wildlife.

2.1.5 Mitigating for Wildlife Impacts

When designing elements of a revegetation plan,
practitioners need to consider the potential impacts on
wildlife and human-wildlife interactions. The most
common problem is seeding with species that are
attractants to grazing ungulates along roadways, which
presents a traffic hazard to drivers as well as grazers
(Fig. 2.7). Consequently, a common goal in Yukon
revegetation projects (especially along highway right-of-
ways) is to minimize the site’s attractiveness to wildlife.
Revegetation planners should be cognizant of which
plant species in a seed mix are palatable to grazers and
when to minimize or eliminate them from a mix.
Information to make those decisions is provided in
Chapters 5 and 6.

2.1.6 Controlling for Invasive Plants

Seeding is a major vector for the introduction of invasive
species in Yukon. Nowadays, it is mostly unintentional and
occurs when seeds of invasive species arrive as contaminants
in commercial seed. But some non-native species that were
planted for revegetation in the past have proven to be
invasive, and they still impact Yukon today. One of the best
examples is sweet clover, which was likely first introduced
as an agricultural crop but now grows thickly along

many roadsides in the southern half of Yukon. Not only

is it invasive and tenacious, it is palatable to wildlife (i.e.,
attracts wildlife to roadsides) and can grow tall enough

to obscure a driver’s view (Fig. 2.8). Once invasive species
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FIG 2.8

Stands of sweetclover (Melilotus alba), an invasive plant, have
become a nuisance in parts of southern and central Yukon,
particularly along roadsides where stands can become so thick
that they block visibility. It also is an attractive forage species
for wildlife, which creates an additional road hazard. The spread
of invasive species can be managed during revegetation by
seeding with competitive species and increasing seeding density.

are introduced and have a foothold, they are extremely
difficult to eradicate. Thus, an objective in all revegetation
plans should be to avoid the introduction of any seeds of
invasive species. Planners can accomplish this by planting
other aggressive species that will out-compete invasive
species and by ordering certified invasive-free seed.
Section 4.2.3 discusses details of seed purity and quality.

The revegetation planner can also reduce the spread of
invasive species in other less direct ways. Ensure that

all equipment (e.q., tractors, harrows, seeders) used for
revegetation work is clean and does not function as a
carrier of weed seed. If the work is contracted out, include
language in the contract requiring contractors to clean
equipment before transporting it to the site. This is
especially important when out-of-territory contractors

are hired.

T. OMTZIGT
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Minimizing per hectare costs can be an important objective on long, linear projects;
for instance when decommissioning trails or temporary roads. The same principles
of good ground preparation and implementation apply, but they need not be
complicated. Decompacting this roadbed with a ripper or large disker, followed by
fertilizing and seeding with a basic seed mix (3 — 4 appropriate species) will suffice.

FIG 2.10

This Yukon roadside has been left to
revegetate naturally, with no seeding.
Soon, the woody species growing up to the
roadbed will impede driver visibility and
will need to be cleared. If the site had

been seeded with grasses, the growth of
woody species could have been impeeded,
resulting in reduced maintenance costs.

The vast majority of work and expense on these projects occurs where the road
or trail intersects a slope or water body. In those locations, more extensive erosion

control measures are required.

Many new stands of invasive species in Yukon become
established simply from the use and transport of
contaminated fill-dirt and aggregates. The most common
case is the use of gravel from borrow pits where sweet
clover is growing. Whenever a project involves the
transport of such materials, the revegetation planner
should specify that they not come from sources where
invasive species are growing. Furthermore, revegetation
plans for decommissioned borrow pits should be designed
with the specific intent of aggressively preventing the
establishment of sweet clover and other invasive plants.

2.1.7 Managing Project Costs

It is easy for revegetation projects to balloon and grow
out of control, because more can always be done — more
seed, more fertilizer, more erosion control materials.
Consequently, prudent cost-control is important, and the
revegetation budget has to be kept in-line with overall
project costs. Often, there will be pressure to aim for the
least amount of seed and fertilizer necessary to accomplish
the project goals, and that is not a bad exercise. Beware
however, that the number one reason that revegetation

projects go over budget (and fail!) is because corners were
cut in aspects of soil preparation, including fertilizer use;
the result being that the site has to be seeded a second
time. Too often, the revegetation plan consists of simply
spreading and harrowing seed on a site (to minimize
costs), with inadequate attention paid to decompacting
and preparing the soil or the application of fertilizer.
Money spent on site prep, fertilizer and the right seed is
usually money well spent.

Cost control is particularly important on large linear
developments such as right of ways for highways,
pipelines and power lines, where the cost per kilometre
gets multiplied many fold (Fig. 2.9). In these situations,
managing the initial costs may not be as important as
planning for long-term maintenance costs. Usually, the
growth of trees and shrubs is undesirable on these sites
because they impede visibility (sight distances) or interfere
with structures such as power lines (Fig. 2.10). In these
situations, grasses should be seeded at high densities.
This will mean higher upfront costs, but should result in
lower long-term maintenance costs.
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2.2

Assessing the Site and
Gathering Baseline
Information

Successful revegetation depends largely on making
informed planning decisions based on sound data
regarding soil and site conditions — soil fertility, pH, soil
structure, sediment type, precipitation regime, drainage,
slope, aspect, elevation, etc. Some of this information
can be obtained from extrapolation of regional data,
or it can be ascertained fairly quickly from a site visit or
even photographs. A valuable resource with summaries
of regional data ranging from soil types and geology
to climate and vegetation patterns is Ecoregions of

the Yukon Territory: Biophysical Properties of Yukon
Landscapes (Smith et. al, 2004).

It is worth the time and effort to research whether other
revegetation projects have been undertaken in the area

in order to learn, for example, which species in a seed

mix succeeded or failed. Past experience can also be used
to make predictions about soil conditions likely to be
encountered, such as nutrient deficiencies or the likelihood
of permafrost.

Information extrapolated from regional data, photos and
nearby sites is extremely useful, but ultimately it will

be necessary to collect site-specific baseline data. This will
include site visits to measure and record attributes such as
slope, aspect, moisture conditions, indicators of permafrost,
level of surface disturbance, sediment structure, drainage
features and spatial complexity. It also will be important to
survey the surrounding vegetation and plant communities,
which will provide information about soil conditions (e.g.,
pH) and natural seed sources. Perhaps most important,
soil samples should be collected for nutrient testing

and pH. The following subsections include more specific
instructions for developing a good site description and
conducting soil testing.

2.2.1 Site Description

Unless the site is very large and/or spatially-complex, it is
fairly straight forward to record general site information

in a short amount of time. However, planners will find
themselves in two very distinct situations: 1) describing the
site before the disturbance has occurred, or 2) describing
the site when work is finished and the site is already in a
disturbed state (maybe even ready for revegetation work).
Most of the procedures described below assume the latter,
but the general procedure applies to both cases.

Begin by providing a general site narrative. For instance,
is the site within a lowland riparian area, or is it on a
gently-sloping hillside? In general, is the surface smooth
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or rough? Rocky or covered in fine sediments? Was fill
material brought in? Is there a creek, ditch, seep or other
waterbody on-site? Describe the overall native vegetation
surrounding the site (e.g., “mature, white spruce — pine
boreal forest”). Then measure and record specific features
as follows:

e Record the site’s elevation, because it influences the
species chosen to include in seed mixes.

e Record the predominant slope aspect. On large or
complex sites, there may be more than one aspect.
Aspect data will help in assessing how much solar
radiation and warming the site receives. North-facing
sites will have colder soils and shorter growing
seasons, but may be more moist; south-facing sites
will have warmer and deeper soil profiles, and a
longer growing season, but may be prone to long
periods of extreme dryness in summer.

Record the percent slope at various locations using
a clinometer or measured from a topographic map.
In some cases, it is adequate to simply estimate the
slope. At a minimum, use descriptors like, “mostly
flat,” “gently sloping,” “steeply sloped,” “has rock
outcropping and boulders that will be problematic,”
“cannot use tractors, will need to use quads for
seeding because of rough terrain,” etc.

nou

Dig a few shallow test holes with a shovel and make
a qualitative description of the sediments, such as,
“Sediment is not native soil, but is fill that was
brought in during construction. Structure is a mix

of course gravel, sand and clay.” Then provide

an estimation of its moisture-carrying capacity and
drainage characteristics. Does water percolate
through the sediments? Are there clay-rich areas or
depressions where water pools?

It is important to record the type and amount of
organic materials on the site, and whether there is
an intact soil layer, versus bare mineral soil. This will
greatly affect the type and amount of fertilizer that
will be required, and the revegetation species that
are chosen. If organics are present, describe them
(e.g., "forest duff layer,” “fine sticks and debris,”
“slash and stumps in push piles,” “scraped organics
nicely stockpiled during construction,” etc.), and
make a note as to how they could be used during
the revegetation process.

Make observations for the presence or absence of
features that indicate permafrost is in the area.
Generally, south-facing slopes in central and southern
Yukon will be permafrost-free. However, even in
southern Yukon, low-lying, flat, poorly drained ground
may contain isolated permafrost pockets and ice
bodies. On tundra sites, assume that permafrost is



FIG 2.11.

Some sites are a challenge, and the cost of revegetation has to
be considered relative to the return. This small mine site has
been inactive for over 30 years and little natural revegetation
has occurred. There was no attempt to actively revegetate the
site. If tasked to develop a revegetation plan for this site,
planners should first recognize that the site has at least three
distinct surfaces, or “sub-sites,” each of which should receive
quite different treatment. In the foreground, there is a coarse
soil with some native grasses and trees that are establishing
voluntarily. This area probably could be overseeded by hand,
with little or no soil disturbance or machinery traffic — in other
words, do not destroy the vegetation that has taken hold.

present (see Chapter 6 for differences in dealing with
alpine versus lowland permafrost). In boreal forest
sites, indicators of permafrost include: stands

of stunted black spruce, thick mossy duff layers,
tussocks, shallow ponds or pools of standing water
and spongy ground. Common vegetation found
growing on permafrost includes tussocky sedges,
Labrador tea, blueberries and salmonberries. Be sure
to look well beyond the immediate project site for
evidence of permafrost.

A final stage in the site description is to survey the
undisturbed plant communities that surround a site
(Fig. 2.12). The natural vegetation cover is a good
indicator of specific underlying soil properties,
including texture, drainage, thermal regime, pH,
salinity, and nutrient status. Information about
surrounding plant communities is very useful as a
supplement to soil testing data (see below), and

to create a more complete picture of the site

The flat area in the pit bottom (centre of photo) also has fine to
coarse sediments but is showing little sign of natural revegetation
because it was so heavily compacted by equipment traffic when
the mine was operating. It should be thoroughly decompacted
followed by fertilizing and seeding. The rocky scree slopes in

the background present a real challenge. Unless massive amounts
of fine materials are trucked in, it will be pointless to actively
revegetate this area. The exception may be the few small benches
that support pockets of thin vegetation. The best approach may
be to simply contour the steepest areas of scree so they blend

in with the rest of the site. Scree slopes do occur naturally and in
this case should be used as a positive aesthetic feature in the
overall reclamation plan.

FIG 2.12
Even for the smallest site, recording baseline information
about site conditions is an essential first step when preparing
a revegetation plan.
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conditions. Appendix A contains information from
the 1993 Guidelines that correlates natural vegetation
communities with soil conditions in most regions

of Yukon.

Assessing the surrounding vegetation will also help
planners decide on the best revegetation strategy
to employ, specifically the extent to which a natural
revegetation strategy can be used and the intensity
of active revegetation efforts that will be required.
For instance, surveying the surrounding vegetation
will indicate the presence and abundance of natural
colonizing species, which may be harvested for seed
or simply facilitated in their re-colonization of the
site. Approaches to natural revegetation strategies
are discussed in Section 2.2.3.

2.2.2 Soil Testing

Soil testing involves the systematic collection of soil
samples that are sent to a laboratory for analyses of
nutrient levels and other soil properties relevant to plant
growth (Fig. 2.13). This information is invaluable for
making accurate assessments regarding the type and
amount of fertilizer to apply and the appropriate species
to include in seed mixes. It is the only way, for instance,
to determine whether the site is phosphorous-deficient
(@ common but unpredictable condition of many Yukon
soils), which is easily rectified with the appropriate fertilizer
mix. Table 2.1 summarizes criteria for evaluating the
status of the most important soil properties and nutrients
based on soil testing data.

Despite its high value and relatively low cost, soil testing

is one of the most neglected aspects of revegetation work
in Yukon. The usual reason is a failure to plan ahead for
soil testing, and as a result, many prescriptions for fertilizer
and seed are based only on generalizations and assumptions
about soil nutrients. For instance, the following scenario

is not uncommon: It’s late August, seeding still needs

to occur but there is no time to wait for test results; it is
just assumed that nitrogen and phosphorous will be
deficient, so a fertilizer high in nitrogen and phosphorous
is applied. While this is not the recommended approach,

it is recognized as a reality of revegetation work in Yukon
and guidelines are provided in Chapter 3 for gauging the
application of fertilizer in the absence of soil-testing data.

FIG 2.13

The surrounding vegetation can provide a good starting point
for predicting site soil conditions, and knowledge of regional
trends is useful, as well. However, soil sampling should be
considered standard procedure for assessing basic soil parameters
such as nutrient status and pH. Without this information,
prescriptions for seeding and fertilizing are nothing more than
best guesses.
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Another situation where planners forgo soil testing is for
small sites, based on the rationalization that a small site
is less critical and that it makes more sense to spend
project funds on fertilizer than on soil testing. However,
the decision to conduct soil testing or not should be
based on how important it is for the revegetation plot
to succeed, not how large it is.

Collecting samples for soil testing is not complicated and
does not required specialized equipment. Step-by-step
instructions are given at the end of this chapter. However,
it is important to remember that soil testing requires
planning ahead. It can take two weeks or more for test
results to be returned from the lab, and another two to
four weeks for fertilizer to arrive. Consequently, sampling
should occur at least one month prior to the targeted
seeding date, but realistically more like six to eight weeks.

It can be important to develop a good working relationship
with a testing lab and a fertilizer manufacturer, for a
number of reasons. The interpretation of soil data and
formulation of fertilizers can be highly technical and
requires much applied experience. Planners will depend on
testing labs for good interpretations of test results and
recommendations for fertilizers. Furthermore, the more
samples that testing labs see from a given region, the more
insight they gain into its soil chemistry, so it is good to
have continuity with a given lab. Over time, the lab will
also learn to spot samples that are aberrant or non-
representative, in which case they may advise to resample.

Despite these recommendations and the specialized
knowledge provided by testing labs, it is valuable if
planners develop some of their own discretionary skills
regarding soil data and fertilizers. This is because

M. WING (POLARTREC 2009), COURTESY OF ARCTIC RESEARCH CONSORTIUM OF THE

U.S., FAIRBANKS, AK



experience has shown that testing labs are: 1) usually
oriented towards agricultural applications and crop
production, and 2) unfamiliar with Yukon conditions and
the goals of revegetation planners this far north. When
analyzing samples of bare mineral soils from Yukon, for
instance, some labs may express shock at the wholesale
deficiency of the soil and make overly aggressive (and
expensive) recommendations for fertilization — in part as

well because they are accustomed to dealing with samples

from agricultural fields in southern Canada.

Chapter 3 discusses in detail how to use soil testing data
to develop fertilizer mixes and application rates, and
provides additional practical guidelines for dealing with
soil deficiencies in Yukon.

Table 2.1

Criteria for evaluating soil properties and nutrient status
based on data from soil testing.

pH Values

Calcium
carbonate
(CaCos)

Electrical
Conductivity

Nitrogen (N)

Phosphorus (P)

Potassium (K)

Sulphur (S)

Organic Matter

<45
46-5.0
51-55
5.6-6.0
6.1-6.5
6.6-7.3
7.4-7.8
79-84
>85
1-5%
6-15%
> 16%
< 1 mmho/cm
1 -5 mmho/cm
> 5 mmho/cm
0 -3 ppm
3.1 -5 ppm
> 5.0 ppm
0-10 ppm
10.1 - 25 ppm
> 25 ppm
<75 ppm
76 — 150 ppm
> 150 ppm
0-7.5 ppm
7.6 - 15 ppm
> 15 ppm
0-4%
4.1 -14%
14.1-29%
>29%

extremely acid
very strongly acid
strongly acid
medium acid
slightly acid
neutral
mildly alkaline
moderately alkaline
strongly alkaline
low
moderate
high
low salinity
moderate salinity
high salinity
low
moderate
high
low
moderate
high
low
moderate
high
low
moderate
high
low
moderate
high
very high

2.3
The Use of Natural
Revegetation

Over time, almost all disturbed sites in Yukon will
revegetate naturally (Figs. 2.14 and 2.15). However, it
may take decades until the vegetation has matured and
developed good cover. This is often not an acceptable
time frame for land stewards or managers, because in
the meantime, significant erosion and site degradation
can occur, or the site may not be useful for an intended
purpose. Moreover, the modern reality is that sites in
some areas of Yukon (mainly in southern Yukon and along
highway corridors) that are not actively revegetated can
become overgrown with invasive species, mainly
sweetclover.

Yet, experienced planners will often use a combination of
natural and active revegetation strategies to meet site
objectives. In the right conditions, for instance, it can be

a cost-effective strategy to prescribe the minimal amount
of seed and fertilizer necessary to stabilize the surface

and facilitate further colonization by native plants (seeding
rates can be reduced by 50% or more — see Chapter 4).

FIG 2.14.

Sites that are only cleared or grubbed, and where the organic soil
layer is left intact, usually will revegetate quickly on their own -
with results that are as good as or better than seeding. Even if the
organic layer was disturbed, a light seeding may be all that is
required if enough organics soil remains in place and there is low
risk for erosion.
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Ultimately, the decision to rely entirely or partly on
natural revegetation processes should be based on: 1) the
suitability of the site, and 2) the project goals — i.e., the
desired vegetation type, erosion control, site usefulness,
aesthetics, timetables, etc.

Given its obvious limitations, these are some situations
where it is not recommended to rely on natural
revegetation processes, and where active seeding should
occur:

e \When there is an immediate or imminent threat
of significant erosion at the site; this includes most
sites with a slope over 15% grade.

¢ \When populations of invasive plants are known to
inhabit the area, because they will outcompete native
colonizers.

* When the site has little or no organic content;
i.e., it is essentially bare mineral soil.
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FIG 2.15

Natural revegetation can be a slow process, particularly in

alpine environments and on slopes. The first photo shows an
abandoned gravel pit in a subalpine region on the Haines Road,
B.C. The second photo shows the same site four years later.

Note how there has been very little change in that amount of
time; natural revegetation on the disturbed ground is developing
very slowly. No seeding was done at this site.

e When it is desirable to exclude certain species or types
of plants, such as shrubs and trees; this is the case
for instance, along many highway right-of-ways.
In those situations, aggressive seeding with grasses
helps to delay the establishment of woody species.

¢ When a site has a high public profile and it would
be aesthetically unpleasing to leave a site with an
unkempt appearance — sites in the process of being
naturally colonized tend to look scruffy.

e When it is not practical to wait 10 — 20 years for the
site to develop significant vegetation — e.g., there
is a need or desire to put the ground into use for a
specific purpose more quickly.

¢ When a site is so large or shaped such that the centre
will be too far from seed sources and colonizing plant
populations (a “donut-hole effect”).

YG HIGHWAYS & PUBLIC WORKS



After giving consideration to the site objectives, there
are primarily two situations where it is recommended to
consider the use of natural revegetation methods:

e When it has been decided there should be no risk
of introducing foreign germplasm to the region,
including cultivars of native species. Usually this
applies to sites in or near a natural preserve or park
(see below).

¢ When a substantial layer of organic material can
be spread on the site or when the organic soil
has not been disturbed, such as when the site has
been grubbed but not scraped (Fig 2.14).

If site objectives can be met using natural revegetation
processes, then planners should ask themselves if the
site is in fact conducive to colonizing by local plants,
based on information obtained during the site survey.
At a minimum, there must be a natural source of seeds
and colonizing plants immediately adjacent to the site
or in the soil. Abundant grasses and aspen stands are
highly desirable, and good colonizing forbs include:
fireweed (Epilobium spp.), lupine (Lupinus spp.), locoweed
(Oxytropis spp.), bear root (Hedysarum spp.), yarrow
(Achillea spp.), sage (Artemisia spp.), mountain avens
(Dryas spp.) and cinquefoil (Potentilla spp.).

While cost savings is often one motivation for relying
on natural revegetation, the results still can be greatly
improved and accelerated through surface treatments.
Lightly tilling the soil will stimulate seeds of colonizing
species to germinate and will provide better soil texture
for root growth. However, it is not good practice to
decompact or provide heavy tillage to a surface that
already has a good covering or organic materials or an
intact organic soil.

2.4 Implementation and
Monitoring

Even the best-planned revegetation projects can fail

if not properly implemented. Examples of improper
implementation include: not decompacting the ground

(or not deep enough), spreading seeds unevenly, not
adequately incorporating seeds into the ground, purchasing
poor quality seed, or last-minute substitutions of poor
seed species. Consequently, planners should work closely
with crews to ensure that each part of the work plan is
properly executed. This means being on site and inspecting
the work as it is being performed. Waiting until the
following spring to find out that the saved organic material
was never applied or was applied after the seed and
fertilizer is too late.

Even with proper implementation, it is important to continue
monitoring the site for at least two growing seasons.

In a significant number of Yukon revegetation projects,
there is a need for touch-up seeding, and it is not unheard
of for an entire site to fail and require a second seeding.
As often as not, the reason is an extreme weather event —
an unusually heavy rain causing an unforeseen washout,
or maybe it was a bad year for winter seed survival or
spring germination. Sometimes, subsequent construction
activity and destructive traffic occurs on the site without
crews being aware that the ground had just been seeded.
Follow-up monitoring is a way to ensure that the investment
made in site planning and implementation actually pays
off.

In the early stages of revegetation, the most useful
performance indicator to monitor is “percent ground cover”
(also referred to as “percent soil cover”) —i.e., how much
of the surface is covered by vegetation (see side bar on
next page and Fig. 2.16). There are no hard and fast

rules regarding the percent cover that is acceptable versus
unacceptable, other than “more is usually better.” On an
erosion-prone slope, a good target is 50 - 60% ground
cover by the end of the first growing season; otherwise

it may not be effective at preventing erosion. And it is
recommended to spot seed any patches that appear

on these slopes because that is where erosion is likely to
occur.

On flat or gently-sloping sites with a stable surface, a
ground cover of 20 — 30% after the first season is usually
adequate. Anything lower than 20% warrants enough
concern to continue monitoring; a round of spot seeding
or overseeding should be considered as well. The decision
to reseed or not will depend on whether the level of
growth is meeting project objectives and the assessed
likelihood that natural revegetation will infill. Note that
ground cover in the 25% range with a good showing

of native regrowth after one year may actually be an
excellent outcome if the site is flat and the goal was
simply to facilitate the natural revegetation processes.

If the site was seeded heavily but the cover is less than
10% after the first year, then something went wrong.
Most likely, the site will require reseeding, and it is worth
reviewing the project to find out what caused the failure.
Was there an error in calculating the prescribed seeding
density, or was it a poorly-chosen seed mix? Was it
decided to forgo fertilizing? Were all of the prescriptions
for site preparation followed? Were site preparation,
fertilizing and seeding done with good workmanship?
Just as important, review the weather records for the past
year. Was it an unusually cold winter with little insulating
snow cover? If so, perhaps winter kill of dormant seeds is
to blame. These types of forensic analyses will be valuable

learning exercises for planning better projects in the future.
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Another informative performance indicator is relative
species survival and stand diversity. If only one out of five
species in a seed mix is growing, this should be a red
flag. It could indicate that a poor seed mix was chosen,
or that inadequate fertilizer was applied. Either case
would suggest that poor information was collected on
site conditions, or that this information was not heeded in
the seed and fertilizer prescriptions. Alternatively, the
survival of one out of five species could simply mean that
winter conditions were so severe that only one species
was hardy enough to survive. Indeed, that is one of the

How is percent ground cover measured?

Percent ground cover is important because it measures
the amount of soil being held in-place by plants and
debris and therefore reflects the ground’s potentiality

for erosion. There are many methods available to measure
the percent ground cover, some simple and some more
complex. For the revegetation planner, the measurement
generally does not require high precision. But just what

is meant by the terms “ground cover” or “good ground
cover?”

Ground cover refers to both living and dead plant
materials lying on and within 2 cm of the ground surface.
Basically, this means only the part of the plant sticking
into the ground and excludes all of the leaves and
stems higher than 2 cm. That is why a measured value
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reasons why multiple species are included in a seed mix.
And depending on the project goals, having one species
survive and stabilize the site may be deemed an acceptable
project outcome.

These examples underscore another important reason

for site monitoring: to improve the skills and knowledge
of revegetation planners. In the revegetation world,

skill and knowledge are mostly learned first-hand through
mistakes and the continuous observation of what works
what does not work.

for percent ground cover often seems lower than the
perceived value — because most of the visible plant

that is obscuring the view of the ground does not count
in the calculation.

Most methods for measuring ground cover involve
dropping an open ring (usually 30 - 100 cm in diameter
or width) on the ground, clipping or brushing aside
stems and leaves taller than 2 cm, and then visually
estimating the percentage of bare versus covered ground

YG HIGHWAYS & PUBLIC WORKS

2.16

Ground cover on this site was measured to
be 15 - 20% after one year. Because the
site is relatively flat, this coverage would
be adequate if the site objectives were to
stabilize the ground and facilitate natural
regrowth. If the goal was to exclude the
natural re-establishment of woody species
(a common objective along roadways),
then the coverage should be at least twice
this level.



using guides such as the one above. Multiple ring drops
and measurements are made in either a systematic

(i.e., following a grid pattern) or a random (i.e., randomly
determined points) pattern.

Keep in mind that even mature stands of native bunch
grasses will have inherently less ground cover than
turf-forming grasses. Fifty percent ground cover is lush for
bunch grasses, but would be low for a turf grass. Even
native rhizominous grasses in Yukon, like fescues, usually
exhibit significant spacing between plants. Consequently,
the goal is never 100% ground cover, but more like

40 - 70%, depending on the growth characteristics of

the species planted and how many years have transpired
since planting.

ADAPTED FROM: UC DAVIS DEPARTMENT OF ANIMAL SCIENCE EXTENSION PUBLICATION “MONITORING VEGETATION COVER" (S.BARRY).

As mentioned, the revegetation planner usually does not
need a high degree of precision when assessing percent
ground cover at recently-planted site, with one important
exception: when contract specifications require that a
stated ground cover be achieved within a specified period
of time. For example, 60% ground cover after one year.
When testing for contract compliance, the planner may
need to use a more formal measuring protocol and
sampling design. Recommended methods can be found

in Roadside Revegetation: An Integrated Approach to
Establishing Native Plants (2007).
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Procedures for soil sampling and testing

Corer Method

Shovel Method

discard all
but centre

In revegetation projects, the goal of soil sampling and
testing is to characterize the general soil properties

of a site, particularly its nutrient status, with the aim of
developing effective prescriptions for fertilizers and seed
mixes. The revegetation planner needs a very general
assessment of these conditions and deficiencies, not a
detailed profile. That is the main way that soil sampling
techniques for revegetation work differ from those in
agriculture, contaminants testing and other soil-based
industries. In those industries, two major goals of soil
testing are to characterize a site’s heterogeneity and

to identify “hot-spots” — aberrant areas where nutrients
or contaminants exist in particularly high or low
concentrations. In contrast, soil sampling protocols

for revegetation work should be designed to minimize
the “noise” from site heterogeneity and hotspots in
favour of a composite snapshot of the site’s overall soil
nutrient status.

With those goals in mind, the following protocol has
been developed as a straightforward and cost-effective
approach to soil sampling for revegetation projects in
Yukon.
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discard

e

“Core Sample”

“Core Sample”

briefly air dry
100 - 200 m/

“Composite
Sample”

Labelled
Sample Bag

keep cool
and send to
testing lab

FIG 2.17

1. General Synopsis of Soil Sampling

Soil samples are collected systematically as a series of
shallow “cores” (also called “core samples” or “sub-
samples”) using a coring tool (tube sampler) or shovel
(Fig. 2.17). Each core is placed in a bucket and mixed
with other cores to constitute a “sample” (also called

a “composite sample”). Generally, a composite sample
consists of 10 — 15 core samples. After thorough mixing,
the composite sample is air-dried and only a small sub-
sample (~100ml) is sent to a testing laboratory for analysis.
Results are usually returned in two to four weeks.

Sampling can be done any time of year (nutrient levels
do not vary significantly by season), but for practical
reasons sampling should not occur when the soil is frozen
or wet. The best time to sample is in summer when

the soil is dry or slightly moist, but other aspects of site
development usually will dictate the timing. Conduct
sampling after the final grading and fill material is

in place but before organic materials have been spread.



2. Determining Sample Numbers and Locations

A good goal for sampling intensity is two composite
samples (10 — 15 cores each) per hectare on sites less than
10 hectares total and one composite sample (10 —15 cores)
per hectare on sites greater than 10 hectares total. When
in doubt or when the site is heterogeneous, take more
cores and/or pool fewer cores per composite sample.

Sampling (coring) locations should be determined using
judgemental and systematic sampling protocols, rather
than a strictly random sampling protocol. For instance, use
a map to lay out sampling locations that are broadly but
evenly spaced (i.e., systematic, not random) and will fall on
ground that typifies the site (Figs. 2.18 and 2.19).

On non-linear sites, plot a grid pattern on a site map

(Fig. 2.18) and use a compass and engineer’s tape measure
to locate sampling locations on the ground (e.g., follow a
course of 27° and sample every 20 m). It is not critical to
sample exactly where the tape measure stops. If a sample
location lands in an obviously aberrant spot (e.g., a large
rock or stump), it is acceptable to reject or move that
location by choosing the most representative spot in the

surrounding 10 m2. If the location lands near a tree,
sample outside of the tree’s dripline and away from large
lateral roots.

For linear sites such as a road right-of-way, simply follow

a transect down the middle of the right-of-way and
collect a core every 30 metres. Consider adding a
systematic left-right zig-zag to the transect to average-out
site variation (Fig. 2.19). If the site is greater than 30 m
wide, sample along two or more parallel transects. Use the
same guidelines in the previous paragraph for rejecting
aberrant sampling locations.

On sites with two or more distinct soil types, conditions

or surface treatments, design the sampling protocol to test
these units separately, and ensure that cores from the
different areas are not combined when creating composite
samples. For instance, a site with a flat area that received
fill from off-site and a prominent cut slope may warrant
separate sampling transects for each. Sampling these areas
separately will give the planner information to determine
individual treatment parameters such as where to fertilize
more heavily.

FIG 2.18
A systematic sampling
pattern for non-linear sites.

FIG 2.19
A systematic sampling
pattern for linear sites.
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3. Sampling Depth

Most soil sampling protocols in agricultural and

other industries call for sampling at two depths, often
0-15cm and 15 — 30 cm. This is a form of stratified
sampling and is usually unnecessary when collecting
samples for revegetation.

A single sampling depth is adequate because the goal is
to sample at a depth where roots of one to two year-old
plants will be growing and utilizing applied fertilizer.
For most northern grasses, this depth is 10 — 20 cm.
Rooting depth for most forbs is a little less (5 — 10 cm).
Consequently, if the revegetation species will be all
grasses, a sampling depth of 10 - 20 cm is recommended.
If species will be a mix of grasses and forbs, then a depth
of 5 - 15 cm is recommended.

An important principle is to ensure that all cores are
collected at a consistent depth, and from the mineral

soil zone (see Figs. 3.3 — 3.4 in Chapter 3). Also note

that the depths are not target ranges or averages; all the
soil in the core from the prescribed depth is collected.

In other words, a sampling depth of 10 — 20 cm means
that all of the soil in the core from the 10 to 20 cm range
is included in the subsample.

On rough surfaces, the depth should be measured from
halfway down a furrow (i.e., halfway between the highest
and lowest point of an undulation).

If organic materials already have been applied to the
surface, begin measuring the depth from below the
organic layer. In other words, do not include the organic
layer when measuring the depth). Do not collect samples
directly from the organic layer, as they will yield misleading
test results.

4. Collecting the Samples

Sub-samples can be collected with either a coring tool
(tube sampler) or a shovel (Figs. 2.13, 2.17). A tube sampler
is inexpensive and will pay for itself in time-savings

very quickly. In both cases, avoid contamination by surface
materials, and clean all tools between samples.

a) Coring Method

After navigating to the predetermined sampling location,
the tube corer is simply pushed into the ground and
pulled out to extract a cylindrical soil sample. Most corers
are designed to penetrate the ground 20 - 50 cm and
produce a core thatis 2 -4 cm in diameter.
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If the desired sampling depth is 10 — 20 cm, use a knife

or spatula to remove the top 10 cm of the core and any
material below 20 cm. Pre-marking the desired sampling
interval on the barrel of the tube corer or the spatula

will obviate the need to measure each sample with a ruler.
Remember: do not include organic materials at the top

of the core in the depth measurement.

If the surface is covered by a distinct organic layer (such

as re-applied organic materials), brush it aside from the
sampling location before plunging the corer; otherwise,
organic materials will be caught in the barrel of the corer
and may contaminate the sample, yielding spurious values
for percent organic content during laboratory testing.

Once the ends of the core have been cut and discarded,
place the core in a plastic bucket. Do not use metal buckets
(especially galvanized) because they can contaminate
samples with cations (positively charged metals). It is also
important to wipe clean the corer and spatula after each
sub-sample is collected.

After the predetermined number of cores (usually 10 — 15)
has been collected in the bucket, the soil in this composite
sample should be thoroughly mixed. Next, remove

100 — 200 ml (about %2 cup) and spread it on a flat surface
to air-dry for a brief period. This is the sample that will

be sent to the lab. Do not over-dry the sample or dry it in
an oven, as this can change the chemistry and volatilize
certain nutrients. Some practitioners prefer to dry the
entire composite sample first, before final mixing and
sub-sampling because a dry sample can be homogenized
more completely than a wet sample.

After drying, remove all visible pebbles, sticks, leaves
and other large items and place the sub-sample in a
plastic bag. Often, testing labs will provide sample bags.
Otherwise, a sturdy plastic freezer bag or zip-tie bag
can be used. Be sure to label the bag with your name,
project name, sample number, grid location and date.

If possible, store the samples at a cool temperature,
preferably around 4° C. Cooling is not critical, unless there
will be significant delay (days to weeks) between the

time the samples are collected and sent to the testing lab.
It also is acceptable to freeze the samples. If sampling

in a remote location where samples can not be placed in
a refrigerator the same day as they are collected, consider
bringing a cooler with ice for storage and transport.

At a minimum, keep samples out of the sun and in the
coolest location possible.



b) Shovel Method (a trowel can also be used)

The method for shovel sampling is essentially the same
as for coring, except for the way the soil is extracted.
A shovel with a long and narrow, straight blade works
best (Fig. 2.17).

The sampling depth usually will fall within the depth
reached by a single scoop from a shovel. However,
sometimes it is necessary to first remove the top 5-10 cm
of material in order to collect a sample from the entire
depth range in a single shovel-full. Either way, a v-shaped
hole is cut into the ground and then a continuous slice
is cut with the shovel from one sidewall of the hole

(Fig. 2.17). With the slice of soil still on the shovel blade,
use a knife or spatula to remove the top, bottom and
sides, leaving behind a central core from the prescribed
depth (e.g., from the 10 - 20 cm zone). This core
constitutes the sub-sample and is added to the sample
bucket. Subsequent treatment is identical for samples
collected using a tube corer.

5. Working with a Testing Laboratory
and Test Results

Ideally, testing labs should be contacted before soil
samples are collected, because they may have specific
instructions regarding sample size, sample preparation
or shipping (and they may want to supply their own
sample bags). It is also the best time to discuss the soil
testing goals, as the lab may have useful suggestions
regarding sampling protocols. At the same time, the lab
will indicate the current turn-around time for sample
results, which may affect project planning.

Be sure to indicate that the soil testing is for revegetation
work on non-cultivated land and not for crop production,
gardening, or landscaping, because this will affect the

type of feedback and recommendations that lab provides.

Generally, revegetation work only requires the most
basic soil analysis, which provides the following data:

¢ Nitrogen content (ppm)

® Phosphorous content (ppm)

e Potassium content (ppm)

e Sulphur content (ppm)

¢ Percent organic matter

e pH

e Electro-Conductivity (an indicator of salinity)

The test results may include data for other soil parameters,
such as micronutrients, or these can be requested

for an additional fee. Some practitioners may find this
additional data to be useful.

Carbonate content is often included in basic test results
because agronomists use it in conjunction with soil pH

to calculate liming rates (application of calcium carbonate)
for agricultural fields. However, carbonate content is
generally not a concern in Yukon revegetation projects
for two reasons. First, most Yukon soils already have high
carbonate levels (there are exceptions). Second, adding
lime to soils is expensive in Yukon because commercial
sources are distant, making shipping costs prohibitively
high. If soil testing indicates the site is acidic, it is usually
best to compensate by planting species adapted to acidic
conditions, not by liming. The exception is that liming
may be appropriate for a small, aberrant pocket of acidic
soil on a site with otherwise normal pH (see Section 3.3.3).
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The data obtained from soil testing are used to determine
the fertilizer formula and application rate following
guidelines and tables in Section 3.3.4, and to choose
appropriate plant species for seed mixes following
guidelines in Chapters 5 and 6.
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Improving
Conditions for Plant Growth

i
P. MATHEUS

This chapter provides information and methods that will improve conditions for plant growth.
It discusses procedures for improving soil structure, particularly through decompaction,

the application of organic materials, and it explains how to deal with nutrient deficiencies

through the proper formulation of fertilizers. Advanced methods of erosion control are

briefly outlined.

3.1

Background to Yukon Soil
Development and Status

Yukon soils have formed under cold, semi-arid to moist
subarctic climates on a range of geologic materials
(Yukon's bedrock geology is one of the most complex in
North America). While mineralogically diverse, most Yukon
soils are shallow, have cold temperature profiles, exhibit
weak to mild chemical weathering and contain very little
organic material. Over a third of the ground in Yukon
contains near-surface permafrost. Add to this the fact
that Yukon has a very short growing season and low
precipitation levels and it all spells a very challenging
environment to promote plant establishment and growth.

The nutrient status and productivity of Yukon soils is
largely influenced by soil temperature. Cold temperatures
decrease the rate of chemical reactions and microbial
metabolism within soils, thereby slowing processes such
as mineral weathering and organic matter decomposition.
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In cold climates, the immobile nature of nutrients in
permafrost further impedes nutrient cycling, as nutrients in
frozen soil are essentially locked-up. Cold temperature is
one of the main reasons why Yukon soils are so deficient
in available nitrogen.

Over two thirds of Yukon was glaciated until ~10,000
years ago. As a consequence, many ground surfaces have
been scraped of pre-existing soils or covered by barren
glacial deposits. After deglaciation, soils formed in a variety
of sediment types, from glacial outwash and till to glacial
lakebeds. But since they have been ice-free for only a
short period of time, the soils are immature and weakly
developed, with shallow profiles (Figs. 3.1 — 3.4). Soils

in non-glaciated areas, while older, are not much better
developed because they occur in areas of Yukon that have
been mostly cold and dry and/or underlain by permafrost.



FIG 3.1
The relationship between landforms and soil formation in Yukon
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