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1.0 | NTRODUCT! ON
1.1 Pur pose of Quidelines
The purpose of this manual is to provide information to

assist in the rehabilitation of disturbed sites comonly
associated wWth construction, or wth inproper or over-use

of | and. It describes the problenms associated wth
disturbed sites and the various factors that should be
considered in rehabilitation planning. It includes a
pl anni ng procedure, rehabilitation t echni ques, and

references to additional information.

The information in the manual has been drawn from current
literature and from the experience of depar t ment al
per sonnel .

The objective has been to provide a useful synthesis of
information on the various facets of rehabilitation. It is
recogni zed that there are a nunber of conplex problem areas
which are the subject of current research by a nunber of

interested disciplines. It is not, however, the purpose of
this docunment to rigorously pursue a review of ongoing
research or research needs. It is equally recognized that

in pursuing utilitarian objectives one nust run the risk of
sonme | oss of accuracy.

As in other environnmental fields there are nmany variables
involved in t he rehabilitation of di st ur bed sites.
Generally, these can only be evaluated, weighed and traded
of f when due consideration has been given to all of them in
a particular project context. In these guidelines the
enphasis has been on the outline of alternative approaches
and not on the selection of the favoured approach. No
practical guideline can conprise a substitute for “due

consideration” - which is left for park or regional staff.
1.2 Definition
“Rehabilitation”, “reclamation” and “restoration” are used

to describe inprovenent work carried out on disturbed soils.

Restoration indicates a return to a previously existing

state. It is ecological reconstruction: on seriously
di sturbed sites it is conplex, unpredictable in outcone and,
on any practical scale, prohibitively expensive. In the

literature reclamation is nornmally wused to describe the
i nprovenments necessary to return a disturbed site (after
resource extraction or |arge construction project) to a
prescribed level of productivity, wusually equal or better



than the pre-disturbance productivity. The enphasis is on
productivity rather than re-creating a previously existing
set of environnental conditions and processes. Recl amat i on
costs can be very high, and are only acceptable to the
extent that they can be absorbed as a resource extraction
cost (e.g. the A berta Tar Sands), where resulting |and
val ues exceed reclamation costs (e.g. in urban areas) or
where the national interest is paranount (e.q. t he
Net her | ands, and pol der reclanmation).

Rehabilitation is here defined as t hose i mpr ovenent
practices carried out on disturbed lands with a view to the
cure or prevention of environmental nuisances, and to bring
the land to an acceptable level of productivity in an
econom c or aesthetic sense. Rehabilitation is the nore
flexible term permtting a variety of inprovenent practices
wthin the sane disturbed site (rather than a wuniform
application) as may be war r ant ed by patterns of
envi ronnent al attributes, or by econom c or ot her
constraints. The lower threshold may refer to soil and
vegetation stabilization where the environmental nuisance
conprises erosion and degradation of nearby aquatic
ecosystens, or it may sinply be the screening of an eyesore
where the eyesore is the only nuisance. More intensive
rehabilitation practices nmay extend to reclamation or -on a
smal | scale - restoration

A practical goal and definition for rehabilitation is the
return, or change to a stable vegetative state which is in
harmony with the mlieu. The hand of man may still be
evident but is not necessary to the naintenance of the
stability and biological productivity of the rehabilitated
| and.

1.3 Pol i cy Considerations

The policy basis stens from Parks Canada policy (1979) draft
guidelines on “Sand and Gavel Pits, Quarries and Topsoil
Excavation 1in National Par ks” (Section 5.13, Resour ce
Conser vat i on)

The policy states that all excavated sites are to be
rehabi | i tated. Schedules for material renoval and site
rehabilitation, and an assessnent of environnental inpacts,
are required before any exploitation of granular resources.
This manual should serve as a guide to help ensure that
sound decisions are nade throughout the planning process.



2.0 THE PLANNI NG APPRCACH

2.1 Program Pl anni ng

Planning the rehabilitation of disturbed sites should be
included as an integral part of the long term planning and
managenment of a national park, and of the resource
managenent pl anning process.l. This wll ensure that
duplication in data collection is avoided and that a
consistent approach is adopted for the identification of
site rehabilitation needs. I't also facilitates the
priorization of i ndi vi dual projects and the effective
coordi nation of available manpower, equipnent and financial
resources .

2.2 Rol e of the Basic Resource I|nventory

An inventory of any disturbed sites wthin a park should be
conpiled during the basic resource inventory or as an update
of the park data base for parks in which the basic resource
inventory is conpleted.

The inventory should provide an appropriate |evel of
information necessary to characterize the disturbed site,
and to permt an assessnent of the need and feasibility of

rehabilitation. The attributes out!l i ned bel ow are
important, but may not be vital for the description of every
site. Each is potentially relevant in a given situation
The list is certainly not exhausted. | nformati on groups
i ncl ude:
bedr ock, landforms and surficial materials including
configuration, slopes and elevators. | ncl ude rel evant

physi ographi c processes.

local climate (and mcroclimte where relevant) including
nmean annual precipitation, rainfall during year, sumer

nmonths, growing season and nmaxinmum in 24 hour period,

aver age act ual evapot ranspi rati on, nmean noi sture
sur pl us/ defi ci ency, warmest nonth, degree days above
5.6°C, and frost-free period.

hydrology w th concentration on groundwater conditions,
di scharge areas and water quality.

1 See “Nat ur al Resour ce Managenent Process Manual ",
DRM 40-6, Parks Canada, March, 1980.



nat ur al and disturbed soil (seedbed) properties as
rel evant, including texture, kind and anmount of clay,
aeration, available water storage, capacity saturation
percentage, organic matter content, bulk density, pH,

cation exchange capacity, fertility (NPK and mnor
nutrients) , soluble salts, electrical conductivity and
sodi um adsorption ratio. I nclude soil arability and

agricultural capability ratings.

vegetation on undisturbed (nost simlar and disturbed
sites, including exam nation of pioneer species on nearby
di sturbed sites.

nature of disturbance and information to assist in
establ i shing priorities and i mpl enenti ng t he
rehabilitation progr am including erosion type and
anount, soil stability, access, environnmental and other
probl ens, etc.

historic, present and potential |and uses, and |and use
capability ratings.

Wer e di st ur bed sites are ext ensi ve there may be

considerable variability in attributes, conditions and
processes. North and south facing slopes wll probably
require different treatnents, as wll basal slopes as

opposed to ridgetops. The basic resource inventory should
reflect this.

2.3 Rol e of the Resource Description and Anal ysis

The resource description and analysis should include an
analysis and evaluation of the need for, and feasibility of,
the rehabilitation of disturbed sites wthin the park.

Wiere rehabilitation is considered necessary and feasible,
the analysis and evaluation should establish rehabilitation
priorities. Environnental effects may play a determning
role here. For exanple, where renedial neasures are not
taken increased erosion, siltation and turbidity may have
irreversible effects on aquatic ecosystens. The probability
of future erosion problens associated wth any site
di sturbance should be anticipated beforehand. The degree to
which a borrow pit detracts from the aesthetics of a park
shoul d be assessed in relative terns.

Wiere visual inpacts are involved three key factors nust be
consi der ed. These are the quality of the visual setting
affected, the anount by which the disturbance detracts from
this quality, and the significance of the view in terns of



the nunber of persons who are exposed to it. For exanpl e,

the evaluator should consider whether the view is from a
major travel route or a mnor one, whether the area is in
the centre of the viewing field or peripheral, how |long the
area is in view and whether the disturbance is visible from
a few or from nmany positions, or from one or both travel

di rections.

Wiere visitor use areas such as canpgrounds and picnic
gr ounds are i nvol ved, degree of degradation can be
ascertained by making conparisons to bench-mark conditions
in undisturbed areas within the same biophysical |and unit,

e.g. the nunber and types of trees, shrubs and herbaceous
pl ants, the nunbers of seedlings and saplings, the degree of
r oot exposure, the infiltration rate and degree of
conpaction of the soil, the relative anounts of leaf litter

and hunus, and the condition of tree crowns (N xey and
Severs, 1977).

2.4 Rol e of the Conservation Plan

The priority assigned to site rehabilitation projects should
be assessed as part of the overall identification and
priorization of resource managenent requirements for a
park. The establishnment of site rehabilitation priority
should take into account the sensitivity/resilience of the
site and the availability of specialized expertise and
equi pnment. One should examne the potential benefits of
grouping simlar projects, or of scheduling projects to
coincide with devel opnent activities having simlar nmanpower
and equi pment requirenents . In this way, for exanple,
supplies of topsoil and plant materials, which mi ght
otherwi se be wasted, may be transferred at critical tines
bet ween projects.

Once priorities have been established, a detailed statenent
of rehabilitation objectives and constraints should be
prepared. This should outline any specific resource
managenent studies which may be required.

2.5 The Site Rehabilitation Managenment Pl an

This sets out a course of action for neeting rehabilitation
obj ectives . It details manpower equipnent and financia
requirements, activity planning, addi ti onal i nformation

needs and requirenments for nonitoring the effectiveness of
the plan.



3.0 DI STURBED SI TE TYPES

This section describes the various types of disturbed sites
that commonly occur in national parks. It describes the
nature of the problens associated with such sites, and it
outlines basic rehabilitation practices used to renedy

t hem Many of these practices are commobn to a range of
sites and in these cases nore detailed guidelines are
provided in later sections, e.g., erosion control, plant

selection and planting procedures. Were there are specific
measures pertaining to one particular site type these are

described in detail in this section.

3.1 Cut and Fill Enbankments

Cut and fill enbanknments are the projects of the construc-
tion of facilities such as highways, roads, rail ways,

trails, parking areas and a variety of structures. These can
be <classified as disturbed sites where destruction of
vegetation cover detracts from the visual quality of the

par k | andscape, causes er osi on-i nduced envi ronnent al
probl emns. Bare soil areas on enbanknents can significantly
reduce the quality of views as seen by traveling on roads
and trails and it can also affect, in a mjor way, the
visual inpact that a facility has on the park setting as it
is viewed from other positions in the |andscape. Exposed

enbanknents are often visible for many mles because the
colour of exposed soils or rocks frequently contrasts
sharply with the darker tones of surrounding vegetation

Bare enbanknments are subject to erosion which can result in

wat er pol I ution, bl ockage of streans and dr ai nage
structures , and can increase roadside unsightliness where
undermned trees fall into tangled nasses.

In extreme cases erosion or mass slipping can threaten
aquatic ecosystens, the safety of park users, and can cause
danrage to the facility itself, thus necessitating costly
remedi al worKk.

3.1.1 Assessnment of Probl ens

An  analysis of site ~conditions nust be conducted to
determne the reasons why plants have not established by
nat ural mneans.

A frequent cause of this is steepness of slope. This results
in erosion which dislodges seeds and newly germ nated
seedl i ngs. It also has the effect of limting the noisture
supply in the soil since nobst precipitation is lost as
runof f and does not penetrate the ground.
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Moi sture supply and tenperature extrenes my also be
experienced at sone sites due to exposure to sun and w nd
This can be evident at both macro and micro scales.

Topsoil is generally absent on these sites because it has
either been renoved (excavated slopes) or buried, (filled
sl opes) . This often results in low N and P levels.” Wher e

surface materials have not been aneliorated by soil formng
processes they are not nornmally suitable for sucessful plant
growt h w thout inprovenents.

Plant failure could occur iif there are no suitable seed
sources cl ose hy.

3.1.2 Rehabi litation Practices
A nunber of useful practices are outlined bel ow

a) Reduce angle of slope by further cutting excavated
sl opes and by adding material to filled sl opes.

In many cases this neasure is undesirable or can be
carried out only to a mnor degree because of existing
vegetation of value at the top or base of slopes. Such
being the case, slope adjustnment should be limted to
rounding the top of the cut sl ope.

b) Deflect surface water flow above the enbanknent to
reduce erosion (see section 6.1.1).

c) Prepare planting bed by tilling or scarifying and
incorporating materials such as fertilizer and organic
matter (see section 5.1). This will not be possible on

st eep sl opes.

d) plant species conpatible with site conditions, and which

Wi | | satisfy rehabilitation obj ecti ves. (See
section 4). Generally in rehabilitation wor k
revegetation is achieved primarily by seeding and by
transplanting tree and shrub seedlings. Wiere it is

2 It is inappropriate to say, on a trans-Canada scale, that

renoval of topsoil will lower available plant nutrients
Renoval wll wusually lower N and P. It may lower (or
raise) K and mcronutrients. Al so, soil conditions may

be nore suitable as a seed-bed on filled slopes, but may
al so be nmuch nore susceptible to erosion, thus giving a
net detrinental effect (especially in sandy areas). A
nunber of variables nmay require exam nation
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possible a few larger trees should be included as this

will provide inmediate visual inprovenent.

e) Apply an organic mulch such as peat, chopped straw, wood
chi ps, etc. , to surface of enbanknent to control
erosion, to increase the infiltration of surface water,
to reduce losses of soil noi sture resulting from
evaporation, and to nodify tenperature extrenmes (see
section 7).

f) Install wattling as an alternative erosion control
t echni que. Wiere erosion problens are severe nulching
and extra pl anti ng can also be i ncl uded (see

section 6.1.4).

g) Use gabions for unstable banks of [|imted extent,
especially bordering |akes, streans and rivers.

3.2 Borrow Pits and Quarries

For visual reasons where close to highways, trails and other
use areas , borrow pits and quarries are often in need of
rehabi litation. Their unsightliness is generally due to
i nadequate vegetation cover. Resulting landforms also
contrast sharply with adjoining natural |andfornmns.

Anot her consideration is the renoval or reduction of hazards
to people or wildlife. These may be steep cliffs, unstable
soil materials or dangerously contoured water bodies.

It may also be desirable to alter sites to control erosion

constituting a threat to aquatic habitat, or to provide site
conditions suitable for future |and uses such as housing,

parking lots, picnicing, canping or interpretation.
3.2.1 Assessnent of Probl ens

The site should be evaluated in order to determne the
specific factors limting natural regeneration. These wi ||
be basically the sane as were described for enbanknments in
section 3.1.1.

Vi sual aspects should also be studied. If the site is
highly visible there will be a greater need for intensive
treatnment than if views are limted. Were the site is

visible from only one direction it my be enough to
concentrate efforts in establishing screen planting wth
[imted or no nodifications to the remainder of the site,
leaving it to natural regeneration.



VIEWUNE FROM ROAD
(PIT VISIBLE FROM ONE
DIRECTION mw)

REHABILITATION
TREATMENT LIMITED TO
LREEN RANTING



PIT UNTREATED - UNNATURAL LANDFORMS

ADIUSTED LANDFORMS

I
Mt

PLAN VIEWS :  LEFT — AT UNTREATED
RIGHT - CONTOURS ADNUSTED TO MATCH LocaAl TERRAIMN
CHARACTERISTICS



-16-

3.2.2 Rehabilitation Practices - Borrow Pits

a)

b)

f)

3. 2.

b)

Modify site to renove hazardous sl opes, to provide
suitable grades for human use, to create visua

i nprovenments by harnonizing with adjacent |andfornms, and
to provide a suitable seedbed or rooting nmedi um

Alter drainage patterns where these restrict vegetation
est abl i shnment .

As required, prepare ground by tilling or scarifying,
incorporating materials to inprove planting nmedium

Pl ant vegetation species which are conpatible with site
condi tions and  which wll satisfy rehabilitation
obj ectives (see section 4).

Apply mul ches where erosion or harsh climatic conditions
i nhibit plant devel opnent.

Fill or drain hazardous water holes or inprove for
wildlife habitat or recreational use.

3 Rehabilitation Practices - Quarries

Alter form of quarry walls to create nore natura
appearance, to create |edges or pockets where plants can
establish, or to reduce the hazard of falling rock

Blasting and the use of heavy rock noving equipnent is
required for this task. Were blasting is to be carried
out the location of charges should be selected so as to
break the rock along natural fracture lines and so
reflect the natural fornms of |ocal rock outcrops.
Uni form benching and highly obvious patterns of drilling
scars should be avoided. It is inportant that a
geol ogi st and an experienced rock blaster be involved in
this sort of work. (See Colorado Departnent of H ghways,
1978).

Further inprovenents can be nmade by planting vegetation

on quarry walls. Ledges and depressions filled wth
suitable soil materials allow plantings to establish.
Were there is access to the base or the top of the
faces, cranes can be used for placing the soil. Soi |

can also be applied in slurry form by gravity feed
t hrough |arge hoses from above. This technique has been
used experimentally in Britain and has been found to be
qguite successful (Hunphries, 1977). The advantages of
the technique are that it is cheaper to drop the slurry
material than to punp it up from bel ow It is also
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easier to direct the slurry to desired positions, and to
fill depressions in the rock, from above. Seed or
cuttings, and fertilizer, can be applied wth the
slurry, or they can be applied later with a hydroseeder.

3.3 Visitor Use Areas

Visitor wuse areas in national parks can becone degraded
t hrough over-use to such a degree that environmental quality
and, in sone cases, the safety of park visitors are
seriously threatened and rehabilitation becone necessary.
Rehabilitation guidelines below are for those areas nost
frequently requiring attention 1in national parks, I.e.
canpgr ounds, picnic grounds, backcountry canpsites, and
circulation areas associated with such facilities as
interpretive displays, viewng points and park buildings.

3.3.1 Assessnment of Probl ens

The cause of degradation of nost visitor use areas is
tranpling resulting in 1loss of vegetation. Tranpl i ng
damages or destroys plants through breakage of plant stens
and branches, and through the loss of soil organic matter
and the conpaction of soil around plant roots which reduces
soil aeration and noisture availability. As the ground
cover is lost soils are nore subject to erosion and sites
can becone nuddy when wet and dusty when dry. Wth the |oss
of the shrub layer screening between canpsites or between
pi cnic sites may  be r educed, and overal | vi sual
attractiveness of site areas is dimnished.

Smaller trees are, of course affected first since their
branches and root systens are nore vul nerable. Larger trees
can survive nmuch longer but wll eventually be affected
where adverse soil conditions are naintained for a nunber of
years.

Increased stress makes them nore susceptible to the effects

of disease and insect infestation. In heavy textured soils,
and where soils are shallow, conpaction is often worse and
the survival period may be considerably reduced. A maj or

long-term problem results because natural regeneration in
these areas is inhibited due to adverse soil conditions. The
result is that eventually the tree cover disappears and with
it the protection it provided against sun and wnd, while
sceni ¢ values are |owered.

Backcountry canpsites frequently exhibit the sane problens
but these are often aggravated by the difficulties of
mai nt enance and nonitoring. Site limts are not wusually
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clearly delineated, there are frequently no identified areas
for tents (i.e. tent pads or platforns), fires may not be
restricted to one area, and damage to trees occurs as
firewood and tent-poles are cut.

The problenms frequently associated with circulation areas
are erosion, dusty and nuddy conditions, exposed roots which
can be a hazard to users, danmged vegetation in edge areas
and overall reduction in visual quality.

3.3.2 Rehabilitation Practices

Treatnent of visitor use sites differs and is frequently
nore conplex than that of the other types of disturbed sites
di scussed in this manual since the cause of the disturbance
- visitor activities - may still be ongoing. Therefore it
is often necessary to decide not only how to renedy the
effects of overuse but also how to avoid a re-occurrence.
This section therefore deals wth tw subject areas:
firstly, preventive practices to halt site degradation; and,
secondly, renedial practices to rectify existing danmage.

3.3.2.1 Preventive Practices

Preventive practi ces, ranging from design through site
i mprovenent s and mai nt enance to regul atory and
“communi cati on” approaches, are discussed below in terns of
their relationship to wvisitor use areas, and to their
conmponent use zones. In order to facilitate this discussion
it is first necessary to define these zones (adapted from
Ni xey and Severs, 1977).

Core use zone - refers to the Unvegetated ground surface
which is intended to provide the focal point
of the site activity, i.e., the tent pad,

table and stove areas at canpsites, the
tabl e area at pi cni c sites and t he
circulation area at viewing stations (along
trails, at interpretive displays, etc.).

Traffic zones - includes trails and roads in the site area.

Peri phery - the zone, surrounding the recreational site,
not intended to support any activity as an
aesthetically pleasing background for the
site use.

Buffer zone - that part of a site which is neant to
shelter the peripheral zone from activities
occurring along trails and roads and in the
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core use zone. This consists of narrow
strips beside trails and vehicle circulation
and parking areas, and around the core use

zone. CGenerally these are “hardened” to
withstand sone degree of use and have
barrier characteristics to di scour age
excessi ve use  of the zone itself and
infringenent into the periphery.

Matrix - the zone where there has been disturbance
out si de t he i nt ended use zones i.e.

outside the core and traffic zones.
A nunber of preventive practices are possible.
a) | nproved Boundary Definition

Part of the reason for damage occurring to buffer and
periphery zones may be because of the lack of a well defined

boundary to the buffer zone. This can be alleviated by
applying a surfacing material to trails, roads and tent pads
which clearly demarks an edge |ine. At backcountry

canpsites where tent pad areas may not be delineated at all
it may be desirable to do this by building gravel-reinforced

pads or wooden tent platforns. Rocks and |ogs can also be
used to reinforce edge |ines. In high-use circulation
zones, e.g., viewing points, it may be necessary to use |ess

natural elenents such as asphalt pavenment and tinber curbs
to delineate edges.

b) Barriers

Direct neasures nmay be required in some situations to
di scourage penetration into periphery zones. Barriers can
be created in buffer zones by using plants which discourage
entry because of thorns, *“barbed” foliage or dense grow h,
e.g., briars, juniper, spruce or alder. Dense pl antings of
varied plant heights are effective because this creates a
solid visual barrier which hides potential shortcut routes.
Logs, rocks and | ow bushes placed beside the trail or around

the tent pad w Il discourage excessive wandering. Unl ess
they constitute a particular fire hazard leaf Ilitter and
fallen branches should not be “cleaned out” of buffer or
peri phery zones. They help to discourage penetration as

wel |l as provide val uable nulch

Fences can be used in critical areas or mhe(e there is
insufficient room for nore natural types of barriers.



CIRCULATION AREA ] PRESERVATION AREA CIRCULATION

CRUSHED STONE ROCE AND TIMBER LEAF LITTER MWWCH
SURFACING EDGING TO DELINEATE MD/ccz SO\ RACED
BOUNDARY OVER EXTOSED TREE
ROOTS

PEFINITION OF BOUNDARIES IN CIRCULATION AREAS



SHORTCUTTING IS DISCOURAGED BECAINSE OF DENSE
SHRUB RANTING AT EIYRES AND BECAUSE VISWAL
CONNECTIDN BETWEEN TRAIL AND CAMPS(TE 1S BLOCKED
BY VEGETATION OF VARIED HE|IGHTS
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c) Redesign of Site Area

Grculation patterns often contribute significantly to

tranpling problens. These are largely influenced by
locations of site facilities such as kitchen shelters,
toilets, and wood supply depots. It may be possible to

relocate sone of these in order to reduce shortcutting and
shift circulation back to trails or roads.

d) “Hardening” Site

“ Har deni ng” refers to the rei nforcenent of sel ected
conditions or qualities in order to nake the site nore
resilient to use.

The surfaces of trails and circulation areas can be
reinforced with materials such as gravel, crushed stone or
wood shreds to prevent erosion, puddling and nuddi ness.

A mulch layer should be maintained in buffer zones to reduce
soil conpaction. \Were additional nmaterial is required this
ideally should consist of |eaves and branches of plant
specienative to the site. Wth regard to the application of
organic mulches, see section 7.0 for the inportance of
mai ntai ning an acceptabl e carbon-nitrogen bal ance.

In some situations non-native plants such as donestic
grasses, more resilient to tranpling, are useful for
reducing inmpacts in buffer zones. Limting the use of
non-native plants in national parks is a policy objective.
However, their wuse is justified where the net result is

decreased erosion of soil and visual quality. It is
recogni zed, noreover, that nmany use (and even park) areas
are already far from being natural in sone respects. Wer e

this approach is taken selection can be nade from plants
requiring fertilizer in order to thrive so as to guarantee
that they will not invade all zones. Even as a short-term
neasure fertilizer applications can be expensive. An
effective alternative can be the selection of plants which
Wil | grow but wll not reproduce  under alien site
conditions , or which act as a “nurse crop” (i.e., have a
shorter life span than the “nursed” native species).

e) Inproved Maintenance

Exi sting maintenance practices should be studied to
determne if any are causing site danmge. “Cl ean-up”
operations, where leaf litter and branches are renoved, and
“grass” mowing in buffer and peripheral zones should be
pr ohi bi t ed. They renpove the natural mulch and destroy tree
and shrub seedlings.
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Mai nt enance practices such as fertilizing, watering, the
“weeding out” of wundesirable plants and treatnent of plant
di seases can be initiated or intensified to provide nore
durabl e plant covers.

Undergrowmt h can be encouraged in buffer zones by nmaintaining
opti mal light conditions through the pruning of ‘trees .
“Optimal” is used in the sense of achieving an appropriate
bal ance between the light needs of the wunderstory and the
mai nt enance of the tree canopy for shade shelter and visual
purposes (see 3.3.2.2.).

Were fires are allowed firewod should be supplied so that
users do not collect wood from site areas.

Signs of damage such as felled trees, shortcut routes |,
littering, or unauthorized canpsites should be renoved
imediately to prevent enulation.

f) User Education

The inportance of this nmeasure should not be mnimzed. This
manual cannot do justice to this vital but often neglected

appr oach. User education can heighten the park experience
of the visitor, foster the application of the wrd and
spirit of the National Parks Act and, in a nore strictly

rehabilitation sense, assist in stemming and reducing the
mounting costs of environnental damages resulting from
unconscious or wllful actions.

Rehabilitation success <can be aided if the program is
explained to the park visitors and their assistance is
request ed. Frequently users view the natural environnent as
being static and are unaware, for exanple, that shortcutting
or the “cleaning up” of |eaves and branches from around the
edges of their canpsites can have a deleterious effect.

g) Regulation and Surveillance

The enforcenment of regulations may sonetinmes be required to
conbat such user acts as the cutting or the gathering of
firewood, cutting tent poles at backcountry canpsites, and
pitching tents in non-designated areas.

h) Changes in Levels or Type of Site Use

Where environnental degradation has progressed to the extent
where it is inpossible to maintain a satisfactory vegetative
cover it may be necessary either to permanently close the
site, reduce the quality objective, or change the use to one
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where vegetative cover is not a paranount attribute for
certain types of building or for a parking |ot.

Where problens are not critical but  still cannot be
alleviated to the desired degree through the various
measures described above (design nodification, increased
nmai nt enance, etc.) it may be necessary to |ower use levels
in order to achieve an acceptable quality |evel. This can

be done in several ways:

i) where sites are located close together the matrix
zones, where destructive tranpling has occurred, often
overlap with the result that vegetation screens between
sites are lost. If screening is required then the nost
appropriate solution nmay be to renove intermediate sites in
key areas and to concentrate rehabilitation efforts in these
pl aces;

i) levels may be lowered by limting the nunber of
persons permtted to use a site, e.g., at backcountry
canpsites;

i) by closing use areas during periods of adverse weather
conditions, e.g., periods of excessive wetness or dryness,

when the site would be severely stressed if use were allowed
to continue.

In developing a strategy from the above options (a-h) a
nunber of factors should be considered. The objectives of
t he rehabilitation effort, i.e., t he | evel of
rehabi litation/environnental quality required, should be a
key factor in determning the effort and the types of

neasur es needed. For exanple, greater effort will be needed
if the aimis to provide shrub layer for screening purposes
between canpsites, in addition to tree cover, than if the

goal is limted to maintaining a tree canopy.

The natural capability of a site for the designated use

should also influence the selection of options. The | ess
resilient the site the greater the effort required to neet
rehabilitation objectives. In sonme cases a site may have

such low resiliency that the cost of “hardening” it, or of
the intensive maintenance program required to achieve the

obj ectives desired, would not be justified. It then m ght
be necessary to reassess the objective in terns either of
environmental quality or an acceptable level of wuse. In

extrene cases it may be necessary to permanently close a
facility or to change to a use nore in keeping with the
natural capability of the site.
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The costs and benefits of alternative approaches should be
consi der ed. From the point of view of costs alone, the
initial higher capital cost of new construction may be, in
the long term nore economcal than the ongoing costs of an
i ncreased nmai ntenance conmm tnent.

Careful consideration should be given to proposals for
reduction in use |evels. Reducing use levels is basically
an undesirable option but may be unavoidable in cases where
a site cannot support the existing level of use, or where by
intensive site transformation costs of providing that |evel
are not feasible. Reductions in use levels are undesirable
for three min reasons: they can result in wvisitor
di ssatisfaction, they may necessitate |arge expenditures for
the developnent of replacenent facilities and they may
result in a shift of inpacts to other facility areas.

3.3.2.2 Renedi al Practi ces

The level of rehabilitation treatnment provided wll depend
on the speed of recovery required and the environnmenta
conditions of the treatnment areas. In areas that are to be
permanently closed to use structures and surfacings of
roads, trails, tent pads etc. should be renoved and
conpacted soil areas should be scarified. Areas can then be
left to natural regeneration processes or seeded over if
erosion control is necessary.

Wiere part or full site use is to be retained, conpacted
soil areas should be reconditioned by scarifying. In sone
cases the addition of organic materials, other soils and
fertilizers may be required prior to planting (see section
5.0 for planting procedures).

Steps should be taken to control precipitation runoff on
areas susceptible to erosion. D tches and water bars can be
used to divert water and the soil surface should be
scarified and nmulched to increase the infiltration rate.

Were plant growmh is to be encouraged in areas previously
used for fires or for wood chopping, ashes, woodchips and
sawdust should be renoved and a nitrogen rich fertilizer
applied to assist in restoring a desirable carbon-nitrogen
ratio in the soil (Fitzmartyn, 1979).

In situations where a canopy of mature trees is producing
very dense shade it may be beneficial to clear out sone of
the trees to encourage plant growh at ground |evel. Cordell
(1974) reports from his studies (Tennessee) that reducing
canopy cover by 60 percent doubled the grass cover from that
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produced under a 90 percent canopy, and reducing it to 30
percent nore than tripled grass production. He points out
that a balance is required between retaining canopy cover to
provide shading for recreationists and renoving it to
support plant grow h. He recommended a 60 percent cover
based on findings of a study in North Carolina which
indicated that 63 percent of interviewed canpers preferred
noderate shading over very light or very heavy shading.

During the reconstruction period of the rehabilitation

progr am e.g. renoval or re-shaping of t ent pads,
construction of trails and barriers etc., it is generally
necessary to close sites to use. However it should not be
necessary, nor is it practical, to close sites for |ong
periods of time for the purposes of re-establishing plant
cover. I f adequate neasures are taken to limt the inpacts

of site use, and by a sound public relations program it
should be possible to pernmt a level of wuse during the
rehabilitation period. In this way, it was possible to
permt use of a YMCA canp in Cape Breton Island National
Park during a rehabilitation program

Herrington and Beardsley (1974) carried out a successful
pl ant est abl i shnent program during the time that a
canpground  was involved in active use. The only
interruption of use was one day each week when the visitors
were required to leave the canpground to permt irrigation
of the newy planted areas. The canpground was closed from
2 o'clock on Tuesday afternoons wuntil 8 on the follow ng
nor ni ng. There was no evident hostility to this requirenent
and they speculate that this was either because there were
ot her canpgrounds near-by or because of the efforts nmade to
explain the program to the visitors.

4.0 PLANT SELECTI ON

There are a nunber of factors that should be considered in
the selection of plant species for rehabilitation work.
These can be divided into three nmain categories: factors
relating to the species’ ability to survive and develop in
its new environnent, factors relating to the species’
ability to satisfy the rehabilitation objectives, and
factors relating to the availability of plants and the costs
of establishnent. \Wenever possible the assistance of plant
experts at local wuniversities or agricultural or forestry
research stations should be utilized for the selection of
pl ants.
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4.1 Pl ant Sel ection - Hardi ness

Many disturbed sites present harsh environnental conditions
for plant gromh even after physical alterations have been
made to inprove these. The follow ng paragraphs describe
key factors that should be considered for the successful
sel ection of plant species.

4.1.1 Physi cal and Chemical Soil Properties

A careful analysis nust be nmade of the soils of the site to
determne what limtations there will be to plant growh.
Such an analysis should indicate nutrient availability, pH
level, soil texture and structure and the presence of toxic
material s.

Nutrients nmay be in short supply on disturbed sites
especially where topsoil has been renoved or buried by cut

and fill operations. Nutrient availability can also be
restricted by excessively high or |ow pH |evels.

Soil texture and structure are inportant because they affect

the availability of noisture. Coarse textured soils have
low noisture holding capacity with the result that |ess
noi sture is held in the top soil layers for use by plants.

This is especially significant for seedling establishnent
since the roots are restricted to the top few centinetres of

soil . Were the soil structure has been altered by
conpaction, soil porosity is reduced and the capacity for
air and water infiltration is restricted. Thi s

physically inhibit root growh and thus restrict nutrient
upt ake.

Test sanples should be taken from a nunber of different
locations on the site since soil conditions can vary

consi der abl y. For exanple, soil texture is likely to be
coarser at the top of slopes than at the bottom because fine
soil particles tend to be carried away by water novenent.
For the sane reason nutrient supply is in nost cases likely
to be better at the base of slopes than at the top of
sl opes.

Soil noisture conditions can vary considerably depending on
the position on the slope and the location of the water
t abl e. On filled slopes soil texture and nutrient supply
can vary significantly since the fill my conme from a
variety of sources. Wiere de-icing chemcals are used on a
road surface adjacent to slopes there is likely to be an
accurmul ation of salts at the base of the sl opes. Specific
instructions for taking sanples should be obtained from the

testing agency.
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4.1.2 Tenperature
Annual and daily maxi mum  and m ni num  tenperature
fluctuations have an inportant influence on plant survival.
These are influenced by:

geographic and elevational position

t opographi c position

Sites along valley floors where cold night air settles

can have |lower mninmum tenperatures than positions on the
sides of valleys.

aspect

Aspect determnes the exposure of the site to the effects
of sun and w nd. Tenperature fluctuations are nuch nore
severe and soils are likely to be drier on southern
sl opes than on northern sl opes.

East facing slopes will receive as nuch sunlight as west
facing slopes but not lose as nuch noisture through
evapor ation and transpiration because of cool er

tenperatures early in the day.
shel ter

Landfornms, vegetation or nan-made structures can block
sunlight and wind to reduce tenperature extrenes. These
objects can also influence snow deposition which can
noderate winter tenperature effects.

4.1.3 Soil Mbisture

Soi | noisture is a key factor in influencing plant
development . This is nost critical during germination and
seedling stages of growh since roots have not yet
penetrated to a depth in the soil where npisture is nore
avai | abl e.

The effect of limtations in noisture supply on germnation
varies wth the plant species depending on such factors as
seed size and shape. Dessication is less of a problem with
smal | seeds because they have a larger contact to surface
area ratio (Fitzmartyn 1979). Burying of seed and nmnul ching
help to reduce this problem by conserving noisture in the

upper soil |ayers.
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For selection of plants attention nust also be given to the

time when optinum noisture conditions exist. The period of
maxi mum plant growh should coincide with the tinme of season
when there is a good supply of noisture. |If nost of the
yearly noisture supply is available for a short period
rather than spread out there wll be greater difficulties in
pl ant establishnent.

Soil noisture supply is influenced by soil texture and
col our, sl ope, tenperature extremes and soil noi sture
reqi nme. Some techniques for conserving soil noisture supply

are described in Section 6.2.
4.1. 4 Resi stance to Pests

In the selection of plants consideration should also be
given to the ability of plants to avoid or wthstand the
attacks of browsing animals, insects or plant diseases.

4.1.5 Resi stance to Hunman Activities

Human activities within the rehabilitation area can have a
consi derable influence on the survival of plants and efforts
shoul d be nmade to select species able to tolerate certain of
man’s activities: on roadside sites there are effects of
mai nt enance such as nowing, the use of de-icing chemcals
and snow ploughing, and in visitor use areas there are
effects from tranpling and vandalism

4.1.6 Concl usi on

The relationship of the various factors affecting plant

devel opnent is conmplex and in many cases soil and plant
speci alists should be consulted for selecting appropriate
species and for determning nmethods for inproving site

growi ng conditions.

A general guide for selection of plant species for highly
disturbed areas is to nmake the selection from species of
adj acent vegetation types that persist under nore xeric
conditions (Mnsen 1975). Monsen reports on a study in
Idaho in which plants successfully established on exposed
strata of road cuts were selected fromlithic soils of ridge
crests and steep canyon walls.

Pl umer (1977) supports this approach. He points out that
genetic differences occur wthin populations of a species
from different geographical and aptitudinal areas (referred
to as ecotypes). These differences between ecotypes have
evolved over long periods of tinme as a result of natural
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sel ection. By carefully matching site conditions therefore
it should be possible to identify ecotypes that would be
successful for revegetating disturbed sites.

The  bi ophysi cal inventory rmapping available for nost
national parks should be useful in helping to identify areas
where simlar ecotypes can be found. Were, however, the

di sturbance has radically changed the nature and properties
of the surface layers the ecotype from a land unit simlar
to the pre-disturbed state may not be adapted to the
di sturbed state.

Plumer (1975) points out that plants considered to be
pi oneer species are often useful in rehabilitation of
drastically altered sites. Some of these are slow to invade
di sturbed areas because of a lack of native seed crops or
because of wunstable soil conditions. However, they can be
quite successful if planted artificially and if soil
conditions are inproved.

Except where heroic and costly practices are taken snaller

plants have much higher survival rates than “landscape -
size” material. It is generally wise to overplant in order
to allow for expected nortality. Small plants not only are
nore cost-effective than tall plants, they also can be

easily grown from seed or cuttings in private nurseries,
generally for a lesser cost than collected plants.

4.2 Pl ant Selection - Rehabilitation Objectives

In addition to selecting plants on the basis of their
ability to survive and develop, they nust be |ooked at for

their ability to fulfill the specific objectives of the
rehabilitation program such as erosion control, inprovenent
of  visual quality, or the provision of shelter in

canpgrounds. The follow ng paragraphs point out sone of the
key attributes that should be |ooked for in plants that are
to fulfill such roles.

4.2.1 Erosion Control

Plants that spread to produce a mat-like covering of
vegetation over the soil are preferable to those that
concentrate their growh in scattered clunps. The speed of
germnation and of outward growh are inportant. Plants wth
fibrous root systenms are well suited to erosion control
because of their ability to hold soil particles in place.
Deep rooted plants are wuseful in conbating mass soil

sl i ppi ng.
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4.2.2 Soi | | nprovenent

Plants which produce a substantial quantity of leaf litter
whi ch  deconposes readily are beneficial because this
material acts as a mulch, which noderates soil tenperature
fluctuations, conserves soil noisture and reduces erosion,
and it provides a supply of nutrients for plant growth

Legum nous plants are valuable because they increase the
nitrogen supply in the soil by fixing atnospheric nitrogen.

4.2.3 Ecol ogi cal Compatibility

It is inmportant that careful attention be given to selecting
pl ants t hat Wil support t he desired successi ona

devel opnent of the plant comunity in the rehabilitation
area. A thorough understanding of the dynam cs of the |ocal
ecosystens is required to create optinum conditions for
pl ant community devel opnent.

Vari ous exotic pl ant speci es can be usef ul for
rehabilitation work because of characteristics which nake
them well suited to surviving harsh site conditions and to
controlling erosion. However, caution nust be exercised in
their use. They should not be introduced to an area if
there is a chance that they will be persistent, or wll in
some other way upset the environnental balance in adjoining
areas. This is of particular inportance in national parks
where a high value is placed on preserving natural
condi tions.

Were exotic plants are envisaged the aim should be to use

species which wll provide for initial soil stabilization
and conditioning and will then begin to decline to allow
nore slowy developing native plants to establish. Vari ous

agronom c species of grass are used effectively in this way:
they establish quickly but cannot sustain thenselves for
very long and are replaced by the better adapted |oca
plants . This process can also be achieved if the introduced
species is supported initially by fertilizing which is later
termnated to support the establishnment of native plants.

4.2.4 Fire Resistance

Fire resistance is an inportant consideration in plant
selection for locations where forest fires are prevalent.
The following characteristics should be |ooked for (Nerd,
1977):

| ow growi ng prostrate shrubs
hi gh noisture content in foliage
rapi d deconposition of leaf and twig litter
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4.2.5 Attractiveness to Wldlife

In sonme situations it may be advisable to avoid the use of
veget ati on that is attractive to wldlife. Pl ants
attractive to large animals should not be used for roadside
rehabilitation work because of the |ikelihood of collisions
occurring between the animals and autonobil es. Pl ant s
attractive to bears should not be wused where they would
increase the chances of contacts between bears and hunmansl
e.g. , along trails, or near canpgrounds.

Low fornms of plants should be selected for use al ong highway
verges in areas frequented by |large aninals. This allows
drivers better visibility so that they have nore tine to
react if the animals approach the roadway.

In sone cases, where there is no threat of conflict between

animals and humans, it may be desirable to select plants
that will provide food and shelter for wldlife.

4.2.6 M ni mal Mai nt enance

Notwi t hstanding the discussion of “inproved maintenance”
above (3.3.2.1e)), in view of cost, budgetary and staff
constraints, maintenance in nmany cases wll be mninmal or
nil. Wiile it wll be inpossible to avoid naintenance costs

in every case it is inportant to consider the no naintenance
condition during the rehabilitation process.

4.3 Pl ant Sel ection - Availability

A major factor effecting the selection of plant species is
the availability of the plants or their seed, and the ease
with which they can be planted. In many cases native plants
are not available from commercial nurseries or are not
available in large enough quantities. Wuere site conditions
are particularly harsh and specific ecotypes are needed,

this will be even nore of a problem

Obtaining sufficient quantities of wld seed for sone
species can also be difficult. In sone years, depending on
weat her conditions, production of viable seed can be very
| ow. Some species may never produce abundantly. Qotaining
viable seed is often also difficult because of uneven
ripening and seed shattering. Seeds of sone species are

difficult to renmbve from the plants or cause physica
di sconfort to the collector. (Monsen and Chri stensen, 1975)



- 36-

4.4 Conbi nati ons of Plant Species

There are a nunber of reasons why it may be desirable to use
a mxture of plant species in the treatnment of disturbed

sites.

a) A mxture may  be nor e conpati bl e with vari ed
environnmental conditions, e.g., differences in noisture
and nutrient availability, in exposure to sun and w nd.

b) A mxture may offer conplenentary capabilities for
erosion control. A conbination of herbaceous plants
wth shrubs and trees is effective because the
her baceous plants form a nmat which reduces the erosive
effect of inpacting raindrops and running surface water,
while the larger roots of the shrubs and trees provide
strong ties into the deeper soil |ayers. In sone cases
tree cover alone would be adequate to control erosion,
but the herbaceous plants are needed to provide
protection during t he est abl i shnent peri od.
Conbi nations of plants which cone into leaf early in the
spring with plants that retain their foliage late into
the autumm are effective in reducing erosion caused by
rainfall inpact over an extended period of tinmne.

c) A mxture is normally nore aesthetically pleasing. A
m xture of plants which provides a variety of height,
form and colour often appears nore natural and blends
nore successfully wth vegetation in adjacent areas than
one which consists of a very limted nunber of species.
The degree of variety should be simlar to that found
naturally in the area. In the case where only a few
species exist naturally the selection for the treatnent
area should be simlarly limted.

d) The introduction of a variety of species normally
enhances survival of the cover. Wth a very limted
nunber of species the chances of the plants being
eradicated by adverse <conditions such as climatic
extrenmes, or disease or pest attack, are greater.

Al though there are benefits to using mxtures of plants for
di sturbed site rehabilitation for there can be problens as a

result of conpetition. Most commonly these problens exist
bet ween herbaceous and woody plants. Herbaceous plants often
conpete vigorously for noisture, nutrients and light, and

they can severely affect the devel opnent of woody plants
interplanted with them

Conbi nations of vigorous herbaceous plants wth fragile,
sl ow devel opi ng, woody species are not likely to be
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successful. Were vigorous herbaceous plants are to be used,
shrub and tree selections should be from species wth
denonstrated conpetitive ability. Quick growing plants wll
likely be nobst successful. Typi cal pioneer species wll
often be successful conpetitors.

The root ing habit of trees may al so af f ect t he
susceptibility to conpetition from herbaceous plants (Vogel,
1973) . Presumably trees with shallow rooting systens would

be at a greater disadvantage than those wth deeply
penetrating roots.

The relative sizes of plants are significant. It is best to
use seedlings that are larger than the mature height of the
her baceous plants to be used. If shorter they may be shaded
out and, in the autum, they may be buried under a mat of
vegetation resulting from the death of above-ground portions
of the herbaceous plants.

The relative timng of the planting of the herbaceous and
the woody plants can be significant. Vogel (1973) concl udes
from a study done on conpetition between various herbaceous
plants and trees that it is preferable to plant the
conpeting plants at the sane tine. He found that if the
trees were planted into established stands of herbaceous
plants their growmh was considerably retarded.

Bengtson (1973) on the other hand points out that if
non- per si st ent species of grass are used, supported by

fertilizer appl i cati ons, t hat woody speci es can be
successfully established one or two seasons |ater when the
grass’s vigour begins to dw ndle. The grass inproves the

soil conditions by adding organic material to the soil and
by stabilizing the soil against erosion.

Probl ens can occur if herbaceous and woody plants are seeded
si mul t aneousl y. Usually seeds of woody plants require a
| onger period of stratification than do those of nost
her baceous pl ants. The result is that by the tinme that the
trees and shrubs begin to grow the herbaceous plants are
wel | est abl i shed and better able to conpete. | f
simul taneous seeding is favoured selection should be of
woody plants that have a short period of seed stratification
or ones that can be altered by artificial neans (Mnsen and
Chri stensen, 1975).

Erratic germ nation, which commonly occurs wth woody
pl ants, also creates problenms in that plants my not
germnate when noisture conditions are nost favorable.
Were conpetition is expected to be significant it wll be
best to transplant woody species rather than to plant seed.
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Competition can also be reduced by limting the density of
pl anti ngs or balancing the proportions of plant types used.

Sel ection can be nmade of plants which do not have coinciding
maxi mum growt h peri ods. One may nmeke a spurt of growth in
the spring and then slow to mninmal growmh while the other
may grow at a constant rate throughout the summer season.

Were mce or other rodents are comon (e.g. in a heavy
grass sward - a good winter habitat) care should be taken to
protect young trees from being debarked or girdled. The

bark may be protected by an anti-rodent chemcal, by wre
netting, or by plastic shields manufactured for that
pur pose.

5.0 PLANTI NG METHCDS

This section provides guidelines for the steps that are
generally required for the planting of disturbed areas. It
deals with the alternative nethods, seeding, transplanting
and vegetative reproduction

5.1 Seedi ng

In order to ensure effective germnation and cover grow h,
careful attention should be paid to the preparation of the
seedbed, tine of seeding, seeding nethod and to post-seeding
practices.

51.1 Seedbed Preparation
5.1.1.1 Tilling

A good seed bed, in terns of physical condition, is one
which is sufficiently fragmented at the surface (depth of
12 mmto 5 cn) that the seed can be placed into the soil and
then covered with a layer of |oose soil particles. Providing

a soil cover for the seed is one of the nost inportant
requi rements for successf ul pl ant est abl i shnent,
especially where shortage of soil noisture is critical. The

| ower success rate for seeds sown onto unbroken ground also
occurs because nore seed is lost to water and wi nd erosion,
and to birds and rodents.

On sites where heavy equipnent has been used, such as in

road construction, the soil surface may be severely
conpacted, especially in the case of clay soils. To | oosen
such soils heavy soi | “ripping” equi prent Wil be

necessary. A claw attachnent nounted on the back of a
bul l dozer is frequently wused for this task. Carefu
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assessnent should be made of the soil conditions to
determne the optinmm depth for the ripping, since soils at
| ower depths may contain undesirable materials such as dense

clays or accumul ations of salts.

Where conpaction is not severe the soil should be | oosened
to a depth of 15 cm to 20 cm and the top 10 cm should be
further wor ked until it is broken into fairly fine
fragnents.

On large and relatively flat areas (maxinmum grade of 1:3) a
tractor-nounted disc harrow is generally suitable for soil

tilling. Were the soil surface is exceptionally hard a
chisel plow is wuseful for |loosening the soil prior to
di sci ng. Rototillers and cultipackers can be used for fine
filling of the topnost l|ayers and spike-tooth harrows are

well suited to breaking clods of earth and for snpothing the
seedbed.

Al'l  equi pnent should be operated across rather than up and
down slopes so that grooves and tire tracts in the soil act
as checks to erosion. Reference has been nade to breaking

conpacted soil “into fairly fine fragnments” and *“snoothing
t he seedbed”. These words are used in a relative rather
than an absolute sense. Care should be taken not to
over - “mani cure” sl opes: this is costly and can be
er osi on- prone . Onh a mcro-scale irreqularities along the

contour are normally desirable: the irregularities |essen
down-sl ope erosion, provide useful mcroclimatic conditions
and a soil nulch for the seed. Fi nal snoot hing of the slope
tends to occur naturally.

For large operations where slopes are too steep for use of
the nore standard types of equipnent, specialized equipnent
is sonetimes wused for soil tilling. There are crane
attachnents which can be operated from the base of sl opes,
and where there is adequate space and access to the top of
sl opes, a tractor nounted device called the “clodbuster” can
be used. A “clodbuster” is a chain with spikes along it and
a ball at the end. This is dragged across the slope and as
the chain turns the spikes and the links spin around and
break-up the soil surface.

On areas too small for the use of tractors and where grades
are not steep, hand-operated rototillers are useful for

tilling. On areas where grades are too steep for nechanical
equi prent or where access is limted - as is likely to be
the case with nmany sites in national parks - tilling wll

have to be done by hand tools such as mattocks, picks, hoes
and rakes.
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Caution mnust be taken when tilling soil in situations where
there are living roots of trees or shrubs under the
surface. This is a common situation in canpgrounds and
picnic areas and along the edge of trails where soils have

been conpact ed. Sandy soils are easier to deal with than
clay soils because they can usually be adequately worked by
raking or very shallow harrowing or rototilling. Wth clay
soils tilling is nore difficult. Cay soils that are

densely conpacted cannot be easily broken and require
heavier cultivating which increases the danger for the plant
roots. The problem is further aggravated because, in clay,
plant roots tend to concentrate closer to the soil surface
than they do in other soil types. The best approach is to
assess each situation individually. If the plants involved
are healthy, and only a portion of the root area wll be
affected, then heavy tilling using rototillers, aerators or
soil slicers may be acceptable. However if all sides of the
plant need to be treated such action could be quite
damagi ng. Treatnent of such sensitive areas then mght best
be phased over several years.

5.1.1.2 Soi | Amendnment s

In many cases in order to successfully establish a plant
cover on disturbed sites various amendnents nust be added to

the soil. This is particularly true where the original
topsoil layer has been lost, as is comonly the case where
there has been excavation, where excavated material has been
deposited, or where there has been severe erosion. The
layer of topsoil in an wundisturbed area has gradually
devel oped over hundreds, or even thousands of years, and is
generally well suited to plant growh. It contains plant
nutrients derived from the deconposition of plant and aninal
matter; it contains mcro-organisns which assist in the

production of nutrients, and its structure is generally
such that it allows for an adequate novenent of air and
noi sture within the plant rooting zone. Were this topsoil
| ayer has been lost site potential for supporting plants is
significantly reduced and neasures nust be taken to inprove
the remaining soil material to a condition suitable for
pl ant grow h.

Soil tests should be conducted in order to determ ne what
materials should be added to the soil and at what rates.
Tests can also be made of the undisturbed soils of adjacent
areas since it wll be desirable to match, as closely as
possible, the natural conditions of the area. The latter
tests, however, may be inpractical since plants on the
di sturbed site may never grow sufficiently to tap the deep
source  of nutrients the established pl ants utilize.
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3

Coen“suggests the application of nutrients to neet the
needs of the plants to be established. Once established
nutrients should be added to facilitate novenent towards the
desired eventual plant conmunity. The restoration of

natural conditions and processes can be conplex and costly:
expert advice should be sought.

a) Addition of Topsoil

Wiere a supply of topsoil is available this obviously can be
of great benefit in inproving the plant growi ng properties
of disturbed soils. Therefore a first step in the
rehabilitation of a site should be to check to see if there
are any acceptable sources of topsoil. In many cases
conventional sources of topsoil wll be too expensive and
there are obvious environnental restrictions to “borrow ng”
topsoil from natural areas wthin parks. However there may
be future construction projects planned for areas nearby to
rehabilitation sites which could provi de i nexpensi ve
t opsoil . Where such sources of topsoil are likely to be
available this should be considered in the planning of a
park’s overall rehabilitation program Priorities for wuse
of topsoil should be established and a schedule set to match
that of the construction activity. The ideal situation is to
be able to nove excavated topsoil directly to rehabilitation
sites wthout any interim storage period. Doubl e- handl i ng
increases costs, and storage can be detrinental to the
m cro-organisns within the soil.

Noting the qualifications in paragraph 2 above, and
particularly where the disturbance is not severe, donor and
recipient sites should be as simlar as possible in terns of

bi ophysi cal characteristics i.e., from simlar biophysical
land classification units. This would pronote the quickest
recovery to a natural state and the soil would Iikely

contain seeds from plants adapted to the conditions of the
treatnent site.

b) Addition of Subsoil

In some situations subsoil materials, which may be available
from current construction activities, can also be used to

improve soil conditions for planting on disturbed sites.
Fine textured "plastic" soils can be used to inprove the
texture of coarse soil types (sandy and gravelly soils).

3 Personal comunication G Coen, pedologist, Agriculture
Canada, Ednonton, Al berta.
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This helps to bind the soil particles together and increases
their capacity to hold nutrients and noisture, and reduces
their susceptibility to erosion. In addition clay and silt
subsoil material may contain plant nutrients (Foote, 1970).

Were the soil of the treatnment site is heavy clay, sandy
subsoils can be used to “lighten” these in order to provide
for better air and water penetration and for easier root
gr owt h.

Imrediately prior to the application of additional soil

material the existing soil surface should be cultivated.
This is desirable because the roughened surface that results
provides a better bonding between the two soil layers and

because it inproves conditions for root growmh and the
novenent of air and water.

c) Addition of Oganic Materials

Organic materials such as straw, bark shreds or deconposing
| eaves can be added to clay or sandy soils to inprove soil
structure. In clay soils organic material “opens up” the
soil to allow for better air and noisture novenent and in
sandy soils it helps to bind the soil particles together
which increases the soils ability to retain noisture and to
resi st erosion. As the organic nmaterial deconposes it
provides nutrients for plant growh. See section 7.0 with
regard to organic nulches and the carbon-nitrogen bal ance.

d) Addition of Fertilizers

Fertilizer application, in many cases, is essential in order

to achieve the successful establishnment of plants on
di sturbed sites. Achieving a quick and dense stand of
vegetation is often the nost critical requirenent. Once
such a cover is achieved, site conditions are often

sufficiently altered (climatic nodification and erosion
control) to allow for the continued devel opnent of the plant
conunity.

The fertilizer mx and the rate of application should be
determned on the basis of soil tests, and qualified soil
specialists should be consulted. Various factors which
shoul d be considered are discussed bel ow.

Suitable application rates for fertilizer wll vary wth
plant species and wth soil characteristics, i.e., soil
texture, organic matter content, i on-exchange capacity,

depth and available nutrient supply (Fitzmartyn, 1979).
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The total nutrient content of the soil does not always
coincide with the actual amount of nutrients available for
plant use. MNutrients may be “locked up” in chemcal and
m cr obi ol ogi cal processes because of inbalances in the soil
condi tion. As well, nitrogen can be limted under cold soil
conditions because of |low rates of bacterial activity and
because of the relative lack of other nutrients. The pH
level of the soil can also restrict the availability of

nutrients (Fitzmartyn, 1979).

A tw or three step fertilizing program may be beneficial
for sites with particularly difficult growing conditions,
e.g., steep slopes or soils wth a very low nutrient
content. A first application is nmade at the tine of seeding
and a second at the beginning of the next growi ng season. In
some |locations, such as at the top of steep slopes where
degeneration occurs nore quickly, a third application may be
necessary. Where such multiple applications are to be used
consideration nust be given to the effect that this may have
on the relative vigor of different species in the plant
m X. Repeated fertilizing may endanger woody plants if an
her baceous “nurse” crop is supported for too long a period.

Fertilizer can be applied with standard tractor-operated
equi pnent where sites are accessible and grades are not
steep (maxi mum grade of 1:3). On small sites or sites with
steep slopes hand applicators are often nost practical. On
very steep slopes the best approach is to use a hydroseeder
by which the fertilizer is applied in a mxture with the
seed and water. \Were hydroseeder application is used it is
advisable that the load should be enptied within thirty
mnutes of the fertilizer being added or the “salt effect”
of the fertilizer may decrease the germnation of the seed
(Foote, 1970).

When fertilizer is applied dry, the area should be watered
thoroughly afterwards to prevent seedling's from being
burned by the chem cals.

e) Addition of Line

Application of lime may be required on overly acidic soils
where this condition restricts plant devel opnent. GCenerally
a pH range of 6 to 7.5 is desirable but this can vary
depending on the species of plants involved. Linme can al so
be beneficial in that it inproves the structure of clay
soils and, in creating a nore favorable environnment for
bacteria, hastens the decay of organic nmaterial. As with

fertilizing the application rate should be determ ned on
basis of soil tests.
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Ideally lime should be added and worked into the soil a few
weeks before planting. However this is not wusually possible
on sites that are highly susceptible to erosion

5.1.2 Seed Pl anting Met hods

There are three nethods of seed planting commonly used in
rehabilitation work: drill seeding, broadcast seeding and
hydr oseedi ng.

5.1.2.1 Drill Seeding

Drill seeding is generally considered to be the best nethod
of planting seed because the seed is buried imediately upon
application and because it is possible to accurately contro

the depth, distribution and rate of seeding. An even
di stribution of seed is particularly i mport ant for
controlling erosion. O her advantages of drill seeding are
that it is possible to pack the soil over the seed and | ower
seed application rates can be used. Wth drill seeding
establishnment is generally nore successful than wth other
techniques due to optimum conditions for germnation and
because seeds are less likely to be lost to rodents and
birds, and to the effects of erosion

Several points of caution should be noted with regard to
drill seeding. Frequent checks should be nmade to ensure
that the different species of seed in a seed mxture do not
separate out (this can occur because of equipnent vibration)
and that the seed load is evenly distributed across the seed
reservoir. Care nust also be taken to ensure that the dril
is properly adjusted so that the seed is not placed too
deeply in the soil. Drilling should be done across slopes so
that depressions left by the drills and the wheels act as
checks to erosion. (Foote, 1970)

5.1.2.2 Broadcast seeding

Broadcast seeding is a term used to describe seeding
techni ques by which seed is deposited onto the soil surface

in a dry condition. This can be achieved wth equipnent
nmounted on or pulled by tractors (cyclone spreaders) or by a
machine that 1is hand carried. Broadcasting is a nore
suitable nethod than drill seeding where the soil surface is
irregular or rocky. Hand broadcasting spreaders are used
where slopes are too steep for vehicles or where vehicle
access is not possible. Were seeding is done by hand or

with hand-operated spreaders the seed should be divided into
two lots and these applied separately and at right-angles to
each other to ensure even distribution
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Spot planting wll be necessary for seeds that need to be
planted at greater depths than those of the bulk of the
planting mx or where the seeds are too large to be
accommodat ed by the seeding equipnent.

5.1.2.3 Hydroseeding

The hydroseeding technique is generally the nost expensive
but is extrenely useful for seeding slopes 100 steep for the

operation of nechanized equipnent. Blight 'states that, in
the western nountain parks, steep slopes and rocky soil
conditions don’t allow drill seeding, and broadcast seeding
followed by raking or harrowing are also inpossible. Thus
generally, in the nountain environnent, hydroseeding is the
only realistic option: in terns of cost hydroseeding is
conpetitive with drilling and cheaper than broadcast or hand
seedi ng.

Seed can be sown by this nmethod onto nearly vertical slopes
if a fibrous material, which holds the seed to the soil
surface, is added to the water and seed mxture. Anot her

advantage is that the fertilizer can be applied in the sane
operati on.

There are a nunber of precautions which should be taken with
hydr oseedi ng (adapted from Kay, 1973):

a) Gear punmps wth the paddle type of agitator are
recommended rather than centrifugal punps. Kay reports
that his studies have shown that centrifugal punps wth
by pass agitation systens can danmage the seed. This is
particularly true when there are large seeds in the mx
as would be the case with the seeds of woody plants.
Kay recommends that, when the centrifugal type of punp
is wused, the delivery time (the tinme from which the
agitation of the seed in the tank begins until the seed
is sown ) should be limted to a naximm of twenty
mnutes and that wood fibre should be included in the
m x (recomrended rate of 500 kg/ 14000 L water/ha).

b) Care nust be taken to see that the correct size of
nozzle is used. Sonetimes hydronul ching nozzles are
used when there is no mulch included with the mx, wth
the result that there is an uneven distribution of the
seed.

4 Personal communi cation L.G Bl i ght, Par ks Canada,
Cal gary, Al berta.
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c) Unevenness of distribution also occurs because it is
difficult for the gun operator to discern the pattern of

distribution that he 1is naking. To overcone this,
colour dyed wood fibre should be added to the seed
m xt ure.

d) Hydr oseedi ng should not be carried out when w nd speeds
are in excess of 23 knih.

5.1.3 Time of Seeding

The proper tinme for seeding depends upon the plant species
being used and clinmatic conditions. For many grasses late
summer planting is desirable because of suitable tenperature
and noisture conditions, and because plants are able to

become wel | established before the dry sumer season
arrives . Early spring planting is usually the next best tine
to plant. If irrigation is available the timng is not as
critical.

Late autumm seeding is desirable for seeds which require a
cold period to overconme inherent dornmancies. This nust be
done |ate enough that germnation does not occur but prior
to the ground freezing. Autum planting is well suited to
alpine conditions where spring access is limted by snow
condi ti ons (Fitzmartyn, 1979). Seeds whi ch have
enbryo-dormancies and are to be spring planted wll need to

be chilled for suitable periods prior to planting (Zak,
1976) .

5.1.4 Post - Seedi ng Practices

Wiere possible seed should be covered wth a thin layer of
soil . The depth of this Jlayer is «critical for the
germ nation and survival of many plant species. For very
small seeds the required depth may be as little as 6 mm
This factor should be considered when seed mxes are being
pl anned, because a portion of the seed may be lost if
requirements for depth of soil cover vary considerably
bet ween speci es.

On flat and gently sloping areas harrows (spike tooth drags)
and cultipackers can be wused for covering seed. The
cul tipacker is particularly good because it firnms the soil
over the seed.

On slopes steeper than 1:3, because of the difficulty of
equi pnment  operati on, seed covering wll l'ikely best be
achi eved by hand raking. Wuere this is not possible because
of extreme steepness or lack of sufficient [|oose soil,
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mul ching material can be applied to secure the seed to the
soil surface and to protect it from the drying effects of
sun and w nd. Hydroseeding, wth fibre mulch included in
the mx, is well suited to the purpose.

5.2 Transpl anti ng

Transplanting is an alternative nmethod of planting which has
sone advantages over seeding on snmall and particularly harsh
sites, where the economc advantage of seeding is reduced.

Successful establishment is nore |ikely because roots and
above-ground portions of plants are well developed and
therefore | ess susceptible to desi ccati on. Wer e
transplants are planted with ‘the soil intact around the

roots the chances of success are increased because nutrients
are available imediately and because mcrofauna, which are
necessary for the breakdown of organic matter into food, are

introduced immediately to the new site. The invasion of
mcro-organisns by the natural neans of wnd and water
transport can be a very slow process. Anot her advantage is

t hat transpl ants reach adulthood and are capable of
pr oduci ng seeds nor e qui ckly t han seeded pl ant s.
(Fitzmartyn, 1979).

Bareroot seedlings of sone plant species can be successfully

transpl anted al so. These can be handled nore easily than
transplants with root-soil intact and can often be taken
directly from areas near the site. It is essential however

that the roots not be allowed to dry out during the period
bet ween di gging and pl anti ng.

5.3 Veget ati ve Reproduction

Vegetative reproduction is a planting nmethod which uses
cuttings of the above-ground ©portions or the roots of
pl ants. These can with sone species, notably wllow poplar
and alder, given adequate nmpisture conditions, be directly
planted at the treatnent site. Wth other plants, however,
an internediate planting stage in prepared rooting nmedia, is
required in order to achieve root developnent prior to final

pl anti ng. Were direct planting of cuttings can be used,
great savings in tinme can be achieved and a great anount of
material can be planted relatively inexpensively. However

where the intermediate planting step is required costs
conpared to that of seeding (including the <costs of
collection in the wld) are likely to be greater. Anot her
advantage of the vegetative propagation technique over seed
or seedling planting is that the plants are nore likely to
be adapted to the site conditions if collected from simlar
sites.
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Wattling is a special technique of vegetative transplanting
which is very wuseful for stabilizing soils on sites wth
severe erosion problens. Wth this technique bundles of

living branches are set into the soil in rows across the
sl ope. These conbat erosion by slowng rainfall runoff,
entrapping sedinment and by anchoring the soil wth roots

which develop from the nodes of the living branches (see
section 6.1.4).

6.0 TECHNIQUES FOR EROSION CONTROL AND MJ STURE
CONSERVATT ON
6.1 Er osi on Contr ol

In the rehabilitation of disturbed sites, especially those
involving cut or fill enbanknments, erosion control neasures
are usually required in order to allow vegetation to becone
est abl i shed. Wthout this protection plants have difficulty
establ i shing because of soil loss from around the roots and
because of crusting of the soil surface which often results
from the inpact of rain drops. Once a cover of vegetation
is in place this will usually prevent further erosion

6.1.1 Di t ching and Berm ng

If surface water runoff from above the site is a mmjor cause
of the erosion then a ditch or a berm can be used to divert

the water around the area. Berns are often preferable to
ditches since the soil surface is not disturbed and there
is, therefore, less <chance of erosion occurring in the

di versi on channel

6.1.2 Ml ches

Mul ches can be effectively used to control erosion occurring
from rainfall inpact and surface runoff. This technique is
described in nore detail in section 7.0.

6.1.3 Sl ope adj ust ment

General ly mul ches cannot be expected to be very effective on

very steep slopes (i.e. exceeding 1:1 ) . In this case one
solution is to reduce the grade by cutting back the top of
the slope and/or by filling at the base of the slope. In

many cases, however, this is an undesirable approach because
the area of disturbance is greatly enlarged and may
necessitate the renoval of large quantities of trees and
ot her vegetation.

Reference has already been made to the use of gabions for
stabilizing unstable banks of limted extent (section
3.1. 2e).
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6.1.4 Vattling

Wwattling can be used as an alternative nethod for dealing
wth erosion control on very steep slopes or where, for
ot her reasons, there are extrene erosion problens. Wattling,
as described by Leiser and Nussbaum (1974), is a technique
in which bundles of flexible twigs are laid in trenches
across cut or filled sl opes. The bundles are staked down to
hold them in place and they are partially covered wth

soil. The value of the wattles is that they slow the speed
of surface water flow, increase water infiltration and
entrap sedinent being <carried down slope. The smal |

terraces created on top of the bundles contain the trapped
sedi nent and provide conditions that are well suited for the

establ i shment of plants. If the wattling is nade of plant
species which root easily, such as willow, the branches wll
root into the soil and securely fix the wattling to the

sl ope surface.

Lei ser and Nussbaum report that in a test on one of the nost
probl ematic slopes in the Tahoe Basin (California), wattling
alnost conpletely elimnated erosion in one season. They
concluded that "...no mulches (excelsior, fibre, jute),
plastic or organic sprays or woodfibre treatnents alone have
gi ven such satisfactory and consistent results”.

Material for wattles may be any stiff, leafy brush that can
be obtained in reasonably straight lengths of 1 m or nore
(the longer the  better). Long sl ender branches are

preferred to those that are short and thick. Stem t hi ckness
in excess of 25 mmare wunnecessarily large. Wde spreading
and very stiff brush which is difficult to conpress should
be avoi ded. Leafy material is nost desirable because the
| eaves do nost of the soil holding in that they plug the
spaces between stens and prevent water from carrying soil
down sl ope. If the material available has little foliage
then straw or some other organic material should be bound
into the wattles (Kraebel, 1936).

6.1.5 Deep Chiseling, Gouging and Dozer Basins

Deep chiseling, gouging and the digging of dozer basins are

techniques for inproving soil noisture conditions in arid
areas ( Hodder , 1977). These t echni ques I ncrease
infiltration capacity of the soil, and therefore conbat soil

er osi on. A description of these techniques is given in

section 6.2.2 which deals wth the subject of soil
conservati on.
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6.2 Moi sture Conservation
Shortage of soil noisture in disturbed sites is a common
cause of failure in vegetation establishnent. Sel ection of

appropriate plant species is of prine inportance, but in
addi tion there are vari ous techni ques of noi sture
conservation which wll help.

Mul ching is one of the npbst comon techniques. Mul ches
decrease surface runoff from rainfall and snow nelt and
therefore increase infiltration of water into the soil. Once

the water is captured mnmulches act to conserve it by reducing
evapor ati on.

On coarse textured soils it is beneficial to incorporate

organic material into the soil. This helps to guard agai nst
moi sture |osses from evaporation and from percolation to
lower soil layers where it would not be available for

initial plant growt h.
6.2.1 Pl anting Techni ques for Dry Soils

Three innovative techniques for planting on dry soil areas,
developed by the Mntana Agriculture Experinment Station.
(Hodder, 1973), are reviewed bel ow Measurenents have been
nmetri cat ed.

a) Condensation Traps

A condensation trap is conposed of a deep planting basin
containing a regular stock seedling. The entire basin is
covered with a plastic sheet and heeled in around the edge
to contain a large anmount of air. The plant foliage is
guided up through a hole in the plastic sheet. Rocks are
pl aced on the sheet around the plant to provide protection,
to weight the plastic and to keep it taut in a funnel form
Water vapour condenses on the wunderside of the plastic
sheet, trickles down to the plant |ocation and effectively
irrigates it.

b) Suppl enental Root Transplants

A pair of interconnected seedlings of a rhizomatous shrub
species are carefully renoved. The top of one seedling is
pruned off at the crown leaving two root systens connected
to the uncropped seedling. The horizontally connected root
systenms are then planted in a vertical attitude, one being
pl aced deeper where there is nore soil noisture and the
other planted in a normal nmanner in the drier surface soil.
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c) Tubelings

Tubelings are plant seedlings planted and nursery devel oped

in 2-ply paper cores or tubes. The tubes are 60 mm in
dianeter and .6m in |ength. The paper core is reinforced
wth a 12 mm square nesh plastic sleeve. When the root
system devel ops and extends from the bottom and sides of the
tube, the tubeling is ready for transplanting. A powered
soil auger is used to drill holes in the field. Tubelings

are dropped in, sealed around the top and Ileft wthout
further care or naintenance. The purpose of the tubeling is
to force root devel opnent downwards where noist conditions
can sustain plant grow h. A nunber of other containers in
use may substitute for the tubeling described here.

6.2.2 Surface Soil Modification

Sever al ot her met hods for I mprovi ng soi | noi sture
condi tions, involving nodifications to the shape of the soil
surface. are summarized from Hodder (1973). Agai n,

measur enents have been netricated.
a) Deep Chiseling

Deep chiseling |oosens conpacted surface soils to a depth
of .15 - .2 m The process creates a series of parallel
slots along the contour. This effectively inpedes water
flow and markedly increases the infiltration rate. Chiseling
forms a cloddy seedbed which is ideal for broadcast native

seed m xtures. Benefits of chiseling are relatively
tenporary since erosion from low intensity storns nmay be
sufficient to fill the cultivation slots and thus permt
high  run-off agai n. This treatment is effective on

relatively flat slopes during the first spring in helping
establish a vegetative cover which, when adequate, wll
conprise a lasting erosion control system

b) Gouging

Gouging is a surface configuration conposed of many
depressions approximately .25m deep, .45m across and .6 m
| ong. This pattern is anenable to gradual slopes and flat

areas . It is surprisingly effective in conserving runoff

from noderate intensity stornms and in causing differential
nelting of snow in the winter, thus retaining snow noisture
which would otherwise be [ost. It also creates a cloddy
seedbed ideal for broadcast seeding.
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c) Dozer Basins

Dozer basins are large depressions designed to acconplish
what terracing or contouring are intended to do but wthout

the characteristic precision, hazards and expense. Dozer
basins are usually about 1 m deep, 8 m long, and placed on
the rough contour interval of about 9 m Preci pitation

intercepted within each mni-drainage (area) accunulates in
the basin bottom in quantities sufficient to thoroughly
saturate the basin limts. The increased soil noisture
availability assures the establishnment of a nucleus stand of
vegetation during the first growing season. Thereafter it
can spread between basins to nmake a conplete cover.

7.0 MULCHES AND MULCHI NG TECHNI QUES
Milching is one of the nobst inportant horticultural -
agronom c practices in disturbed site rehabilitation. It is

i mportant because it provides an extrenely effective nmeans
for inproving adverse site conditions for plant growh.
Mul ches control erosion by slowng the speed of surface
water runoff, by holding soil particles in place and by
entrapping sedinments, by breaking the inpact of raindrops
and by shielding the soil particles fromwnds. They nodify

fluctuations in soil tenperature extremes, conserve soil
noi sture by increasing_ the water infiltration rate and by
reduci ng evapor ation pr event soi | crusting, whi ch

restricts water infiltration and air circulation, and can
provide nutrients for plant grow h.

Many different materials are wused for nulching including

those traditionally wused in agriculture as well as new
products developed in response to the recent jncreased
attention being given to environnental concerns. The

materials range from straw, hay, sawdust, wood-chips, bark,
wood-fibre, manure, brush, peat, shredded paper to organic
and inorganic filns (as "tackifiers" and soi | - bi nders)

gravel and crushed stone.

Qualities which should be |ooked for in the selection of a
mul ch i ncl ude:

a) ability to resist erosion;

b) sufficient porosity to allow rainfall to infiltrate the
soil and to allow plants to grow up through it;

5 Note: too much nulch can raise surface tenperatures and
decrease available water. This is not wusually a
problem in view of cost considerations.
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c) insolubility in water;

d) sufficient resistance to weathering so as to remain
intact until the plants are securely established,

e) non-toxic;
f) not contain undesirable weed seeds;

g) nhot attraction to rodents or insects which mght danage
t he pl ants;

h) not a fire hazard,

i) and relatively cheap to obtain and to apply.

Fitzmartyn (1979) indicates other factors that nust be
considered in nulch selection. Different nulches have
different pH (acidity) | evel s and if the level is
considerably different from that of the soil in the
treatment area then the selection of plant species may have
to be changed accordingly. The pH level can also vary

within one type of mulch material, (in peat the pH can vary
from3 to 7.5).

The carbon/nitrogen (C.N) ratio in the organic mulch is also

I nportant. If the carbon is greatly in excess of the
nitrogen the mcroflora involved in the deconposition of the
mulch will conpete with the plants for the available soil
nitrogen and reduce the plants’ chance of survival. For

mulches with a high CN ratio, nitrogen rich fertilizers
should be applied to conpensate for the lack of balance. A
favorable C N ratio is 20:1; sawdust can have a ratio of
440:1 and straw 80:1, but the ratio wll vary wth the
source (Fitzmartyn, 1979).

There can be difficulties in using nmulches in alpine areas
because the insulating effects of the mulch can delay the
start of an already short grow ng season.

Mul ching will vary from the small patch-up jobs where trial
and error will prevail, and where cost is not an inportant
factor, to conprehensive rehabilitation projects where there
can be significant environnental inplications, and where
rehabilitation costs can be correspondingly significant. In
the latter case, where relevant research is not avail able,
it may be necessary to organize a research project or
program prior to site disturbance: such research can lead to
an optimal approach in benefit-cost terns.
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A good deal of research has been carried out in the Wstern

and South-western U S., and the rest of this section is
based largely on the work of Kay (1973, 1974, 1977 and 1978)
t here. The enphasis has been abstracting information of
general relevance to a variety of I|andscapes. Details of a

nunber of research experinents have been omtted as having
l[imted practical relevance to a wde variety of Canadian
| andscapes.

Wiere research is indicated sources of expertise within the
region should be consulted, and a review of Kay's papers

will be nethodically worthwhile.

Above all, it is inportant not to translate successful
research in a particular environment into a panacea approach
for all. The  proj ect environment is  not normal |y

honbgeneous but a nosaic of ecosystens which is in turn
conplicated by a superinposed pattern of proposed actions
(or actual disturbances). Research orientation, at whatever
appropriate itensity, will reflect these patterns as well as
rehabilitation objectives and the results of relevant
research.

Simlarly, rehabilitation practices wll reflect the sane
patterns. A broadly conceived benefit-cost “analysis” wll
determine a need for high rehabilitation costs in one
disturbed land wunit, and for zero expenditures in another

(i.e. the latter will be left to revegetate naturally).
7.1 Organic Ml ches
7.1.1 Straw and Hay

Wheat, oat and barely straw, and wild or cultivated hay are
commonly used for nul ching.

Straw can contain 0.5 to 5.0 percent cereal seed by weight.
This can contribute considerably to the plant cover and

initial er osi on control ef fectiveness , but may be
detrinmental in the long run because of conpetition between
the cereal and the seeded plant species. Moreover, in this

way undesirable exotics can be introduced.

Use of wld grass hay should be considered since it can
provide a good source of native plant naterial. The hay
shoul d be harvested when seeds are ripe but not shattered.

It should be taken from |locations with simlar environnental

condi ti ons. Some grass straw (notably annual ryegrass,

Lotium nmultifloruns) <can contain inhibitors that have a
toxic effect on seedlings if used in excess.
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Straw can be applied with specially designed straw bl owers
or straw beaters, or can be spread by hand. Blowers are
reported by manufacturers to be capable of applications of
13.6 netric tonnes per hour and to have a maxi mnum range of
27 nmetres. The length of straw can be inportant and can be
controlled in nost blowers by adjusting or renoving the
flail chains. Baled straw may be long or short depending on

agricultural practices. Straw to be crinped or punched
should be relatively long to be incorporated effectively
into the soil: tufts of straw should remain above the
surface to act as checks to erosion. For mechani cal

mul ching the straw length should be between 15 and 45 cm
Danp mulch is preferred since it does not break when pushed

into the earth.

The “beater” type of mulch spreader is effective on flatter
areas (maximum gradient of 1:3) but blowers are needed for
steep sl opes. Application by blower should be limted to
times when winds are light so that an even distribution can

be obt ai ned.

The anmount of straw to be wused wll depend upon the
erodibility of the site (soil type, rainfall, length and
steepness of slope etc. ), and the type of straw |ncreasing
rates of application give increasing protection. Straw to

be held down with a net should be applied at a rate of 3.4
to 4.5 nmetric tonnes per hectare and straw held with a
tackifier at 2.2 to 3.4 netric tonnes per hectare. If too
much straw is used it <can snother seedlings by blocking
light penetration and preventing the growh of plant
shoots . Generally a good rule of thunb is that some soil
should be visible through the straw mulch when |ooked at
from above. Hi gher rates of application are possible if the
straw is vertically positioned (in tufts) by crinping or
punchi ng. Excessive anmounts on the surface can be a fire
hazar d.

Straw or hay usually needs to be held in place until plant
growh starts . The problem is wnd, not water. Water
puddles the soil around the straw and helps hold it in
pl ace. Also, wet straw “mats down” and is not easily
noved. Common  nethods of holding straw in place are
crinping, disking, or rolling into the soil, covering wth a

net or wire, or spraying with a chemcal tackifier.

Crinmping is acconplished wth comercial nachines which
utilize blunt notched disks which are forced into the soil

by a weighted tractor-drawn carriage. They wll not
penetrate hard soils and cannot be pulled on steep sl opes.
On small sites where use of mechanical equi pnment  is

restricted the straw can be crinped with shovels.
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Rolling or “punching” is done with a specially designed
roller. A sheepsf oot roller, commonly used in soil
conpaction, is not satisfactory for incorporating straw
Specifications of t he California Depart ment of

Transportation quoted by Kay (1978), contain the follow ng
provisions “Roller shall be equipped with straight studs,

made of approximately 7/8 inch inch steel plate, placed
approximately 8 inches apart, and staggered. The studs
shall not be less than 6 inches long nor nore than 6 inches
wi de and shall be rounded to prevent withdrawing the straw

from the soil. The roller shall be of such weight as to
incorporate the straw sufficiently into the soil so that the
straw will not support conbustion, and will have a uniform
surface”

The roller may be tractor-drawn on flat areas or gentle
sl opes, whereas on steeper slopes with top-of-slope access
the roller may be lowered by gravity and raised by a wnch

in yo-yo fashion, conmonl y from a flat-bed truck.
Requirenents are soil soft enough for the roller teeth to
penetrate, and access to the top of the slope. It can be
used on nmuch steeper slopes than a crinper. Punched straw

may not be as effective as contour crinped straw, because of
the staggered arrangenent of tucked straw instead of the
“whi sker dans” mnade by crinping.

A variety of nets wused to hold straw in place include
tw sted-woven kraft paper, plastic fabric, poultry netting,
concrete reinforcing wre, and jute. These should be
anchored at enough points to prevent the net from whipping
in the wind, which rearranges the straw Price and required
l ength of service should determ ne the product used.

Perhaps the nost common nethod of holding straw is the use

of a tackifier. This method may be used on relatively steep
slopes which have limted access and soil too hard for
crinping or punching. Asphalt enulsion, the tackifier used

nost commonly, is applied at 2200-5500 |/ha, either over the
top of the straw or applied simultaneously with the straw
bl ow ng operation. Wod fibre alone is effective as a
short-term tackifier, but glue nust be added to give
protection beyond a few weeks.

Wod fibre, wused in conbination wth new product 56, has
been denobnstrated to be equally effective as asphalt
emul sion tackifiers, simlar in cost and environnentally
nore acceptabl e.

6 These include new products from natural sources as well
as enul sions used in making adhesives, paints, etc.
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7.1.2 Hydraul i ¢ Mul chi ng

Hydraulic mulching, or “hydronulching”, is a technique by
which a nulch is applied as a water slurry. The slurry may
also contain seed, fertilizer, erosion-control conpounds,

growth regulators, soil anendnents, etc. The techni que has
becone i ncreasi ngly popul ar because of | ow | abor
requi renents . Mul ches nust have a particle size snall

enough for ready punping through 0.5-inch (or closest netric
equi val ent) nozzles, and nust not be too buoyant to remmin
in suspension with noderate agitation. Used nost commonly
are specially manufactured fibres mde from alder and
aspen. Heml ock, also used, is nore difficult to punp. Many
recycl ed paper and agricultural products have been nmarketed
or tested. Anong those nmarketed are office waste, corrugated
boxes (PFM, chopped newspaper and seed screenings.

The nost inportant property of a hydronulching material is
that it adhere to the soil even on steep slopes and hold the
seed in place during heavy rainfall and w nd.

Laboratory tests conducted by Kay (1978) indicated that
virgin wood fibres of aspen and alder offered considerable

soil protection. They were consistently superior to other
comercial products tested, including those nade of office
waste, newsprint, and seed screenings. He specul ated that

the shorter fibre length of the commercial products was
responsible for their relative inefficiency.

Anot her inportant property of nmulch is its noisture-holding
capacity. In general, products with the |ongest fibres and
best slope-adhering characteristics also have the highest
noi sture-hol ding capacity.

Commercial fibres are usually dyed with a green dye which
lasts only a few hours or days. This visual aid assists in
obtai ning an even distribution.

Rates of hydromulch vary from 550 to 3500 kg/ ha. The rate
of 225 kg/5700 L water is suggested as being necessary to
di sperse seeds evenly in the slurry, and in order to protect
seed passing through the centrifugal punps comonly used in
hydraulic seeders (see section 5.1.2.3a). This woul d cover
0.4 to 1.2 hectares, with best coverage on 0.4 ha and
possible distribution problens if used on 1.2 ha. A mninm
of 1,120 kg/ha is necessary to hold the seed on a sl ope.

Wod fibre is an essential addition to nost hydraulically
applied chemi cal s, i ncl udi ng straw tackifiers. Many
soil-binding chemicals will not hold seed, fertilizer, or
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straw to a slope unless wood fibre is included. Regi onal
experts and Kay (1978) should be consulted prior to
enbarking on a costly project.

7.1.3 Wod Resi dues
Wyodchi ps, bar k, shavi ngs and sawdust can be used
effectively as mulches. These may be available as waste

from the forest product industries or from sites where trees
are being cleared.

Advant ages of wood residues over straw and hay are that they
are easier to apply, are longer lasting and are |ess
susceptible to blowing or to catching fire. D sadvantages
are conpetition for available nitrogen (section 7.0), and
lowering of the pH if the material is strongly fernented.
Packing, which retards aeration and infiltration, can be a
probl em To maintain the soil pH level, linme can be added
to the mulch material. Tests should be carried out to
determ ne these requirenents.

Wodchips and bark can be applied with a conventional
straw-blower to a distance of 18 netres. Kay (1978)
indicates that application rates of two to six tinmes that of
hay or straw are required to achieve the sanme erosion
control effectiveness. However, if too thick a layer is
applied the seedlings germnating from the seed beneath may
be snot hered. A balance nust be found between the two
requi rements. The optimum rate will depend upon factors
such as the particle size of the nmulch, soil conditions,
pl ant species, and gradient of slope.

Anot her wood residue nulch is excelsior or shredded wood.
This consists of curled wood fibres wth approximte
dinensions of .5 mm x 1.0 nmm x 20 cm The fibres are
randomy intertwined which provides a good resistance to
di slocation by wind or water. This is reported to be as
effective as straw plus asphalt with the advantage that it
does not need to be anchored on slopes of less than 1:3
gr adi ent . On very windy areas, on steep slopes, and in
drai nage ways a tackifier or net anchoring is necessary.

Excelsior is available in rolls wth paper or plastic
netting but is expensive, laborious to apply and sonetines
deconposes too quickly.

Use of wood residue nulches are generally best restricted to
slopes less than 1:3 or steep slopes which are scarified or
serrated, except in the case of excelsior which can be
ef fectively anchored.
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7.1. 4 Fabric or Mats

Fabric or mats, including jute, excelsior, and woven paper
or plastic fibres, are provided in rolls to be fastened to
the soil with wire staples. Fi breglass roving (which is
blowmn on wth conpressed air and tacked with asphalt or
plastic emulsions) is also available as a non-bi odegradabl e
substitute. Use of these products is limted by their cost
and effectiveness. The rolls require high |abour inputs for
installation, cost at least four tinmes as nuch as tacked
straw, and are not adapted to fitting to irregular surfaces

or rocky areas . Erosion from beneath these products is
common because they do not have intimate contact with the
soil . They nust be heavy enough or anchored in enough spots

to prevent w nd whipping. Mats nust be frequently checked
so that tears and poorly anchored sections can be nended

bef ore extensive damage occurs.

These materials have an advantage over hay and straw in that
they are weed-free. However, they can be unsightly, a fire
hazard, and in sone cases they are not sufficiently
bi odegradable while in others they deteriorate too quickly.

Due to high costs mats are probably nost suitable for use on

smal | areas, where erosion problems are particularly
difficult.
7.2 Chem cal Ml ches

Organic and inorganic chemcals to be used as mulches or
soil binders are usually applied in a water carrier or as

part of a hydraulic seeding slurry. They are expensive and
very specialized, and nust be wused correctly for maxinmm
ef f ecti veness. These are discussed here as either fibre

tackifiers to be used as part of a seeding, or as plastic
emul sions which may be used with a seeding or alone as a
soi | bi nder.

7.2.1 Fibre Tackifiers

Fibre tackifiers are generally advertised to hold fibre in
pl ace, promo t e germ nation, hold noisture, and retard
er osi on. Chemi cal groups represented are styrene butadiene,

pol yvinyl acetate honopol yners, vinyl acrylic copolyners:
organic chemcals include an alginase and an absorbent
pol yner derived from starch.

Al though virgin wood fibres as a hydraulic nmulch adhere well
to slopes wthout the addition of glues or tackifiers,
interests continues in products which would inprove their



-65-

resistance to wind or rain. Generally, the results suggest
that it would be better to add nore fibre than tackifier.
Most products do, however, nake the slurry easier to punp,
and thus permt the addition of nore fibre. Most products
are sensitive to fertilizer, and lose their effectiveness
when applied together.

The state of the art seens to be very nuch in a state of
flux, and prospective users should be circunmspect in their
sel ection and nethods. Recent tests have shown that the
application is nmuch nore effective when sprayed after the
h?/droseedi ng- mul chi ng slurry rather than mnmixed in the
slurry.

There is a hazard to the seed in using highly effective
mul ches or additives. These products or conbinations may
retain enough noisture to al low germnation whhen the
noi sture in the soil is too low to permt establishnment.
Simply covering the seed with soil nmay be nore effective in
that the seedbed will remain dry until enough noisture is
avail able for both germ nation and sustained grow h.

When enough noisture for growh is present or can be easily
provided, a new product, Super Slurper mght help keep the

soil surface noist during the germnation period. Super
Sluper is the starch-derived absorbent poylynmer referred to
above. A US. Departnent of Agriculture patent, the dry

powder fornms a viscous water-absorbing surface if noisture
Is present, and is reported to absorb up to 1000 tines its
own wei ght.

7.2.72 Soi |l Binders

Plastic enul sions have been used for about a decade to bind
surface soil particles into a crust for protection from w nd
and water erosion, and for dust control. Again a nunber of
chem cal groups are represented. Al are an intimte
m xture of hi gh- nol ecul ar - wei ght pol yneric particles
di spersed in a continuous agqueous phase. They are basic
ingredients in paint, glue, and other products.

The emulsions are sold as a liquid concentrate. They give
better initial protection than other comonly used erosion-
control practices. Al retard soil erosion if wused in
sufficient quantity. Their nost effective use appears to be
at internediate stages of construction or where plant
material s are not desired (e.g. undesi rabl e pl ants
associated with the transplanting of trees and shrubs). The
i nclusion of fibre wth the enulsion I nproves its
per f or mance.
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Limtations in the use of soil binders are related to:
a) their high cost;

b) the critical anpunt of water required for effective

use. The optimal dilution rate can be expected to vary
with the product used, the soil type and tenperature,
and with noisture conditions. Soil binders are comonly

used too diluted, at rates too 10W or where they should
not be used.

c) the generally deleterious effect on plant establishnment
and delaying grass seedling energence. The devel opnent
of tip burn in grass seedlings is apparently the result
of applying fertilizer wth the enmulsion and seed.
Separate application of fertilizer after germnation of
seeds has avoided this problem The inclusion of fibre
in the application also mtigates these effects. The
del et eri ous ef f ect on pl ant est abl i shnment I's
particularly marked in low rainfall areas, and on soils
with low noisture holding capacity, since the emnulsion

crust sheds nost of the water.

d) weat her condi tions after appl i cation. M ni mum
tenperature requirenents of between 7 to 13°C should be
observed. Rain or frost before curing is conpleted may

destroy the enulsion, as may frost-heaving.

e) the need for protection of treated areas from vehicles
and animals, and the need to repair breaks in the crust.

7.3 Soi|l and Rock Mul ches

Soil and rock are ranked by Kay as two of the nost effective
mul ch materials. The mcrosites created by rough seedbeds
or rock are highly effective in retaining soil noisture and
producing favorable atnospheric noisture and tenperature

regi nes. Kay cites a study show ng that nulches of crushed
stone or gravel 25 mm deep provided nore effective erosion
control than 4500 kg/ha of straw Field observations have

shown gravel cover to be effective in reducing wind and
water erosion and in encouraging invasion by indigenous
pl ants.

8.0 RELATI VE COSTS AND EFFECTI VENESS

There is a paucity of reliable information in the literature
whi ch descri bes pr oj ect actions and rel at ed costs
sufficiently well to permt sound extrapolation, and to

assist in the preparation of estinmates. In order to fill
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this void, as well as to dissenm nate useful information on
rehabilitation practices, r egi onal and par k officers
responsible for rehabilitation projects are invited to
forward salient information to National Resources D vision
for national distribution. In the neantine, the figures
below are included to give a “ball park” appreciation of
possible costs and relative effectiveness of alternative
treat ments.

A study (Lowe, 1979) was carried out in 1978 in Southern
Ontario of the rehabilitation of pit and quarry sites. Two
estimates of backfilling and grading (including, in one
case, hydroseeding) of extracted areas before planting were
$8406 per ha and $6655 per ha. Actual planting costs
(plants plus |abour) ranged from $25 to $3150 per ha: | ow
costs resulted from use of governnent nursery seedlings
rather than larger stock from commercial nurseries, found iIn
some  screen, and in recreational and vi sual amenity
pl anti ngs. No descriptions were given in support of the
cost figures.

In North Dakota the reclamation costs of four lignite mning
sites, mned by four separate conpanies, under a reclanation

act in effect unti | 1976, and enbracing backfilling ,
grading, the renoval, stockpiling, and replacenent of up to
45 cm of topsoil, soil anendments and seeding, averaged
about $5930 per ha (LaFevers, 1978) . The difference in cost

between Southern Ontario and North Dakota can be explained
by price increases between 1974-1976 and 1977-1978, and
probably by differences in the econony of scale arid in
regul ations reflecting the population densities and patterns
in the two regions.

The “Table Summary of Methods and Costs of Common Erosion-
control Practices” is summarized from a nore detailed table
by Kay (1978), dealing with nulches in erosion control
practice in the sem-arrid and arrid regions of the Wstern
u. S. In any transposition to current Canadian dollars
attention should be paid to foreign exchange and inflation
factors, to differential cost increases related to energy
cost escalation as well as to location of manufacture and
transportati on costs.

Rehabilitation practices vary considerably in cost and
ef fecti veness. Sonetines the characteristics of the site to
be stabilized determine the only practical treatment.
Usual Iy, however, there are alternative nethods which should
be consi dered.

The nost expensive practice is not necessarily the nost
effective. For exanple, straw plus a tackifier (N4 in the
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table) is nore effective for both erosion control and plant
establishment than many of the nobre expensive treatnents. A
rough seedbed or covering the seed with soil my be the
cheapest and nost effective treatnment for establishing
veget ati on.

Mul ch treatnments increase in effectiveness with both the
anmount of nmulch per unit area and the length of the fibre.
Wiile it is possible to apply excessive anmounts of nmulch,
econom c considerations wusually prevent it and there are
optimum depths for plant devel opnent. The inportance of
fibre length, however, should not be overl ooked. I ncreasi ng
the fibre length (as from wood cellulose fibre to straw) may
greatly increase the effectiveness of erosion control and
germ nati on. Thi s relatively | arge i ncrease in
effectiveness can be achieved at little or no increase in
cost
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