The conventional engineering approach to slope stabilization and erosion control
usually relies solely on structural components. Vegetation is rarely included in engineering designs, though occasionally it is treated as incidental landscaping. Though
the benefits of vegetation's role in erosion control are poorly understood within
the engineering community; the value of vegetation in controlling erosion and reducing shallow mass wasting is well documented.
While engineered structures provide immediate stabilization and erosion abatement,
they become progressively weaker over time and do not adapt to changing site conditions. Vegetation, though ineffective when first established, becomes progressively
more effective, adaptable, and self-perpetuating over time. Vegetation also improves
water quality, reduces storm water run-off, enhances wildlife and fisheries habitat,
improves aesthetics, and reduces noxious weed establishment.
A "Bio-Structural" approach to erosion and slope stability problems; i.e., incorporating planned vegetational elements in engineering designs, can be less expensive,
more effective, and more adaptable than purely structural solutions. Vegetation
should be used in conjunction with geo-textiles and engineered structures whenever appropriate and practical.
Vegetation selected for "Bio-structural" design elements should be native whenever possible. Plants chosen should also be appropriate to the site, have wide adaptability, favorable spread and reproductive capability, superior control value, roots
of high tensile strength, and be available commercially.
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The conventional engineering approach to slope stabilization and erosion control usually relies solely on
structural components. Vegetation is
rarely included in engineering designs,
though occasionally it is treated as
incidental landscaping. Though the
benefits of vegetation's role in erosion
control are poorly understood or appreciated within the engineering community, the value of vegetation in controlling erosion and reducing shallow
mass wasting is well documented. The
use of vegetation and biotechnical
measures should be incorporated into
engineering designs early in the planning and design phases of a project.

106

•

Interception — foliage and plant
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•
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and (III) below surface effects.

dues increase surface roughness

Dissmeyer and Foster (1984) modi-

and slow run-off velocity.
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is surprising." Their summary of beneficial influences of woody vegetation
follows:
•

Root Reinforcement — roots mechanically reinforce a sod by
transfer of shear stresses in the
soil to tensile resistance in the
roots.

•

Soil moisture modifications —
evapotranspiration and intercep-
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Unloading the head of the slope
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Ground and surface water regime

adjacent slope impacts. Products such
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Buttressing the toe of the slope

ing surface erosion or encouraging the

•

Shifting the position of the potential failure surface

establishment of effective vegetation.

The following is a very brief summary
of important factors to consider when
incorporating planting and

Engineering measures deteriorate over

biotechnical measures in engineering

The specific measure or combination

ti me, becoming progressively less ef-

designs.
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fective or failing entirely. Adjacent
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Define objectives
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•

Soil moisture and productivity

Vegetation component of design

•

Sun/shade conditions

Every effort should be made to un-

•

Precipitation (rain, snow, fog)

derstand the specific constraints and

•

Presence of invasive exotic plants

opportunities of the site and project.

ian, terrestrial)

•

Flooding and/or inundation

Reference sites adjacent to the project

Restoration of pre-project vegeta-

•

Potential animal impacts

and goals include the following:
•

Erosion control (rilling and gullying)

•
•

Slope stabilization (marine, ripar-

tive cover
•

Creation of wildlife and fisheries
habitat (cover, food, and shade)

•

•

Offsite influences (drainage, invasive plants)

for erosion control, slope stabilization, and wildlife and fisheries habitat value. If bioengineering measures

•

Land use regulations

suitable plant materials for cuttings.

tion)

•

View constraints

Note any significant disease or insect

Aesthetic enhancement (land-

•

Conflicting objectives (view vs.

problems. Determine if undesirable

erosion control)

plant seeds will be a problem if exist-

Regulatory mitigation (buffer
enhancement)

•

•

able species and plant communities

Stormwater management (reduction of run-off and sedimenta-

scape restoration)
•

Social considerations:

should be surveyed to identify desir-

ing project topsoil is to be used.

Project design

Reducing invasive plant establish-

It is imperative that planting and

ment

biotechnical measures be incorporated

Suitability of the site

into the design from the project's inception. Vegetation should be consid-

What are the physical environmental,

ered integral to design rather than

and social characteristics of the site?

incidental. A team approach from first

Is revegetation possible and desirable?

reconnaissance and feasibility through

Each site is different and unique. Fail-

final construction will assure a suc-

ure to consider pertinent factors of-

cessful project. Vegetational and en-

ten results in failure of biotechnical

gineering measures need to be coor-

and planting efforts.

dinated to be effective. Common com-

General Physical Characteristics:

are to be used; survey local areas for

ponents of such projects may include
structural, geotextile, biotechnical, and

Mulch or geotextile may be needed to
reduce plant competition with new
plantings. There are no "cookbook"
plant lists or generic solutions. An
inappropriate plant or biotechnical
measure in the wrong place will compromise the project's effectiveness and
waste money. Micro-site factors may
need to be considered on project sites
with varying slope, aspect, hydrology,
and soils. All the factors listed previously regarding physical, environmental, and social characteristics should
be specifically considered in plant and
biotechnical measure selection.

•

Topography

planting measures. Communication

•

Soils

between project team members will

Species selected should have the fol-

•

Slope

minimize disruption to construction

lowing attributes:

•

Hydrology

schedules and prevent other potential

•

Aspect

problems. Installation of vegetational

•

Geomorphology

measures often needs to be coordi-

•

Climate

nated with mechanical structures and
groundwork efforts. This is especially

General environmental characteristics:

important where riprap or other slope-

•

Wind

face stabilization measures are

•

Salt (spray, tidal)

planned.

•

Native to the area

•

Appropriate to the site (e.g. salt
tolerant, drought hardy)

•

Have a wide biologic amplitude
of adaptability

•

Favorable spread and reproductive
capability
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•

Superior erosion control value

should be part of project specifica-

slope stabilization projects. Revegeta-

•

Excellent root spread and

tions. Vegetation measures are weak,

tion measures are often only an inci-

ineffective, and vulnerable when first

dental component and are inadequate

installed, but become progressively

or ineffective, leading to the establish-

stronger, more effective, more adapt-

ment of undesirable, invasive exotic

able, and self-perpetuating over time.

plants subsequent to construction.

strength
•

Be commercially available in adequate numbers or able to be contract-grown (1-2 year lead time).

If proper establishment, monitoring,

Sedimentation of drainage facilities

Plant materials are available in a vari-

and maintenance measures are under-

and adverse impacts to water quality,

ety of stock types. Use of cuttings,

taken subsequent to installation, the

bare-root stock, planting tubes, con-

as well as degradation of fish habitat,

site should be self-sufficient after the

tainers, or other types are all common.

are often unintended consequences.

third year.

Existing mechanical best management

The type of plant stock selected will
be dependent on various project-specific factors. These include planting
season, site characteristics, plant availability, and soil type. Seeding of native woody vegetation is seldom practical or effective.

practices and engineered hydrologic

Some monitoring elements to
assess include:

in planting or biotechnical projects.
Eradication of undesirable species
from the planting site and topsoil seed
bank is critical. On sites with harsh
exposures or droughty sites, irrigation
may be required. The use of geotextile
fabric may provide multiple benefits,
including immediate erosion control,

ing increased and cumulative storm

•

Mortality (replace dead plants)

water impacts.

•

Damage (animal, insects, disease,
vandalism)

The recent listing of several salmonid

•

Wilting (check soil moisture regime)

Act has focused attention on the im-

•

Trampling (human, animal)

tive vegetation cover and minimizing

•

Adequate growth (to achieve coverage and effectiveness)

impervious surfaces.

•

Competing vegetation (control or
eradication indicated)

If native, woody vegetation planting

•

Erosion or hydrologic damage

a routine objective of engineering

Additional planning issues
Site preparation is a crucial element

controls can be ineffective in mitigat-

species under the Endangered Species
portance of maintaining effective, na-

and successful establishment becomes
plans and projects, then many of the

Important maintenance efforts
include:

adverse impacts and effects noted
above will be significantly reduced.

•

Replant as necessary to maintain
stocking

damage protection for new plantings

•

Irrigate as necessary

marine shore protection, and stream

is often necessary to reduce losses.

•

Remove undesirable competing
vegetation

projects. Restoring the most valuable

Monitoring, maintenance, and
replacement

•

Protect plants from animal dam-

construction sites would also reduce

age (browsing, trampling, etc.)

future maintenance costs, reduce long-

control of competing vegetation, and
conservation of soil moisture. Animal

Potential applications include slope
stabilization, road and right-of-way,

and effective plant communities on

Many planting and biotechnical

term erosion and landslide rates, im-

projects fail from neglect. Vegetative

prove wildlife and fish habitat, im-

measures require care during the es-

prove water quality, and help to main-

tablishment period, from one to three

Extensive clearing, grading, and slope

tain the aesthetic features synonymous

years after installation. Contingency

modification are concomitant impacts

with our region. While individual

plans, and funds to implement them,

of conventional erosion control and

projects may have a relatively small

Restoration Strategies

sources of figures

* Macdonald, K. B., and B. Witek.
1994. Management Options for
Unstable Bluffs in Puget Sound,
Washington. Coastal Erosion
Management Studies. Volume 8.
Shorelands and Water Resources
Program. Washington Department of Ecology, Olympia, Washington.

* Dissmeyer, G. E., and G. R. Foster.
1981. Estimating the Cover —
Management ( C) in the Universal Soil Loss Equation for Forest
Conditions. Journal of Soil and
Water Conservation. 36 (4)235240.

Menashe, E. 1998. Vegetation and Erosion: A literature Survey. In: Proceedings of the Native Plants
Symposium, Oregon State University, Forestry Sciences Lab.,
Corvallis, OR. 1998 Dec. 9-10:
130-135.

Fredricksen, R. L., and R. D. Harr.
1981. Soil, Vegetation and Watershed Management. In Forest Soils
of the Douglas Fir Region. P E.
Heilman, H. W Anderson, D. M.
Baumgartner (editors) Washington State University Co-op Extension Service.

* Menashe, E. 1993. Vegetation Management: A Guide for Puget
Sound Bluff Property Owners.
Shorelands and Coastal Zone
Management Program, Washington Department of Ecology,
Olympia, Washington.

benefit, the cumulative beneficial impacts are potentially enormous.

* Indicates literature cited and/or

* Gray, D. H., and A. T. Leiser. 1982.
Biotechnical Slope Protection and
Erosion Control. Van Nostrand
Reinhold Company. New York.
* Gray, D. H., and R. B. Sotir. 1996.
Biotechnical and Soil Bioengineering Slope Stabilization: A Practical Guide for Erosion Control.
John Wiley and Sons.
* Greenway, D. R. 1987. Vegetation
and Slope Stability. In Slope Stability, edited by M. E Anderson
and K. S. Richards. Wiley and
Sons, New York.
Kittredge, J. 1948/1973. Forest Influences: The Effects of Woody Vegetation on Climate, Water, and
Soil, With Applications to the
Conservation of Water and the
Control of Floods and Erosion.
(1973) Dover Publications, New
York.

ford, Miss-ARS-40. New Orleans,
LA: U.S.D.A., Agricultural Research Service, Southern Region.
Pg. 118-124.

* Schueler, T., 1987. Controlling Urban Runoff: A Practical Manual
for Planning and Designing Urban BMP 's. Metropolitan Washington Council of Governments,
Washington, DC.
* Sidle, R. C. 1985. Factors Affecting
the Stability of Slopes. In: Proceedings of a Workshop on Slope
Stability: Problems and Solutions
in Forest Management, U.S.D.A.
Forest Service, PNW Research
Station, Portland, Oregon.
Sidle, R. C., et. al. 1985. Hillslope
Stability and Land Use. Water
Resources Monograph Series, II.
American Geophysical Union,
Washington, D. C.
* Wischmeier, W H. 1975. Estimating the Soil Loss Equation's Cover
and Management Factor for Undisturbed Areas. In: Proceedings,
Sediment Yield Workshop, Ox-

111

