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INTRODUCTION 

Soil erosion costs the nation millions of dollars annually and sig- 
i 

nificantly degrades water quality and aesthetic resources. The nature of 

road design combined with construction and maintenance activities creates 

high soil erosion potential within rights-of-way continuously subjected to 

public view. In the interest of protecting road construction investments, 

reducing maintenance costs and protecting adjoining property and streams, 

efficient methods must be utilized to stabilize disturbed soil and establish 

a permanent vegetative cover adjacent to our highways. Lack of the ability 

to do this prompted the Montana Department of Highways, Federal Highway 

Administration and the Montana Agricultural Experiment Station to develop 

improved methods for rapid soil stabilization, reliable vegetation establish¬ 

ment and efficient roadside maintenance. 

This brochure was designed and prepared by the Reclamation Research 

Unit at Montana State University for the Federal Highway Administration and 

Montana Department of Highways to acquaint highway personnel responsible for 

roadside vegetation management with new techniques developed for the stabiliza¬ 

tion of roadside vegetation. The techniques presented were developed for 

semiarid regions to aid in the difficult task of rapidly stabilizing roadside 

soils and establishing desirable perennial species vegetative cover. While 

each of the techniques presented may not be practical for all roadside 

programs, implementation of any one of these new techniques should prove to be 

beneficial. 

RAPID SOIL STABILIZATION WITH ANNUAL PLANTS 

Under natural conditions disturbed sites are not immediately stabilized 

with organic mulches or perennial species. Almost without exception disturbed 
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areas are first stabilized by rapidly developing annual plants. These first 

plants protect the soil surface with aerial foliage and bind subsurface soils 

together with extensive root systems. The combination of surface and subsurface 

protection stabilizes soil against the effects of raindrop impact, surface 

runoff and wind erosion. Thus, there are numerous potential advantages to 

using annual species for initial soil stabilization. These advantages encourage 

the scientist to develop methods of establishing stands of annual and perennial 

species simultaneously. If that task is accomplished the soil will be stable 

and prepared for growth of long-lived perennial species. The first goal is 

to select annual species capable of fulfilling the following criteria. 

1) rapid seed germination 

2) high percent emergence 

3) rapid foliage development 

4) rapid root system development 

5) lateral spreading fiberous root system 

6) minimal interspecies competition 

7) minimal soil moisture consumption 

8) no second year growth or re-establishment 

9) readily available seed supply. 

Studies indicated that cereal grains such as wheat and barley fulfill 

these species selection criteria on the Great Plains. However, it is important 

to select specific annuals for each project based upon time of planting, 

climate, soils and seedbed preparation. 

A study designed to evaluate the success of annual species soil stabiliza¬ 

tion was conducted on an arid sandy roadside near Melrose, Montana. The 

research evaluated simultaneous establishment of Horsford barley and a 

perennial seed mixture. The study was begun in July and plots were irrigated. 

Mulch and surface treatment evaluations were included in the study. 
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Six days following seeding and irrigation, the germination rate of 

Horsford barley was more than fifty percent. After two weeks the treatments, 

including barley, had developed a good vegetative cover (Photos 1 & 2). 

Photo 1. Barley, legume and grass seed germination six days after seeding and 

irrigation. 

Approximately thirty days following seeding, barley plant foliage covered 

over 22 percent of the soil surface while perennial plant seedling foliage 

covered less than 4 percent. Barley plant foliage grew rapidly during August 

resulting in over 60 percent ground cover by early September. During late 

September the barley plants were killed by frost thus preventing the formation 

of viable seeds which would cause unwanted second year competition. 

Photo 2. Developing barley, legume and perennial grass plants, three weeks 

following seeding. 
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During the winter months the barley plant cover greatly reduced wind 

velocity near the soil surface and caused increased deposition of snow and 

windblown soil (Photo 3). Deposition of soils on the downwind perimeter of 

the barley plant treatments was common. Perennial plants established by 

conventional means on the roadside adjacent to the treatment plots were not 

protected by litter from wind erosion and were eroded from the soil. This 

gave the roadside a barren sandy appearance (Photo 4). The dead barley plant 

mulch provided a significant amount of soil coverage through the second growing 

season. 

Photo 3. During the winter months the dead 

barley plants stabilized the soil 

and captured blowing soil. 

First year perennial plants survived where protected by dead barley 

plants, but were eroded out of the soil where not protected. 
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Success of the annual species soil stabilization treatment resulted in its1 

being incorporated into Montana Department of Highways revegetation contracts 

(Photo 5). Special contract provisions were prepared for each project to 

specify annual species, seeding rate, seeding method, season of seeding and 

other project specific requirements. 

Photo 5. Winter-time barley plant soil stabilization at the Pompey's 

Pillar project in Montana. 

SALVAGING AND RE-ESTABLISHING NATIVE SOD 

A more direct and immediate approach to rapid stabilization and revegeta¬ 

tion of erosive soil is the re-establishment of salvaged native sod. Road 

construction activities commonly destroy large areas of native grasses suitable 

for revegetation of disturbed areas. Use of this valuable resource provides 

immediate erosion control and a highly reliable method of re-establishing 

native plant species. Sodding eliminates the need for mulches, seed and the 

extended period before long-term stability is achieved (Photo 6). 

Studies completed in Montana demonstrated that Kentucky bluegrass and 

western wheatgrass, two of the most common grasses in the western United 

States, can be successfully salvaged and re-established. Sod containing 
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Photo 6. Successfully salvaged and re-established native sod provides immediate 

stabilization and eliminates the need for seed, mulch and a prolonged 

establishment period. 

these two species individually and together was cut, transported, and laid in 

accordance with procedures recommended for commercially grown lawn sod. The 

lack of native plant density and limited root concentrations in the surface 

zone required modification of the commonly employed sod cutting and handling 

procedures. In general, native sod must be cut thicker and handled more 

gently than thin pliable commercial sod (Photo 7). 

Photo 7. Most native sod must be cut thicker and handled more gentle than the 

thin pliable commercial sod. 
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Western wheatgrass sod cut at a 1.5 inch thickness could not be handled 

due to the absence of a dense root system near the soil surface. The three 

inch sod could be handled but not as readily as the Kentucky bluegrass sod 

at the 1.5 inch and three inch thickness. 

Both sodded species provided immediate cover which easily withstood 

large flows of surface runoff. Photo 8 shows the effectiveness of native 

Kentucky bluegrass sod when laid in a drainage ditch. The re-established 

sod withstood repeated high volume runoff events, but the downstream sections 

stabilized only with seeded grass continued to erode. 

Photo 8. This re-established native Kentucky bluegrass sod effectively 

stabilized the drainage ditch, but the downstream seeded section 

rapidly eroded. 
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SURFACE MANIPULATION 

Surface manipulation is the modification of surface soils into configura¬ 

tions which create improved microclimates for plant establishment. This treat¬ 

ment also reduces the rate of surface runoff by intercepting, storing and 

allowing infiltration of precipitation. Surface treatments vary widely from 

small depressions and ridges to large depressions. Two types of surface 

manipulations were found to be effective for revegetation of roadsides: deep 

chiseling and gouging. These treatments can be used either with or without 

mulches. 

Deep chiseling is a treatment used on heavily compacted soils to increase 

water infiltration rates, create a more desirable rooting medium, and prepare 

a seedbed suitable for seeding. Chiseling is accomplished with an agricultural 

type chisel plow which employs spring steel shanks located at twelve inch 

spacings. These shanks penetrate up to twelve inches deep into the soil 

(Photo 9). This treatment created a rough textured water and snow collecting 

surface and provided an excellent seedbed for natural soil coverage of broadcast 

seed. Chiseling can also be used to "key" topsoil into the subsoil thus reducing 

topsoil sloughing. 

Photo 9. Chiseling with an agricultural type chisel plow penetrates the soil 

up to twelve inches and forms an improved seedbed. 

8 



» 



Gouging is a treatment designed to create a seedbed which collects 

and stores additional soil moisture and encourages rapid vegetation development. 

This technique, developed by the Montana Agricultural Experiment Station, creates 

approximately 2,800 depressions per acre each measuring approximately 36 inches 

long, 16 inches wide and 6 inches deep (Photo 10). 

When applied to roadsides on slopes of 3:1 ratio or less the depressions 

effectively collected precipitation, increased soil moisture supplies, reduced 

erosion, and retained sediment. Study results showed this treatment established 

more dense stands of perennial vegetation when compared to smooth surface seedbeds. 

Photo 10. Gouges collect and store additional soil moisture and promote 

rapid vegetation development. 





MULCHES 

Mulching, the most common and widely used method of rapidly stabilizing 

soil and re-establishing vegetation was also evaluated. Objectives of the 

mulch study were to evaluate the more readily available mulch material for 

vegetation establishment capabilities, erosion control effectiveness and 

total costs. Mulch performance was determined under controlled study plot 

conditions and actual roadside application situations (Photo 11). The 

ultimate goal was to develop guidelines for the scientific and economic 

selection of mulching materials and application methods for highway right-of- 

way revegetation and stabilization. 

Photo 11. Mulch characteristics were determined under controlled study plot 

conditions and actual roadside situations. 

Woodfiber 

Woodfiber mulch is a current, popular material, used for mulching 

roadsides. Its widespread acceptance is due primarily to its acceptable 

performance when applied to moderately sloping, well prepared seedbeds and 

its ease of application with a hydroseeder. Studies showed that the material, 

when applied at 1,500 to 2,000 pounds per acre with or without a tackifier 
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increased seedling establishment rates and reduced soil erosion when applied 

to stable roadsides of 3:1 or flatter slopes. Application to steeper unstable 

slopes frequently produced unacceptable erosion and poor seedling establishment. 

Recycled Paper 

Research showed that ground, recycled typing paper or newspaper materials 

applied with a hydroseeder at 1500 pounds per acre increased seedling establish¬ 

ment when compared to a no mulch treatment. However, this material was not as 

effective for reducing soil moisture loss or modifying temperature extremes 

as compared to woodfiber mulch. Water flowing over the mulch surface detached 

paper particles. This reduced the protective qualities of the mulch layer and 

allowed accelerated soil erosion. This material should not be used where 

surface runoff may be a potential problem. 

Woodfiber plus Recycled Paper 

Equal amounts of woodfiber and recycled paper were mixed in a hydroseeder 

and applied at 1,500 pounds per acre to produce a more economical mulch material. 

Overall mulch performance was similar to that of woodfiber alone and showed no 

significant advantages. Cost of recycled paper mulch material has increased 

substantially thus eliminating any potential savings. 

Straw plus Asphalt 

Straw mulch plus asphalt has been widely used by highway departments for 

many years. The most desirable characteristics of this mulch are excellent 

soil moisture conservation, extreme temperature modification capability and 

good soil stabilization on moderate slopes. These advantages are primarily a 

result of the mulches greater depth and density as compared to thin layer mulches 

such as woodfiber. Temperature modification capabilities make this mulch ideal 
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for reducing frost heaving damage common at high elevations. 

Studies showed that the mulch helped establish good stands of vegetation 

if it was applied at the proper rate, was not blown around by wind and if it 

was not applied to slopes steeper than 2.5:1 slope ratio. This mulch is being 

used less now due to substantial cost increases for both straw and asphalt. 

Moreover, the asphalt requires special handling and frequently causes damage 

when used around vehicles, signs and other equipment. 

Straw Secured with Netting 

Straw secured in place with netting and long wire staples has a major 

disadvantage as compared to straw plus asphalt mulch. This disadvantage is 

the additional cost of application. Cost of the netting plus the labor 

intensive application method frequently doubled the total cost when compared 

to machine applied straw and asphalt mulch. However, netting secured straw 

was held in place more permanently than straw secured with asphalt thus 

providing more consistent results. This was especially true if the straw 

was subjected to surface runoff or high velocity wind. Straw and netting are 

more advantageously used when small irregularly shaped, narrow drainage areas 

require mulching. 

Straw or Native Grass Hay Crimped into Soil 

Stubble mulch is a unique mulching method in that it provides both above 

ground protection and subsurface soil stability. Application requires two 

separate operations: 1) the application of straw or grass hay to the soil 

surface at approximately two tons per acre with a pneumatic mulch spreader or 

a modified tub grinder, and 2) the crimping of the material two to three inches 

into the soil to form parallel rows of vertically oriented straw or hay stems. 
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Studies showed this mulching method provided excellent results because 

the straw did not hinder seedling emergence, but provided an excellent 

microenvironment for seedling establishment and protection. The contour rows 

of upright stems provided a barrier to high velocity wind, captured additional 

precipitation, collected blowing litter and prevented the blowing of sand and 

topsoil. The barriers extending both above and below the soil surface provided 

an excellent means of reducing surface water velocity, increasing surface water 

retention, increasing infiltration rates and decreasing surface runoff and 

surface soil erosion. This mulching method is being used on numerous revegeta¬ 

tion projects in Montana with excellent results. 

A primary requirement for this mulch application is a 3:1 or less slope 

ratio and a seedbed which permits pressing of the straw or hay stems into 

the soil. 

The use of native grass hay containing viable seeds is an excellent mulch 

for the establishment of numerous native species for which seed supplies are 

expensive or not readily available. This mulch is highly recommended for 

areas requiring immediate soil stabilization and where development of native 

species is desirable. 

Jute Mat 

Jute mat was effective in establishing seedlings, but is expensive and appli¬ 

cation is labor intensive. The mulch was best used for erosion control on 

limited sized areas or within drainage channels. Specific application procedures 

must be followed if erosion control is to be achieved. If ends of the mat are 

not buried in trenches,or if the mulch mat is stretched too tightly during 

application, water will run beneath the mulch mat resulting in gully development. 
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Excelsior Mat 

Excelsior mat approached being a perfect mulch for plant establishment. 

It was highly effective for modifying soil temperatures and conserving soil 

moisture; it was open enough not to hinder seedling emergence and the material 

was not comtaminated with weed seed. The mulch was effective for erosion control 

if not subjected to excessive quantities of concentrated runoff. Excelsior is 

not recommended for lining drainage channels of significant size. The mulch 

is expensive because of material and application cost but is well worth the 

price for specific applications. 

Paper Fabric 

The paper mat and paper fabric mulches evaluated to date are generally 

as expensive as excelsior mat mulch but do not perform as well. The paper 

fabric did not develop an adequate contact between mulch and soil. This 

allowed water to concentrate and create rills and gullies beneath the mulching 

surface. The mulch material tended to be pushed away from the soil by the 

developing seedlings and lost necessary contact with the soil surface. 

Fiberglass Roving or Mat Plus Asphalt 

Of all the mulches evaluated to date, the only one providing good soil 

stability within drainage channels subjected to large quantity flows was fiber¬ 

glass roving or fiberglass mat secured in place with asphalt. The fiberglass 

provided high tensile strength fibers and the asphalt bound the glass fibers 

together and attached the mulch to the soil surface. This mulch can be made 

more effective by covering with a thin layer of pea gravel immediately 

following asphalt application. Mulch resistance to concentrated flows 

increased as vegetation grew through the mulch materials. The expensive 

and nonbiodegradable nature of this mulch makes it undesirable for mulching 

extensive areas of roadside slopes. 
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CONCLUDING STATEMENT 

Use of irrigation is noted in the discussion of Rapid Soil Stabilization 

with Annual Plants. Space did not allow more thorough treatment of this 

important and potentially cost effective aid to plant establishment in this 

report. For similar reasons discussion of the need to analyze surface soils and 

the role and use of fertilizers was omitted. These subjects and others are 

addressed in the source domuments mentioned below. The user is encouraged to 

consult these publications before proceeding with the design of seeding mixtures. 

The research summarized on the preceeding pages of this report is more 

fully documented in volumes 1, 2 and 3 of Research Report 141 from the Montana 

Agricultural Experiment Station. These publications are available from Montana 

State University, Bozeman, Montana 59717. Related materials are recorded on 

35 mm slides with taped audio presentations. These may be obtained from Federal 

Highway Administration Regional Offices. 
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