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FORWARD

This paper deals with soil erosion; its causes,

effects, and methods of control.

It deals only with soil erosion as caused by

water and does not delve into causes by such other

natural factors as wind, snowslides, and the like.
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SOIL EROSION

WHAT IS SOIL EROSION?

Soil erosion is caused when rainfall runs off the

land instead of soaking into it, and in running off,

carrying soil particles along with it.

CAUSES OF SOIL EROSION

Erosion is caused by any operation or factor that

destroys the protective cover of the soil. The primary

factors are included in the following:

Drought in some localities, causes excessive eva

poration of plants and kills them.

Fire is probably the worst cause of erosion. Thou

sands of acres of land have been denuded in this manner,

and erosion is inevitable.

Overgrazing in many cases has reduced the once knee

high, palatible areas of rich grasses to grass-less and

dusty plains. Soil porooity is reduced, and the water-

holding capacity is diminished to a minimum.

Improper and excessive land cultivation of steep

slopes is an important cause of erosion In farming areas.

Smelters adjacent to mining establishments have e-

mitted fumes that have completely destroyed the vegetation

for miles around.



Logging operations have left many sections of the

country in denuded conditions.

Rodents,.in some localities, have denuded the range

and caused erosion processes to occur.

In many sections of the mid-western plains, early

roads and trails over steep country, made natural water

ways for concentrated flow of rainwater. In these areas

there are now gullieswhich are growing wider and deeper

as the years go on.

TYPES OF SOIL EROSION

Sheet erosion is the tyne of erosion that occurs

universally where farm crops are being grown. In this

type, a more or less even layer of the top soils are

washed away.

In the gull:/ type of erosion, gullies are opened by

the force and mechanical action of rainfall and by sub

stances carried with the water. Small water ditches or

breaks in the field may easily develop into huge gullies,

These can easily be eradicated in the early stages, when

the waterfall at the heads of the ditches is diverted

elsewhere. Grasses and other vegetation, when planted,

will soon take root and the problem is largely solved.

In many cases, lateral gullies form from the main

gullies, ultimately resulting in general networks of

gully erosion.
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Gully erosion near Corvallis, Oregon



Gully erosion is much more noticeable than is sheet

erosion, and hence many laymen consider it to be the more

serious. This assumption, however, is false because sheet

erosion causes much more loss of soil than does any other

tyre of erosion.

The factors which determine the type of soil erosion

are (1) soil type, (2) degree of slope, (5) climate, (4)

vegetative cover, and (5) methods of soil usage.

TYPES OF GULLYING

The two general types of gullying are discussed in

the following paragraphs:

Ditch erosion occurs where the head and sides of the

gullies are usually sloping and erosion occurs at the head,

sides, and bottom of the gullies in varying degrees by the

action of water, and by freezing and thawing.

Waterfall erosion is caused by the action of water

falling over the edges of gully or ditch banks, and is of

ten responsible for many of the deepest gullies. In this

type, the falling water undermines the edges of the banks,

causing them to cave in. The rapidity of the action de

pends upon the character of the soil.

RELATION OF STREAM VELOCITY TO SOIL KROSION

"The erosive power of a steam varies as the square

of the velocity." (1) The power of a stream to carry soil

(1) Raniser, C. E.
"Erosion and Silting of Dredged Drainage Ditches"
Technical Bulletin No. 184 June, 1950
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particles is governed by the size of the eddies as well

as the stream velocity. These eddies hold the particles

in vertical suspension, and the water moves them along.

A formula to determine the velocity at which soil

particles can be carried along in a stream, has been

developed by Kennedy as follows:

V,Clf . .84D'64

v is the critical velocity in ft. per second
D is depth of water in feet
C and m are constants depending upon the kind
of silt.

(Values of G = .84 and m = .64 are suitable for
find sand such as that found in river beds in
India. It is a very fine sand.)

Silt in a stream is carried, (1) in suspension, and

(2) by rolling along the bottom. The first manner is by

far the most importart.

The velocity in a stream varies with three factors,

(1) fall of the stream, (2) hydraulic radium of the stream,

and (5.J resistance to flow caused by the condition of the

channel.

SOIL WASTAGE BY EROSION

A general discussion of the amountsof annual soil

wastage, and the damage and expense incurred in herein

stated. In order to impress more fully the damages caused

by soil erosion, several articles have been quoted.

"The estimate of the quantity of plant food elements

annually lost by erosion is a minimum estimate based upon
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yearly discharge of 500,000,000 tons of suspended mater

ial into the sea by rivers, plus twice this amount

(1,000,000,000 tons) stranded upon lower sL opes and de

posited over flood plains, in channels of streams, and

even in the basins of reservoirs, where it is not needed

and not wanted". (2)

The above estimates do not include the dissolved

soil matter which is also deposited into the sea, nor

that material which is swept along the river bottoms.

Chemical analysis by the United States Bureau of

Soils have shown that the annual chemical constituents

in the eroded soil amounts to 1.55$ potash, 0.15$ lime,

and 0.84% magnesia.

"In one place in Missouri where a schoolhouse stood

40 years ago, gullies having a depth of 100 feet or more,

are now found, and these finger through hundreds of acres

of land, whose reclamation,would baffle human integrity."

(2).

In many places in the prairie states early settlers

report that before expensive cultivation and grazing of

the land began, malted turf and grassjin many sections of

the country hung like canopies over the banks of streams

that carried clear water throughout the year.

Reports of the Southwestern Livestock Association

(2) Bennett, H. H. and Chapline, W. R.
"Soil Erosion a Nationd. Menace"
U. S. D. A. Circular No. 33



show that an average deposit of one foot of silt annually

in 50 southwestern reservoirs used for livestock watering,

limits the average life for the reservoirs to less than

15 years.

"The very few measurements which have been made un

der direction of the Mississippi River Commission, near

the mouth of the river, permit a very approximate estimate

of 300 million cubic yards annually as a measure of the

soil material brought to the mouth of that great river

alone. That is sufficient to build in one year practically

100 square miles of new land having a 3-foot depth of firo

silty soil--a small agricultural kingdom in itself."(3)

Thin layers of silt are deposited over 25 million a-

cres of land when the Mississippi river and its lower

tributaries are in flood. This deposition is helpful in

some cases, when it covers worn out and depleted soils.

The benefit, however, does not begin to offset the losses

incurred by the land from which the soil is eroded.

In many cases, the valuable fertile soil that is e-

roded, merely enlarges the deltas In the slow sluggish

rivers. Silt and sand deposits are gradually reducing

the river transportation, and causing more and more dredg

ing operations to be established in order to promote the

necessary transportation.

Sand bars are becoming so concentrated along por

tions of the Mississippi and Missouri rivers, that perio-

(3) Bates, C. C.
"Soil Erosion in the Mississippi Valley"
Journal of Forestry January, 1953 pp 88-96.



die floods are occurring. Raising of the levels of

these rivers, necessitates the building of higher

levees, and enhances the safety of people living

near the levees.

In localities where hydro electric plants are

constructed over rivers, increased erosion fills the

streams with soil particles that are damaging to the

machinery.

Countless slopes in Western United States that

were once covered with a rich blanket of herbaceous

andibrowse plants, and supported great bands of live

stock, because of erosion, now support less than half of

the original number of grazing animals. Records show

that each year, an increasing number of floods occur

on these areas because the rainwater cannot be held

back.

Another important erosion item is that it affects

loss of ground water. Insufficient coverage on the

soil does not permit sufficient infiltration of water

to maintain the steady flow of springs and streams, as

well as subterranean moisture conditions. This fact

then, affects everyone, either directly or indirectly.

The farmers will be affected directly because of loss

of, or greatly fluctuating, annual water supply. All

users of farm products are affected indirectly because

of the obvious rise in prices of those commodities that
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need irrigation and plenty of moisture for development.

In many localities where it was thought that soils

were worn out because of excessive cropping, thorough

examinations have shown that washing away of the surface

soils have left them in the worn-out condition.

It has been proved that productive soils can be

maintained through centuries, if proper crop rotations

and soil erosion measures are practiced.

Nature rebuilds soil by decomposition of rocks and

vegetable matter, but this decomposition is very slow in

some cases. It takes 10,000 years to form one foot of

soil from rocky substances.

METHODS OF CHECKING EROSION

Enormous wasting of soil must be stopped. The prob

lem of checking and preventing erosion and restoring the

watersheds is a large one. Of major importance is the re-

eetablishment and conservation of the protective vegeta

tive cover.

Once erosion has been checked on a depleted area,

and plants have taken root, the vegetative covers soon

spread and increase the plant foods in the soil. Short

lived species are soon replaced by biannuals and peren

nials, and soon complete vegetative crops have taken over

the barren areas.

In recent years, stockmen have realized that over

grazing not only increases erosion, but also decreases



the number of healthy animals that are produced.

conservative grazing necessitates placing on the

ranges no more stock than they can feed, and allowing

the palatible plants to get enough of a start in the

spring so that grazing will not impair their vigor. Un

der this system, the stock is removed in the fall before

heavy rains set in, as an assurance against trampling of

plants and erosion.

In some cases, less erosion injury is incurred if

different classes of stock are grazed on the areas. Ro

tation of grazing areas has also been found to be an af

fected prevention to erosion.

Checking Erosion By Trees, Plants, And Shrubs

Effects of Plant Life on Soil and Water

(1) Direct interception and evaporation of fall

ing rain by foliage of trees and shrubs.

^2) Transpiration of large amounts of moisture

from the subsoil back into the air.

(5) Ground is offered a protective shield against

impact of rain drops.

(4) Sponge-like conditions are formed by the knitt

ing and binding of root systems in the surface layers of

soils.

(5) Infiltration of rain is promoted by decaying

of plant roots which leave small inlet channels In the

soil.

(6) Improvement of soil structure by addition of
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organic matter, increases of absorption and increased

condition of soil structure to support vigorous growth.

(7) Increased surface friction which reduced tte

volumn and velocity of runoff.

(8) Surface friction keeps water spread out later

ally and thus delays rate of concentration in tributary

drainage ways.

(9) Entrance of air is aided by adding humus to

the soil, and more beneficial bacterial activity is in

creased by favorable environment.

"A thick stand of trees growing over areas of ap

preciable size, affords one of the best possible pro

tections against erosion. When trees are well establish

ed, the dense foliage canopy, the ground mat of leaf

and litter mulch, and extensive root development make

a combination that renders the soil practically invul

nerable." (1)

Relation of Forest Litter to Soil Poroclty

In 1930, Dr. J. T. Auten of the Central States

Forest Experiment Station, gathered 1600 soil samples

from 22 old-growth forest sites, 36 second-growth sites,

and 13 forest plantations. He found that the upper 9-inch

horizon of field soil averaged 15$ heavier than the cor

respond! ng layers of soils under virgin or old growth

forest conditions. In the upper 3-inch layer, field soils

are 43$ heavier than similar forest land soils.

(1) Bennett, H. H. and Chapline, W. R.
"Soil Erosion a National Menace"
USDA Circular No. 33.



Tests of water absorption power were also made

at the same time. The top layers of duff and litter

were removed from the forest soil, and tests were made

at depths of 1, 3, and 8 inches below the soil surface.

Under old-growth conditions, sd lis at depths of 1 inch

absorbed 47 times as readily as did average field soils

At 3-inch depths, the ratio was 15 to 1, and at 8-inch

depths, nearly 2.5 to 1, in favor of forest soils.

Relation of Humus to Soil Porocity

One of the largest factors affecting absorption

of water by the soil, is humus. This dark material is

formed primarily by the decomposition of leaves. It

possesses the ability to maintain the soil in a porous

and rich condition.

In old fields that were once rich in humus, con

stant tillage of the soil has reduced this content un

til small patches of the lighter-colored sub-soil can

be seen.

If humus is one of the chief factors in increasing

soil porocity and thereby checking runoff and prevent-

erosion, then measures should be taken to maintain maxi

mum humus content in the soil.

Soil Protection In Drainage Channels

In drainage channels, heavy mats of grass, high

weeds, cattails, saplings, and small shrubs protect the

soil from erosive action of the water. Vegetation re

tards the rate of flow and holds the soil in place.



If protection to the banks is not complete, the

seasonal variations in depth of stream-flow will tend

to loosen partsof the banks, and erosion then takes

place.

Protection of Gullies

In efforts to stop gullies that were destroying

the very land on which their living was dependent,

many farmers flooded the crevices with brush, wire,

old automobile bodies, and the like. These operations

have met with but little success.

"Gullies on the farm are like sores on the body—

both can be healed," is taken from U. S. D. A. Farmers

Bulletin No. 1737. The necessary steps for healing

gullies are: (1) Build snail check dams, (2) slope

off the steep banks and get top soil behind dams and

on the gully stopes, (5) plant trees, shrubs, vines or

grasses, and (4) protect all vegetative growth from fire,

the axe, and livestock. (Check dams are unnecessary in

short, shallow gullies.)

Species to Plant

A variety of grasses, weeds, and browse plants,

with some trees make the ideal situation for checking

erosion.

Vine-mesquite, which is a tufted perennial grass,

has been used extensively because of its growing abil

ity. It has widely creeping stolens or vines, which

grow out laterally for a distance of 8 to 10 feet. At
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intervals, where the vines touch the ground, roots

form, and soon individual plants are started. This

grass grows well in any moist region of mild climate.

In the bluegrass region of the United States,

bluegrass sod has been one of the best means of ero

sion prevention.

In small areas of badly eroded lands where plan

ting of bluegrass seeds has proved to be a failure,

actual moving of sod strips (2 to 4 inches thick)

from nearby areas, has become the custom. Prior to

placement of the sod strips, rough banks are smoothed

down, thereby allowing the strips to stay In place

and easily take root.

Other species to plant for soil erosion control

are mulberry, elderberry, red raspberry, snowberry,

wild chokecherry, black haw, wild grape, osage orange,

Russian olive, tulip poplar, white ash, green ash,

eastern red cedar, red oak, Cottonwood, willow, hick

ory, black walnut, black spruce, red pine, shortleaf

pine, Scotch pine, and jack pine.

Shrubs that are valuable are coral berry, sumac,

dwarf juniper. Vines used are kudzu, wild honeysuckle,

Himalaya blackberry and Virginia creeper.

Grasses that are usually planted along with 3hrubs

and trees to insure protection sre redtop, timothy, rye,

oats, barley, common lespedeza, Kentucky and Canadian

bluegrass, and Bermuda grass.



Mechanical Methods of Checking Erosion

Terracing is an Important Method of_Controlling

Erosion.

Various types of terracing are employed in mechan

ical checking of erosion on sloping ground. The most

common method used on slightly sloping ground is a low,

flat terrace (small, shallow ditch) that does not re

duce the usable area of the field at all. On steep

slopes, fairly deep, horizontal ditches are plowed.

These diversion ditches carry the excess water slowly

to one edge of the field. During the course of the

water migration, much of it has a chance to seep into

the soil.

The construction cost of terracing is not very

great. Once properly built, terraces, as retainers

of the soil, will more than pay for themselves in a

short time.

In cases of exceptionally steep slopes, the only

effective measure of control is the building of rock

walls to prevent erosion.

EFFORTS HECESSARY TO COMBAT EROSION

Erosion cannot be Controlled by efforts of only

a single agency, such as the Forest Service. Trees

and shrubs may be planted in forest service areas that

may be eroding, but this fact will not stop erosion on

lands outside the areas.
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In many cases, the service of engineers is needed

for the construction of terraces or check dams, before

the waterflow is slowed down enough for plants to grow.

In some localities, government engineers, agricul

tural advisors and forest service men are working hand

in hand in order to control badly gullied lands.

United efforts, then, are necessary for proper pre

vention and control of erosion problems.

CONCLUSION

With erosion losses mounting higher and higher

each year, corrective measures must soon be taken if

greater damage and more difficult control is to be a-

voided.

Owners of land must come to the realization that

the question of land utilization plays a vital part in

not only our present but also our future generation.

With this view in mind, sufficient erosion prevention

methods, augmented with proper land utilization, will

tend to bring about the desired results.

Land owners, irrlgationists, and the state and

federal governments must band together in the fight a-

gainst the forces of erosion. Man has upset the balances

of nature, and It now becomes necessary for him to re

balance the scales.
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