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SOIL EROSION IN CALIFORNIA: ITS
PREVENTION AND CONTROL

[This is extracted from Bulletin 538 issued by the University of Cali-
fornia, College of Agriculture. Its practical treatment of the subject
will probably be of interest to those of our readers who have experience
of the necessity for Soil Erosion Control.—Ed. T.A4.]

INTRODUCTION

OIL erosion is an active and important agency in the destruction

and the depletion of one of the most valuable natural resources.

k It -has, within the last decade, become recognised in America as

a problem of national importance and is now attracting the attention

of "the soil scientists and agricultural engineers, as well as the

farmers in many sections of the country. The earlier studies on erosion

control in this country were made along the Atlantic coastal plain and Pied-

mont section of the Appalachian States, but in more recent years this work

has extended westward to include most of the Mississippi Valley States,
Texas, and- Oklahoma,

The 1930 Agricultural Appropriation Bill carried an item of $160,000
for the study of soil erosion problems by the United States Department
of Agriculture, either independently or in co-operation with state, county,
or farm organizations. To facilitate the carrying out of this project, the
country was divided into nineteen regional soil-erosion areas, in each of
which may eventually be established a soil-erosion experimental station.
Several of these have already been established and are in operation.

There is an inclination to take a narrow view of the damage done by
erosion and to consider only the most obvious results. 'The formation
of gullies and the damage caused by the deposition of eroded material on
cultivated fields, highways, or drainage ways, are truly visible and often
spectacular, but may .be of less economic importance than some other
damages such as those caused by sheet erosion, loss of moisture, loss of
fertility, decrease in yield and nutritive value of crops, excessive cost of
cultivation, and many other less tangible results.

In its effects upon agricultural and pastoral lands, erosion does not
stop with merely removing the upper soil layers and exposing the sub-soils,
changing vast areas from productive loams and sandy loams to unweathered
and unproductive clays, but goes on to the point of actually destroying
these lands by deep channels or gullies; it wastes not only soil but also
water ; it not only destroys the land eroded but may also greatly reduce the
agricultural value of the land on which the eroded material is -deposited;
it not only reduces the size and number of plants that can be grown but
also diminishes the nutritive value of those which are grown, and at the
same_ time increases the cost of producing them.
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Erosion is gradually dawning upon the agricultural consciousness of
America as one of the major problems. Like a mighty octopus a gully will
reach out its tentacles and swallow whole farms with insatiable appetite.
Less ostentatious, leech-like, sheet erosion sucks the life blood of agri-
culture—the top 6 inches of soil. So insidious is its attack that its impor-
tance seems to have been discovered only recently by students of erosion.
Many a farm has washed and is washing out from under the owner’s feet
without his being aware of it. Erosion is a world problem, few soils
are immune or evenly highly resistant to it; cultivation stimulates it;
even slight slopes encourage it. We might have learned to appreciate and
guard against the depredations of erosion from the history of former civili-
zations. The fact that we have not exemplified adages to the effect that
experience teaches a dear school and that a student for it is born every
minute,

Erosion is farm relief with a vengeance. It is rapidly reducing the
surplus production capacity of American agriculture. But while it is
throwing marginal farms hopelessly below the margin, it is likewise taking
its toll from good farms; and when agriculture needs more production
capacity it will not be able to bring back the soil and plant food which is
now slipping away to the sea.

If the chief capital of its agriculture is only 6 inches thick and is being
washed away more than twenty times as fast as it can be renewed by
Nature, how long will it take America to wake up and do something about
it ? Any institution or individual guilty of such gross neglect in the hand-
ling of other forms of public trust would be prosecuted. But soil erosion
is allowed to continue as if it were strictly a personal matter to each indivi-
dual landowner. '

If a great fire were sweeping the country, doing damage at the rate
it is being done by erosion, an army of fighters would be mustered to
combat it. But for soil erosion a few scattered sentinels are posted to
observe the destruction and give the alarm.

CAUSES OF EROSION

Soil erosion is caused by the action of water moving over the surface
of the soil, thereby transporting particles of soil which have been loosened
from one place and depositing them in another. The point of deposition,
however, may be many miles from the point of acquisition.

The power of moving water to scour or loosen soil particles varies as
the square of the velocity, and the power to transport this, material varies
as the sixth power of the velocity. It is therefore obvious that anything
which influences the velocity of moving water also influences its erosive
power.

Not all soil erosion is man-induced, nor can that which is so induced
be entirely prevented. There is no doubt that the influences of man have
very largely contributed to the acceleration of erosion, but his influences
may- alse be profitably. directed toward .both remedy and prevention.
Wherever water runs down hill there will be erosion ; otherwise, there would
be no alluvial or water-transported soils filling the valleys and providing
the most valuable agricultural lands.
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Curiously enough, greater effort is made to prevent the deposition of
eroded material on other lands than to prevent the erosion itself. It is not
an uncommon sight to see levees, dikes or ditches constructed to prevent
overflow on: flat lands and for the diversion of silt-laden waters into creeks
and rivers. Much less often are measures taken to prevent runoff and
its accompanying erosion on the lands which are being depleted of both
water and soil. At the present time, therefore, very little benefit can be
said to accrue to farmed lands by the building up or accumulation of soil
from eroded areas.

Normal erosion may be described as that which takes place under natural
undisturbed conditions of soil, rainfall, slope, and vegetative cover, and
although certain combinations- of these factors may occur which will for
a time greatly accelerate this action, it is usually slower and less
destructive than erosion to which man’s activities have been a contributing
factor. As variable as the rate of normal erosion may have been in the
past ages, there is ample evidence to show that at the present time erosion
has been greatly accelerated through man’s influence. Only that erosion
for which man is either directly or indirectly responsible need be discussed
here, and for only such erosion need remedial or preventive measures be
applied.

Vegetative cover is probably the most important factor of- all those
influencing erosion. The amount and type of vegetative cover is influenced
by the amount and distribution of rainfall and by temperature, and this
relation is so adjusted that for any particular condition the destructive
forces of erosion are balanced by the re-constructive forces which govern
the re-growth of vegetation, formation of new soil, etc.

Vegetative cover is susceptible of important modification by man in
his attempts to gain a livelihood by tilling the soil or by grazing his flocks.
Its removal or alteration by man, or his influences, may be placed in four
general categories :

1. Cultivation and preparation of land for agricultural purposes.
2. Pasturing of stock.

3. Lumbering and other non-agricultural land-clearing operations.
4. Fire.

It is obvious that native vegetation cannot be maintained intact on
cultivated fields, and that the planted crops must be tilled in order to produce
the maximum yield. There may be occasions where the growing crops, as
for instance, hay and grain, are as great a protection to the soil against
erosion as the native vegetation, but many times these are not at a growth
stage which will afford much relief when most needed. Even with such
crops as grain, it is necessary to plough, cultivate, and otherwise disturb
the soil so that the previous crop residue is of less value in reducing ero-
sion than it would be on undisturbed soil. Row crops, both annual and
perennial usually require that the soil between rows be free from vegetation
and therefore more subject to erosion.

Plants have a three-fold influence as a protection to the soil against the
destructive action of running water. The stems, leaves, and branches inter-
cept the rainfall before it touches the soil, thus breaking up the force of
its fall and the resulting pounding action which always takes place on
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bare hard surfaces. Raindrops, therefore, reach the surface of the soil at
greatly reduced velocities. Vegetation tends to minimize the concentration
of rain water on the surface and its collection into small streams or rivu-
lets. The roots of vegetation hold the soil particles together.

Both living and decaying roots open up the soil and form small passage-
ways into the deeper layers whereby water is more readily absorbed by
the soil and allowed to pass into the subsoil. Water which has penetrated
into the soil seldom aids in erosion. Therefore, the more water that a
soil can absorb and the more rapidly this takes place, the less will be the
eroding power of that which remains. If all rain water was absorbed
as fast as it falls, there would be no erosion.

The remains of vegetation are in themselves highly absorptive and
retain, for a period at least, a considerable part of the water which falls
as rain. Cultivation disturbs the natural soil and the interlacing effect of
growing and decaying roots, often materially changing the soil structure
and very frequently leaving the surface not only without any protection
but also actually leaving it in a condition that promotes erosion rather
than retards it. When the last cultivation takes place up and down the
slope, small channels are left in which water may accumulate and start its
eroding action,

When grazing lands are properly pastured, there will always remain
sufficient cover to protect the soil from excessive erosion, but when too
heavily stocked, the cover is so completely removed that adequate protec-
tion no longer exists. When food is scarce grazing animals are forced
to search repeatedly over the same ground for food, thereby not only
disturbing the surface soil but also actually cutting up and destroying
the roots of grass and other herbage. The action is very similar
to cultivation, with the result that erosion may take place before another
crop has been established.

Land clearing and lumbering removes the protecting cover from large
areas and in some cases may result in serious erosion. This is particularly
true where the slopes are steep and where clearing is complete. Some
hillside residential property has been seriously damaged because the brush
and timber have been removed and erosion has been uncontrolled.

Very striking and spectacular examples of erosion often follow fire.
Reservoirs have been filled with debris from burned hillsides; roads,
bridges, and growing crops have been destroyed by floods coming from
burned areas; and the burned lands are often so badly gullied and
denuded of surface soil that they remain bare for years as a constant
reminder of their destruction and a constant menace to mankind.

EFFECTS OF EROSION

The most obvious effect of erosion is the formation of gullies. Some
of these are so deep and wide that the destruction of the land is complete,
and nothing can be done to restore it to productiveness.

In other places the gullies are smaller and may be in part restored by
check dams and settling basins. Few of these gullies have been formed
for long periods, and most of them are of comparatively recent origin.
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There is no fixed difference between what is termed ‘‘sheet erosion’’
and ‘‘gullying.’’ It is rather a matter of degree of destruction or the size
of the gullies. Usually when the gullies are shallow enough to be crossed
by cultivating tools and can be filled in by cultivation, the erosion is con-
sidered as sheet erosion. This type may be almost, if not entirely, as
d&tructive as the former, and when fields become so poor as to be
abandoned or neglected, deep gullying usually follows. ‘The cultivation
of fields cut up into irregular shapes, is difficult and expensive, .and in
such a condition protection will probably cost more than the land is worth.

Fields from which as much as an inch of soil is washed away annually
are not uncommon. Abandoned fields are numerous. During the rainy
season the fields and orchards of this section are cultivated after each storm
and the small gullies which have been formed are filled in with loose
material only to be washed away again by the next rain. Frequently the
material eroded from one field is deposited on another, thus spreading the
destruction to two areas. It usually takes considerable time for mnewly
deposited soil material to become sufficiently incorporated with the under-
lying soil dand to become good fertife land.

Overgrazing of pasture lands is an important factor in the erosion of
untilled areas. As has already been stated, the relation of cover to rainfall
‘is very delicately adjusted and even in those areas where the rainfall is
scanty the grass cover is sufficient to protect the lands on which it grows
from excessive erosion. Any major disturbance in one factor of this rela-
tion is likely to increase the influence of the other factor to the point where
it may become destructive. Obviously, the amount and distribution of rain-
fall or the topography of the landscape is not altered by the presence of
foraging animals, but the amount of grass and brush which is permitted
to grow and protect these areas from erosion can be very materially affected.
After the removal of the surface soil by erosion, it has been shown that
the ability of the soil to restore vegetative cover is greatly reduced and
that frequently undesirable species of grass or brush are allowed to become
dominant,

The type of cover which follows the erosion of pasture lands may be
of such low nutritive value as to be reflected in the stock grazing on these
lands; symptoms of malnutrition can be directly traced to erosion caused
by uncontrolled grazing. That the products from eroded lands used for
. human consumption may be lacking in essential elements for normal growth

and development may not be beyond a reasonable possibility.

Fire, especially that for which man is responsible, is probably the most
inexcusable of the wvegetation-destroying elements. Improper cultivation,
overgrazing, and similar activities may in part be justified, at least tem-
porarily, by economic considerations, but seldom can this be said of fire.
Fire may so completely destroy the cover that disastrous erosion immediately
follows. The increase in surface runoff as the result of surface erosion
is a serious matter, where the conservation of water is so essential to crop
production. On irrigated areas the deficiencies in moisture may be supple-
mented by artificial applications-of water, but in many sections irrigation
is not available. In these sections water lost by surface runoff.represents
a positive decrease in the amount of moisture later available for .plant
growth. The season of available soil moisture may therefore be lengthened
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in direct proportion to the amount of water that can be saved from runoff.
If there were no other reason for the prevention of soil erosion than moisture
conservation, the effort would be fully justified. It is not expected that
dil of the rainfall can be retained or that erosion can be entirely prevented
on steep cultivated fields during such excessive storms as have just been
mentioned. It is, however, highly desirable that such protection as is
economically feasible be undertaken.

EXPERIMENTS RELATING TO EROSION

) The amount, distribution, and intensity of rainfall vary greatly from
place to place. Mc.Gee estimates that about one-third of the total rainfall
flows from the surface of the earth as surface runoff and the remainder
enters the soil, replenishing that which has previously evaporated or been
transpired through plants. It has already been shown that these figures
may be greatly exceeded in many instances. Veihmeyer has shown that
_ the losses by evaporation are insignificant when compared with transpira-
tion, and that except for the immediate surface, evaporation losses are
exceedingly small even where there is no vegetative cover. This means
- then that vegetation must be depended upon as the principal agency in
reducing the moisture content of soils to-such a point that they will absorb
rainfall. 'Without vegetative cover a much greater portion of the rainfall
will be lost by surface runoff than would normally occur. That such a
condition actually occurs is readily observable from even a superficial com-
parison of forested or brush-covered areas with bare areas.

The most important function of plants in relation to erosion control
is not the drying out of the soil through transpiration, important as that
is, but rather it is the mechanical obstructions which plants and plant
remains offer to the free movement of water over the surface of the soil.
"Lowdermilk has found that the humus resulting from plant remains is also
effective in keeping the soil open and receptive of moisture by preventing
" the coating or sealing of the surface with fine-grained particles. By
retarding the velocity of moving water and preventing or hindering its
concentration, plants make it possible for more water to be absorbed by
the soil. Recent unpublished work by the Bureau of Agricultural Engi-
neering, United States Department of Agriculture, has shown that more
than twice as much water will be absorbed by soils covered with undisturbed
native vegetation as by soils which have been disturbed by cultivation and
are bare of growing crops.

Erosion, or the carrying away of material by moving water, is governed
by the amount of water, the slope of the land, and the obstacles which are
placed in the way of its free movement. These three factors are inter-
dependent and the control of any one of them affects the other two.

As rain falls upon the surface of a field the moisture is absorbed by
the soil and penetrates below the surface. If the moisture falls slowly,
~ this process may continue for considerable time, but if the rain falls more
rapidly than it can be absorbed, the surface soil quickly becomes saturated,
and the excess remains on the surface as free water. If the surface
is level or is roughened by cultivation or organic debris, this water lies
more or less stationary until it has had time to be absorbed, but if the
surface is smooth and sloping, it begins to move down the slope. At first
this movement is slight, but with increasing supply of water it soon gathers
into tiny streams. Once this is started, the coalescing streams grow in
magnitude ‘and swiftness and eroding power as they proceed down hill,
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As soon as these streams become large enough to pick up and carry
soil particles of any considerable size, they begin to entrench themselves
in the spaces from which the soil they carry was just removed. Entrench-
ment means further concentration and increased destructive power, which
continues until some intervening factor develops. The intervening factor
rrTay be a change in slope which will decrease velocity, a natural or artificial
obstruction or barrier which will break up the stream, or a cessation in
the rain or water supply. The erosive power of clear, moving water varies
as the square of the velocity, but the power to transport eroded material
is much greater, furthermore, the erosive power of water carrying suspended
material is directly in proportion to the amount of suspended material.
It is obvious that the carrying capacity and the size of particles which

may be carried is a function of the volume of the water as well as its
velocity.

According to Bennett and Chapline soils high in silt, light-textured
soils overlying less-absorptive heavier types, clays that undergo marked
granulation and fragmentation on drying, and those low in organic matter
are most gusceptible to rapid denudation by sheet erosoin. Soils having
unstable subsoils of sandy material are more subject to gully erosion than
those having permeable subsoils of silty clay or clay loam. Soils with
impervious sublayers are far more erosive than those with permeable sub-
strata unless the sub-strata are very unstable. Studies on soils subject to
severe erosion in California bear out these conclusions and indicate that
light-textured sandy soils having relatively impervious heavy clay subsoils
are most €asily eroded, especially when the surface soils are of shallow
depth. On the other hand, soils having uniform textures throughout a con-
siderable depth of profile are, other things such as slope, rainfall, cover,
and tilth being similar, less subject to erosion than those having a dis-
similar surface and subsoil. Soils which are heavy textured are generally
least subject to erosion, except where their heavy texture is due to the
fact that a lighter-textured surface soil has already been eroded away and
the present uppermost layers are in reality exposed subsoils. In the latter
case the chemical composition, lack of humus, and the structure and con-
sistence of the clay may be such as to offer little resistance to erosion.

Every soil so far examined in this state that is subject to severe erosion
has been found to have surface soils ranging from decidedly acid to neutral
and in many cases the subsoils are acid. Apparently those which are most
acid in both surface and subsoil are most severely eroded. This is probably
due to the fact that soils’ containing lime (basic) are flocculated, while -
those lacking in lime (acid) are deflocculated, and the degree of defloccu-

.lation 1s d measure of the acidity of the soil. Just what practical value

these findings may have and how this information may be used in connec-
tion with plans for relief from erosion have not yet been determined.

Middleton has done some work in an attempt to determine wherein
these soils which most easily erode differ both chemically and physically

_ from others which do not, but his work has not yet been carried far enough

to establish an altogether satisfactory method of measuring the relation

. between these factors and susceptibility to erosion,
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EROSION, PREVENTION AND CONTROL

So much has been said regarding the importance of cover as a pro-
tection against erosion that the impression may be gained that the main-
tenance of cover is the only remedy. Although cover is Nature’s way
of preventing excessive erosion, and it might be wise for man to follow
this lead wherever practical, it cannot always be done. Many crops require
that all vegetation except the crop itself be removed. It is therefore
necessary to resort to other methods of prevention.

Only those remedial measures applicable to agriculture land and the
"production of crops will be discussed. Although it is true that most of
the means of erosion prevention discussed herein have not been extensively
‘employed in California, there is ample reason to believe that they are
suited to California conditions. The practical treatment of "soil erosion
involves prevention, control, and remedy, and, like the treatment of disease
in the animal and vegetable kingdom, an ounce of prevention is worth a
pound of cure. The key to the treatment, whether prevention or cure, is

the same, namely, the maintenance of a proper balance between slope, cover,
soil, and water.

Erosion, prevention and control is a new undertaking for most California
farmers; however, the fundamental principles involved are not new, and
for many it will be only a new application of these principles.

BErosion, prevention and control will be discussed briefly under three
general topics—tillage, both as a separate means of control and in con-
junction with other methods; terracing; and check or soil-saving dams.
The various steps to be taken in each case will not be described in great
detail for much must necessarily be left to the judgment of the farmer as
to what will be best for his particular needs,

Contour Cultivation for Annual Crops.—Modifications in tillage practice
appear to offer the greatest benefit for the least expenditure, and regardless
of whatever else might be done to prevent erosion, tillage must be made
a part of the scheme. One of the simplest preventives is contour cultiva-
tion, but when used as the only means of erosion prevention should be
confined to slopes of less than 20 feet per hundred. Many hillsides are
ploughed and harrowed with the furrow running and down hill, leaving the
surface in a condition most susceptible to erosion. Sloping land, which

. is subject to erosion, should never be cultivated with the slope but always
across it. Simply cultivating at approximately right angles to the greatest
slope is not sufficient, because there are very few slopes so uniform that
there will be no places unprotected if cultivation is done in this way.

With contour cultivation, strip planting, or terracing, the first step

is to lay out the lines in the field and the procedure is similar in each

case. The contour interval or vertical distance between lines is determined
by observing the distance below the highest point of the field at which
erosion becomes apparent. This indicates the distance through which water
must travel under the conditions of slope, rainfall, and soil at hand before
it has attained sufficient velocity and volume to erode, and can be used as
a safe approximation of the proper interval. For steep slopes the vertical
* distance between contours can be somewhat greater than on flat slopes
because for a given vertical distance there is less horizontal distance and
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less area on which to accumulate water. For example, on slopes of 15 to
20 feet per 100 the contour interval may be as great as 10 to 12, while
on slopes of 5 to 10 feet per 100 the interval should be 4 to 6 feet. These
figures should not be taken as definite recommendations for all conditions
angd types of soil and climate; they may require material modification to
meet the needs of any particular tract of land.

When the proper contour or terrace interval (vertical distance between
succeeding lines) has been determined, lines this distance apart should be
surveyed and staked out. For example, if 5 feet has been determined as
the proper interval between contour or terraces, as the case may be, in a
certain field, then lines should be staked out having 5 feet as the difference
in elevation between them. These should not be level lines, but should
be given a slight fall toward one or both sides of the field. For lines, 1,000
feet or more in length the fall at the upper end should be about 2 inches
per 100 feet, increasing gradually to about 5 inches per 100 feet. For
lines less than 500 feet in length, the fall may be uniform at about 3 or
4 inches for-100 feet. Short distances are more desirable; long runs should
be avoided whenever outlets are available for shorter ones.

After the line is staked out, a plough furrow should follow the line
of stakes, throwing the furrow slice up against the stakes. The return
furrow should be thrown against the stakes on the next lower line. The
ploughing then continues between these two lines until the entire strip is
ploughed. The dead furrow in the centre should be opened at the ends to
permit free drainage. This strip is thereafter a unit for all field operations
such as ploughing, cultivation, planting, irrigation, and harvesting, all of
which should be done parallel to the contour. If this is done and no cross
cultivation permitted, it will not be necessary to resurvey the area each
year; the old furrows can be followed instead. After two or three cultiva-
tions these furrows can be followed without difficulty.

Row crops should be planted in strips with the first row on the ridge
or back-furrow and the succeeding rows, as far as the dead furrow, parallel
to it. This results in a field of crooked rows and usually either short or
stub rows and near the centre of the strip, but since slopes are seldom uniform
and therefore contour lines aré not parallel, this objection cannot be avoided.
Long rows should be avoided. About 1,500 feet should be the maximum
length of row and there will be much less danger of water breaking away
running down the steepest slope if rows are restricted to 1,000 feet or

less.

Provision must be made for removing excess water from the ends of
the rows. This can be done by ending the rows along some predetermined
line where the water is collected in a ditch or pipe line and carried down
the slope. Considerable care must be used in providing outlets for this
water because it may cause serious damage if left uncontrolled. Only a
few suggestions can be given as to how this should be done; other methods
may need to be devised if none of these may seem to fit the particular needs
at hand. The water may be turned into a gully, if one is available, lined
with rock or concrete, or thickly. grown up to weeds and grass; ‘or it may
be turned into an adjoining uncultivated field and allowed to spread
out over a large area. Usually such areas are themselves already



158 -

saturated and incapable of absorbing additional water so that gullying
may occur there. Another method is to collect the excess water in tile
lines which run directly down the slope, the water being admitted to the
line through a riser located in each dead-furrow or terrace end.

Contour cultivation such as has been described, as well as that in
connection with terracing, to be described later, may mean a very decided
change in cultural procedure from that in common use in the region. It
may preclude the use of certain heavy machinery which cannot be readily
turned into short rows and narrow strips, but modifications in farm equip-
ment and even major changes in cultural procedure can be made and are
of minor importance when compared with the saving of the soil from possible
permanent injury.

Strip Cropping.—Another device sometimes used in connection with
contour cultivation is ‘‘strip cropping’’. Strip cropping consists of planting
strips of densely growing or fibrous-rooted crops between strips or rows
or clean-tilled crops. This method, although often highly effective in pre-
venting erosion, should be considered as a temporary relief until

means are provided for installing more permanent protection such as
terraces.

The method of laying out the strips is similar in every essential to
that of laying out fields for contour planting or terracing. A strip 10 to
20 feet wide of some densely growing crop is planted on the site of the
proposed terrace or along the contour line. In California, where the damage
from erosion occurs during the winter, the crop must be one which can be
planted late in the fall and which will grow rapidly into a dense mass.
Some of the vetches that are extensively used for cover-crops in various
parts of the State should prove satisfactory. In irrigated areas alfalfa
should be an excellent crop for the strips.

Erosion Protection in Established Orchards.—Contour tillage on estab-
lished hillside orchards which have been planted on the square or triangular
system offers a rather difficult problem. If the trees are small, far apart,
and trimmed so that cultivation can be carried on close to the trunks, it
is possible to lay out contours which can be fairly closely followed by
crossing from one tree row to another, and after two or three repetitions
a short or low terrace will be built up which can be easily followed in future
operations ; but if the trees are large or closely planted, contour cultivation
may not be feasible.

If particular care is used in providing outlets for water which concen-
trates in low places cultivation in the tree rows most nearly at right angles
to the greatest slope will often aid materially in erosion control. If such
cultivation is accompanied by a modified strip cropping even greater benefit
will be derived.

Probably the best type of erosion protection for a square or triangular-
planted hillside orchard is a dense cover-crop. To be most efficient, it
should be planted early and not ploughed until after the heavy rains are
past. It is, of course, impossible to determine in advance when the rain
season will be over, and many farmers are unwilling to take chances on
allowing the cover-crop to remain too late. On land which can be irri-
gated, it is not a serious matter to leave cover-crops standing until after
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" the major part of the rainy season is past, but in non-irrigated areas
this cannot be done without the sacrifice of considerable moisture which
should be reserved for tree growth. Loss of moisture, however, even
where there is no irrigation, is far less serious than loss of soil by
ergsion, for the soil cannot be replaced.

Tile Underdrainage.—Tile underdrainage has been effectively used to
prevent erosion on certain types of soil. Soils with pervious, easily, pene-
trated surfaces, underlaying at a few feet in depth by impervious subsoils,
respond to tile drainage better than soils having more impervious surfaces.
Tile are laid just above the impervious layer in lines running across the
slope. (The drains intercept the water as it moves along the impervious
layer and carry it away before it has accumulated in sufficient quantity
to cause the whole area to slide. The principles of this type of drainage
are the same as those ordinarily used for intercepting drains, and the same
care should be used in their design and installation. Tile drains in combina-
tion with terraces are frequently used.

There ate undoubtedly some places where the methods so far suggested
are not feasible with the crops that are now being grown. In such cases,
it might be better to change the agriculture of the section entirely by grow-
ing new and different crops which can be grown in such a way as to save
the soil. To use a single example as illustrative of this point—and there
are many similar exampiles in Cautornia—aunless some method of tillage or
some soll-saving device not now used is put into common practice to-lessen "
the erosion on the garden-pea lands around Arroyo Grande, it will not be
long betore these hills are so seriously depleted of surface 5011 and fert111ty
and so.badly gullied as to be useless for any tilled crop.

It wouid be better to restore these areas to native brush and grass-
than to continue present methods of cuitivation. The idea of restoring
land to its native cover is not entirely new; there are a few places parti-
cularly in Ventura County, where land that has been in beans or other
annual crop has been restored to pasture with no cultivation other than
that which is occasionally necessary to destroy obnoxious weeds. Unfor-
'tunately, cultivated crops were not given up on these areas until a part of

their usefulness had been destroyed by erosion, so that the restoration of
a desirable type of native cover may be rather slow. "It is not safe to assume
that land which has become unproductive for cultivated crops can. be easily’
and rapidly restored to a pasturé crop equal in value to the or1g1na1 natxve
cover.

Terraces.—The ‘terrdce offers the best type of erosion protectlon yet
deviséd for use on tilled land. It provides more complete protectlon than
other methods and is adaptable to a wide range in slope, type of soil, and
rainfall, '

Terraces may be separated into two general groups, the bench terrace
and the ridge terrace, and although there are some terraces which have-
characteristics common to both groups, each has a particular field for which
it .is best suited. The bench terrace, or as it is often called, the ‘‘true’’
terrace, is best adapted to steep slopes and produces a field resemblmg a
series of stairsteps. All terraces may either be level or slope in the direc-:
tion of the terrace. The sloping terrace is the more common and where
irrigation is practised is a necessity.
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Bench Terraces.—The bench terrace has been highly developed in
portions of central and southern Europe and in the Orient, and in southern
California it is popular for steep hillside orange, lemon, and avocado groves.

As used in this State, the flat or tillable part of the terrace may slope with
the general trend of the field or be level in the direction at right angles to
its length. Trees are usually planted near the outer edge and cultivation
takes place only on the upper side of the tree. The outer slope or riser
is often allowed to grow up with grass or weeds during most, of the
season. Sometimes during the dry season this cover is removed by hoeing.
There are some bench terraces in Ventura County in which the riser is
planted to ice plant (Mesembryanthemum roseum). This makes an excel-
lent cover, prevents the growth of undesirable weeds, and renders the bank
practically immune from washing.

A good contour map of the area to be terraced, although not absolutely
essential, is a great aid in planning both bench and ridge terraces, espe-
cially if the area is to be planted to orchards.  Although it is not always
possible to lay out terraces on a map and later accurately follow this loca-
tion in the field, the map gives, one a bird’s-eye view of the entire scheme
such as is often very difficult to obtain otherwise.

The vertical distance between terraces in orchard land is determined
more by the desired horizontal spacing between tree rows than by the slope
of the land. Each tree row is on a separate terrace. About 20 feet is
considered the most ideal row spacing for citrus trees in southern Cali-
fornia, but of course uniform spacing is impossible when contour or terrace
planting is used. Terraces, measured between outside edges, may be
spaced 20 feet apart along some line having the average slope of the field.
Where the slope is steeper the terraces become closer together, and where
it is flatter the terraces are farther apart. Only one row of trees is planted
on a terrace. When terraces get closer together than about 12 or 14 feet,
they are usually discontinued, forming stub rows, and when they become
farther apart than about 33 to 35 feet another terrace is inserted, called a
fill row. In irrigated orchards it is considered more difficult to irrigate
added or fill rows (rows which ‘‘point in’’) than to irrigate stub rows
(rows which ‘‘point out’’). For this reason the best practice is to
locate the pipeline carrying the irrigation supply up the centre of the flat-
test slope, using this line also as the centre or beginning of the terraces.
The terraces usually slope both ways from this point. This then makes
it possible to have the greatest number of terraces starting at the point
where they can be most easily irrigated. This type of planting causes the
lower ends of the terraces to be in the hollows rather than on the ridges.

In contour-planted orchards, with or without terraces, the common
practice is to so space the trees in the rows that the cross rows are straight.
The only advantage of this is to give such orchards the appearance of
being planted in straight rows when viewed from the roads and highways.

Huberty and Brown have described in considerable detail methods of
. laying out orchards for irrigation by contour furrows, and the reader is
referred to their circular for this information.
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, After the bench terrace has been staked out, with the proper
slope terrace interval, and other details, a strip of land from 8 to
15 feet wide, according to the slope lying immediately above the
line stakes, is ploughed. The loosened soil is then pushed over
along the line of stakes with a scraper, or preferably, a tool
of the road-grader type. This process is repeated until the terrace has
assumed the desired form. It is not necessary to provide a level tread-
of cross-section to bench terraces, but the nearer this is approached the
better they function as a means of erosion control,

The risers are usually left undisturbed and uncultivated. When the
land is not very steep, no attempt is made to move soil out toward the
edge of the terrace before planting, the actual soil movement being confined
to that which takes place under normal cultivation. Cultivation should
always be such that it will throw the soil outward, tending to flatten the
tread and steepen the riser.

With few exceptions, most of which are devoted to ornamental land-
scaping, bench terraces in California are used for orchards.

Ridge Terraces.—The ridge terraces, although not yet extensively used
in this State has a much wider field of adaptation than the bench terrace .
and should become a common sight on more gently sloping hillsides. There
are two types of ridge terraces, the broad-base and the narrow-base, and
these may be either sloping in the direction of the terrace or level. The
broad-base level ridge terrace is considered the most ideal of all terraces;
it is intendéd to conserve all of the water, is readily crossed with tillage
tools, and is the most easily constructed; but it has been found to be less
well adapted to areas of heavy rainfall than the broad-base sloping ridge
terrace. This terrace is often referred to in literature as the Mangum
terrace, having been named after its originator. It may be used on slopes
up to about 20 per cent. but it is best adapted to slopes under 10 per cent.

There is no great difference, except that of width of base, between
broad-base and the narrow-base terraces, and to avoid unnecessary repeti-
tion the following description will be confined largely to the broad-base
sloping terrace. The ridge is from 18 inches to 24 inches high and the
base trom 30 to 40 ft. wides The narrow-base terrace is about the same
height, but has a base of 15 feet in width.

Under average conditions, the sloping terrace should have a fall in
the direction of the terrace of about 4 inches in the first 200 feet of its:
length and one inch additional for each of 200 feet of.length. These
figures may be modified somewhat by the nature of the soil, the steepness
of the cross slope, and the amount of rainfall. Experience in any parti-
cular locality will be the best guide in regard to these features. The
vertical interval between terraces will vary also with the slope, rainfall,
and soils. Probably the best way to determine this is to observe the dis-
tance both vertical and horizontal through which water must travel, under
the conditions at hand, before it begins to erode seriously. Observations
should be made just, below the crest of the hill to be terraced. For example,
let us assume that at 5 feet (vertically) below the crest of the hill, erosion
is readily apparent. This then should constitute a working figure, and
the terraces should be about 5 feet apart vertically. (Under some con-
ditions this interval may be as low as 3 feet or as high as 10 feet).
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The high, or starting, point in the terraces for any given field should
be along some line, either one edge of the field, a ridge or a hollow
near the centre of the field, or some other feature which will govern the
location of the terrace outlets. On land which is irrigated it would be
convenient to have the high point of terraces located on ridges as is done
with bench terraces in some localities. For fields up to 800 or 1,200 feet
in width one edge of the field is a good starting point provided there is
an outlet available at the other edge. If there is a hollow or depression
near the centre of the field, then the terraces should begin on either side
sloping toward the depression, or if there is a ridge in the centre of the
field, the terraces may slope both ways toward the sides of the field. Short
terraces 600 feet or less in length are better, than long ones, and only on rare
occasions should they exceed 1,500 feet in length.

Assuming that the terrace interval is 5 feet and that the starting or
high-point line has been determined, the next thing to do is to set a
stake marking the point at which the topmost terrace begins. Each
terrace should be staked for its entire length, one or both ways from the
starting point as the case may be, by setting pegs at intervals of 50 feet.
A ‘“‘round-trip”’ furrow should then be ploughed following the line of pegs
and the earth should be thrown up against. the pegs from both sides. -
This forms the centre line of the terrace. Sharp bends and unusually
crooked terraces should be avoided, if possible, by rounding off the corners
at the time the first furrow is ploughed. The next step is to drop down 5 feet
below the starting point and set the second line of stakes in the same
manner as the first. This line is also established by ploughing a furrow

around the.stakes. This process is repeated step by step to the bottom
of the hill.

"The top terrace should always be laid out and also constructed first,
since it is this one that, to a large degree determines the success of the

entire project. If for any reason the top terrace fails, the lower terraces
are almost certain to fail also.

The reason for staking out and ploughing around the pegs for each
terrace before the mext lower one is located is that often some condition
may be discovered along the line which will make it advisable to increase
or decrease the interval or the grade in one or more of the succeeding
terraces. Under such circumstances, if the beginning point of each terrace
had been located before fully staking out any of them from the work on
all succeeding locations would have to be done owver.

When the terraces are all located, the construction of the top one
is begun by ploughing a strip about 8 or 10 feet wide on either side of
the centte line. The ploughed soil is then scraped toward the centre with
a terrace machine, road grader, or similar tool. This procedure is repeated,
with each successive ploughing extending a little further from the centre.
line of the terrace, until a ridge 20 to 24 inches in height with a base 30
to 40 feet wide is formed. Not infrequently most of the soil making up
the terraces is taken from the upper side with the result that the uphill
side of the terrace has a somewhat flatter slope than the downhill side. On-
steep slopes this is unavoidable.
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‘It is better not té plough too ‘deeply in ‘loosening ‘up soil for the
terrace so that the terrace channel, or area from which the soil is taken,
will be broad and shallow rather than narrow and deep.

_Care should be taken to see that there are no low places in the terrace
wh1ch are likely to be overtopped when the channel contams water Such
places should be filled in with a shovel, if necessary.

Where a terrace crosses a gully particular attention should be given
not only to the height of the terrace but also to its strength and compact-
ness, because these places are likely to be points of weakness. The com-
pleted Mangum or broad-base should be an embankment high enough to
prevent water from fiowing over the top, have a broad shallow channel
immediately, above it on a grade which will carry away-any water which-
collects at a velocity which will not erode, and yet the whole area-should
be available for croppmg w1thout undue interference with cultural opera-
tions,

Narrow-base terraces are laid out and constructed in a manner similar
to the type just described. The rise check border as used in the Sacramento
Valley and etsewhere is vertically a narrow-base ridge terrace. . Although
well adapted to flat. slopes, the narrow-base terrace has been used on.
slopes as great as 60 per cent,

The cultivation and planting- of "terraced land may be carried on as
if the terrace were not there; in other words, crops may be planted in’
straight rows running in any direction that the planter desires. It is
becoming more and more ‘thé custom, however, to consider the strips
between contours as tarm units and to plant,'culti\}ate, and harvest each
strip separately. For row crops the first row follows the top of a terrace:
and the return row follows the top of the next terrace, with succeeding
rows parallel until the centre of the terrace unit is reached. If any addi-
tional space remains it is filled in with ‘‘stub’ or “‘fill’”’ rows as the case
may be. As in the case of contour planting, this result in crooked rows
and occasional short or stub rows, but it cannot be avoided.

Terrace Outlets.—The terrace outlet is almost as important as the
terrace itself ; for it must be capable of discharging all of the water which
drains from the terrace channel without creating a gully or otherwise
becoming a nuisance.

The outlet may be an open channel or a closed drain leading down
the slope, or it may simply be a means of spreading the water on to
adjoining land in such a way that no damage will result. The open channel
should be lined with concrete, stone, or other material to prevent washing,
or if the slope is not too steep, may be planted to some dense-growing
permanent vegetation. The covered or tiled drain is the safest outlet. A
line of tile is laid directly down the slope through the low point of the
terraces or at their end, and an inlet is provided at each terrace channel
through which water may enter the line. The outlet, whether tile. or open
drain, must have sufficient capacity to carry the discharge from any rain
which is likely to occur. Where terraced fields or orchards occupy only
the lower slopes of hillsides, and the upper slopes are either uncultivated
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or are owned by persons not interested in erosion control, some provi-
sion must be made to care for surface run-off from this area. A cutoft
ditch will be satisfactory if it is properly constructed, but it must be of
sufficient size to carry all of the water which will drain into it and must
not have a slope so great that it will erode.

Soil-saving Dams.—Considerable attention has been given to the con-
trol, of gullies, and various devices have been employed both to prevent
further erosion and to reclaim them. Several of the Agricultural Experi-
ment Stations, as well as the United States Department of Agriculture,
have publications on this subject.

A dam placed across a gully will cause a deposition of the larger and
heavier particles of transported matter. Often when there is a large amount
of this material the area behind the dam to the elevation of its crest, will
be filled very rapidly. This will usually be sufhicient to prevent further
washing, but if it is desired to fill the gully, the dam must be gradually
raised until its crest is even with the ground surface. Earth, brush,
lumber, stones, poles, or concrete may be used for the construction of
this dam. With earth dams the water, after it has dropped its load of
sediment, must be diverted around or through the dam in such a way that
it will not wash it out. With brush dams the water passes through,
while with dams of stone or concrete the water may be allowed to pass
over. Sometimes the bottom and sides of a .gully may be planted to trees
or even grasses, which will hold the soil against further washing. A com-
bination of checked dams and planting has proved successful in retarding
erosion in gullies,

Soil-saving dams in large or deep gullies should be considered as
engineering structures, and farmers without engineering knowledge should
not attempt their construction without assistance.



