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Major fieldwork for this soil survey was done in the period 1953-64. Soil
names and descriptions were approved in 1966. Unless otherwise indicated,
statements in this publication refer to conditions in the county in 1966. This
survey was made cooperatively by the Soil Conservation Service and the North
Dakota Agricultural Experiment Station. It is part of the technical assistance
furnished to the Walsh County and Three Rivers Conservation Districts.

Either enlarged or reduced copies of the soil map in this publication can be made
by commercial photographers, or they can be purchased on individual order from
the Cartographic Division, Soil Conservation Service, United States Department
of Agriculture, Washington, D.C. 20250,

HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains information that can be applied in man-

aging farms; in selecting sites for roads, ponds, buildings, and other struc-
tures; and in judging the suitability of tracts of land for farming, industry,
and recreation.

Liocating Soils

All the soils of Walsh County are shown on the detailed soil map at the
back of this publication. This map consists of many sheets made from aerial
photographs. Each sheet is numbered to correspond with a number on the Index
to Map Sheets.

On each sheet of the detailed map, soil areas are outlined and are identified
by symbols. All areas marked with the same symbol are the same kind of soil.
The soil symbol is inside the area if there is enough room; otherwise, it is out-
side and a pointer shows where the symbol belongs.

Finding and Using Information

The “Guide to Mapping Units” can be used to find information. This guide
lists all the soils of the county in alphabetic order by map symbol and gives
the capability classification of each. It also shows the page where each soil is
d(lascrg)ed and the page for the windbreak site in which the soil has been

aced.

P Individual colored maps showing the relative suitability or degree of
limitation of soils for many specific purposes can be developed by using the
so0il map and the information in the text. Translucent material can be used as
an overlay over the soil map and colored to show soils that have the same
limitation or suitability. For example, soils that have a slight limitation for
a %iven use can be colored green, those with a moderate limitation can be colored
yellow, and those with a severe limitation can be colored red.

Farmers and those who work with farmers can learn about use and man-
agement of the soils from the soil descriptions and from the discussions of the
capability units.

Foresters and others can refer to the section “Use of Soils for Windbreaks,”
where the soils of the county are grouped according to their suitability for trees.

Game managers, sportsmen, and others can find information about soils
and wildlife in the section “Use of Soils for Wildlife.”

Engineers and builders can find, under “Use of Soils for Engineering,”
tables that contain test data, estimates of soil properties, and information about
soil features that affect engineering practices.

Scientists and others can read about how the soils formed and how they
are classified in the section “Formation and Classification of Soils.”

Newcomers in Walsh County may be especially interested in the section
“General Soil Map,” where broad patterns of soils are described. They may
also be interested in the information about the county given at the beginning
of the publication.,
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SOIL SURVEY OF WALSH COUNTY, NORTH DAKOTA

BY ROBERT L. HETZLER, ROBERT H. DAHL, KENNETH W. THOMPSON, KERMIT E. LARSON, BERTRAM C. BAKER, AND
CARL J. ERICKSON, SOIL CONSERVATION SERVICE

UNITED STATES DEPARTMENT OF AGRICULTURE IN COOPERATION WITH THE NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION

; ‘ ALSH COUNTY is in the northeastern part of North
Dakota, 40 miles south of the Canadian border (fig. 1).
The county occupies approximately 1,287 square miles,
or 823,680 acres. Its eastern boundary is the Red River
of the North, in this survey referred to as the Red River.
Grafton, the county seat, is in the east-central part of the
county.

The county consists of a nearly level glacial lake plain
in the east; of a narrow area of lake beach lines, glacial
moraines, and delta deposits in the center; and of a roll-
ing and undulating ground moraine in the west. Natural
drainage is in an easterly direction, and the smaller
streams empty into the Park River and the Forest River.
’Ighese rivers are tributaries of the north-flowing Red

iver.

Natural lakes are few, but they are important rest areas
for migratory waterfowl. Many artificial reservoirs have
been constructed since 1950 for recreation and flood con-
trol. One of the largest is formed by the Homme Dam.

Most of the soils in the county are deep or moderately
deep and are well suited to cultivated crops. Somewhat
poor or poor surface drainage of the nearly level soils and
of the soils in depressions makes management difficult in
wet periods. Most of the soils are moderately to highly
susceptible to soil blowing if they are not protected, and
some of the soils are saline. These characteristics lower
the value of the soils for growing crops. Hard red spring
wheat and durum wheat are the main crops, but barley,
potatoes, and flax are also grown extensively.

State Agricultural Experiment Sistion st Fergo

Figure 1.—Location of Walsh County in North Dakota.

About 6 percent of the county is in native timber. The
wooded areas are mainly along the Red River and its
major tributaries, but small areas are also west of Edin-
burg. Since 1935, farmstead windbreaks and field wind-
breaks have been planted in increasing numbers.

How This Survey Was Made

Soil scientists made this survey to learn what kinds of
soil are in Walsh County, where they are located, and how
they can be used. The so1l scientists went into the county
knowing they likely would find many soils they had
already seen and perhaps some they had not. They ob-
served the steepness, length, and shape of slopes, the
size and speed of streams, the kinds of native plants or
crops, the kinds of rock, and many facts about the soils.
They dug many holes to expose soil profiles. A profile
is the sequence of natural layers, or horizons, in a soil; it
extends from the surface down into the parent material
that has not been changed much by leaching or by the
action of plant roots.

The soil scientists made comparisons among the profiles
they studied, and they compared these profiles with those
in counties nearby and in places more distant. They clas-
sified and named the soils according to nationwide, uni-
form procedures. The $0i! series and the soél phase are the
categories of soil classification most used in a local survey.

Soils that have profiles almost alike make up a soil
series. Except for different texture in the surface layer, all
the soils of one series have major horizons that are similar
in thickness, arrangement, and other important charac-
teristics. Each soil series i1s named for a town or other
geographic feature near the place where a soil of that
series was first observed and mapped. Barnes and Fargo,
for example, are the names of two soil series. All the soils
in the United States having the same series name are es-
sentially alike in natural characteristics.

Soils of one series can differ in texture of the surface
layer and in slope, stoniness, or some other characteris-
tic that affects use of the soils by man. On the basis of such
differences, a soil series is divided into phases. The name
of a soil phase indicates a feature that affects manage-
ment. For example, Cashel silty clay, nearly level, is one
of several phases within the Cashel series.

After a guide for classifying and naming the soils had
been worked out, the soil scientists drew the boundaries of
the individual soils on aerial photographs. These photo-
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2 SOIL SURVEY

graphs show buildings, field borders, trees, and other de-
tails that help in drawing boundaries accurately. The soil
map in the back of this publication was prepared from the
aerial photographs.

The areas shown on a soil map are called mapping units.
On most maps detailed enough to be useful in planning
the management of farms and fields, a mapping unit is
nearly equivalent to a soil phase. It is not exactly equiva-
lent, because it is not practical to show on such a map all
the small, scattered bits of soil of some other kind that have
been seen within an area that is dominantly of a recognized
soil phase.

Some mapping units are made up of soils of different
series, or of different phases within one series. Two such
kinds of mapping units are shown on the soil map of
Walsh County: soil complexes and undifferentiated
groups.

A soil complex consists of two or more soils, so inter-
mingled or so small in size that they cannot be shown
separately on the soil map. Each area of a complex con-
tains some of each of the two or more dominant soils, and
the pattern and relative proportions are about the same in
all areas. The name of a soil complex consists of the names
of the dominant soils, joined by a hyphen. An example is
Barnes-Sioux complex, hilly.

An undifferentiated group is made up of two or more
soils that could be delineated individually but are shown as
one unit because, for the purpose of the soil survey, there
is little value in separating them. The pattern and pro-
portion of soils are not uniform. An area shown on the
map may be made up of only one of the dominant soils,
or of two or more. The name of an undifferentiated group
consists of the names of the dominant soils, joined by
“and.” Hamar and Ulen loamy sands is an example.

While a soil survey is in progress, samples of soils are
taken, as needed, for laboratory measurements and for en-
gineering tests. Laboratory data from the same kinds of
soil in other places are assembled. Data on yields of crops
under defined practices are assembled from farm records
and from field or plot experiments on the same kinds of
soil. Yields under defined management are estimated for
all the soils.

But only part of a soil survey is done when the soils
have been named, described, and delineated on the map,
and the laboratory data and yield data have been assem-
bled. The mass of detailed information then needs to be
organized in such a way as to be readily useful to different
groups of users, among them farmers, managers of wood-
land, and engineers.

On the basis of yield and practice tables and other data,
the soil scientists set up trial groups. They test these
groups by further study and by consultation with farmers,
agronomists, engineers, and others, then adjust the groups
according to the results of their studies and consultation.
Thus, the groups that are finally evolved reflect up-to-date
knowledge of the soils and their behavior under present
methods of use and management.

General Soil Map

The general soil map at the back of this survey shows,
in color, the soil associations in Walsh County. A soil
association is a landscape that has a distinctive propor-

tional pattern of soils. It normally consists of one or more
major soils and at least one minor soil, and it is named for
the major soils. The soils in one association may occur in
another, but in a different pattern.

A map showing soil associations is useful to people who
want a general idea of the soils in a county, who want to
compare different parts of a county, or who want to know
the location of large tracts that are suitable for a certain
kind of land use. Such a map is a useful general guide in
managing a watershed, a wooded tract, or a wildlife area,
or in planning engineering works, recreational facilities,
and community developments. It is not a suitable map for
planning the management of a farm or field, or for select-
ing the exact location of a road, building, or similar struc-
ture, because the soils in any one association ordinarily
differ in slope, depth, stoniness, drainage, and other char-
acteristics that affect their management.

The soil associations in Walsh County are discussed in
the following pages.

Soils of the Glacial Till Plains

Soils of the glacial till plains are in the western half of
the county. Some are on ground moraines, others are on a
terminal moraine that bisects the central part of the county
from north to south, and still others are on the sides of
valleys, where streams have cut into the till plain. The
soils on ground moraines are nearly level to rolling and
undulating ; those on the terminal moraine are rolling and
hilly ; and those on the sides of valleys are strongly sloping
to hilly. Soils along the sides of the valley of the gark
River and in adjacent areas are shallow over shale bed-
rock of late Cretaceous age. Shale bedrock crops out in a
few places.

Soils of the glacial till plains have formed in calcareous
loam or clay loam glacial till and in alluvium derived from
the till. Seven soil associations are in this group.

1. Cresbard-Hamerly-Svea association

Deep, nearly level, moderately well drained and somewhat
poorly drained loamy soils

This association consists of nearly level areas of low
local relief, mainly in the northwestern corner of Walsh
County. It occupies about 2 percent of the county.

Cresbard soils make up about 60 percent of this associa-
tion. These soils have a surface layer of very dark gray
loam, about 7 inches thick, and a dark grayish-brown
subsoil that is a claypan. Just below the subsoil, they have
a layer of white clay loam that contains a large amount of
lime and some salts. The Cresbard soils are moderately
well drained, and they have high available water capacity.
Permeability is moderate in the surface layer, and it is
moderately slow in the subsoil and the substratum.

Hamerly soils make up about 20 percent of this associ-
ation. They have a loam surface layer that is about 14
inches thick and is very dark gray in the upper part and
is grayish brown in the lower part. The surface layer is
more calcareous in the lower part than in the upper part.
It is underlain by pale-yellow clay loam that contains a
large amount of lime. The Hamerly soils are moderately
well drained or somewhat poorly drained, and they have
high available water capacity. Permeability is moderate
in the surface layer and in the limy material, and it is slow
in the clay loam glacial till.
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Svea soils make up about 15 percent of this association.
These soils have a surface layer of very dark gray loam
about 8 inches thick. Their subsoil is clay loam that is
about 11 inches thick and is dark gray in the upper part
and grayish brown in the lower part. Just beneath the
subsoll is a layer of clay loam, about 20 inches thick, that
contains a large amount of lime. This layer is white in
the upper part and is pale yellow in the lower part. The
Svea soils are moderately well drained and have high avail-
able water capacity. They have a moderately permeable
surface layer and subsoil, but permeability of the sub-
stratum is moderately slow.

Nearly level Vallers, Tonka, and Parnell soils make up
the rest of this association. The Vallers and Tonka soils
are poorly drained, and the Parnell soils, in shallow depres-
sions, are very poorly drained.

Soils of this association are slightly to highly susceptible
to soil blowing. They are well suited to small grains, hay,
and pasture Elants, however, and most of the acreage is
cultivated. The principal crops are hard red spring wheat
and durum wheat. Barley and flax are commonly grown
the second year of the cropping system.

2. Hamerly-Svea-Barnes association

Deep, nearly level to rolling, somewhat poorly drained to
well-drained loamy soils

This association consists of nearly level to rolling soiis
on uplands in the western part of the county. It occupies
about 20 percent of the county.

Nearly level and gently undulating Hamerly soils make
up about 30 percent of this association. These soils occupy
the lower parts of the landscape. They have a surface layer
that is about 14 inches thick and consists of very dark gray,
slightly calcareous loam in the upper part and of grayish-
brown, strongly calcareous loam in the lower part. Just be-
neath the surface layer is a layer of pale-yellow clay loam,
about 17 inches thick, that contains a large amount of lime.
The Hamerly soils are moderately well drained or some-
what poorly drained, and they have high available water
capacity. Permeability is moderate in the surface layer
and in the limy material, and it is slow in the underlying
glacial till.

Svea soils make up about 24 percent of this association.
These soils have a surface layer of very dark gray loam
about 8 inches thick. Their subsoil is clay loam that is about
11 inches thick and is dark gray in the upper part and gray-
ish brown in the lower part. Just beneath the subsoil is a
layer, about 20 inches thick, that contains a large amount
of lime. This layer is white clay loam in the upper part
and is pale-yellow loam in the lower part. The Svea soils
are moderately well drained and have high available water
capacity. Permeability is moderate in the surface layer
and the subsoil, and it is moderately slow in the sub-
stratum.

Gently undulating and rolling Barnes soils make up
about 23 percent of this association. These soils have a sur-
face layer of black loam about 8 inches thick. Their sub-
soil, which is about 11 inches thick, consists of dark-brown
clay loam in the upper part and of olive-brown loam in
the lower part. Just beneath the subsoil is a layer of pale-
olive loam that contains a large amount of lime and is

about 18 inches thick. The Barnes soils are well drained
and have high available water capacity. They have
moderate permeability in the surface layer, in the subsoil,
and in the limy material, and they have moderately slow
permeability below the limy material.

The rest of this association consists of nearly level
Vallers, Tonka, Manfred, and Parnell soils. The Vallers
and Tonka soils are poorly drained, and the Manfred and
Parnell soils, which are in shallow depressions, are very
poorly drained.

Soils of this association are slightly to highly suspectible
to soil blowing, and the sloping %arnes soils are algo
moderately susceptible to water erosion. Most of the soils
are well suited to the commonly grown field crops, hay
crops, and pasture plants, however, and much of the acre-
age is cultivated. Hard red spring wheat and durum wheat
are the principal crops. Barley and flax are commonly
grown the second year of the cropping system, Dairy cattle
and feeder cattle are raised on most farms to utilize the hay
from areas too wet or too stony for cultivation.

3. Barnes-Svea-Parnell association

Deep, nearly level to rolling, well drained and moderately
well drained loamy soils and nearly level, deep, very
poorly drained loamy and clayey soils

This association consists of soils on complex hills; in
concave, shallow swales; and in flat basins that hold water
for short periods of time. It occupies about 8 percent of
the county and is in the western part.

Barnes soils make up about 53 percent of this associa-
tion. They have a surface layer of black loam about 8
inches thick (fig. 2). Their subsoil, about 11 inches thick,
is dark-brown and very dark gray clay loam in the upper-
most 4 inches and is olive-brown loam in the lower part.
Just below the subsoil is a layer of pale-olive loam that
contains a large amount of lime and is about 18 inches
thick. The Barnes soils are well drained and have high
available water capacity. They have moderate permeabil-
ity in the surface layer and the subsoil, and moderately
slow permeability in the substratum.

Svea soils make up about 32 percent of this association.
These soils have a surface layer of very dark gray loam
about 8 inches thick. Their subsoil is about 11 inches thick
and is clay loam that is dark gray in the upper part and
grayish brown in the lower part. Just beneath the subsoil
is a layer, about 20 inches thick, that contains a large
amount of lime and consists of white clay loam over pale-
yellow loam. The Svea soils are moderately well drained
and have high available water capacity. They have moder-
ate permeability in the surface layer and the subsoil and
have moderately slow permeability in the substratum.

Parnell soils, which are in depressions, make up about 8
percent of this association. These soils have a surface layer
of silty clay loam, about 19 inches thick, that is very dark
gray in the upper two-thirds and is dark gray in the lower
third. They have a subsoil of dark-gray silty clay about
18 inches thick. The substratum is mottled, gray clay al-
luvium that ranges from a few inches to several feet in
thickness and is underlain by glacial till. The Parnell soils
are very poorly drained and have very high available
water capacity. Permeability is moderate in the surface
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layer, moderately slow in the subsoil, and slow in the sub-
stratum.

Nearly level Vallers, Tonka, and Manfred soils, and
small areas of gently undulating and strongly rolling Wau-
kon soils make up the rest of this association. The Vallers
and Tonka soils are poorly drained; the Manfred soils, in
shallow depressions, are very poorly drained; and the
Waukon soils are moderately well drained and well
drained. The Waukon soils are west of Edinburg.

Most soils of this association are slightly susceptible to
soil blowing, and in most places the soils are also moder-
ately susceptible to water erosion. Most of the acreage is
cultivated, however, and the soils are well suited to hard
wheat, durum wheat, barley, flax, and the commonly grown
hay crops and pasture plants. Dairy cattle and feeder cat-
tle are raised on many farms to utilize the forage from
the hay crops and pastures.

Figure 2.—Profile of a Barnes loam under native grass.

4. Svea-Barnes association

Deep, nearly level and gently sloping, moderately well
drained and well drained loamy saiz;a ’

This association is in the west-central part of the county.
It consists of a part of the glacial till plain where the soi
are nearly level and slope very gently toward the east.
The association is dissected by many shallow drainage-
ways, and it contains a few depressions. It occupies about
3 percent of the county.

Svea soils make up about 70 percent of this association.
These soils have a surface layer of very dark gray loam
about 8 inches thick. Their subsoil is about 11 inches thick.
It is dark-gray clay loam in the upper part and grades to
grayish-brown clay loam in the lower part. Below the
subsoil is a layer, about 20 inches thick, that contains a
large amount of lime and consists of white clay loam over
pale-yellow loam. The substratum is calcareous loam gla-
cial till. The Svea soils are moderately well drained and
have high available water capacity. Tiey have moderate
permeability in the surface layer and the subsoil and
moderately slow permeability in the substratum.

Barnes soils make up about 25 percent of this associa-
tion. They have a surface layer of black loam about 8 inches
thick. Their subsoil is about 11 inches thick and is dark-
brown and very dark gray clay loam in the upper part and
olive-brown loam in the lower part. Just below the subsoil
is a layer of pale-olive loam that is about 18 inches thick
and contains a large amount of lime. This layer is under-
lain by calcareous glacial till. The Barnes soils are well
drained and have high available water capacity. They have
moderate permeability in the surface layer and the sub-
soil, and moderately slow permeability in the substratum.

Some minor areas of this association are occupied by
moderately well drained Cresbard, poorly drained Tonka,
and very poorly drained Parnell soils. Other minor areas
are occupied by stony Barnes and Svea soils.

Soils of this association are slightly susceptible to soil
blowing and water erosion. They are used mainly for cul-
tivated crops but are well suited to the commonly grown
field crops, hay crops, and pasture plants. Hard red spring
wheat and durum wheat are the principal crops. Barley
and flax are commonly grown the second year o¥ the crop-
ping system.

5. Barnes-Buse association

Deep, gently undulating to steep, well-drained and ex-
cesswvely drained loamy soils on the Edinburg moraine

This association consists mainly of gentl{% undulating
to hilly Barnes soils and of rolling to steep Buse soils. It
contains many shallow depressions. The association oc-
cupies about 2 percent of the county and is in the central
art.
P Barnes soils make up about 55 percent of this associa-
tion. These soils have a surface layer of black loam about
8 inches thick. They have a subsoil that is about 11 inches
thick and consists of dark-brown and very dark gray clay
loam in the upper part and of olive-brown loam in the
lower part. Below the subsoil is a layer, about 18 inches
thick, of pale-olive loam that contains a large amount of
lime and is underlain by caleareous glacial till. The Barnes
soils are well drained and have high available water ca-
pacity. They have moderate permeability in the surface
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layer, in the subsoil, and in the layer that contains a large
amount of lime, and they have moderately slow perme-
ability in the underlying glacial till.

Buse soils make up about 80 percent of this association.
These soils have a surface layer of dark-gray loam about
7 inches thick. Just beneath the surface layer is a layer of
light-gray loam that contains a large amount of lime and
is about 16 inches thick. Below the layer of limy material
is calcareous loam or clay loam glacial till. These soils are
excessively drained and have high available water ca-
pacity. They have moderately slow permeability.

Very poorly drained Parnell soils, poorly drained Tonka
soils, and moderately well drained Svea and Embden soils
make up the rest of this association. The Parnell and
Tonka soils are in depressions, and the Svea and Embden
soils are in nearly level or slightly concave areas.

Soils of this association are slightly to highly suscep-
tible to water erosion and soil blowing. They are suited
to the commonly grown field crops, hay crops, and pasture
plants, however, and most of the acreage is cultivated.
Hard red spring wheat and durum wheat are the prinicipal
crops, and barley and flax are commonly grown the second
year of the cropping system. Areas too steep or too stony
for cultivation have been left in native grass that is used
for hay or pasture.

6. Kloten-Edgeley association

Shallow to deep, nearly level to undulating and steep,
well-drained loamy soils over shale bedrock

This association consists mainly of sloping and steep
Kloten soils that are shallow over shale bedrock, and of
the adjacent, nearly level and undulating Edgeley soils
that are deep over shale bedrock. The soils are on the side
slopes of stream valleys that cut through the glacial till

lains in the northern part of the county west of Edinburg.
g‘he association occuples about 2 percent of the county.

Kloten soils make up about 53 percent of this association.
They have a surface layer of very dark gray loam about
5 inches thick. In wooded areas the surface layer is cov-
ered by a thin layer of leaf litter. Just below the surface
layer is a layer of gray clay loam glacial till about 8 inches
thick. Beneath the till is gray, bedded shale that is partly
weathered in the uppermost 17 inches. The Kloten soils
are well drained. Permeability is moderate in the surface
layer, moderately slow between the surface layer and the
shale, and very slow in the shale. Above the shale, the avail-
able water capacity is high, but in the shale it is very low.

Edgeley soils make up about 41 percent of this associa-
tion. These soils have a surface layer of very dark gray
loam about 5 inches thick. Their subsoil is about 20 inches
thick and consists of dark grayish-brown clay loam in
the upper part and of olive-gray shaly clay loam in the
lower part. Below the subsoil is light olive-gray shaly clay
loam glacial till that is underlain by bedded shale at a
depth of about 46 inches. The Edgeley soils are well
drained and have high available water capacity. They
have moderate permeability in the surface layer and the
subsoil and moderately slow permeability in the
substratum.

Minor soils make up the rest of this association. They are
the moderately well drained Cresbard and Svea soils; the
somewhat poorly drained Cavour soils and the Bearden

soils that have a gravelly substratum; and the poorly
drained Lamoure soils.

Soils of this association are slightly susceptible to soil
b.lowin%rl and are slightly to highly susceptible to water ero-
sion. The soils in about half of the association are culti-
vated and are suited to the commonly grown field crops,
hay crops, and pasture plants. Hard red spring wheat and
durum wheat are the principal crops. Barley and flax are
generally grown the second year of the cropping system.
Dairy cattle and feeder catt{e are raised on most farms.
They utilize the forage from areas where the soils are too
steep or too stony for cultivation and .are used as wood-
land, for pasture, or for hay crops.

7. Buse-Fairdale association

Deep, nearly level to steep, excessively drained and mod-
erately well drained loamy soils

This soil association is in the south-central part of the
county. It occupies about 1 percent of the total acreage
in the county.

Rolling to steep Buse soils make up about 55 percent
of this association. These soils have a surface layer of dark-
gray loam about 7 inches thick. The surface layer is under-
lain by a layer of light-gray loam that contains a large
amount of lime and is about 16 inches thick. Beneath the
limy material is loamy, calcareous glacial till. The Buse
solls are excessively drained, and they have high or very
high available water capacity. They have moderately slow
permeability throughout.

Fairdale soils, on the flood plains of streams, make up
about 30 percent of this association. These soils have a sur-
face layer of grayish-brown silt loam about 3 inches thick
that is covered by an accumulation of leaf litter in wooded
areas. Just below the surface layer is stratified, calcareous
material that is variable in color, texture, and thickness.
This stratified material generally contains one or more
dark-gray or black layers that are the surface layers of
buried soils. The Fairdale soils are moderately well
drained and have high available water capacity. They have
moderate or moderately slow permeability, depending on
the texture of the various layers,

Embden and Sioux soils make up the rest of this asso-
ciation. The Embden soils are moderately well drained,
and the Sioux soils are excessively drained.

The Fairdale soils are only slightly susceptible to soil
blowing, but the Buse and Embden soils are moderately
to highly susceptible. A small part of the acreage of Fair-
dale and Embden soils is suited to the commonly grown
small grains, hay crops, and pasture plants, however, and
that acreage is generally cultivated. The rest of the associa-
tion is mainly in native timber. It is well suited to use as
habitat for most of the common species of wildlife.

Soils of the Outwash, Interbeach, Delta,
and Valley Areas

Soils of this group occupy a belt, approximately 6 to 14
miles wide, that extends in a north-south direction across
the central part of Walsh County. The soils lie east of the
glacial till plain. They have formed in sandy, gravelly,
and loamy material that was carried by glacial melt water
into glacial Lake Agassiz and was deposited as deltas, fans,
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beaches, interbeach areas, and offshore bars. Some of the
soils have formed in outwash that was deposited in areas
adjacent to the uplands on the western edge of the lake
areas. Others have formed in material deposited by glacial
streams in old valleys. Still others have formed in lake-
washed glacial till that lies between the beaches. Four soil
associations are in this group.

8. Renshaw-Brantford-Sioux association

Shallow, nearly level to steep, excessively drained and
well-drained loamy soils underlain by sand and gravel

This association consists of shallow loamy soils that are
mainly on glacial outwash plains. It includes some sloping,
gravelly soils on lake beach lines. Most of the soils on out-
wash plains are nearly level to sloping, but some steep soils
are on the ridges and side slopes of entrenched streams,
This association occupies about 3 percent of the county. It
is mostly in the south-central part of the county, but one
area lies north of Edinburg.

Renshaw soils make up about 35 percent of this associa-
tion. They have a surface layer of very dark brown loam
about 6 inches thick. Their subsoil is about 12 inches thick
and is very dark grayish-brown sandy clay loam in the
upper part and very dark grayish-brown gravelly loam in
the lower part. The substratum is calcareous in the upper
part, and it consists of coarse sand and gravel. The Ren-
shaw soils are excesgively drained. They have moderate
permeability and high available water capacity in the sur-
face layer and the subsoil. They have rapid permeability
and very low available water capacity in the substratum.

Brantford soils make up about 29 percent of this asso-
ciation. These soils have a surface layer of very dark gray
loam about 6 inches thick. They have a loam subsoil about
14 inches thick that is grayish brown in the upper part and
is light brownish gray in the lower part. The substratum
consists of light olive-gray sand and gravel derived from
shale. The Brantford soils are well drained. Their surface
layer and their subsoil have moderate permeability and
high available water capacity. Their substratum has rapid
permeability and very low available water capacity.

Sioux soils make up about 12 percent of this association.
They have a surface layer that is about 8 inches thick and
is very dark gray gra,vellf loam in the upper part and is
dark-brown loam in the lower part (fig. 3). The surface
layer is underlain by beds of stratified gravel and sand.
The Sioux soils are excessively drained. Their surface
layer is moderately permeable and has moderate available
water capacity. Their substratum is rapidly permeable and
has very low available water capacity.

Minor soils of this association are the nearly level and
gently sloping Arvilla, the sloping to steep Coe, the nearly
level to sloping Vang, and the nearly level, moderately well
drained and somewhat poorly drained Divide soils.

Soils of this association are moderately to highly sus-
ceptible to soil blowing. They are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, however, and most of the acreage is cultivated.
Hard red spring wheat and durum wheat are the principal
crops, and barley and flax are commonly grown the second
year of the cropping system. Dairy cattle and feeder cattle
are raised on most farms to utilize the forage from hay and
pasture crops grown on areas too steep for cultivation.

Figure 3.—Profile of Sioux gravelly loam under native vegetation.

9. Embden-Hecla-Ulen association

Deep, nearly level to sloping, moderately well drained
and somewhat poorly drained loamy and sandy soils

This association consists of nearly level to sloping soils
in areas that extend through the central part of Walsh
County. The soils occupy a plain that is dissected by many
intermittent drainageways, which carry runoff that flows
in an easterly direction, Many springs originate in this
association. Some parts of the association contain sta-
bilized sand dunes and shallow blowout areas, and a few
areas contain active sand dunes. This association occupies
about 4 percent of the county.
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Nearly level to sloping Embden soils make up about
44 percent of this association. They have a surface layer
of very dark gray sandy loam about 11 inches thick. Their
subsoil is about 13 inches thick and consists of fine sandy
loam that is dark gray in the upper part and brown in
the lower part. Just below the subsoil is a layer of light-
gray loamy sand that contains a large amount of lime and
1s about 20 inches thick. The Embden soils are moderately
well drained. They have moderate to high available water
capacity in the surface layer and the subsoil and low
available water capacity in the substratum, Permeability
is moderately ra,pis.

Nearly level and gently undulating Heela soils occupy
about 28 percent ofg this association. These soils have a
surface layer of loamy sand that is about 82 inches thick
and is very dark gray in the upper part, very dark grayish
brown in the middle part, and dark grayish brown in the
lower part. Just below the surface layer 1s light yellowish-
brown sand that extends to a depth of 40 inches or more.
The Hecla soils are moderately well drained. They have
moderate available water capacity in the surface layer, and
low available water capacity in the substratum. Permea-
bility is moderately rapid above the glacial till, but it is
slow in the till.

Nearly level and gently sloping Ulen soils make up
about 15 percent of this association. These soils have a
surface layer that is about 15 inches thick and is black
sandy loam in the upper part and very dark gray fine
sandy loam in the lower part. Just below the surface
layer is a layer of strongly calcareous loam that contains
a large amount of lime and is about 17 inches thick. This
layer is light gray in the upper part and is white mottled
with light olive brown in the lower part. Underlying the
Iayer of limy material is stratified, mottled, sandy sedi-
ment. The Ulen soils are moderately well drained or
somewhat poorly drained. Permeability is moderate in
the surface layer and in the layer where lime has accu-
mulated, and 1t is moderately rapid in the layers below.
The available water capacity is moderate.

Minor soils make up the remaining 13 percent of this
association. They are the well-drained Maddock, the some-
what poorly drained and poorly drained Hamar, and the
poorly drained Arveson and Fossum soils.

Soils of this association are highly or very highly sus-
ceptible to soil blowing (fig. 4). The soils are suited to the
field crops, hay crops, and pasture plants commonly grown
in the county, however, and most of the acreage is culti-
vated. Hard red spring wheat and durum wheat are the
principal crops, and they are commonly followed the sec-
ond year of the cropping system by barley and flax. In ad-
dition, potatoes are grown on some areas of Embden soils.
Dairy cattle and feeder cattle are raised on some farms
to utilize the hay grown where the soils are too wet or too
sandy for cultivation.

10. Lankin-Gilby association

Deep, nearly level to gently sloping, somewhat poorly
drained and poorly drained loamy soils

This association consists of deep, nearly level and gently
sloping loamy soils that occupy interbeach areas in the
central part of the county (fig. 5). It is on a plain that is
marked by several beach lines and deltas and by many shal-
low depressions. The association is dissected by many in-
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Figure 4.—Multiple-row field windbreaks, established on Embden

and Hecla soils of association 9 as part of the Park River Demon-

stration Project, These windbreaks help to protect the soils from

blowing, Cottonwood trees in the center of the windbreaks had

an average height of 70 feet at the end of 25 years. Homme Dam
and reservoir are in the foreground.

termittent drainageways, which in spring carry runoff that
flows in an easterly direction. It comprises about 9 percent
of the county.

Nearly level and gently sloping Lankin soils make up
about 46 percent of this association. These soils have a
surface layer of very dark gray loam that is about 7 inches
thick, Their subsoil is dark-gray loam about 9 inches thick.
Just beneath the subsoil is a layer of clay loam, about 18
inches thick, that is white in the upper part and light gray
in the lower part and contains a large amount of lime. Be-
low this limy material is calcareous, light olive-gray, loamy
glacial till mottled with olive gray. The Lankin soils are
somewhat poorly drained and have high available water
capacity. They have moderate permeability in the surface
layer and the subsoil and moderately slow permeability
in the glacial till substratum.

Figure 5,—View of Lankin and Gilby soils of association 10,
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Nearly level Gilby soils make up about 35 percent of this
association., These soils have a surface laﬂer that is about
10 inches thick and is calcareous loam that is very dark
gray in the upper part and is dark gray in the lower part.
Just below the surface layer is a layer of clay loam, about
14 inches thick, that contains a large amount of lime. This
limy material 1s light gray in the upper part and is ale

ellow mottled with yellowish brown in the lower part. The

ower part consists of glacial till in some places. It is under-
lain by pale-yellow, light olive-brown, olive-gray, and
light brownish-gray, calcareous, loamy glacial till. The
Gilby soils are somewhat poorly drained or poorly drained,
and they have high available water capacity. Permeability
is moderate above the glacial till, and 1t is moderately slow
in the till.

About 19 percent of this association consists of mod-
erately well drained Towner, somewhat poorly drained
Antler, and poorly drained Rockwell and Tonka soils.

The Lankin soils are slightly succeptible and the other
soils are moderately to highly susceptible to soil blowing.
Field windbreaks have been planted on a large acreage to
help to control soil blowing.

The soils in most of this association are well suited to
the field crops, hay crops, and pasture plants commonly
grown in the county. Hard red spring wheat and durum
wheat are the principal crops. Barley and flax are com-
monly grown the second year of the cropping system, and
potatoes are %rown in some places on the Lankin, Towner,
and Rockwell soils. Soils that are too stony or too wet for
cultivation are used for native hay or pasture.

11. Walsh association

Deep, level to sloping, well drained and moderately well
drained loamy soils formed in shaly alluwium

This association lies west of Park River in a valley that
slopes to the south and is 2 to 4 miles wide. It consists of
deep loamy soils that are nearly level to sloping. The asso-
ciation occupies about 1 percent of the county.

Walsh soils that have a surface layer of silt loam make
ug about 60 percent of this association. The surface layer
of these soils is very dark gray and is about 10 inches thick.
Their subsoil is gray silty clay loam about 12 inches thick.
The substratum is shaly alluvial material that is gray silty
clay loam in the u gler part, light brownish-gray silty
clay loam in the middle part, and gray loam in the lower

art. These soils are well drainec% and moderately well

rained, and they have high available water capacity.
Permeability is moderate in the surface layer, and it is
moderately slow in the subsoil and the substratum.

Walsh soils that have a surface layer of clay loam make
up about 30 percent of this association. They have a pro-
file similar to the Walsh silt loams, except for the texture
of their surface layer.

Sloping Walsh soils that have a surface layer of loam,
and other Walsh soils that also have a surface layer of
loam and a sand substratum, make up the rest of this asso-
ciation. These soils have a profile similar to that of the
Walsh silt loams, except that their surface layer is loam
and they contain more coarse material.

Soils of this association are moderately to highly sus-
ceptible to soil blowing. They are well suited to the field
crops, hay crops, and pasture plants commonly grown in
the county, however, and most of the acreage is cultivated.

Hard red spring wheat and durum wheat are the principal
crops. Barley and flax are commonly grown the second

ear of the cropping system. Potatoes are a minor, but an
Important, crop. Some corn is grown as feed for dairy
cattle.

Soils of the Glacial Lake Plain

Soils of the glacial lake plain are in the eastern half of
Walsh County. The areas are mostly nearly level, but the
contain low ridges and shallow depressions in which dif-
ferences in elevation between the highest and the lowest
points is only 1 to 2 feet. Water floods some of these areas
when snow melts rapidly, when streams overflow, or when
heavy rainfall occurs. Streams that flow from the glacial
till plain to the west discharge their water onto the lake
plain. As a result, deltas have formed in places. Some
deltas were formed when this area was still covered by a
glacial lake. The native vegetation was tall prairie grasses.

The delta and lake sediment of very fine sand, silt, and
silty clay loam was deposited mainly in the western part
of the lake plain. The lake sediment of clay and silty clay
was deposited mainly in the eastern part of the plain,
where the decrease in slope amounts to only a few feet per
mile. Seven soil associations are in this group.

12. Glyndon-Gardena association

Deep, nearly level to gently sloping, moderately well
dmz%)z’ed am?/ somewhat poorly drained loamy soils

This association is on the glacial lake plain in the eastern
part of the county. It is dissected by many intermittent
streams that drain in an easterly direction. Nearly level
and gently sloping Glyndon and Gardena soils occupy most
of the acreage. The nearly level Glyndon soils are on ridges
that are only a few inches to a foot or more in height and
that are separated by shallow depressions. The gently slop-
ing Glyndon soils are on the side slopes of drainageways.
The Gardena soils are nearly level. They are on the part
of the lake plain where there are only a few depressions.
This association occupies about 13 percent of the county.

Glyndon soils make up about 73 percent of this associa-
tion. They have a surface layer of very dark gray, calcare-
ous silt loam about 8 inches thick. Just below t}}m’e surface
layer is a layer of gray, strongly calcareous silt loam that
is about 20 inches thick and contains a large amount of
lime. The limy material is underlain by stratified, light
yellowish-brown and light olive-brown very fine sandy
loam that is mottled with gray. The Glyndon soils are
moderately well drained or somewhat poorly drained. They
have high available water capacity and are moderately
permeable throughout.

Gardena soils make up about 14 percent of this associa-
tion. These soils have a surface layer of dark-gray silt loam
about 11 inches thick. The subsoil is about 16 inches thick.
It consists of very dark grayish-brown silt loam in the
upper part and of grayish-brown, calcareous very fine
sandy loam in the lower part. The substratum is pale-olive
very fine sandy loam that contains a large amount of lime.
The Gardena soils are moderately well drained and have
high available water capacity. They are moderately perme-
able throughout.

Borup, Colvin, and Perella soils make up the rest of this
association. All of these soils are poorly drained.
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Soils of this association are moderately to highly sus-
ceptible to soil blowing. They are well suited to potatoes,
sugar beets, small grains, hay, and pasture plants, however,
and most of the acreage is cultivated (fig. 6). Potatoes are
the principal crop. Hard red spring wheat and durum
wheat are the principal small grains. Barley and flax are
commonly grown the second year of the cropping system.,

13. Bearden-Overly association

Deep, nearly level to gently sloping, somewhat poorly
dmfffed and moderately well drained s’z'lty soils

This association is in the eastern part of the county. It
contains many intermittent streams t]fxat flow in an easterly
direction. Part of the association consists of nearly level
Bearden soils that occur on the part of the lake plain where
the I'ld%BS are only a few inches higher than t]ge interven-
ing shallow depressions. Other areas consist of nearly level
and gently sloping Overly soils on the part of the lake
plain that contains a few depressions. Still other areas
consist of gently sloping Overf)y soils on the side slopes of
drainageways. The association occupies about 12 percent
of the county.

Bearden soils make up about 65 percent of this associa-
tion. They have a surface layer of black silty clay loam,
about 9 inches thick, that is slightly calcareous in the
upper part but is more calcareous in the lower part. The
surface layer has an irregular boundary, and tongues of

material from this layer extend downward into the layer
below. Just beneath the surface layer is a layer of grayish-
brown silty clay loam that contains a large amount of lime
and is about 11 inches thick. The limy material is underlain
by light olive-brown silty clay loam mottled with gray,
white, and brown. The Bearden soils are somewhat poorly
drained and have very high available water capacity. They
have moderately slow permeability throughout.

Overly soils make up about 28 percent of this association.
They have a surface layer of very dark gray silty clay loam
about 10 inches thick. Their subsoil is about 10 inches thick
and is silty clay loam or silty clay that is dark gray in the
upper part and is grayish brown in the lower part. Below
the subsoil is a layer of silty clay loam that is about 18
inches thick and contains a large amount of lime. This limy
material is underlain by light olive-brown and pale-olive,
stratified, moderately fine textured and fine textured lake
sediment. The Overly soils are moderately well drained and
have high available water capacity. They have moderate to
moderately slow permeability in the surface layer and the
subsoil, and they have moderately slow or slow perme-
ability in the layer that contains a large amount of lime
and in the substratum. The fine-textured layers in the sub-
stratum are slowly permeable.

Colvin, Perella, and Fargo soils make up the rest of this
association. All of these soils are poorly drained.

Figure 6.—Farmstead on Glyndon and Gardena soils of association 12,
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The soils of this association are well suited to the field
crops, hay crogs, and pasture plants commonly grown
in the county, but most of them are moderately to highl
susceptible to soil blowing. A large part of the acreage 1s
cultivated. Hard red spring wheat, durum wheat, and bar-
ley are the principal crops, but potatoes and sugar beets
are also grown extensively. Flax is an important crop on
the Overly soils.

14, Bearden-Glyndon association

Deep, nearly level, moderately well drained and somewhat
poorly drained, caloareous clayey and loamy soils

This association consists of nearly level soils on the part
of the lake plain where depressions are few. The assocla-
tion occupies about 1 percent of the county and is in the
northeastern and southeastern parts.

Bearden soils make up about 70 percent of this associa-
tion. They have a surface layer of%lack silty clay that is
about 9 inches thick. The surface layer contalns some
lime, but the lower part contains more lime than the upper
part. The surface layer has an irregular boundary, and
tongues of material from that layer extend downward into
the layer below. The next layer is grayish-brown silty clay
loam that is about 11 inches thick and contains a large
amount of lime. Just below this layer is the substratum,
which is dominantly light olive-brown silty clay loam that
is mottled with gray, white, and brown. The Bearden soils
are somewhat poorly drained and have very high available
water capacity. They have moderately slow ipermeability.

Glyndon soils make up about 26 percent of this associa-
tion. They have a surface layer of very dark gray silt loam
about 8 inches thick. Just below the surface layer is a layer
of gray silt loam that is about 20 inches thick and contains
a large amount of lime. Underlying this limy material is
stratified, light yellowish-brown and light olive-brown
very fine sandy loam that is mottled with gray. The
Glyndon soils are moderately well.drained or somewhat
poorly drained, and they have high available water capac-
ity. They are moderately permeable.

Perella soils and moderately saline Bearden and Glyn-
don soils make up the remaining 4 percent of this associa-
tion. The Perella soils are poorly drained.

Soils of this association are moderately to highly
susceptible to soil blowing. They are well suited to the field
crops, hay crops, and pasture plants commonly grown in
the county, however, and most of the acreage is cultivated.
Hard red spring wheat, durum wheat, and sugar beets
are the principal crops, but potatoes and barley are also
grown extensively.

15. Overly-Bearden fans association

Deep, nearly level, moderately well drained and somewhat
poorly drained silty and clayey soils on allwvial fons

This association occupies alluvial fans on the lake plain
in the east-central part of the county. The areas are nearly
level, contain few depressions, and are traversed by old
abandoned stream channels, as well as by present-day
drainageways. The soils commonly contain a very dark
colored buried horizon, which indicates the thickness and
the extent of the alluvial deposits. This association oc-
cupies about 2 percent of the county.

Overly soils make up about 64 percent of this associa-
tion. These soils have a surface layer of very dark gray
silty clay loam or silty clay about 10 inches thick. Their
subsoil, also about 10 1nches thick, is silty clay loam that
is dark gray in the upper part and is grayish brown in
the lower part. The lower part of the subsoil contains a
large amount of lime. Just below the subsoil is a layer of
silty clay loam that also contains a large amount of lime
and is about 18 inches thick. Underlying this layer is light
olive-brown and pale-olive, stratified, moderately fine
textured and fine textured sediment. The Overly soils are
moderately well drained, have high or very high available
water capacity, and have moderate to slow permeability.
Where permeability is slow, the soil material is finer tex-
tured than where permeability is moderate.

Bearden soils make up about 26 percent of this associa-
tion. These soils have a surface layer of black silty clay
loam that is slightly limy and is about 9 inches thick. The
lower part of the surface layer contains more lime than
the upper part, and it has an irregular boundary. Tongues
of material from the surface layer extend downward into
the layer below. The layer just beneath the surface layer
is grayish-brown silty clay loam that is about 11 inches
thick and contains a large amount of lime. Underlying
the limy material is a layer that is dominantly light olive-
brown silty clay loam mottled with gray, white, and brown.
The Bearden soils are somewhat poorly drained, have very
high available water capacity, and have moderately slow
permeability.

The rest of this association consists of moderately well
drained Fairdale and LaPrairie soils. These soils are on
stream levees and on channeled bottom lands.

Soils of this association are moderately to highly sus-
ceptible to soil blowing. They are well suited to the field
crops, hay crops, and pasture plants commonly grown
in the county, however, and most of the acreage is culti-
vated. Hard red spring wheat, potatoes, durum wheat,
and barley are the principal crops, but sugar beets and flax
are also grown.

16. Bearden-Glyndon moderately saline association

Deep, nearly level, somewhat poorly drained and mod-
erately well drained silty and loamy soils that are saline

This association occupies about 1 percent of Walsh
County. It is in the eastern part.

Saline Bearden soils make up about 75 percent of this
association. These soils have a surface layer of black,
slightly calcareous silty clay loam about 9 inches thick.
The lower part of the surface layer contains more lime
than the upper part, and it has an irregular boundary.
Tongues of material from the surface layer extend down-
ward into the layer below. The layer just below the sur-
face layer is grayish-brown silty clay loam that contains
a large amount of lime and is about 11 inches thick. Un-
derlying this layer is the substratum, which is dominantly
light olive-brown silty clay loam mottled with gray, white,
and brown. These saline Bearden soils have nests of gyp-
sum and other salts throughout their profile. They are
somewhat poorly drained, have moderately slow perme-
ability, and have high available water capacity.

Moderately saline Glyndon soils make up about 16 per-
cent of this association, These soils have a surface layer
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of very dark gray, calcareous silt lJoam about 8 inches
thick. Just below the surface layer is a layer of gray silt
loam that contains a large amount of lime and is about 20
inches thick. The substratum is stratified, light yellowish-
brown and light olive-brown very fine sandy loam that
is mottled with gray. The Glyndon soils also have nests
of gypsum and other salts throughout their profile. The;
are moderately well drained or somewhat poorly drained,
have high available water capacity, and have moderate
permeability.

The rest of this association consists of poorly drained
Colvin and Perella soils, and of areas of nonsaline Bearden
and Glyndon soils.

Soils of this association are moderately to highly sus-
ceptible to soil blowing. Most of the acreage is cultivated,
however, although all the crops grown are adversely af-
fected by the salinity of the soils. Barley, sugar beets, and
hard reg, spring wheat are the principal crops.

17. Hegne-Fargo association

Deep, nearly level to gently sloping, poorly drained clayey
soils

This association is in the eastern part of the county. It
consists mainly of nearly level and gently sloping Hegne
and Fargo soils. The Hegne soils are on ridges that are
only a few inches above the level of the lake plain. They
are also in shallow depressions between the ridges and on
the side slopes of drainageways. The Fargo soils are in
shallow depressions, in nearly level areas, and on the side
slopes of drainageways and of levees along streams. This
association occupies about 11 percent of the county.

Hegne soils make up about 74 percent of this association.
These soils have a surface layer of very dark gray silty clay
about 14 inches thick. The surfacerf,ayer is slightly cal-
careous in the upper part, and it has a large amount of lime
in the lower part. Just below the surface layer is a layer
that contains a large amount of lime and is about 17
inches thick. This layer is gray silty clay loam in the upper
part and is pale-yellow silty clay in tﬂe lower part. The
substratum consists of mottled, calcareous, fine-textured
lacustrine sediment. The Hegne soils are poorly drained
and have very high available water capacity. They have
moderate permeability in the surface layer, and moder-
ately slow or slow permeability in the layers below the sur-
face layer.

Fargo soils make up about 20 percent of this associa-
tion. These soils have a surface layer of black silty clay
about 9 inches thick. The subsoil is about 13 inches thick,
and it consists of silty clay that is black in the upper part
and very dark gray in the lower part. The substratum is
fine-textured, stratified lacustrine sediment. The Fargo
soils are poorly drained, have high or very high available
water capacity, and have slow permeability,

The rest of this association consists ofy poorly drained
and very poorly drained Grano soils.

The soils throughout most of this association are mod-
erately to highly susceptible to soil blowing. They are
suited to the field crops, hay crops, and pasture plants com-
monly grown in the county, however, and most of the acre-
age is cultivated. Hard red spring wheat, durum wheat,
and barley are the principal crops. Flax, sugar beets, and
potatoes are also grown.

18. Ojata-Hegne saline association

Deep, nearly level, poorly drained silty and clayey soils
that are strongly saline.

This association consists of saline soils that surround
saline lakes and of other saline soils on bottom lands along
streams. It occupies about 1 percent of the county and is
in the eastern part.

Ojata soils make up about 39 percent of this association.
These soils have a surface layer of very dark gray, calcare-
ous silty clay loam about 5 inches thick. In many places the
surface layer is bare of vegetation and is covered by a thin
accumulation of white salt. Just below the surface layer is
alayer of dark-gray, mottled, strongly calcareoussilty clay
loam that is a%out 7 inches thick and contains a large
amount of lime. Underlying this layer is a layer of dark
grayish-brown, calcareous silty clay loam sediment that is
mottled with brown and gray. The Ojata soils are strongly
saline and have nests of gypsum and other salts through-
out their profile. They are poorly drained, have high avail-
able water capacity, and have moderately slow or slow per-
meability.

Moderately to strongly saline and alkali Hegne soils
make up about 23 percent of this association. The surface
layer of these soils 1s very dark gray silty clay that is about
14 inches thick. It is slightly calcareous in the upper part
and has a large amount of lime in the lower part. Just
below the surface layer is a layer of gray silty clay that
contains a large amount of lime and is about 16 inches
thick. The substratum is mottled, calcareous, fine-textured
lacustrine sediment. The moderately to strongly saline and
alkali Hegne soils have nests of gypsum and other salts
throughout their profile. They are poorly drained and have
very high available water capacity. Permeability is mod-
erate in the surface layer. It 1s moderately slow or slow in
the layers below the surface layer.

The rest of this association consists of poorly drained
Colvin and Ryan soils, of very poorly drained Ludden
soils, and of Lake Ardoch and two salt lakes.

Most of this association has a cover of salt-tolerant and
alkali-tolerant grasses, and it is used for hay or pasture.
The soils are moderately to highly susceptible to soil blow-
ing if they are cultivated. The moderately saline Hegne
soils are suited only to native grass and to barley, sugar
beets, and other crops that are tolerant of salt, Wheat and
flax are grown on nonsaline areas,

Soils of the Flood Plains and Low Terraces

Soils of flood plains and low terraces are along the Red,
Forest, and Park Rivers in the eastern part of the county.
They are nearly level. Some of these soils are on bottom
lands that are flooded for a short time nearly every year.
Others are on levees on the first terraces above the flood
plains. A few areas are dissected by numerous stream chan-
nels.

The soils have formed in stratified, recently deposited
alluvium that ranges from light loam to clay in texture.
On the flood plains, the native vegetation was deciduous
trees, shrubs, and tall grasses. On the levees, it was tall
prairie grasses. Two soil associations are in this group.
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19. Fairdale-LaPrairie association

Deep, nearly level to gently sloping, moderately well
drained loamy soils on flood plains

This association consists of soils on flood plains. It occu-
pies about 2 percent of the county.

Fairdale soils make up about 55 percent of this associa-
tion. These soils have a surface layer of grayish-brown
silt loam about 3 inches thick. The surface layer is under-
lain by stratified, calcareous material that is variable in
color, texture, and thickness. In most places the soils con-
tain one or more layers that are dark gray to black, and
these layers are the surface layer of a buried soil. Where
the soils are under timber, a layer of leaf litter covers the
surface. The Fairdale soils are moderately well drained
and have high available water capacity. Permeability is
moderate or moderately slow, depending on the texture of
the deposited sediment.

LaPrairie soils make up about 38 percent of this asso-
ciation. These soils have a surface layer of dark-gray silt
loam about 7 inches thick. The subsoil is about 27 inches
thick and is dark grayish-brown silt loam in the upper part
and brown silty clay loam in the lower part. The subsoil is
underlain by stratified brown silt loam and silty clay loam.
The LaPrairie soils are moderately well drained and have
high available water capacity. Permeability is moderate in
the layers of silt loam, and it is moderately slow in the finer
textured material.

The rest of this association consists of somewhat poorly
drained Bearden soils that have a gravelly substratum,
and of very poorly drained Rauville soils.

Soils of this association are slightly susceptible to soil
blowing, and flooding is common 1n spring. About half of
the association is cultivated, and the rest is in native tim-
ber. The cultivated soils are well suited to the commonly
grown field crops, hay crops, and pasture plants. The prin-
cipal crops are hard red spring wheat, potatoes, durum
wheat, and barley, but sugar beets and flax are also grown
on a large acreage. The areas in native timber are well
suited to use as habitat for most of the common species of
wildlife.

20. Wahpeton-Cashel-Fargo association

Deep, nearly level to gently sloping, moderately well
drained to poorly drained clayey soils on flood plains and
low terraces

This association occupies a narrow area along the Red
River. It consists of Cashel soils on the first flood plain of
the Red River; of Wahpeton soils on the natural levees of
the Red River and its major tributaries; and of Fargo
soils that are adjacent to the natural levees, These soils are
all predominantly nearly level or gently sloping, but there
are some areas of steep Cashel soils on the banks of the
Red River. The association occupies about 2 percent of
the county.

Wahpeton soils make up about 59 percent of this asso-
ciation. These soils have a surface layer of very dark gray
silty clay about 7 inches thick. Just below the surface layer
is a series of dark gray and very dark gray layers that
are the surface layers of buried soils. The Wahpeton soils
are moderately well drained. They have very high avail-
able water capacity and moderate or moderately slow
permeability.

Cashel soils make up about 25 percent of this association.
They have a surface layer of gray, slightly calcareous
silty clay about 8 inches thick. The material below the sur-
face layer is stratified and consists of gray or grayish-
brown, fine-textured flood plain deposits. Most profiles
contain one or more horizons that are the surface layer
of a buried soil. The Cashel soils are somewhat poorly
drained and have high available water capacity. Per-
meability is moderately slow.

Fargo soils make up about 16 percent of this associa-
tion. These soils have a surface layer of black silty clay
about 9 inches thick, Their subsoil is about 18 inches thick,
and it is black silty clay in the upper part and is very
dark gray silty clay in the lower part. The substratum con-
sists of thin layers of fine-textured lacustrine sediment. The
Fargo soils are poorly drained and have high available
water capacity. Permeability is moderately slow or slow.

In years when the amount of runoff is above normal in
spring, soils of this association are subject to flooding. The
soils are moderately to highly susceptible to soil blowing.
About 80 percent of the acreage is cultivated. The rest;
along the Red River, is in native timber. Most of the soils
are well suited to the field crops, hay crops, and pasture
plants commonly grown in the county. Hard red spring
wheat, durum wheat, and barley are the principal crops.
Sugar beets are also grown extensively, and some potatoes
are grown. The noncultivated areas provide fair to good
habitat for most of the common species of wildlife.

Descriptions of the Soils

In this section the soils of Walsh County are described
in detail. The procedure is to describe first the soil series,
and then the mapping units in that series. Thus, to get
full information on any one mapping unit, it is necessary
to read both the description of that unit and the descrip-
tion of the soil series to which the unit belongs. The ap-
proximate acreage and proportionate extent of the map-
ping units are given in table 1.

Each series description contains a short description of
a typical soil profile and a much more detailed description
of the same profile that scientists, engineers, and others
can use in making highly technical interpretations.

The detailed description of the profile is considered
representative of all the mapping units in that series.
If the profile of a given mapping unit differs from this
typical profile, the differences are stated in the descrip-
tion of the mapping unit, unless they are apparent from
the name of the mapping unit.

A single area of one kind of soil may contain inclu-
sions of more than 15 percent of another soil, but the to-
tal area of the kind of soil likely would include no more
than 15 percent of soils other than those for which the
mapping unit is named.

In the detailed descriptions of typical profiles, ref-
erences to color apply to dry soil, except as otherwise spe-
cifically noted. Many of the terms used in describing the
soil series and mapping units are defined in the Glossary,
and some of the commonly used terms are explained in
the section “How This Survey Was Made.” More com-
prehensive explanations are given in the Soil Survey
Manual (5)*

*Italic numbers in parentheses refer to Literature Cited, p. 124.
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TaBLE 1.—Approzimate acreage and proportionate extent of the soils
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Mapping unit Acres Percent Mapping unit Acres Percent
Antler stony clay loam_. .. _______.._ 696 0.1 || Hamar and Ulen loamy sands__ oo —_ 480 .1
Antler clay loam . ..o ____._____.. 1,417 .2 |l Hamar and Ulen sandy loams__ oo —----__ 473 .1
Arveson-Fossum fine sandy loams__ . ___..._. 708 . 1 || Hamerly-Cresbard loams_ .. ccceumaaooo- 2, 286 .3
Arveson-Fossum loams._ . - ___._____. 2,916 . 3 || Hamerly-Svea loams, nearly level ... ..._. 23, 860 2.9
Arvilla sandy loam, nearly level . ______._.__ 4, 399 . 5 || Hamerly-Svea loams, gently undulating____. 15,475 19
Arvilla sandy loam, gently sloping__________ 1,538 . 2 || Hattie silty clay, lacustrine.. .- -__ 292 ™
Barnes loam, rolling . ____________________ 888 . 1 {| Hecla loamy sand, nearly level_._____..____._ 6, 065 7
Barnes loam, rolling, eroded_ __________._.__ 15, 757 1. 9 || Hecla loamy sand, gently undulating..._.._. 547 .1
Barnes-Buse loams, hilly, eroded______..._. 889 . 1 || Hegne-Fargo silty clays, nearly level ._._____ 73, 530 9.0
Barnes-Buse stony loams_ .. ______.._..__.__ 441 .1 || Hegne-Fargo silty clays, gently sloping_.____ 494 .1
Barnes-Renshaw loams, rolling - _.____....__ 751 .1 || Hegne silty clay, saline_ - - o oo 1,790 .2
Barnes-Sioux complex, hilly__________._._.__ 822 .1 || Hegne silty clay, strongly saline-alkali__.___ 533 .1
Barnes-Svea loams, gently undulating_._..__ 35, 792 4.4 || Kloten complex_ - oo 9, 965 L2
Barnes-Svea loams, gently undulating, Lamoure soils, moderately saline_...__._____ 534 .1
eroded _ _ - e emme—o—= 48, 823 5.9 || Lankin loam, level _____ o cuomoao—-- 24,123 2.9
Barnes-Svea stony loams, nearly level _______ 1,411 .2 || Lankin elay loam____ oo 968 .1
Barnes-Svea stony loams, rolling.__________ 1, 872 . 2 || Lankin and Svea loams, nearly level _.__.... 4, 865 .6
Bearden silt loam_ _ _ _ __ oo 5,482 .7 || Lankin and Svea loams, gently sloping..____ 1, 085 .1
Bearden silty clay loam, level__._______.__. 68, 840 8. 4 || LaPrairie silt loam____ e 2,158 .2
Bearden silty clay loam, sloping_.__________ 940 . 1 || LaPrairie silty elay loam_ . ooooooonoo- 2, 463 .3
Bearden silty clay loam, fans______________ 5, 394 .7 |l Ludden silty elay. oo oo oo ee 1, 026 .1
Bearden silty clay loam, saline_.._______... 9, 683 1. 2 || Ludden and Ryan soils.c oo 900 .1
Bearden silty clay loam, gravelly substratum. 3,198 . 4 || Maddock-Heecla complex, severely eroded.... 621 .1
Bearden silty elay - o cco oo oo 4,731 .6 || Manfred sofls._ - - - oo immeeaeeaae 5, 747 .7
Benoit loam _ _ - e 628 1| Ojata soils. oo oo oo 3, 824 .4
Borup silt loam_ _ - oo 1,572 . 2 || Overly silt loam, level .- oo 7,375 .9
Brantford-Vang loams, gently sloping__...__ 2,715 . 3 || Overly silty clay loam, level .o ... 12, 917 1.6
Brantford-Vang loams, sloping_ ..o -._ 596 . 1 {| Overly silty clay loam, gently sloping....-.- 1,128 .1
Buse-Barnes loams, rolling. - .- ______._... 174 O] Overly silty clay loam, sloping._ . -cocccooo 1,171 .1
Buse-Barnes loams, hilly . - ... ___._.._ 2, 653 . 3 || Overly silty clay loam, fans___ o caeo-—--- 9, 583 12
Buse-Barnes loams, steep-- - - co oo 2, 868 . 3 || Overly silty clay, level o . ocamaeoo 4, 059 .5
Cashel silty clay, nearly level __ _____ ... 3, 163 .4 || Overly silty clay, fans v coomeaeo- 3, 878 .5
Cashel silty clay, gently sloping____.__-_.._. 716 .1 || Parnell silty clay loam __ - —cocmvcccaa—- 10, 309 L2
Cashel s0ils, 8t€€P - w wce oo oo 1, 282 .2 || Parnell and Tonka 80il8- - o ccceocecmccmana- 2, 816 .3
Cavour compleX. . oo oo 138 O] Perella silty clay loam o oo o ccomaaoaaaos 1,112 .1
C06 80118 - o o oo 657 .1 | Rauville 80118 o cc o oo i e e 898 .1
Colvin silt loam_ . ..o ______. 1, 068 .1 || Renshaw loam, nearly level . ____ e . 7, 581 .9
Colvin silty elay loam_ .. ___.... 2, 696 . 3 || Renshaw loam, gently sloping____ .- .«--._- 2, 259 .3
Colvin silty clay loam, very weto._ ... 446 .1 || Rockwell fine sandy loam__ .o oo __ 3, 196 .4
Divide loam, level . .- ... 2, 252 . 3 || Sioux-Renshaw compleX.__ oo cocaaaan 3, 688 .4
Edgeley loam, nearly level.___________..... 4, 885 . 6 || Sioux and Renshaw soils, steep--.c-—-oooo-- 666 .1
Edgeley loam, gently undulating_......_._. 1, 286 .2 || Svea-Barnes loams, nearly level___ .. ....___ 56, 530 6.7
Edgeley loam, undulating________ ... 593 . 1 || Svea-Cresbard loams, nearly level ___._ ... 23, 189 2.8
Embden sandy loam, level. .. ________..... 9, 521 1.1 || Towner sandy loam, level . _ ____vocccaaan 4, 946 .6
Embden sandy loam, gently undulating.____ 498 .1 ! Ulen sandy loam _ oo oaecceaem 4,075 .5
Embden sandy loam, sloping_ _ ... 259 O] Vallers loam, saline. - oo oocnocmmaan- 747 .1
Embden loam, level. .o _________ 1,418 .2 | Vallers-Hamerly loams___ _____cemcueanan 23, 020 2.7
Fairdale silt loam_ _ - _ . oo oooeo____ 4, 290 . 5 || Vallers-Hamerly stony loamg_ - -ccoune- 559 .1
Fairdale silt loam, gently sloping_.____.._.__ 429 .1 i| Vang-Brantford loams, nearly level. . _._____ 4, 898 .6
Fairdale silt loam, occasionally flooded______ 5, 925 .7 || Wahpeton silty elay - - oo oo oo 9, 056 L1
Fairdale and LaPrairie soils, channeled___... 10, 495 1. 3 || Walsh loam, sloping_ - - omemaeaes 107 ®
Fargo silty clay, nearly level oo ... 14, 271 1.7 || Walsh loam, sand substratum, nearly level... 1, 898 .2
Fargo silty clay, depressional_. 3, 952 . 5 || Walsh loam, sand substratum, gently sloping. 441 .1
Fargo-Hegne silty clays, level .____________. 2,618 .3 || Walsh silt 108M . o e e e oo 5, 323 .6
Fargo-Hegne silty clays, gently sloping__._..._ 613 .1 || Walsh elay loam, level. oo oooomaooo- 3, 858 .5
QGardena silt loam, nearly level . ... __..._ 6, 925 . 8 || Waukon loam, gently undulating. . ._-___ 567 .1
Gardena silt loam, gently sloping___._______ 235 O] Waukon loam, strongly rolling_ ___.____..___. 104 m
Gilby loam.. . oo o__ 20, 125 2.4 || Zell-Gardena silt loams, sloping_ ... 373 )
Gilby loam, Web_ooo oo oo o___ 6, 511 . 8 || Zell-Gardena silt loams, steepP-—c—a-e—cocoun- 205 ®
Gilby stony loam. oo .. 546 .1 Lakes, ponds, and reservoirs_...._-o--.-- 3,042 .4
Glyndon silt loam, level . _______.__ 79, 152 9.6 Gravel Pits-. ceeccacccccoccimmemeeeen 440 .1
Glyndon silt loam, gently sloping..___-_____ 1,270 .2 Waste dumps and lagoons. - oo 233 (O]
Glyndon silt loam, moderately saline_____.__ 1,793 .2
Grano silty clay, very wet_ . _.______ 325 ™ Total . oo m—aa e 823, 680 100. 0
Grano-Hegne silty clays_ .o oconoaa- 4, 882 .6

! Less than 0.05 percent.

Each series description contains a statement about avail-
able water capacity, and this capacity is also shown
numerically in table 6 in the section “Use of Soils for En-
gineering.” In the series descriptions, the available water

capacity is described as very lo'wi low, moderate, high, or

wery hagh. A layer of soil that ho

ds less than 0.05 inch of

available water per inch of soil has wery low available
water capacity. The medium and coarse sand at depths of
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26 to 60 inches in the Arvilla soils is an example. A layer
that holds 0.05 to 0.10 inch of available water per inch of
soil has low available water capacity; one that holds 0.10
to 0.15 inch per inch of soil has moderate available water
capacity ; one that holds 0.15 to 0.20 inch per inch of soil
has Aigh available water capacity ; and one that holds more
than 0.20 inch per inch of soil has wery high available
water capacity.

The available water capacity is considered to be high
throughout the entire soil proﬁﬁ; if most of the layers have
high available water capacity. The layers considered are
those at depths to which the roots of plants ordinarily
grown in the county penetrate. As an example, the roots
of wheat, oats, and barley penetrate the Barnes soils to
depths of 36 to 48 inches. All layers in the Barnes soils
have available water capacity of 0.16 to 0.20 inch per inch
of soil. Hence, the Barnes soils have high available water
capacity.

The Arvilla soils, on the other hand, have moderate
available water capacity in the uppermost part of the root
zone, and they have very low available water capacity in
the lower part of the root zone. For those soils the average
available water capacity is low, or 3.8 inches in the upper-
most 4 feet of soil.

Antler Series

The Antler series consists of deep, somewhat poorly
drained, calcareous soils that have formed in moderately
deep lacustrine sediment underlain by glacial till. The na-
tive vegetation was medium and tall prairie grasses.

In a typical profile, the surface layer is about 13 inches
thick and is black clay loam in the upper part and very
dark gray clay loam 1 the lower part. Just beneath the
surface layer is another layer of clay loam, about 20 inches
thick, that contains a large amount of lime. The upper part
of this layer is %ray and is very strongly calcareous. The
lower part is pale olive and is strongly calcareous. Below
the layer of limy material is clay loam glacial till that is
light yellowish brown to a depth of about 46 inches and is
light brownish gray below that depth. In most places a
thin layer of gravelly or cobbly material separates the
lacustrine material from the underlying glacial till. The
glacial till extends to a depth of 60 inches or more.

Permeability is moderately slow, and the available water
capacity is high. The water table is within 1 to 4 feet of the
soil surface during some parts of the year.

Typical profile of Antler clay loam (0 to 8 percent
slopes) in a cultivated area (450 feet south and 30 feet
west of the northeast corner of the NW1/ of sec. 30, T.
157N, R. 54 W.) :

Ap—0 to 6 inches, black (10YR 2/1) clay loam, black (10YR
2/1) when moist; cloddy, breaking to moderate, fine,
granular structure; very hard when dry, firm when
moist, sticky and plastic when wet; noncalcareous;
abrupt, smooth boundary.

Al1—6 to 13 inches, very dark gray (10YR 3/1) clay loam,
black (10YR 2/1) when moist; moderate, medium,
subangular blocky structure breaking to moderate,
very fine, subangular blocky structure; very hard
when dry, firm when moist, sticky and plastic when
wet ; slightly caleareous; contains a few worm chan-
nels that are filled with material from the Clea hori-
zon; containg a few fine pebbles; clear, wavy
boundary.

Clca—13 to 22 inches, gray (N 6/0) clay loam, dark gray
(10YR 4/1) when moist; weak, medium, subangular

blocky structure breaking to moderate, very fine, sub-
angular blocky structure ; slightly hard when dry, firm
when moist, sticky and plastic when wet ; very strongly
calcareous ; containg a few pebbles and a few nodules
of lime ; abrupt boundary.

IIC2ca—22 to 24 inches, gray (5Y 5/1) pebbly clay loam, olive
gray (5Y 5/2) when moist; weak, fine, subangular
blocky structure; slightly hard when dry, very friable
when moist, sticky when wet; very strongly cal-
careous ; pebbles are predominantly of granitie origin;
abrupt, wavy boundary.

I1C38ca—24 to 33 inches, pale-olive (5Y 6/3) clay loam, light
olive brown (2.5Y 5/4) when moist; moderate, me-
dium, subangular blocky structure breaking to mod-
erate, very fine, subangular blocky structure; hard
when dry, friable when moist, sticky and plastic
when wet; strongly calcareous; contains a few large
crystals of gypsum ; abrupt boundary.

IIC4—33 to 46 inches, light yellowish-brown (2.5Y 6/4) clay
loam glacial till, olive brown (2.5Y 4/4) when moist;
massive; slightly hard when dry, friable when moist,
sticky and plastic when wet; caleareous; contains
many pebbles of shale and granite.

IIC5—46 to 60 inches, light brownish-gray (2.5Y 6/2) clay
loam glacial till, olive brown (2.5Y 4/4) when moist;
common, medium, distinct, brown and gray mottles;
massive; very hard when dry, sticky and plastic when
wet ; caleareous ; containg pebbles of shale and granite
and a few nodules of iron oxide and gypsum.

Thickness of the A horizon ranges from 6 to 13 inches. Depth
to glacial till ranges from 24 to 40 inches.

Antler soils occur in areas similar to those occupied by the
Lankin soils, Their profile contains more lime than that of the
Lankin soils, and they lack a B horizon that is typical in the
Lankin profile.

Antler stony clay loam (0 to 8 percent slopes) (An).—
This soil is on interbeach plains containing small, shallow
depressions that trap runoff after heavy rains and periods
of snowmelt. The profile is similar to the one described as
representative of the series, except that from 3 to 15 per-
cent of the surface layer is stones and boulders. Included
with this soil in mapping were small areas of Lankin stony
clay loam.

The numerous stones and boulders in the surface layer
make cultivation impractical. Therefore, this Antler soil
is used mainly for pasture or for native hay. (Capability
unit VIs-Si; windbreak site 10)

Antler clay loam (0 to 3 percent slopes) (Ao)l.—This
soil occupies interbeach areas on a glacial lake plain that
contains small, shallow depressions. The depressions trap
runoff from heavy rains and snowmelt. The profile is the
one described as representative of the Antler series. In
most places this soil is nonsaline to a depth of 30 inches.

Included with this soil in mapping were small areas

where the surface layer is thin. Also included were small
areas along road ditches and drainage ditches that are
slightly to moderately saline thronghout.
. This Antler soil is used mainly ?or cultivated crops, but
it is suited to all the field crops, hay crops, and pasture
plants commonly grown in the county. The chief limita-
tions to its use for crops are its high to moderate suspecti-
bility to soil blowing and the slow rate of water infiltra-
tion. Because of the slow rate of infiltration, water ponds
on the surface after periods of snowmelt or heavy rainfall.
(Capability unit ITe—4L; windbreak site 1)

Arveson Series

The Arveson series consists of deep soils that are poorly
drained. These soils are in shallow depressions, on sandy
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outwash plains, in interbeach areas, and on deltas. The
native vegetation was medium and tall prairie grasses.

In a typical profile, the surface layer is about 22 inches
thick and is very dark gray, slightly calcareous fine sandy
loam in the upper part and mottled dark-gray, strongly
calcareous light loam in the lower part. Just beneath the
surface layer is a layer of mottled material that contains
a large amount of lime and is about 26 inches thick. This
layer is grayish-brown, strongly calcareous fine sandy
loam in the upper part; light-gray, very strongly calcare-
ous fine sandy loam in the middle part; and white, very
strongly calcareous very fine sandy loam in the lower part.
Pale-yellow silt that was deposited by water underlies
the limy material and extends to a depth of 60 inches or
more.

Permeability is moderate in the surface layer, and it is
moderately rapid below the surface layer. The available
water capacity is moderate. The water table is at the sur-
face or is within 8 feet of the surface during wet periods.
It is seldom below a depth of 60 inches, except during
extended dry periods.

Typical profile of an Arveson fine sandy loam in a culti-
vated area (0.3 mile east and 190 feet north of the south-
west corner of sec. 3, T. 156 N, R. 55 W.) :

Ap—o0 to 6 inches, very dark gray (10YR 3/1) fine sandy loam,
black (10YR 2/1) when moist; cloddy, breaking to
weak, fine, subangular blocky structure; slightly hard
when dry, very friable when moist; slightly calcare-
ous; abrupt, smooth boundary.

Al11—6 to 10 inches, very dark gray (10YR 3/1) fine sandy
loam, black (N 2/0) when moist; weak, medium,
platy structure breaking to weak, fine, crumb struc-
ture; slightly hard when dry, friable when moist,
slightly sticky and slightly plastic when wet; slightly
caleareous; clear, wavy boundary.

Al2ca—10 to 22 inches, dark-gray (10YR 4/1) light loam,
black (10YR 2/1) when moist; a few, fine, faint,
brown mottles when dry; weak, fine, subangular
blocky structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet; strongly calcareous; a few nodules of man-
ganese; clear, wavy boundary.

Clca—22 to 26 inches, grayish-brown (2.5Y 5/2) fine sandy
loam, very dark grayish brown (2.5Y 8/2) when moist;
many, fine, distinct, white mottles and a few, fine, dis-
tinet, brown mottles when moist; weak, coarse, sub-
angular blocky structure; slightly hard when dry,
friable when moist, slightly sticky and slightly plas-
tic when wet; strongly calcareous; a few nodules of
manganese; abrupt, wavy boundary.

C2gca—26 to 38 inches, light-gray (5Y 7/2) fine sandy loam,
olive (5Y 5/3) when moist; a few, fine, prominent,
yellowish-brown mottles; weak, coarse, prismatic
structure; slightly hard when dry, friable when
moist; very strongly caleareous; common nodules of
manganese; clear boundary.

(C38gca—38 to 48 inches, white (5Y 8/2) very fine sandy loam,
pale olive (5Y 6/3) when moist; a few, fine, faint,
olive-gray mottles; massive; hard when dry, friable
when moist, slightly plastic when wet; very strongly
calcareous; a few pebbles.

C4—48 to 60 inches, pale-yellow (5Y 7/3) silt, pale olive
(5Y 6/3) when moist; many, medium, prominent,
yellowish-brown mottles; massive; hard when dry,
very friable when moist; strongly calcareous.

The A horizon ranges from 13 to 22 inches in thickness and
from loam to fine sandy loam or sandy loam in texture. Some
profiles contain a IICg horizon of fine sand.

The Arveson soils are more poorly drained than the Ulen,
Glyndon, and Gilby soils. They contain more lime than the
Hamar soils and are coarser textured than the Borup soils.
The Arveson soils have a thicker Cca horizon than the Fos-
sum soils.

Arveson-Fossum fine sandy loams (0 to 1 percent
slopes) (As).—This mapping unit consists of Arveson and
Fossum soils in shallow %lepressions, where they have
formed in sandy water-deposited sediment. These soils
occur in such complex patterns that it was impractical to
map them separately. About 55 percent of the mapping
unit is Arveson fine sandy loam, 40 percent is Fossum fine
sandy loam, and 5 percent is other soils. The Arveson soil
has the profile described as typical for its series. The pro-
file of the Fossum soil is similar to the one described for
the Fossum series, except that the surface layer is fine
sandy loam. Included with these soils in mapping were
small areas of Ulen soils.

Soils of this mapping unit are used mainly for cultivated
crops, but they are suited to all the field crops, hay crops,
and pasture plants commonly grown in the county. Their
poor natural drainage and their high susceptibility to soil
blowing are the chief limitations to their use for crops.
(Capability unit ITIwe-3; windbreak site 2)

Arveson-Fossum loams (0 to 1 percent slopes) (At).—
Soils of this mapping unit are in shallow depressions on
sandy outwash plains, in interbeach areas, and on deltas.
About 55 percent of the acreage in Arveson loam, 40 per-
cent is Fossum loam, and 5 percent is other soils. The
Arveson soil has a profile similar to that described as repre-
sentative of its series, except that the surface layer is loam.
The Fossum soil has the profile described for the Fossum
series. Included with these soils in mapping were small
areas of Ulen soils.

Soils of this mapping unit are used mainly for culti-
vated crops, but they are suited to all the field crops, hay
crops, and pasture plants commonly grown in the county.
Their poor natural drainage and their high susceptibility
to soil blowing are the chief limitations to their use for
crops. (Capability unit ITw-412; windbreak site 2)

Arvilla Series

The Arvilla series consists of deep, loamy, excessively
drained soils that are underlain by water-deposited coarse
sand. These soils have formed under short, medium, and
tall prairie grasses.

In a typical profile, the surface layer is very dark gray
sandy loam about 10 inches thick. The subsoil is about 16
inches thick. It consists of very dark grayish-brown sandy
loam in the upper part and of grayish-brown, strongly
calcareous sand in the lower part. Just beneath the subsoil
is a layer of sand and coarse sand that contains a large
amount of lime and is about 22 inches thick. This layer is
yellowish brown and strongly calcareous in the upper
part, and it is very pale brown and very strongly cal-
careous in the lower part. Below this limy material is a
layer of yellowish-brown sand and coarse sand that is
about 7 inches thick. This is underlain by brown gravelly
coarse sand that extends to a depth of 60 inches or more.

The surface layer and the upper part of the subsoil are
moderately permeable and have moderate available water
capacity; the lower part of the subsoil has moderately
rapid permeability and very low available water capacity;
and the rest of the profile has rapid permeability and very
low available water capacity. The average available water
capacity is low. The water table is very deep.
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Typical profile of Arvilla sandy loam, nearly level (80
feet north and 40 feet west of the southeast corner of the
SW1, of sec. 1, T. 156 N., R. 56 W.) :

A1—0 to 10 inches, very dark gray (10YR 3/1) sandy loam,
black (10YR 2/1) when moist; weak, fine, crumb
structure; soft when dry, very friable when moist;
abrupt, wavy boundary.

B2—10 to 19 inches, very dark grayish-brown (10YR 3/2)
sandy loam, very dark brown (10YR 2/2) when moist;
weak, medium, prismatic structure breaking to weak,
medium, subangular blecky structure; slightly hard
when dry, friable when moist ; clear, smooth boundary.

B3ca—19 to 26 inches, grayish-brown (10YR 5/2) sand, dark
yellowish brown (10YR 4/4) when moist; single grain;
soft when dry, loose when moist ; strongly calcareous;
contains a few pebbles; clear boundary.

IIClca—26 to 38 inches, yellowish-brown (10YR 5/4) sand
and coarse sand, brown (10YR 4/3) when moist ; single
grain; loose when dry or moist; strongly calcareous;
clear boundary.

I1C2ca—38 to 48 inches, very pale brown (10YR 7/3) sand
and coarse sand, yellowish brown (10YR §5/4) when
moist ; single grain; loose when dry or moist; very
strongly calcareous ; diffuse boundary.

IIC3—48 to 55 inches, yellowish-brown (10YR 5/4) sand
and coarse sand, dark yellowish brown (10YR 4/4)
when moist; single grain; loose when dry or moist;
calcareous.

TIC4—55 to 60 inches, brown (10YR 4/3) gravelly coarse sand,
dark yellowish brown (10YR 3/4) when moist; single
grain; loose when dry or moist; calcareous.

The A horizon ranges from dark grayish brown to very dark
gray in color, from loam to sandy loam in texture, and from
5 to 10 inches in thickness. In places the B2 horizon is loam, and
it ranges from brown to very dark grayish brown in color and
from 9 to 16 inches in thickness. The water-deposited material
beneath the B2 horizon contains some gravel, and it contains
a small amount of sand-sized particles of shale in some places.
Depth to coarse sand and gravel ranges from 14 to 36 inches.

Unlike the Renshaw soils, which have a IIC horizon domi-
nantly of gravel, the Arvilla soils have a IIC horizon of medium
and coarse sand. They are deeper over sand than the Sioux
soils.

Arvilla sandy loam, nearly level (0 to 8 percent slopes)
(AuA).—This soil is on beach lines and deltas. It has the
profile described as representative of the series. .

Included with this soil in mapping were areas in which
the surface layer is sandy loam and the underlying material
is gravel; other areas in which the surface layer is loam
and the underlying material is coarse sand and gravel;
and still other areas in which part of the original surface
layer has been lost through soil blowing. )

The chief limitations to use of this Arvilla soil for crops
are the high susceptibility to soil blowing if cultivated
crops are grown, and droughtiness as the result of the
low available water capacity and the shallow root zone.
This soil is suited to the field crops, hay crops, and pasture
plants commonly grown in the county, however, and most
of the acreage is cultivated. (Capability unit ITIes-3;
windbreak site 6)

Arvilla sandy loam, gently sloping (3 to 5 percent
slopes) (AuB).—This soil is on terraces and on the side
slopes of waterways. Except that the surface layer and
the subsoil are thinner, the profile is similar to the one
described as representative of the Arvilla series.

Included with this soil in mapping were small areas that
are moderately eroded, and small areas in which the surface
layer is loam.

The chief limitations to use of this Arvilla soil for crops
are the high susceptibility to soil blowing, and droughtiness

as the result of the low available water capacity and the
shallow root zone. This soil is suited to tﬁe field crops,
hay crops, and pasture plants commonly grown in the
county, however, and most of the acreage 1s cultivated.
(Capability unit ITTes-3 ; windbreak site 6)

Barnes Series

The Barnes series consists of deep, well-drained soils
that have formed in calcareous, loamy glacial till on up-
lands. Numerous potholes are scattereg throughout the
areas. For most of these soils, the native vegetation was
short, medium, and tall prairie grasses. For the gently un-
dulating Barnes soils that are mapped in comp%exes with
the Svea soils, however, and for the nearly level Barnes
stony loam that is mapped in a complex with Svea soils,
the native vegetation was medium and tall prairie grasses.

In a typical profile, the surface layer is black loam about
8 inches thick. The subsoil is about 11 inches thick. It is
dark-brown and very dark gray light clay loam in the
upper part, and is olive-brown loam 1n the lower part. Just
below the subsoil is a layer of pale-olive loam that is about
18 inches thick and contains a large amount of lime. The
next layer is light yellowish-brown, strongly calcareous
very fine sandy loam glacial till. Underlying this layer is
pale-yellow loam glacial till that extends to a depth of 60
inches or more.

Permeability is moderate in the surface layer and the
subsoil, and it is moderately slow in the glacial till sub-
stratum. The available water capacity is high. These soils
have a very deep water table.

Typical profile of Barnes loam, rolling (470 feet south
and 840 feet east of the northwest corner of the NE1j of
sec. 31, T.158 N, R. 56 W.) :

A1—90 to 8 inches, black (10YR 2/1) loam, black (10YR 2/1)
when moist; weak, very coarse and coarse, angular
blocky structure breaking to fine and very fine, crumb
structure ; very friable when moist, slightly sticky and
slightly plastic when wet; abrupt, wavy boundary.

B21—S8 to 12 inches, dark-brown (10YR 3/3) and very dark
gray (10YR 3/1) light clay loam, very dark grayish
brown (10YR 3/2) when moist; has very dark gray
(10YR 3/1), thin clay films on the peds when moist;
moderate, medium and fine, angular blocky structure;
friable when moist, sticky and plastic when wet;
abrupt, wavy boundary.

B22—12 to 19 inches, olive-brown (2.5Y 4/4) loam, dark gray-
ish brown (10YR 4/4) when moist ; moderate, medium,
prismatic structure breaking to moderate, medium
and fine, angular blocky structure ; friable when moist,
slightly sticky and slightly plastic when wet; abrupt,
irregular boundary.

Clca—19 to 37 inches, pale-olive (5Y 6/3) loam, dark yellow-
ish brown (10YR 4/4) when moist ; moderate, medium,
angular blocky structure; friable when moist, slightly
sticky and slightly plastic when wet; very strongly
caleareous ; gradual, wavy boundary.

C2-—37 to 46 iInches, light yellowish-brown (2.5Y 6/4) very
fine sandy loam, light olive brown (2.5Y 5/4) when
moist; medium, faint, yellowish-brown (10YR 5/6)
mottles; weak, medium, angular blocky structure;
very friable when moist, slightly plastic when wet;
strongly calcareous; clear boundary.

03—46 to 60 inches, pale-yellow (2.65Y 7/4) loam, light olive
brown (2.5Y 5/4) when moist; slightly sticky and
slightly plastic when wet.

The A horizon ranges from loam to clay loam in texture and
from black to very dark gray in color. The B horizon ranges
from loam to clay loam in texture and from very dark gray or
very dark grayish brown to dark brown or olive brown in color,
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Patchy clay films and stains of organic matter are common on
the sides of the prisms and blocks in the B horizon. The C hori-
zons beneath the layer where lime has accumulated range from
loam or clay loam to very fine sandy loam in texture. The
number of glacial stones and boulders throughout the profile
ranges from few to many. Depth to the Ceca horizon ranges from
15 to 30 inches, but it is generally between 19 and 23 inches. In
places from 10 to 20 percent of the C horizons beneath the layer
where lime has accumulated is sand and fragments of shale the
size of pebbles.

The Barnes soils are better drained than the Svea soils, and
they contain less shale than the Edgeley soils. They are better
drained and have a thicker solum than the Hamerly soils. The
Barnes soils have a thicker A horizon than the Buse soils. Un-
like the Hamerly and Buse soils, they have a B horizon.

Barnes loam, rolling (6 to 9 percent slopes) (BaC).—
This soil is on glacial till uplands. It has the profile de-
scribed as representative of the series.

Included with this soil in mapping were small areas of
very stony and gravelly soils, areas of Tonka soils in shal-
loy;r depressions, and small areas of Buse and Hamerly
soils.

This Barnes soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, but
water erosion is difficult to control in areas that are cul-
tivated. Soil blowing is also a slight hazard. (Capability
unit ITle-6; windbreak site 3)

Barnes loam, rolling, eroded (6 to 9 percent slopes)
{BaC2).—This soil is on glacial till uplands. It is moderately
eroded. The profile is similar to the one described as repre-
sentative of the series, except that water erosion has re-
moved part of the original surface layer. In places part of
the subsoil has been mixed with the material in the surface
layer during tillage. The present surface layer is only 38
to 5 inches thick and is dark gray.

Included with this soil in mapping were a few areas of
a severely eroded soil that has %a,d part of the limy ma-
terial mixed with material in the surface layer during
tillage. In those areas the surface layer is pale brown to
light yellowish brown. Also included were small areas of
Buse soils on the crests of hills, and small areas of Tonka
and Parnell soils in depressions.

This Barnes soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, and
nearly all of the acreage is cultivated. Susceptibility to
water erosion is the chief limitation to use of this soil for
crops, but soil blowing is also a slight hazard. (Capability
unit I1Te-6 ; windbreak site 8)

Barnes-Buse loams, hilly, eroded (9 to 12 percent
slopes (BbD2).—About 50 percent of the acreage in this
mapping unit is Barnes loam, 35 percent is Buse loam, and
15 percent is other soils. These soils are on glacial till up-
lands. They are moderately eroded.

The Barnes soil has a profile similar to the one described
as representative of the Barnes series, except that erosion
has removed part of the original surface layer and the
present surface layer is dark gray. In addition, part of the
subsoil has been mixed with the surface soil in some places.
The Buse soil has a profile similar to the one described as
representative of the Buse series, except that erosion has
also removed part of its original surface layer. The present
surface layer is lighter colored than the original one, and
some material from the layer that is high in content of lime
has been mixed with the surface soil during tillage.

Included with these soils in mapping were small areas
of uneroded Barnes and Buse soils that have a loam sur-

face layer. Also included were small areas of very stony
soils, and small areas of Tonka and Parnell soils in
depressions.

oils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. Water
erosion and droughtiness, caused by the rajgid runoff, are
the chief limitations to use of these soils for crops. Soil
blowing is also a slight to moderate hazard. (Capability
unit IVe-6; windbreak site 3)

Barnes-Buse stony loams (9 to 15 percent slopes)
(Be).—About 50 percent of this mapping unit is Barnes
stony loam, 40 percent is Buse stony loam, and 10 percent
is other soils. These soils have a profile similar to the ones
described as representative of their respective series, ex-
cept that the surface layer and the subsoil of the Barnes
so1l are thinner, The soils are on glacial till uplands, where
glacial stones and boulders cover from 15 to 25 percent
of the surface. The Barnes soil is on the side slopes of
hills and ridges, and the Buse soil is on the tops of the
hills and on the crests of the ridges.

Included with these soils in mapping were areas of
Tonka and Parnell soils in depressions. Also included were
some areas of soils that are on glacial ridges and that have
from 25 to 90 percent of the soil surface covered with
stones,

Use of the soils of this mapping unit for crops is limited
by the numerous stones and boulders, The soils are used
mainly for native hay and pasture. (Capability unit VIs-
Si; windbreak site 10)

Barnes-Renshaw loams, rolling (3 to 8 percent slopes)
(BgC).—About 45 percent of the acreage in this mapping
unit is Barnes loam, 35 percent is Renshaw loam, and 20
percent is Sioux and other soils. These soils are on ridges
of glacial till, where pockets of gravel are on the crests
of the ridges and on some of the side slopes. The Barnes
soil is on the side slopes, and the Renshaw and Sioux soils
are on the crests of the ridges. The profile of the Barnes
soil is similar to the one described as representative of the
Barnes series, except that it is generally more gravelly
and it has pockets of sand and %:'zwel in the lower part of
the substratum. The profile of the Renshaw soil is similar
to the one described as representative of the Renshaw
series, except that in some places it has pockets of glacial
till in the lower part of the substratum.

Included with these soils in mapping were small areas
of Sioux gravelly loam and of Tonka and Parnell soils.
The Sioux soil is on the crests of ridges, and the Tonka
and Parnell soils are in depressions.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. Suscepti-
bility to water erosion and a tendency to droughtiness
are the chief limitations to use of these soils for crops.
The very low available water capacity of the graveﬁy
substratum underlying the Renshaw soil is responsible for
the droughtiness of that soil. (Capability unit ITTes-5;
the Barnes soil is in windbreak site 3, and the Renshaw
soil is in windbreak site 6)

Barnes-Sioux complex, hilly (8 to 15 percent slopes)
(BhD).—About 50 percent of this mapping unit is Barnes
soil, 35 percent is Sioux soil, and 15 percent is other soils.
These soils are on ridges of glacial till that have pockets of
sand and gravel on their crests and on some of their side



18 SOIL SURVEY

slopes. The Barnes soil is on the side slopes, and the
Sioux soil is on the ridge crests. The profile of the
Barnes soil is similar to the one described as representa-
tive of the Barnes series, except that in many places it
contains more gravel and the lower part of the sub-
stratum contains pockets of sand and gravel.

Included with these soils in mapping were small areas of
Renshaw loam and of Buse loam.

Soils of this mapping unit are mostly under cultivation.
Water erosion, soil blowing, and droughtiness so limit
their use, however, that the soils should be reseeded to
grass and used for hay or pasture. Several pits where sand
and gravel are obtained are within areas of these soils, but
the sand and gravel are of poor quality. (Capability unit
VIs-Sw@; the Barnes soil 1s in windbreak site 3, and the
Sioux soil is in windbreak site 10)

Barnes-Svea loams, gently undulating (3 to 5 percent
slopes) (BkB).—About 55 percent of this mapping unit is
Barnes loam, 30 percent is Svea loam, and 15 percent is
other soils of glacial till plains. The Barnes soil is steeper
than the Svea, and it occupies the higher part of the land-
scape. The Svea soil is in lower, nearly level or concave
areas.

Included with these soils in mapping were areas of
Tonka and Parnell soils in the many shallow depressions;
small areas of Buse loam, Hamerly loam, and Cresbard
loam; and small areas of very stony soils and of
moderately eroded soils.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. Suscepti-
bility to water erosion is the chief limitation to use of these
soils for crops. In addition, water from runoff ponds in
the many depressions, and it interferes with fieldwork. The
soils are also slightly susceptible to soil blowing. (Capa-
bility unit ITe-6 ; the Barnes soil is in windbreak site 3, and
the Svea soil is in windbreak site 1)

Barnes-Svea loams, gently undulating, eroded (3 to 5
percent slopes) (BkB2).—This mapping unit consists mainly
of moderately eroded Barnes and Svea soils on glacial till
uplands. About 55 percent of the mapping unit is Barnes
loam, 80 percent is Svea loam, and 15 percent is other soils.
The Barnes soil is steeper than the Svea, and it occupies
the higher part of the landscape. The Svea soil is mainly
in concave areas. The profile of the Barnes soil is similar to
the one described as representative of the Barnes series,
except that the surface layer is thinner and in places part
of the subsoil has been mixed with the surface soil by
cultivation. The profile of the Svea soil is similar to the
one described as representative of the Svea series, but the
surface layer is more variable in thickness because the
Svea soil has received some additional material that has
washed onto it from the slopes above.

Included with these soils in mapping were areas of
Tonka and Parnell soils in the many shallow depressions,
and small areas of Buse loam, Hamerly loam, and Cres-
bard loam. Also included were a few small areas of very
stony soils.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. Water ero-
sion is the chief limitation to use of these soils for crops.
Water from runoff ponds in the numerous depressions in
many places, and it interferes with fieldwork. The soils

are also slightly susceptible to soil blowing. (Capability
unit ITe-6; the Barnes soil is in windbreak 3, and the Svea
soil is in windbreak 1)

Barnes-Svea stony loams, nearly level (0 to 3 percent
slopes (BIA).—Soils of this mapping unit are on glacial till
plains. About 45 percent of the acreage is Barnes stony
loam, 40 percent 1s Svea stony loam, and 15 percent is
other soils. The Barnes soil is on the convex slopes, and
the Svea soil is in concave areas. The profiles of these soils
are similar to the ones described for their respective series,
except that from 15 to 25 percent of their surface is covered
with stones and boulders.

Included with these soils in mapping were areas of
Tonka and Parnell soils in depressions. Also included were
small areas of nonstony soils.

Because of the many stones and boulders, the soils of
this mapping unit are used only for native hay and pas-
ture. (Capability unit VIs-Si; windbreak site 10)

Barnes-Svea stony loams, rolling (3 to 9 percent
slopes) (BIC).—Soils of this mapping unit are on glacial
till uplands. About 60 percent of the acreage is Barnes
stony loam, 30 percent is Svea stony loam, and 10 percent
is other soils. The Barnes soil is on convex slopes, and the
Svea soil is in concave areas. These soils have profiles
similar to the ones described as representative for their
respective series, except that from 15 to 25 percent of the
soil surface is covered with stones and boulders.

Included with these soils in mapping were areas of
Tonka and Parnell soils in depressions, and small areas of
Buse loam, Hamerly loam, and nonstony soils.

Because of the many stones and boulders, the soils of
this mapping unit are used only for native hay and pas-
ture. (é)apability unit VIs-Si; windbreak site 10)

Bearden Series

The Bearden series consists of deep, calcareous soils
that are somewhat poorly drained. These soils have formed
in water-deposited sediment in glacial lakes and on alluvial
fans, stream levees, and flood plains. The native vegetation
was mainly tall prairie grasses. On the saline Bearden soil,
however, the native vegetation included salt-tolerant
grasses, and on the Bearden soil that has a gravelly sub-
stratum, it included deciduous trees and shrubs.

In a typical profile, the surface layer is silty clay loam
about 14 inches thick. The surface fayer is black and is
slightly calcareous in the upper part, and is dark gray and
strongly calcareous in the lower part. It has an irregular
boundary, and tongues extend downward from the surface
layer into the layer immediately below. The layer just
beneath the surface layer consists of grayish-brown light
silty clay loam that contains a large amount of lime and
is about 6 inches thick. The next layer is about 28 inches
thick, It is light olive-brown, mottled silty clay loam in the
upper part and is light olive-brown, mottled silty clay in
the lower part. Beneath this layer is light brownish-gray,
mottled varved clay that extends to a depth of 60 inches
or more.

Permeability is moderately slow, and the available water
capacity is very high. The water table is within 3 to 5
feet of the soil surface during wet periods.

Typical profile of Bearden silty clay loam, level, in a
cultivated field (800 feet east and 100 feet north of the
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corner of the field, near the southwest corner of sec. 13, T.
157N, R.52 W.) :

Ap—O0 to 6 inches, black (10YR 2.5/1) silty clay loam, black
(10YR 2/1) when moist; cloddy, breaking to weak,
very fine, crumb structure; friable when moist, sticky
and plastic when wet; slightly calcareous; abrupt,
smooth boundary.

A11—6 to 9 inches, black (10YR 2.5/1) silty clay loam, black
(10YR 2/1) when moist; moderate, medium, angular
blocky structure breaking to moderate, very fine, sub-
angular blocky structure; friable when moist, sticky
and plastic when wet; slightly calcareous; clear, ir-
regular boundary.

Al2ca—9 to 14 inches, dark-gray (10YR 4/1) silty clay loam,
very dark gray (10YR 3/1) when moist; weak,
medium, subangular blocky structure breaking to
weak, very fine, subangular blocky structure; friable
when moist, sticky and plastic when wet; strongly
calcareous; clear boundary.

Clca—14 to 20 inches, grayish-brown (2.5Y 5/2) light silty
clay loam, dark grayish brown (2.5Y 4/2) when moist;
weak, medium, subangular blocky structure breaking
to moderate, very fine, angular blocky structure; firm
when moist, sticky and plastic when wet; strongly
calcareous; clear boundary.
to 32 inches, light olive-brown (2.5Y 5/4) silty clay
loam, olive brown (2.5Y 4/4) when moist; few, fine,
faint, light-gray. mottles; moderate, fine, angular
blocky structure; firm when moist, very sticky and
very plastic when wet; slightly calcareous and con-<
tains a few nodules of lime.
to 40 inches, light olive-brown (2.5Y 5/4) silty clay
loam, olive brown (2.5Y 4/4) when moist; common,
fine, faint, light-gray mottles; moderate, fine, angular
blocky structure; firm when moist, very sticky and
very plastic when wet; strongly calcareous and con-
tains many nodules of lime.

to 48 inches, light olive-brown (2.5Y 5/4) silty clay,
olive brown (2.5Y 4/4) when moist ; common, medium,
prominent, yellowish-brown mottles and many, fine,
faint, light olive-gray mottles and a few, medium,
prominent, strong-brown mottles when moist; mas-
sive; very firm when moist, very sticky and very plastic
when wet ; slightly calcareous.

to 60 inches, light brownish-gray (2.5Y 6/2) varved

clay, olive brown (2.5Y 4/4) when moist; many,

medium, distinet, strong-brown mottles; very firm
when moist, very sticky and very plastic when wet;
noncalcareous.

Thickness of the A horizon ranges from 6 to 15 inches. Color
of that horizon ranges from black or dark gray to dark grayish
brown, and texture ranges from silt loam to silty clay loam or
silty clay. Color of the Clca horizon ranges from grayish brown
or dark grayish brown to gray or dark gray. Below the Clca
horizon, the C horizon is dominantly slightly calcareous to
strongly calcareous. It has a dominant texture of silty clay
loam, but in some places it contains thin layers that range from
silt to clay in texture. In others the C horizon consists of sand
and gravel below depths of 42 to 60 inches. Where these soils
are on stream levees or alluvial fans, they commonly contain
very dark colored, buried horizons. In places these soils are
nonsaline, but in other areas they are slightly to moderately
saline throughout.

The Bearden soils have a profile similar to those of the Glyn-
don and Hegne soils, and they have similar drainage. They
have more clay below the A horizon than the Glyndon soils,
however, and they have less clay throughout the profile than
the Hegne soils. The Bearden soils occur near Colvin soils, but
they are better drained than those soils. They have lime higher
in their profile than the Overly soils.

Bearden silt loam (0 to 3 percent slopes) (Bm).—This
soil has formed in lacustrine sediment on glacial lake
plains. Its profile is similar to the one described as typical
of the series, except that the surface layer and the layer
that is high in content of lime are both silt loam.

C2—20

Cc3—32

C5—48
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Included with this soil in mapping were areas of Colvin
silt loam as large as 8 acres. Also included were areas of
Glyndon silt loam and of Bearden silty clay loam. The
included soils make up from 5 to 10 percent of the acreage
in the mapping unit.

This Bearden soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, and
most of the acreage is cultivated. The moderate to high sus-
ceptibility to soil blowing and the somewhat poor drain-
age are limitations to use of this soil for crops. In some
places where outlets are available, drainage has been im-
proved by installing surface drains. (Capability unit ITe-
41,; windbreak site 1)

Bearden silty clay loam, level (0 to 3 percent slopes)
(BnA).—This soil has formed in lacustrine sediment. It is
on a glacial lake plain, where the topography consists of an
irregular pattern of ridges, only 6 to 12 inches high, that
are separated by slightly concave areas. The proﬁi 1s the
one described as representative of the series.

Included with this soil in mapping were small areas of
Perella and Colvin soils. Also included were small areas of
soils that lack the high lime content of the Bearden soils
and that have a clay subsoil high in content of sodium.
Other inclusions consist of poorly drained soils that are in
depressions and that have a silt loam subsurface layer 2 to
13 inches thick, have a clay subsoil, and lack the high lime
content of the Bearden soils.

This Bearden soil is suited to the commonly grown field
crops, hay crops, and pasture plants. It is moderately to
highly susceptible to soil blowing, however, and has some-
what restricted drainage. In areas where outlets are avail-
able, drainage can be improved by installing surface
drains. (Capability unit ITe—4L; windbreak site 1)

Bearden silty clay loam, sloping (3 to 9 percent
slopes) (BnC).—This soil has formed in lacustrine sediment
on side slopes along drainageways and streams that dissect
the glacial lake plain. Its profile is similar to the one de-
scribed as representative of the series, except that the sur-
face layer is generally thinner and is dark grayish brown
in most places. Some areas contain a dark-colored buried
horizon.

Included with this soil in mapping were areas of Overly
silty clay loam in low spots. Also included were areas of
LaPrairie silty clay loam on bottoms along narrow stream
channels.

This Bearden soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, but it
is moderately to highly susceptible to soil blowing and
water erosion. Water erosion is difficult to control if natu-
ral drainageways that carry a large amount of runoff are
cultivated. (Capability unit I1Te-4L; windbreak site 1)

Bearden silty clay loam, fans (0 to 3 percent slopes)
{Bo).—This soil is on natural levees along streams, where
it has formed in water-deposited sediment. Its profile is
similar to the one described as representative of the series,
except that the substratum commonly contains a very
dark colored buried horizon.

Included with this soil in mapping were small, mod-
erately eroded areas of Overly silty clay loam, fans.

This Bearden soil is moderately to highly susceptible
to soil blowing, but it is suited to the commonly grown
field crops, hay crops, and pasture plants. Nearly all of
the acreage is cultivated. A few noncultivated areas are
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used for pasture. (Capability unit ITe-4L; windbreak
gite 1)

Bearden silty clay loam, saline (0 to 3 percent slopes)
{Br).—This moderately saline soil is on glacial lake plains,
where it has formed in lacustrine sediment. The profile
is similar to the one described as representative of the
series, except that the surface layer is generally very dark
gray and contains salt crystals. The salt crystals are
visible in most places. They increase in number with in-
creasing depth.

Included with this soil in mapping were areas of a
nonsaline Bearden silty clay loam, a nonsaline Bearden
silt loam, and a nonsaline Colvin silty clay loam. Together
these included soils make up from 10 to 20 percent of the
acreage in the mapping unit.

The high content of salts, somewhat Poor drainage,
and moderate to high susceptibility to soil blowing limit
use of this saline Bearden soil for crops. Large areas of
this soil are cultivated, but the crops are adversely affected
by the salts. (Capability unit ITTws—4; windbreak site 9)

Bearden silty clay loam, gravelly substratum (0to 3
percent slopes) (Bs).—This soil is on the flood plains of
streams and in intermittent drainageways. Its profile is
similar to the one described as representative of the series,
except that the lower part of the substratum contains
layers of coarse sand and gravel, Figure 7 shows a profile
of this soil in which many roots have penetrated to a
depth of 32 inches.

ncluded with this soil in mapping were small areas of
LaPrairie silty clay loam and of very poorly drained
Rauville soils.

This Bearden soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, and
most of the acreage is cultivated. The chief limitation to
use of this soil for crops is wetness caused by seasonal
flooding and by the somewhat poor natural drainage.
Areas that are cultivated are also moderately to highly
susceptible to soil blowing. In some places drainage has
been improved by constructing field drains. (Capability
unit ITw—4L:; windbreak site 1)

Bearden silty clay (0 to 3 percent slopes) (Bf).—This
soil is on glacial lake plains. It has a profile similar to the
one described as representative of the series, except that
the surface layer is silty clay.

Included with this soil in mapping were areas of Fargo
silty clay and of Hegne silty clay. Together these in-
cluded soils make up from 5 to 20 percent of the acreage
in the mapping unit.

In general, this Bearden soil is suited to the commonly
grown field crops, hay crops, and pasture plants, and
most of the acreage is cultivated. Wetness as a result of
the somewhat poor drainage is the chief limitation to
use of this soil for crops. In some areas where outlets are
available, drainage has been improved by constructing
field drains, Cultivated areas of this soil are moderately
to highly susceptible to soil blowing. (Capability unit
IIwe—4; windbreak site 1)

Benoit Series

The Benoit series consists of very poorly drained and
poorly drained, nearly level soils on interbeach plains and
deltas. These soils have formed in loamy material that

Figure 7 —Profile of Bearden silty clay loam, gravelly substratum.
This soil formed under tall hgrasses and deciduous trees and
shrubs.

is shallow to moderately deep over sand and gravel. The
native vegetation was tall prairie grasses and sedges.

In a typical profile, the surface layer is strongly cal-
careous and is gray loam in the upper part and is very
dark gray clay loam in the lower part. It is about 13
inches thick. Just beneath the surface layer is a layer
that is about 18 inches thick and that contains a large
amount of lime. This layer of limy material is gray, very
strongly calcareous clay loam in the upper part and is
pale-yellow, mottled, strongly calcareous sandy loam in
the lower part. The next layer is about 19 inches thick
and consists of grayish-brown, slightly calcareous gravelly
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coarse sand. It is underlain by light olive-gray fine shale
sand that extends to a depth of 60 inches or more.

In the surface layer and in the layer where lime has
accumulated, permeability is moderately slow and the
available water capacity is high. Below these layers, per-
meability is rapid and the available water capacity is very
low. The average available water capacity is low. The
water table is at the surface or is within 3 feet of the
surface during wet periods.

Typical profile of Benoit loam in a cultivated field
(0.6 mile south and 470 feet west of the northeast cor-
ner of sec. 4, T. 158 N, R. 56 W.) :

Apca—O0 to 6 inches, gray (N 5/0) loam, black (N 2/0)
when moist; moderate, very fine, subangular blocky
structure ; soft when dry, friable when moist, slightly
sticky and slightly plastic when wet; strongly cal-
careous ; abrupt, smooth boundary.

Alca—6 to 13 inches, very dark gray (N 3/0) clay loam, very
dark gray (5Y 3/1) when moist; moderate, very fine,
subangular blocky structure; friable when moist,
sticky and plastic when wet; strongly calcareous;
clear, irregular boundary; tongues from this layer
extend downward to a depth of 17 inches.

Clca—13 to 19 Inches, gray (N 6/0) clay loam, very dark
gray (5Y 8/1) when moist; moderate, very fine, sub-
angular blocky structure; friable when moist, sticky
and plastic when wet; very strongly calcareous.

II1C2ca—19 to 81 inches, pale-yellow (5Y 7/3) sandy loam,
olive gray (5Y 4/2) when moist; many, coarse, prom-
inent, dark yellowish-brown mottles; single grain;
friable when moist ; strongly calcareous.

JIC3—31 to 50 inches, grayish-grown (2.5Y 5/2) gravelly
coarse sand, very dark grayish brown (2.5Y 3/2)
when moist; single grain; loose when dry or moist;
slightly calcareous; gravel consists of rounded and
broken pebbles of shale.

I1C4—50 to 60 inches, light olive-gray (5Y 6/2) fine shale sand,
dark olive gray (5Y 3/2) when moist; single grain;
loose when dry or moist ; slightly calcareous.

Texture of the Apca horizon ranges from loam to fine
sandy loam. In some places where glacial till is below a depth
of 5 feet, these soils are stony.

The Benoit soils have more coarse sand and gravel in their
substratum than the Fossum soils, and they are more poorly
drained than the Divide soils.

Benoit loam (0 to 2 percent slopes) (Bu)l.—This soil is
on interbeach plains and deltas. It is the only soil of the
Benoit_series mapped in Walsh County. Included with
this soil in mapping were small areas of a soil that is
slightly to moderately saline.

n most places this Benoit soil has a cover of native
vegetation. The chief limitations to its use for crops are
the restricted natural drainage and the moderate to high
susceptibility to soil blowing where cultivated crops are
grown. (Capability unit Vw-WL; windbreak site 10)

Borup Series

The Borup series consists of deep, poorly drained soils
that contain a large amount of lime. These soils are in
shallow depressions on the glacial lake plain and in inter-
beach areas. They have formed in medium-textured lacus-
trine deposits. The native vegetation was tall prairie
grasses.

In a typical profile, the surface layer is very dark gray,
calcareous silt loam about 8 inches thick. Just beneath
the surface layer is a layer, about 20 inches thick, that
contains a large amount of lime. This layer is light
brownish-gray, mottled, very strongly calcareous silt loam
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in the upper part and is light yellowish-brown, mottled,
strongly calcareous very fine sandy loam in the lower part.
The next layer is about 13 inches thick and consists of
light yellowish-brown, mottled, calcareous very fine sandy
loam. Underlying this layer is light yellowish-brown,
mottled, calcareous silty clay loam that extends to a depth
of 60 inches or more.

Permeability is moderate, and the available water ca-
pacity is high. The water table is at the surface or is within
5 feet of the surface. It is highest in spring, when the
weather is most likely to be wet.

Typical profile of Borup silt loam in a cultivated field
(150 feet east and 300 feet south of the northwest corner
of the SW1/ of sec. 34, T. 158 N., R. 52 W.) :

A1—0 to 8 inches, very dark gray (10YR 3/1) silt loam, black
(10YR 2/1) when moist; cloddy, but breaks easily to
moderate, fine, granular structure; hard when dry,
friable when moist, slightly sticky and slightly plastie
when wet; calcareous; abrupt, wavy boundary.

Clea—8 to 18 inches, light brownish-gray (2.5Y 6/2) silt loam,
dark grayish brown (2.5Y 4/2) when moist ; a few, fine,
faint, brown mottles; moderate, fine, subangular
blocky structure ; slightly hard when dry, friable when
moist, plastic and slightly sticky when wet; very
strongly calcareous; clear, wavy boundary.

C2ca—18 to 28 inches, light yellowish-brown (2.5Y 6/4) very
fine sandy loam, light olive brown (2.5Y 5/4) when
moist; common, fine, distinct, brown mottles; very
weak, coarse, prismatic structure breaking easily to
weak, very fine, subangular blocky structure; slightly
hard when dry, very friable when moist; strongly
ealcareous; contains a few nodules of manganese;
clear, wavy boundary.

C3—28 to 41 inches, light yellowish-brown (2.5Y 6/4) very fine
sandy loam, light olive brown (2.5Y 5/4) when moist;
many, medium, distinct, brown and gray mottles; mas-
give; soft when dry, very friable when moist; cal-
careous ; contains a few nodules of manganese ; abrupt
boundary.

11C4—41 to 60 inches, light yellowish-brown (2.5Y 6/4) silty
clay loam, light olive brown (2.5Y 5/4) when moist;
many, fine, prominent, brown and gray mottles; mas-
sive; very hard when dry, firm when moist, sticky and
very plastic when wet; calcareous; contains many
nodules of iron and manganese and a few nodules of
lime,

The A horizon ranges from 7 to 15 inches in thickness. Color
of the Ceca horizon ranges from light yellowish brown or light
brownish gray to light olive gray, olive, or olive brown, with
mottles of yellowish brown and brown. In some areas the C3
horizon consists of stratified very fine sandy loam, loam, and
silty clay loam.

The Borup soils are more poorly drained than the Glyndon
soils, and they contain less clay than the Colvin soils. The
Borup soils have more clay below the A horizon than the Arve-
son soils.

Borup silt loam (0 to 3 percent slopes) (Bv).—This is
the only soil of the Borup series mapped in this county.
Tt is in depressions and is on the glacial lake plain. Water
ponds on the surface in the spring.

Included with this soil in mapping were areas of Glyn-
don silt loam and of Perella silt loam that together make
up from 5 to 15 percent of the acreage of this mapping unit.
Also included in some places were small areas that are
moderately saline. .

Poor drainage is the chief limitation to use of this Borup
soil for crops. Most of the areas have been drained, how-
ever, and in those places this soil is suited to the commonly
grown field crops, hay crops, and pasture plants. Areas
that have not been drained are well suited to native hay and
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pasture. Where outlets are available, drainage has been im-
proved by constructing field drains. (Capability unit
IIw-6; windbreak site 2)

Brantford Series

The Brantford series consists of well-drained soils that
have formed in shallow, loamy material over shaly gravel
and sand. These soils occur in areas underlain by gravelly
outwash. The native vegetation was mainly short, medium,
and tall prairie grasses.

In a typical profile, the surface layer is very dark gray
loam about 6 inches thick. The subsoil is about 14 inches
thick and is grayish-brown loam in the upper part and is
lif‘ht brownish-gray loam in the lower part. The upper part
of the substratum 1s light olive-gray gravelly sand about
9 inches thick. The lower part of the substratum is gray
shale gravel and sand that extend to a depth of 60 inches
or more.

In the surface layer and the subsoil, permeability is mod-
erate and the available water capacity is high. In the sub-
stratum, permeability is very rapid and the available water
capacity is very low. The average available water capacity
islow. The water table is very deep.

Typical profile of a Brantford loam in a cultivated field
(240 feet west and 0.2 mile south of the northeast corner
ofsec. 23, T.155 N.,, R. 57 W.) :

Ap—O0 to 6 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; weak, coarse and medium,
subangular blocky structure breaking easily to weak.
fine, crumb structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; contains a few small shale chips; abrupt, smooth
boundary.

B2—86 to 13 inches, grayish-brown (2.5Y 5/2) loam, very dark
grayish brown (10 YR 3/2) when moist; moderate,
coarse, prismatic structure breaking easily to mod-
erate, medium, subangular blocky structure; slightly
hard when dry, friable when moist, slightly sticky and
slightly plastic when wet; common small shale chips;
gradual, wavy boundary.

B3—13 to 20 inches, light brownish-gray (2.5Y 6/2) loam,
olive brown (2.5Y 4/4) when moist; weak, coarse,
prismatic structure breaking easily to weak and mod-
erate, medium, subangular blocky structure; slightly
hard when dry, friable when moist, slightly plastic
when wet; common small shale chips and a few shale
pebbles; abrupt, wavy boundary.

II01—20 to 29 inches, light olive-gray (5Y 6/2) gravelly sand,
dark grayish-brown (2.5Y 4/2) when moist; single
grain; loose when dry or moist; more than 50 per-
cent of horizon is shale gravel and shale sand.

IIC2—29 to 60 inches, gray (5Y 5/1) shale gravel and shale
sand, olive gray (5Y 4/2) when molist; single grain;
loose when dry or moist; more than 60 percent of
horizon is shale gravel and shale sand.

The A horizon ranges from 4 to 9 inches in thickness and is
dark gray in places. It contains few to common particles of
sand, pebble-sized fragments of shale, and few to common
granitic pebbles and stones. Depth to shaly sand and gravel
ranges from 14 to 20 inches. In most places these soils are
noncalcareous to a depth of at least 60 inches, but the upper
part of the IIC horizon contains a slight to moderate amount
of lime in a few places. The low chroma and the yellowish or
olive hues in the upper part of the IIC horizon are inherited
from the material in which these soils formed.

Unlike the Sioux and Renshaw soils, the Brantford soils
are underlain by shaly sand and gravel. They are shallower
over sand and gravel than the Vang and Walsh soils, and they
are deeper over sand and gravel than the Coe soils.

Brantford-Vang loams, gently sloping (3 to 5 percent
slopes) (BwB).—This mapping unit consists mainly of
Brantford and Vang soils that occur in such complex pat-
terns that it was impractical to map them separately.
About 60 percent of the acreage is Brantford loam, and
about 40 percent is Vang loam. The Brantford soil has
the profile described as representative for the Brantford
series. These soils are on outwash plains and along shallow
drainageways. The Brantford soil is steeper than the
Vang, and 1t is on the convex slopes. The Vang soil is in
concave areas at the base of slopes.

Included with these soils in mapping were a few mod-
erately eroded areas that have a thinner surface layer
than normal for Brantford and Vang soils.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The chief
limitations to use of these soils for crops are droughtiness
as a result of the shallow to moderately deep root zone,
the low available water capacity of the substratum, and
the moderate susceptibility to soil blowing and water ero-
sion. (Capability unit ITIes-5; the Brantford soil is in
windbreak site 6, and the Vang soil is in windbreak site 3;

Brantford-Vang loams, sloping (6 to 9 percent slopes
(BwC).—Soils of this mapping unit are in areas underlain
by glacial outwash. About 70 percent of the acreage is
Brantford loam, and about 80 percent is Vang loam. The
Brantford soil is steeper than the Vang and is on the
upper convex slopes. The Vang soil occurs 1n concave areas
at the base of the slopes.

Included with these soils in mapping were some mod-
erately eroded areas that have a thinner surface layer than
normal for Brantford and Vang soils.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The chief
limitations to use of these soils for crops are droughtiness
as a result of the shallow to moderately deep root zone
the low available water capacity of the substratum, an
the moderate susceptibility to soil blowing and water
erosion, (Capability unit IITes-5; the Brantford soil is
in windbreak site 6, and the Vang soil is in windbreak
site 3)

Buse Series

The Buse series consists of deep, excessively drained
soils that have formed in glacial till. These soils are on
uplands and on the side slopes of large coulees. The native
vegetation was mainly short, medium, and tall prairie
grasses.

In a typical profile, the surface layer is dark-gray loam
about 7 inches thick. Just below the surface layer is a layer
of light-gray loam that contains a large amount of lime
and is about 16 inches thick. Underlying this limy material
is a layer of pale-yellow, calcareous light clay loam glacial
till that extends to a depth of 60 inches or more.

Permeability is moderately slow, and the available water
capacity is high. The water table is very deep.

Typical profile of a Buse loam (200 feet north and 100
feet west of the southeast corner of sec. 22, T. 157 N., R.
56 W.):
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Al1—O0 to 7 inches, dark-gray (10YR 4/1) loam, black (10YR
2/1) when moist; cloddy, but erushes to moderate fine
granules; slightly hard when dry, friable when moist,
slightly sticky and slightly plastic when wet; cal-
careous; abrupt, wavy boundary.

Clca—T7 to 14 inches, light-gray (2.5Y 7/2) loam, light olive
brown (2.5Y §5/4) when moist; moderate, medium,
prismatic structure; slightly hard when dry, very fri-
able when moist, slightly sticky and slightly plastic
when wet; very strongly calcareous; clear, wavy
boundary.

C2ca—14 to 23 inches, light-gray (2.5Y 7/2) loam, light olive
brown (2.5Y 5/4) when moist; strong, fine, angular
blocky structure; slightly hard when dry, very friable
when moist, slightly sticky and slightly plastic when
wet; very strongly calcareous; abrupt, wavy bound-
ary.

C3—23 to 60 inches, pale-yellow (2.5Y 7/4) light clay loam,
olive brown (2.5Y 4/4) when moist; moderate,
medium, angular blocky structure; slightly hard when
dry, firm when moist, sticky and plastic when wet;
calcareous.

‘Where these soils have a thick cover of native vegetation, the
A horizon ranges from 3 to 7 inches in thickness. In many
places where cultivated crops have been grown, however, part
of the A horizon has been lost through erosion, and tillage has
mixed soil material from the upper part of the Cca horizon
with that remaining in the A horizon. The C horizons are loam
or clay loam, and their color ranges from light gray or pale
yellow to light olive brown or light yellowish brown. In most
places the profile contains a few stones. In some areas east of
Lankin, abundant glacial stones and boulders are on the sur-
face and in the soil profile.

Unlike the Barnes soils, the Buse soils lack a B horizon.
They differ from the Coe and Sioux soils in being underlain by
glacial till, and they are deeper over shale bedrock than the
Kloten soils. In contrast to the Zell soils, which have formed
in lacustrine sediment that is free of stones, the Buse soils
have formed in glacial till that contains stones.

Buse-Barnes loams, rolling (6 to 9 percent slopes)
(ByC).—About 50 percent, of this mapping unit consists of
Buse loam, 40 percent is Barnes loam, and 10 percent con-
sists of other soils. These soils are on glacial till uplands.
The Buse soil is on the upper convex slopes and knolls, and
the Barnes soil is on the lower convex slopes.

Included with these soils in mapping were small areas of
Parnell, Tonka, and Svea soils. The Parnell and Tonka
soils are in depressions, and the Svea soils are in concave
swales.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage 1s cultivated. The chief limitation to use of
these soils for crops is their moderate to high susceptibility
to soil blowing and water erosion. (Capability unit IVe~
4L; the Buse soil is in windbreak site 8, and the Barnes
soil is in windbreak site 3)

Buse-Barnes loams, hilly (9 to 12 percent slopes)
(ByD).—About 50 percent of this mapping unit is Buse
loam, 35 percent is Barnes loam, and 15 percent is other
soils. These soils are on glacial till uplands. The Buse soil
is on the higher convex slopes, and the Barnes soil is on
the lower convex slopes.

Included with these soils in mapping were small areas
of Parnell, Tonka, and Svea soils, The Parnell and Tonka
soils are in depressions, and the Svea soils are in con-
cave swales.

Soils of this mapping unit are mainly in pasture and
hay. Because of the rapid runoff, they tend to be droughty
if they are cultivated. The soils are also highly susceptible

to soil blowing and water erosion. (Capability unit VIe-
Si; windbreak site 8)

Buse-Barnes loams, steep (12 to 25 percent slopes)
(ByE).—About 60 percent of this mapping unit is Buse
loam, 30 percent 1s Barnes loam, and 10 percent is other
soils. The Buse soil has the profile described as represent-
ative of the Buse series. These soils are on glacial mo-
raines and on the side slopes of deep coulees. The Buse
soil is on the high convex slopes and on ridgetops, and
the Barnes soil is on the lower convex slopes.

Included with these soils in mapping were small areas
that are stony, small areas where shale crops out at the
surface, and small areas of soils that are shallow over
bedded shale. Also included were small areas of Parnell
and Tonka soils in depressions and of Svea soils in con-
cave swales. Other inclusions that occupy a few areas on
ridges and hilltops contain small deposits of gravel.

oils of this mapping unit are mostly in pasture and
hay. Where they are cultivated, the rapid runoff tends to
make them droughty and they are highly susceptible to
soil blowing and water erosion. Where these soils are cul-
tivated, they are moderately to severely eroded in most
places. (Capability unit VIe-Si; windbreak site 10)

Cashel Series

The Cashel series consists of somewhat poorly drained,
young soils that have formed in calcareous, fine-textured
river deposits. These soils are on the banks and the first
flood plains of the Red River and its tributaries. The na-
tive vegetation was mainly tall prairie grasses and decidu-
ous trees and shrubs.

In a typical profile, the surface layer is gray, slightly
calcareous silty clay about 8 inches thick. Just beneath the
surface layer are gray flood plain deposits, typically con-
sisting of a layer of gray silty clay about 3 inches thick.
The next layer is the surface layer of a buried soil, consist-
ing of dark grayish-brown silty clay about 3 inches thick.
Underlying this layer is grayish-brown silty clay that
extends to a depth of 60 inches or more. Some of the lower
layegs contain snail shells and small pieces of weathered
wood.

Permeability is moderately slow throughout the profile,
and the available water capacity is hig%l. Flooding is a
hazard in spring in about 6 out of 10 years. The flood-
waters generally remain for only short periods, but the
duration of flooding depends on the amount, of snow that
has fallen, on the rate of snowmelt, and on the amount of
rainfall received in spring. Each time the areas are flooded,
the floodwaters deposit fresh sediment. Some areas along
the main channel are subject to streambank erosion. Ex-
cept when flooding occurs, the water table is very deep.

Typical profile of Cashel silty clay, nearly level, east of a
farmstead (in the SW1/ of sec. 13, T. 155 N., R. 51 W.) :

A1—0 to 8 inches, gray (10YR 5/1) silty clay, very dark
brown (10YR 2/2) when moist; strong, very fine, sub-
angular blocky structure; hard when dry, friable
when moist, sticky and plastic when wet; slightly
caleareous ; abrupt, smooth boundary.

C1-—--8 to 11 inches, gray (25Y 5/1) silty clay, very dark
grayish brown (2.5Y 3/2) when moist; moderate, fine,
subangular blocky structure; hard when dry, friable
when moist, sticky and plastic when wet ; slightly cal-
careous; abrupt, smooth boundary.
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Alb—11 to 14 inches, dark grayish-brown (2.5Y 4/2) silty
clay, black (10YR 2/1) when moist ; moderate, medinm
and fine, subangular blocky structure ; hard when dry,
friable when moist, sticky and plastic when wet;
slightly calcareous; abrupt, smooth boundary.

C2—14 to 60 inches, grayish-brown (2.5Y 5/2) siity clay, very
dark grayish brown (2.5Y 3/2) when moist; strong,
fine, angular blocky structure ; hard when dry, friable
when moist, very sticky and very plastic when wet;
contains two dark horizontal bands; slightly calcare-
ous, and contains a few threads of segregated lime
and a few snail shells.

The A horizon ranges from 6 to 16 inches in thickness, and
it is clay in some places. In some areas the C1 horizon is gray-
ish brown. As a rule, the horizons below the A horizon are
calcareous, but thin layers of noncalcareous material are pres-
ent in some places. In some areas the profile contains more
than one surface layer of a buried soil. Color of the substratum
ranges from black or very dark gray to very dark grayish
brown or olive gray. The layers in the substratum range from
less than 1 inch to several inches in thickness.

The Cashel soils have a thinner, light-colored A horizon and
have stronger stratification than the Wahpeton soils. They
lack the accumulation of lime that is characteristic in the
proflle of the Hegne soils. The Cashel soils have more clay
throughout their profile than the Fairdale soils.

Cashel silty clay, nearly level (0 to 3 percent slopes)
{CaA).—This soil has formed in alluvium on flood plains
along the Red River. It is subject to frequent flooding in
spring, but flooding is of short duration, Surface drainage
and internal drainage are good enough that this soil is
ready for cultivation soon after the floodwaters recede. The
profile is the one described as representative of the series.

Included with this soil in mapping were small areas of
Wahpeton silty clay. These included areas make up from
5 to 15 percent of the acreage of this mapping unit.

This Cashel soil is suited to the commonly grown field
crops, hay crops, and pasture plants, and about 50 percent
of the acreage is cultivated. Areas not cultivated have a
cover of native vegetation and are used for grazing and
for wildlife habitat. This soil is moderately to highly sus-
ceptible to soil blowing if it is cultivated. (Capability
unit ITe—4; windbreak site 1)

Cashel silty clay, gently sloping (3 to 5 percent slopes)
(CaB).—This soil occupies short slopes on flood plains,
where the topography has been affected by the scourin
action of floodwaters. Oxbows and partly filled, abandon
stream channels form depressions in which water is
ponded for several weeks after the floodwaters recede.

Included with this soil in mapping were areas of Cashel
silty clay, nearly level. This included soil makes up from
5 to 15 percent of the acreage of this mapping unit.

About half of the acreage has been cleared and is used
for cultivated crops. Areas not cultivated are in native
vegetation and are used for pasture and as wildlife habitat.
This soil is suited to the commonly grown field crops, hay
crops, and pasture plants, but it is moderately to highly
susceptible to soil blowing if it is cultivated. Flooding is
frequent, but the floodwaters recede rapidly, except in the
depressions. (Capability unit ITe—4; windbreak site 1)

Cashel soils, steep (0 to 25 percent slopes) (CcEl.—These
soils are adjacent to the Red River. The areas extend
from the top of the bank to the edge of the river and are
200 to 500 feet wide. The profile is similar to the one de-
scribed as representative of the series, except that the sur-
face layer is clay in some places.

These soils are too steep and too susceptible to erosion to
be suitable for cultivated crops. Nearly all of the acreage is
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in timber and is used as wildlife habitat. Streambank ero-
sion is a major hazard because of the quantity and velocity
of the floodwaters. The streambanks are protected, to some
extent, however, by the stands of native trees that grow on
this soil. (Capability unit VIIIe-1; windbreak site 10)

Cavour Series

The Cavour series consists of deep, somewhat poorl
drained soils that have formed in calcareous glacial till.
The native vegetation was short and medium prairie
grasses.

In a typical profile, the surface layer is dark-gray clay
loam about 6 inches thick. The subsoil is dark-gray clay
about 8 inches thick. The substratum consists of thin lay-
ers of clay, sandy clay, and silty clay. The uppermost part
of the substratum is %rayish-brown and dark grayish-
brown clay; the middle part is_grayish-brown, mottled
sandy clay that is underlain by a layer of light olive-gray,
mottled silty clay containing a large amount of lime; and
the lower part is light olive-gray, mottled clay. Nests of
gypsum crystals and other salts are scattered throughout
the substratum. Bedded shale is at a depth of about 40
inches.

These soils are slowly permeable and have moderate
available water capacity. The underlying shale is also
slowly permeable, and it has low available water capacity.
A seasonal high water table is within 3 to 5 feet of the so1l
surface.

Typical profile of a Cavour clay loam (0.25 mile east of
the northwest corner of the SW14 of sec. 12, T. 157 N.,
R. 57T W.):

A1—0 to 4 inches, dark-gray (10YR 4/1) clay loam, black
(10YR 2/1) when moist ; cloddy ; hard when dry, firm
when moist, sticky and very plastic when wet; clear
boundary.

AB—4 to 6 inches, dark-gray (10YR 4/1) clay loam, black
(10YR 2/1) when moist; moderate, coarse, angular
blocky structure; har@ when dry, firm when moist,
sticky and very plastic when wet; abrupt boundary.

B2t—6 to 9 inches, dark-gray (10YR 4/1) clay, very dark
brown (10YR 2/2) when moist; strong, medium, pris-
matie structure breaking to strong, medium and fine,
subangular blocky structure; hard when dry, very
firm when moist, very sticky and very plastic when
wet: continuous, distinet clay films on all ped sur-
faces; few threads of salt; clear boundary.

C1—9 to 14 inches, grayish-brown (2.5Y 5/2) and dark grayish-
brown (2.5Y 4/2) clay, very dark grayish brown
(2.5Y 3/2) when moist; massive; hard when dry,
firm when moist, very sticky and very plastic when
wet ; clear boundary.

C2cs—14 to 19 inches, grayish-brown (2.5Y 5/2) sandy clay,
very dark grayish brown (2.5Y 3/2) when moist;
common, fine, prominent, white mottles; massive ; hard
when dry, very sticky and very plastic when wet;
threads and nests of gypsum; clear boundary.

C8cacs—19 to 30 inches, light olive-gray (5Y 6/2) silty clay,
olive (5Y 4/3) when moist; few, fine, faint, brown
mottles ; massive; hard when dry, friable when moist;
few particles of shale; strongly calcareous, and lime
occurs in fine masses.

C4—30 to 40 inches, light olive-gray (5Y 6/2) clay, olive
(5Y 4/3) when moist; common, fine, prominent, white
mottles; very hard when dry, very firm when moist;
shaly glacial till; slightly calcareous.

TIC5—40 inches -, bedded shale.

The A horizon ranges from 2 to 8 inches in thickness, and
it has a texture of loam or clay loam. In some places the
profile contains a very dark gray A2 horizon that has platy
structure and is 1 to 6 inches thick. In places the B horizon
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has strong columnar structure and has continuous clay films
and dark coatings of organic matter on the peds. Depth to
shale is greater than 60 inches in a few places.

The Cavour soils have a thinner A horizon than the Cresbard
soils. Unlike the Barnes, Svea, Edgeley, Hamerly, and Vallers
soils, they have a subsoil that is a strongly developed claypan.

Cavour complex (0 to 8 percent slopes) (Cd).—Soils of
this complex are on glacial till plains. About 60 percent
of the acreage consists of Cavour soils that have a dense
claypan subsoil. About 40 percent consists of small areas
of Cresbard, Barnes, Svea, and Hamerly soils that were
included with these Cavour soils in mapping.

The chief limitations to use of this Cavour complex for
crops are droughtiness as a result of the shallow root zone,
and salinity of the subsoil and the substratum. The soils
are suited to the commonly grown field crops, hay crops,
and pasture plants, however, although all the crops are
adversely affected by lack of moisture and by the high
conter)lt of salts. (Capability unit VIs-Cp; windbreak
site 9

Coe Series

The Coe series consists of excessively drained soils on
ridges and terraces comprised of water-deposited shale
gravel and shale sand. These soils have formed in loamy
material that is shallow over the gravel and sand. The
native vegetation was short and medium prairie grasses.

In a typical profile, the surface layer is very dark gray-
ish-brown gravelly loam about 5 inches thick. The soil
material beneath the surface layer is stratified. Just be-
neath the surface layer is a layer of olive-gray sandy
gravel about 10 inches thick. This layer is underlain by a
layer of dark grayish-brown gravelly coarse sand about 5
inches thick. The next layer is olive-gray sandy gravel
about 30 inches thick. Just beneath this layer is grayish-
brown coarse sand that extends to a depth of 60 inches or
more.

In the surface layer, permeability is moderate and the
available water capacity is high. Below the surface layer,
permeability is rapid and the available water capacity is
very low. The average available water capacity is very
low. The water table is very deep.

Typical profile of a Coe gravelly loam (140 feet west
and 300 feet south of the northeast corner of sec. 25, T.
158 N, R. 57 W.):

A1—0 to 5 inches, very dark grayish-brown (2.5Y 3/2) gravelly
loam, black (10YR 2/1) when moist; fine crumb struc-
ture; slightly hard when dry, very friable when moist,
slightly sticky and slightly plastic when wet; 20 to 25
percent of horizon is shale and igneous gravel ; abrupt,
wavy boundary.

IIC1—5 to 15 inches, olive-gray (5Y 4/2) sandy gravel, dark
olive gray (5Y 3/2) when moist; single grain; loose
when dry or moist; 50 percent of horizon is shale
gravel ; slightly calcareous; abrupt, smooth boundary.

ITIC2—15 to 20 inches, dark grayish-brown (2.5Y 4/2) gravelly
coarse sand, dark brown (10YR 4/3) when moist;
single grain; loose when dry or moist; 40 percent of
horizon is gravel, and 60 percent is sand that is mostly
crystalline; slightly calcareous; clear, smooth
boundary.

ITIC3—20 to 26 inches, olive-gray (5Y 4/2) sandy gravel, dark
olive gray (5Y 3/2) when moist; single grain; loose
when dry or moist; 60 percent of horizon is shale
gravel, and 40 percent is shale sand; slightly
calcareous.

TIIC4—36 to 50 inches, olive-gray (5Y 4/2) sandy gravel, dark
olive gray (5Y 3/2) when moist; single grain; loose
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when dry or moist; 65 percent of horizon is shale
gravel, and 35 percent is shale sand; slightly
calcareous.

IVC5—50 to 60 inches, grayish-brown (2.5Y 5/2) coarse
sand, dark olive gray (5Y 3/2) and pale brown (10YR
6/3) when moist; single grain; loose when dry or
moist; 10 percent of horizon is gravel, and 90 percent
is sand, shale, and ecrystalline material; slightly
calcareous.

The A horizon ranges from 5 to 10 inches in thickness, and its
texture is loam or gravelly loam. Shale gravel and shale sand
are predominant in the C horizon, but in some places as much
as 30 percent of the C horizon is crystalline gravel and sand.

The Coe soils are shallower over gravel and sand than the
Brantford soils, and they lack the B horizon that is typical in
the profile of those soils. Their C horizon containg more shale
gravel and shale sand than does that of the Sioux soils.

Coe soils (6 to 30 percent slopes) (Ce).—These are the
only soils of the Coe series mapped in Walsh County.
They are on ridges and terraces consisting mainly of
water-deposited shale gravel and shale sand. Thickness of
the surface layer and depth to the gravelly and sandy
substratum are variable because of differences in the steep-
ness of the slope and in the amount of erosion that has
taken place.

The chief limitations to use of these soils for crops
are the moderate to high susceptibility to soil blowing
and water erosion, and droughtiness caused by the shal-
low root zone and the low available water capacity of the
substratum. About half of the acreage is cultivated, and
the rest is in native grass. (Capability unit VIs-SwG;
windbreak site 10)

Colvin Series

The Colvin series consists of deep, poorly drained, cal-
careous soils that have formed in medium-textured and
moderately fine textured material deposited by water.
These soils are on the glacial lake plain, in shallow depres-
sions where runoff accumulates during wet periods. The
native vegetation was tall prairie grasses and wetland
grasses.

In a typical profile, the surface layer is very dark gray
silty clay loam that is about 11 inches thick and is mottled
with very dark brown in the lower part. Just beneath the
surface layer is a layer, about 19 inches thick, that is
stron%ly calcareous and contains a large amount of lime.
This layer is very dark gray silty clay loam in the upper-
most 3 inches and is pale-olive silt loam in the lower part.
It contains distinet brown and light olive-brown mottles
that increase in number with increasing depth. Stratified,
mottled, olive silty clay loam and clay deposited by water
are below the layer that contains a large amount of lime.

Permeability is moderately slow, and the available
water capacity is high. The water table is at the surface
or is within 5 feet of the surface during wet periods.

Typical profile of Colvin silty clay loam in a cultivated -
field (150 feet west and 545 feet north of the southeast
corner of sec. 28, T. 157 N., R. 52 W.) :

Ap—0 to 7 inches, very dark gray (N 3/0) silty clay loam,
black (N 2/0) when moist; cloddy; firm when moist,
sticky and plastic when wet; slightly calcareous;
abrupt, smooth boundary.

A1—T7to 11 inches, very dark gray (N 3/0) silty clay loam, black
(N 2/0) when moist; common, coarse, faint, very
dark brown mottles; strong, very fine, blocky strue-

ture; firm when moist, very sticky and very plastic
when wet; slightly calcareous; abrupt, irregular
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boundary; tongues of material from this horizon ex-
tend downward to a depth of 18 to 22 inches.

Clca—11 to 14 inches, very dark gray (5Y 8/1) silty clay loam,
very dark gray (10YR 3/1) when moist; weak, very
thin, platy structure breaking to moderate, very fine,
subangular blocky structure; firm when moist, very
sticky and very plastic when wet; strongly calcareous;
abrupt, broken boundary.

C2ca—14 to 19 inches, pale-olive (5Y 6/3) silt loam, olive (5Y
5/3) when moist; a few, fine, distinct, brown mottles;
moderate, very fine, subangular blocky structure; fri-
able when moist, slightly sticky and slightly plastic
when wet; strongly calcareous; many root channels;
few nodules of manganese; clear, broken boundary.

C3ca—19 to 30 inches, pale-olive (5Y 6/4) silt loam, olive (5Y
5/3) when moist; common, fine, distinct, light olive-
brown (2.5Y 5/6) mottles and many, coarse, prominent,
yellowish-brown (10YR 5/6) mottles when moist;
moderate, very fine, subangular blocky structure; fri-
able when moist, slightly sticky and slightly plastic
when wet; strongly calcareous; common nodules of
manganese ; clear, smooth boundary.

C4—30 to 44 inches, olive (5Y 5/3) silty clay loam, olive brown
(2.5Y 4/4) when moist; common, medium, distinct,
brown and gray mottles and many, medium, prominent,
dark yellowish-brown (10YR 4/4) mottles when molst;
moderate, very fine, subangular blocky structure; fri-
able when moist, sticky and plastic when wet; slightly
calcareous ; many root channels; few nodules of lime.

IIC5—44 to 60 inches, olive (5Y 5/3) clay; many, coarse,
prominent, brown and gray mottles, light olive brown
(2.5Y 5/4) when moist, and many, coarse, prominent,
dark yellowish-brown (10YR 4/4) mottles; massive;
very firm when moist, very sticky and very plastic
when wet; slightly calcareous; few nodules of lime
and iron.

The A horizon ranges from silty clay loam to silt loam in tex-
ture and from 7 to 15 inches in thickness. The Cca horizon
ranges from pale olive to gray or very dark gray in color and
from 10 to 22 inches in total thickness. Below the C3ca horizon,
the soil material is dominantly silty clay loam, but it contains
numerous thin layers of interbedded silt loam, silty clay, and
clay that are mostly olive or olive gray but that contain many
prominent mottles of brown and gray. In some places the pro-
file is nonsaline throughout. In others the profile is moderately
saline throughout.

The Colvin soils have more clay in the uppermost 40 inches
of their profile than the Borup soils. They are more poorly
drained than the Bearden soils, and they lack the glacial till O
horizon that underlies the Manfred soils.

Colvin silt loam (0 to 3 percent slopes) (Cfl.—This soil
is in shallow depressions on the glacial lake plain. Water
ponds on the surface for short periods during wet weather.
The profile is similar to the one described as representative
of the series, except that the surface layer is silt loam.

Included with this soil in mapping were areas of Bear-
den silty clay loam that make up from 15 to 20 percent of
the acreage 1n some areas of this mapping unit. Also in-
cluded were a few areas of moderately saline soils.

Poor drainage is the chief limitation to use of this Colvin
soil for crops. %n many places where outlets are available,
however, drainage has been improved by constructing sur-
face drains. Much of the acreage has been drained and is
used for cultivated crops. Where drained, this soil is suited
to all the field crops, hay crops, and pasture plants com-
monly grown in the county. (Capability unit ITw-6;
windbreak site 2)

Colvin silty clay loam (0 to 3 percent slopes) (Ch).—
This soil is in shallow depressions on the glacial lake plain.
Water ponds on the surface for short periods during wet
weather. The profile is the one described as representative
of the series.

Included with this soil in mapping were areas of Perella
silty clay loam that together make up as much as 10 per-
cent of the acreage in this mapping unit.

The chief limitation to use of this Colvin soil for crops
is poor drainage. In many places where outlets are avail-
able, drainage has been improved by installing surface
drains. Much of the acreage has been drained and is used
for cultivated crops. If this soil is drained, it is suited to

‘all the field crops, hay crops, and pasture plants com-

monly grown in the county. (Capability unit IIw-6;
windbreak site 2)

Colvin silty clay loam, very wet (0 to 3 percent slopes)
{Co).—This soil is in depressions on the glacial lake plain.
Water ponds on the surface in spring and during most of
the summer. Because this soil is in deeper depressions and
is more difficult to drain than Colvin silty clay loam, it
was mapped separately from that soil, although the two
soils have similar profiles,

Included with this soil in mapping were areas of Colvin
soils that have a surface layer of silt loam. Also included
were a few small areas of a soil that is somewhat poorly
drained, that has a clay subsoil high in content of sodium,
and that lacks the high content of lime typical of the
Colvin soils.

Poor drainage is the chief limitation to use of this
Colvin soil for crops. In most places artificial drainage
is not practical. %Capability unit Vw-WL; in windbreak
site 2 if drained, but in windbreak site 10 if undrained)

Cresbard Series

The Cresbard series consists of moderately well drained
soils that contain a claypan. These soils are on glacial till
plains, where they have formed in calcareous glacial till.
The native vegetation was medium and tall prairie grasses.

In a typical profile, the surface layer is very dark gray
loam about 7 inches thick. The subsoil is about 9 inches
thick. It is mostly dark grayish-brown dense clay, but it
is light clay loam in the uppermost 2 inches, where many
thin, vertical tongues of loamy material extend downward
from the surface layer. Just below the subsoil is a layer
of clay loam that is about 24 inches thick and contains a
large amount of lime. The upper part of this layer is
white and is very strongly calcareous. The lower part is
pale yellow and is strongly calcareous. Underlying this
limy material is a layer of pale-yellow, mottled, slightly
caleareous clay loam glacial till that extends to a depth of
60 inches or more.

These soils have moderate permeability in the surface
layer and moderately slow permeability in the subsoil and
the substratum. They have high available water capacity
and a deep water table.

Typical profile of a Cresbard loam in a cultivated area
(0.25 mile north and 60 feet west of the southeast corner
ofsec.9,T. 156 N., R. 57T W.) :

Ap—o0 to 7 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; strong, coarse, subangular
blocky structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; abrupt, smooth boundary.

B&A—E to 9 inches, dark grayish-brown (10YR 4/2) light clay
loam, very dark brown (10YR 2/2) when moist;
strong, coarse, prismatic structure breaking to strong,

medium, angular blocky structure ; surfaces of peds are
coated with grayish-brown silt and clay that are very
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dark grayish brown when moist; hard when dry,
firm when moist, sticky and plastic when wet ; abrupt,
wavy boundary.

B2t—9 to 16 inches, dark grayish-brown (10YR 4/2) clay, very
dark brown (10YR 2/2) when moist; strong, coarse
and medium, columnar structure breaking to strong,
medium and fine, angular blocky structure; very hard
when dry, firm when moist, very sticky and very plastic
when wet; continuous, distinet clay films on all the
surfaces of peds; clear, wavy boundary.

Clca—16 to 23 inches, white (5Y 8/2) clay loam, olive (5Y
5/3) when moist; massive; slightly hard when dry,
friable when moist, sticky and plastic when wet; very
strongly calcareous; contains a few crystals of salt;
gradual, wavy boundary.

C2ca—23 to 40 inches, pale-yellow (5Y 7/8) clay loam, olive
(5Y 5/4) when moist; massive; slightly hard when
dry, friable when moist, sticky and plastic when wet ;
strongly calcareous; gradual, wavy boundary.

C3—40 to 60 inches, pale-yellow (5Y 7/3) clay loam, olive (5Y
4/3) when moist; a few, fine, faint, strong-brown
(7.5YR 5/8) mottles; massive; slightly hard when
dry, friable when moist, sticky and plastic when wet;
slightly caleareous.

The A horizon ranges from 6 to 9 inches in thickness. In
places the B2t horizon ig very dark grayish brown.

The Cresbard soils have a B horizon that is more slowly
permeable, contains more clay, and has stronger structure than
the B horizons of the Barnes and Svea soils. They have a
thicker A horizon than the Cavour soils, and they lack the Cea
horizon immediately below the A horizon that is typical in the
profile of the Hamerly soils.

In Walsh County the Cresbard soils were mapped only in
complexes with the Hamerly and Svea soils.

Divide Series

The Divide series consists of soils that are moderately
well drained and somewhat poorly drained. These soils
have formed in loamy glacial outwash that was deposited
over gravel and coarse sand. They are on terraces and out-
wash plains, where they have formed under medium and
tall prairie grasses.

In a typical profile, the surface layer is very dark gray,
calcareous loam about 8 inches thick. Just beneath the sur-
face layer is a layer of light brownish-gray, very strongly
calcareous clay loam that contains a large amount of lime
and is about 12 inches thick. Next is a layer of white gravel
and coarse sand that also contains a large amount of lime
and is about 16 inches thick. Below is a layer of gray, cal-
careous shaly gravel and coarse sand that extends to a
depth of 60 inches or more.

In the surface layer and the layer just beneath the sur-
face layer, permeability is moderate and the available
water capacity is high, In the underlying gravel and coarse
sand, permeability 1s rapid and the available water ca-
pacity is very low. The average available water capacit
1s low. The water table rises to within 3 to 5 feet of the soil
surface during wet periods.

Typical profile of Divide loam, level, in a cultivated
ﬁeldiy (260 feet east and 120 feet south of the northwest
corner ofsec. 9, T.155 N.,R. 56 W.) :

Al—0Q to 8 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; weak, fine, granular struc-
ture; friable when moist, slightly sticky and slightly
plastic when wet ; caleareous; abrupt, wavy boundary.

Clca—8 to 20 inches, light brownish-gray (2.5Y 6/2) clay loam,
grayish brown (2.5Y 5/2) when moist; a few, fine,
faint, brown mottles; moderate, very fine, angular
blocky structure ; friable when moist, sticky and plastic

when wet; very strongly calcareous; abrupt, wavy
boundary.

JIC2ca—20 to 36 inches, white (2.5Y 8/2) gravel and coarse
sand, light brownish gray (2.5Y 6/2) when moist;
single grain ; strongly calcareous; clear boundary.

IIC3—36 to 60 inches, gray (N 6/0) shaly gravel and coarse
sand, white (5Y 8/2), pale brown (10YR 7/3), and
olive gray (5Y 4/2) when moist; a few coarse mottles;
single grain ; calcareous.

Texture of the A horizon ranges from loam to sandy loam
or fine sandy loam. In places texture of the Clca horizon is
loam. Depth to gravel and coarse sand ranges from 14 to 28
inches. In some places the IIC horizons are coarse sand,
gravelly sand, gravelly loam, and gravel. In others shaly sand
and shaly gravel make up from 20 to 60 percent of these
horizons.

Unlike the Ulen soils, the Divide soils are underlain by IIC
horizons of coarse sand and gravel. They have a Cca horizon
closer to the surface than the Renshaw soils, and they lack
the B horizon that is typical of the Renshaw and Brantford
soils. Divide soils are deeper over sand and gravel than the
Siplux soils, and they are not excessively drained like those
So1l8.

Divide loam, level (0 to 3 percent slopes) (DdA}.—This
soil is on low beaches, glacial outwash plains, and gravelly
stream terraces. It is the only soil of the Divide series
mapped in Walsh County.

Included with this soil in mapping were small areas
that are gently sloping and small areas that are moderately
eroded. These included areas have a thinner surface layer
than this Divide soil because they have lost part of their
original surface layer through soil blowing.

This Divide soil is used mainly for cultivated crops, but
it is suited to all the field crops, hay crops, and pasture
plants commonly grown in the county. The chief limita-
tions to its use for crops are droughtiness, caused by the
moderate depth of the root zone over sand and gravel, and
the very low available water capacity of the substratum.
An additional major limitation is the moderate to high
susceptibility to soil blowing. (Capability unit ITIs—4L;
windgreak site 2)

Edgeley Series

The Edgeley series consists of deep, well-drained soils
that have formed in shaly glacial till over bedded shale.
The native vegetation was medium and tall prairie grasses
and a few scattered trees and shrubs.

In a typical profile, the surface layer is very dark gray
loam about 5 inches thick. The subsoil is about 20 inches
thick and consists of dark grayish-brown clay loam in the
upper part and of olive-gray, mottled shaly clay loam in
the lower part. The next layer is light olive-gray, mottled
shaly clay loam glacial till about 21 inches thick. This is
underlain by dark-gray bedded shale.

Permeability is moderate in the surface layer and the
subsoil, and it is moderately slow in the substratum. The
available water capacity is high. These soils have a very
deep water table.

Typical profile of Edgeley loam, nearly level (0.2 mile
north and 50 feet west of St. Peters Church, sec. 11, T. 157
N,R.5TW.):

A1—0 to 5 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist, weak, fine, subangular blocky
structure breaking to moderate, fine, crumb structure ;
slightly hard when dry, very friable when moist,
slightly plastic when wet ; very high content of organic
matter ; abrupt boundary.

B2—5 to 13 inches, dark grayish-brown (2.5Y 4/2) clay loam,
very dark grayish brown (2.5Y 8/2) when molst;
moderate, medium, prismatic structure breaking to
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strong, fine, subangular blocky structure ; slightly hard
when dry, firm when moist, sticky and plastic when
wet; 15 percent of horizon consists of fragments of
broken shale larger than 2 millimeters in diameter;
clear boundary.

B3—13 to 25 inches, olive-gray (5Y 5/2) shaly clay loam,
dark olive gray (5Y 3/2) when moist; common, fine,
faint mottles; weak, medium, prismatic structure
breaking to strong, fine, subangular blocky structure;
hard when dry, firm when moist, sticky and plastic
when wet ; 20 to 25 percent of horizon is fragments of
broken shale larger than 2 millimeters in diameter;
clear boundary.

C—25 to 46 inches, light olive-gray (5Y 6/2) shaly clay loam,
olive gray (5Y 4/2) when moist; common, fine, faint,
yellowish-brown (10YR 5/6) mottles and common, fine,
faint mottles when moist; moderate, fine, angular
blocky structure; hard when dry, firm when moist,
sticky and plastic when wet; 40 to 50 percent of
horizon is broken fragments of shale larger than 2
millimeters in diameter.

ITR—46 to 56 inches, dark-gray (5Y 4/1) bedded shale, dark
olive gray (5Y 8/2) when moist; shale breaks to
horizontal fragments that are 2 to 20 millimeters in
diameter ; few nodules of lime.

Texture of the A horizon is loam to silt loam. In places the
B2 horizon is very dark grayish brown and has clay films on
the surfaces of some peds. The B3 horizon is shaly loam in
some areas. Thickness of the solum ranges from 17 to 36 inches.
The content of particles of weathered shale in the shaly glacial
till ranges from 20 to 50 percent. Depth to bedded shale ranges
from 36 to 60 inches, but it is generally about 48 inches. In
a few places, a layer of gravel and coarse sand that is 1 to 6
inches thick lies immediately above the bedded shale of the
IIR horizon.

Unlike the Barnes, Svea, Waukon, and Lankin soils, the
Edgeley soils are underlain by bedded shale at some depth
within 60 inches of the surface. They are deeper over shale
than the Kloten soils. The Edgeley soils lack the C horizon
of shaly gravel that is typical of the Brantford and Vang soils.

Edgeley loam, nearly level (0 to 3 percent slopes)
(EbA).—This soil is adjacent to deep drainageways. It has
the profile described as representative of the series. Depth
to bedded shale is generally between 40 and 48 inches.

Included with this soil In mapping were a few areas
where bedded shale is at a depth of less than 40 inches,
and some areas where bedded shale is below a depth of 48
inches. Also included were a few small areas of Cresbard
and Cavour soils.

Climate is the chief limitation to use of this Edgeley
soil for crops. Soil blowing is also a slight hazard, and
water erosion is a slight hazard where the slopes are the
longest and steepest. This soil is suited to the commonly

own field crops, hay crops, and pasture plants, however,
and nearly all of the acreage is cultivated. (Capability unit
ITc-6; windbreak site 3)

Edgeley loam, gently undulating (3 to 5 percent
slopes) (EbB).—This soil is adjacent to drainageways. Its
profile is similar to the one described as representative of
the series, except that in most places bedded shale is at some
depth between 36 and 48 inches.

ncluded with this soil in mapping were small areas in
which shale is at a depth of 36 inches or less, and these
areas make up about 25 percent of the acreage in this map-
ing unit. Also included were a few areas in which shale
18 below a depth of 48 inches. Other inclusions consist of
moderately eroded areas where part of the surface layer has
been lost, mainly as the result of water erosion.

This Edgeley soil is suited to the commonly grown field
crops, hay crops, and pasture plants, and most of the acre-
age is cultivated. This soil is chiefly limited in use for

crops by its susceptibility to water erosion if it is culti-
vated, but it is also slightly susceptible to soil blowing.
During intense rainstorms in summer, water erosion is
difficult to control in fields that are summer fallowed. (Ca-
pability unit ITe-6 ; windbreak site 8)

Edgeley loam, undulating (6 to 12 percent slopes)
(EbC).—This soil is along drainageways. Its dominant
slopes are between 6 and 8 percent, but the slopes are as
steep as 12 percent in some places. The profile is similar to
the one described as representative of the series, except
that shale is at some depth between 36 and 48 inches.

Included with this soil in mapping were small areas in
which shale is at a depth of 86 inches or less, and these areas
make up about 25 percent of the acreage in this mapping
unit. Also included were moderately eroded areas that to-
gether make up about 20 percent of the acreage in the map-
ping unit.

This Edgeley soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county. The
chief limitation to its use for crops is susceptibility to water
erosion, but soil blowing is also a slight hazard. During in-
tense rainstorms in summer, areas in summer fallow are
especially susceptible to water erosion. (Capability unit
I1Ie-6; windbreak site 3)

Embden Series

The Embden series consists of deep, moderately well
drained soils on sandy plains. The native vegetation was
medium and tall prairie grasses.

In a typical profile, the surface layer is very dark gray
sandy loam about 11 inches thick. The subsoil is about 13
inches thick and is fine sandy loam that is dark gray in the
upper part and is brown in the lower part. Just below the
subsoil is a layer of light-gray loamy sand that is about 20
inches thick and contains a large amount of lime. The next
layer is pale-brown loamy fine sand about 9 inches thick.
It is underlain by pale-brown fine sand that extends to a
depth of 60 inches or more,

ermeability is moderately rapid. The available water
capacity of the surface layer and the subsoil is moderate to
high, and that of the substratum is low. The average avail-
able water capacity is low. These soils have a very deep
water table.

Typical profile of Embden sandy loam, level, in a cul-
tivated field (800 feet west and 250 feet south of the north-
east corner of sec. 25, T. 156 N., R. 55 W.) :

Ap—0 to 6 inches, very dark gray (10YR 3/1) sandy loam,
black (10YR 2/1) when moist; weak, medium, sub-
angular blocky structure breaking to weak, fine,
granular structure; friable when moist; abrupt,
smooth boundary.

Al1—6 to 11 inches, very dark gray (10YR 3/1) sandy loam,
black (10YR 2/1) when moist ; moderate, medium, sub-
angular blocky structure breaking to weak, fine, sub-
angular blocky structure; friable when moist; clear,
smooth boundary.

B2—11 to 19 inches, dark-gray (10YR 4/1) fine sandy loam,
very dark brown (10YR 2/2) when moist; weak,
medium, prismatic structure breaking to weak, fine,
angular blocky structure; friable when moist, slightly
plastic when wet; clear, smooth boundary.

B3—19 to 24 inches, brown (10YR 5/3) fine sandy loam, very
dark grayish brown (10YR 3/2) when moist; mod-
erate, medium, subangular blocky structure breaking
to weak, very fine, crumb structure ; friable when moist,
slightly plastic when wet; about 2 percent, by volume,
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consists of pebbles larger than 2 millimeters in di-
ameter ; abrupt, wavy boundary.

Clca—24 to 32 inches, light-gray (2.5Y 7/2) loamy sand, gray-
ish brown (2.5Y 5/2) when moist; weak, fine, sub-
angular blocky structure breaking to single grain;
friable when moist ; very strongly calcareous; about 10
percent, by volume, consists of pebbles larger than 2
millimeters in diameter ; clear, wavy boundary.

C2ca—32 to 44 inches, light-gray (10YR 7/2) loamy sand,
grayish brown (2.5Y 5/2) when moist; single grain;
very friable when moist; strongly calcareous; clear,
wavy boundary.

C3—44 to 53 inches, pale-brown (10YR 6/8) loamy fine sand,
yellowish brown (10YR 5/4) when moist ; single grain ;
very friable when moist ; calcareous.

C4—53 to 60 inches, pale-brown (10YR 6/3) fine sand, dark
brown (10YR 4/3) when moist; single grain; loose
when dry or moist ; weakly calcareous.

The A horizon ranges from 6 to 13 inches in thickness, from
sandy loam to loam in texture, and from very dark gray to
very dark grayish brown in color. The B horizon is 7 to
17 inches thick, and it is brown to dark gray. The Cca horizon
is at some depth between 22 and 30 inches, and it is 10 to 20
inches thick. Texture of the Cca horizon ranges from sand
to sandy clay loam. In some places the C3 and C4 horizons
contain a large amount of shaly sand.

The Embden soils contain less sand than the Hecla soils, and
unlike the Hecla soils, they have a B2 horizon. Their A horizon
is thinner and less sandy than that of the Maddock soils. The
Erplbden soils are better drained than the Ulen and Arveson
80118,

Embden sandy loam, level (0 to 3 percent slopes)
(EmA).—This soil is on lacustrine plains and beach lines.
It has the profile described as representative of the series.

Included with this soil in mapping were smali areas in
which coarse sand and gravel are below a depth of 3 feet.

This Embden soil is highly susceptible to soil blowing,
and its substratum has low available water capacity. It 1s
suited to the commonly grown field crops, hay crops, and
pasture plants, however, and nearly all of the acreage is
cultivated. (Capability unit ITTe-3; windbreak site 1

Embden sandy loam, gently undulating (3 to 6 per-
cent, slopes) (EmB).—This soil is on beach lines. It has a
profile similar to the one described as representative of the
series, except that the surface layer is lighter colored and
both the surface layer and the subsoil are thinner.

Included with this soil in mapping were areas that are
underlain by lacustrine loam or clay loam. These places
are mainly in drainageways that cross the glacial till plain.
Also included were areas that are underlain by coarse sand
and gravel.

This Embden soil is highly susceptible to soil blowing,
and the substratum has low available water capacity. In
spring, when thawing occurs, water erosion is also a slight
hazard. Nevertheless, this soil is suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage 1s cultivated. A few areas are in pasture or
hay. (Capability unit ITTe-3; windbreak site 1)

mbden sandy loam, sloping (6 to 9 percent slopes)
{EmC).—This soil is on the side slopes of stream channels
that dissect the nearly level lacustrine plain. Its profile is
similar to the one described as representative of the series,
except that the surface layer is thinner in most places.
Thickness of the surface layer varies considerably, how-
ever, because part of the original surface layer has been
lost, through erosion in some areas and additional soil ma-
terial has been deposited in others.

Some areas are cultivated, but this soil is mainly in pas-
ture or hay. It has low available water capacity in the sub-
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stratum, is highly susceptible to soil blowing, and is slightly
susceptiﬁole to water erosion when thawing occurs in spring.
This soil is suited, however, to the field crops, hay crcg)s,
and pasture plants commonly grown in the county. (Ca-
pability unit I1Te-3; windbreak site 1)

Embden loam, level (0 to 3 percent slopes) (EnA).—This
soil is on lacustrine plains, It has a profile similar to the
one described as representative of the series, except that
the surface layer is darker colored, has a loam texture, and
contains more organic matter than the one in the profile
described as representative.

Included with this soil in mapping were small areas
that are moderately eroded as a result of soil blowing.
These areas have a thinner, slightly coarser textured sur-
face layer than normal for Embden soils.

This Embden soil is moderately susceptible to soil
blowing. It is suited to the commonly grown field crops,
hay crops, and pasture plants, however, and nearly all of
the acreage is cultivated. (Capability unit ITe-5; wind-
break site 1)

Fairdale Series

The Fairdale series consists of deep, moderately well
drained soils that have formed in calcareous, stratified
alluvium. These soils are on flood plains and natural levees.
The native vegetation was tall prairie grasses and decidu-
ous trees and shrubs.

In a typical profile, the surface layer is grayish-brown
silt loam about 8 inches thick. Below the surface layer is
stratified calcareous material that is variable in color, tex-
ture, and thickness. Typically, the layer just beneath the
surface layer is light-gray very fine sand about 8 inches
thick. The next layer is grayish-brown silt loam about 2
inches thick. This layer is underlain by the surface layer of
a buried soil, which consists of dark-gray silt loam about
3 inches thick. Beneath the buried layer is very dark gray-
ish-brown and dark grayish-brown alluvium that has a
texture of fine sandy loam, silt loam, and silty clay loam.
The alluvial material extends to a depth of 60 inches or
more.

Where these soils have formed in alluvium that has a
texture of silt loam, they have moderate premeability.
Where they have formed in alluvium that has a texture of
silty clay loam, they have moderately slow permeability.
These soils have high available water capacity. Except
during periods of flooding, the water table is genera,ﬁ)y
below a gepth of 5 feet.

Typical profile of Fairdale silt loam, occasionally
flooded (0.15 mile north of the southeast corner of sec. 18,
T.157N,,R.54 W.) :

A1—0 to 3 inches, grayish-brown (10YR 5/2) silt loam, very
dark brown (10YR 2/2) when moist; moderate, very
fine, crumb structure ; very friable when moist, slightly
sticky and slightly plastic when wet; calcareous;
abrupt boundary.

IIC1—3 to 6 inches, light-gray (10YR 7/1) very fine sand ; gray
(10YR 6/1) when moist; single grain; loose when
dry or moist ; moderately calcareous ; abrupt boundary.

IIIC2—6 to 8 inches, grayish-brown (2.5Y 5/2) silt loam ; dark
grayish brown (2.5Y 4/2) when moist; weak, thin
strata of alluvium; friable when moist; moderately
calcareous; abrupt boundary.

Alb—S8 to 11 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when molst; strong, medium, granular
structure; very friable when moist; very weakly cal-
careous; abrupt boundary.
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1VC3—11 to 60 inches, very dark grayish-brown (10YR 3/2),
grading to dark grayish brown (10YR 4/2), alluvial
material ; stratified very fine sandy loam, silt loam,
and silty clay loam; very friable when moist; moder-
ately calcareous.

The A horizon ranges from loam to silty clay loam in
texture and from 8 to 8 inches in thickness. In places it is
dark grayish brown. Below the A horizon, the texture changes
abruptly to stratified very fine sand, very fine sandy loam,
sllt loam, and silty clay loam. In places the A horizon is non-
calcareous, but in most places the rest of the profile is slightly
caleareous or moderately calcareous. Lime is generally dissemi-
nated throughout the soil mass, but it appears as threads and
fine nodules in some of the deeper strata.

The Fairdale soils are lighter colored and contain less
organic matter than the LaPrairie soils with which they
are associated. They are better drained than the Lamoure
soils, and they are coarser textured than the Cashel and
‘Wahpeton soils.

Fairdale silt loam (0 to 3 percent slopes) (Fa).—This
soil is on natural levees of the Park River. It is subject to
flooding in about 3 years out of 10. When flooding occurs,
the flood waters completely cover the flood plain of the river
and cover part of the adjacent glacial lake plain. Surface
drainage and internal drainage are good enough, however,
that this soil can be cultivated soon after the floodwaters
recede. The content of clay in this soil is lowest in the west-
central part of the county, and it increases toward the
eastern part. The profile is similar to the one described as
representative of the series, except that the surface layer
is thicker, is more calcareous throughout, and lacks the
well-defined stratification typical of Fairdale soils on flood
plains. ) . )

Included with this soil in mapping were some areas
where the surface layer is silty clay loam. Also included
were areas of soils in shallow, meandering drainageways
that dissect areas of this soil but that mostly run parallel
tothenatural levees. . ) )

Climate is the chief limitation to use of this Fairdale soil

for crops, but this soil is also slightly susceptible to soil

blowing. It is suited to the commonly grown field crops,
hay crops, and pasture é)lants, however, and most of the
acreage is cultivated. (Capability unit IIc—6; windbreak
site 1

Fagrdale silt loam, gently sloping (3 to 5 percent
slopes) (FoB).—This soil is on side slopes bordering river
channels and intermittent drainageways. It is subject to
occasional flooding, but drainage 1s good enough that this
soil can be cultivated soon after the floodwaters recede. The
profile is similar to the one described as representative of
the series, except that the surface layer is lighter colored
and contains less organic matter.

Included with this soil in mapping were small areas of
LaPrairie silt loam, gently sloping, and small areas where
the surface layer is silty clay loam.

This Fairdale soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, and
most of the acreage is cultivated. Susceptibility to water
erosion is the chief limitation to use of this soil for crops,
but soil blowing is also a slight hazard. (Capability unit
ITe-6; windbreak site 1)

Fairdale silt loam, occasionally flooded (0 to 3 per-
cent slopes) (Fd).—This soil is on flood plains. In spring
it is subject to occasional flooding, but it has good enough
drainage that tillage is feasible soon after the floodwaters
recede. The profile is the one described as representative

of the series.

Included with this soil in mapping were small areas of
LaPrairie silt loam and areas of soils in a few small stream
channels. Other inclusions consist of areas in which the
surface layer is silty clay loam.

The chief limitation to use of this Fairdale soil for
crops is the unfavorable climate, but susceptibility to soil
blowing is also a slight limitation. About tgree—fourths of
the acreage is suited to the commonly grown field crops,
hay crops, and pasture plants, and it has been cleared for
cultivation. (Capability unit ITc-6; windbreak site 1)

Fairdale and LaPrairie soils, channeled (0 to 3 per-
cent slopes) (Fe).—About 60 percent of this mapping unit
consists of Fairdale silt loam and Fairdale silty clay
loam, and the rest consists mainly of LaPrairie silt loam
and LaPrairie silty clay loam. These soils occur in such
complex patterns that it was not practical to map them
separately. They are on channeled I{)ood plains of the Park
and Forest Rivers. The areas include scoured spots and
%la_ces where floodwaters have recently deposited silt. The

airdale soil has a profile similar to the one described
as representative of the Fairdale series. The LaPrairie
soil has a profile similar to the one described as rep-
resentative of the LaPrairie series, except that the sur-
face layer is thinner.

Included with these soils in mapping were areas of
soils in the many shallow, abandoned stream channels and
oxbows; areas of soils on wide flood plains along the main
channels; and areas of soils on narrow flood plains along
meanders of the main channels. Other inclusions along
streambeds west of Highway 32 consist of areas of soils
that contain shale gravel and many glacial boulders and
numerous springs.

Because of the irregular topography and frequency of
flooding, soils of this mapping unit are mainly in native
vegetation. Undisturbed areas have a thick undergrowth of
weeds and brush. The vegetation in areas used for pas-
ture consists mainly of bluegrass and of stands of timber
of varying densities. (Capability unit VIe-Si; windbreak
site 10)

Fargo Series

The Fargo series consists of deep, poorly drained soils in
shallow depressions of glacial lake plains, on levees along
streams, and on streambanks. These soils have formed
in fine-textured lacustrine sediment. The native vegeta-
tion was mainly medium and tall prairie grasses. It was
tall prairie grasses where the Fargo soils were mapped
with Hegne soils.

In a typical profile, the surface layer is black silty clay
about 9 inches thick. The subsoil is about 13 inches thick
and is also silty clay. It is black in the upper part and is
very dark gray in the lower part. The substratum is strati-
fied silty clay lacustrine sediment that extends to a depth
of 56 inches or more. The upper part of the substratum is
dark grayish brown, the middle part is mottled grayish
brown, and the lower part is mottled grayish brown and
light olive brown.

These soils have slow permeability and high available
water capacity. They have a seasonal high water table,
which rises to the surface or is within 5 feet of the surface
during wet periods.
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tivated field (0.25 mile south and 75 feet west of the north-
east corner of sec. 36, T. 157N, R. 52 W.) :

Ap—O0 to 6 inches, black (10YR 2/1) silty clay, black (10YR
2/1) when moist ; cloddy, breaking to strong, very fine,
subangular blocky structure ; hard when dry, firm when
moist, very sticky and very plastic when wet ; slightly
calcareous; abrupt, smooth boundary.

A1—6 to 9 inches (plowpan), black (N 2/0) silty clay, black
(N 2/0) when moist; moderate, medium, angular
blocky structure breaking to strong, fine, angular
blocky structure; hard when dry, firm when moist,
very sticky and very plastic when wet; slightly cal-
careous; abrupt, smooth boundary.

B2—9 to 17 inches, black (N 2/0) silty clay, black (N 2/0)
when moist; moderate, medium, prismatic structure
breaking to strong, very fine, subangular blocky struc-
ture; surfaces of peds are very shiny; hard when
dry, firm when moist, very sticky and very plastic
when wet ; abrupt, wavy boundary.

B3—17 to 22 inches, very dark gray (10YR 3/1) silty clay, very
dark gray (10YR 3/1) when moist ; moderate, medium,
prismatic structure breaking to strong, very fine, sub-
angular blocky structure; surfaces of peds are shiny;
hard when dry, firm when moist, very sticky and very
plastic when wet; clear, irregular boundary.

C1—22 to 28 inches, dark grayish-brown (2.5Y 4/2) silty clay,
very dark grayish brown (2.5Y 3/2) when moist;
moderate, fine, prismatic structure breaking to strong,
very fine, angular blocky structure; slightly hard when
dry, firm when moist, very sticky and very plastic
when wet; slightly calcareous; abrupt boundary.

C2ca—28 to 42 inches, grayish-brown (2.5Y 5/2) silty clay,
olive brown (2.5Y 4/4) when moist; few, fine, faint
moftles; strong, fine and medium, angular blocky
structure; very hard when dry, firm when moist, very
sticky and very plastic when wet ; strongly calcareous;
abrupt boundary.

C3—42 to 56 inches, grayish-brown (2.5Y 5/2) and light olive-
brown (2.5Y 5/4) silty clay, olive brown (2.5Y 4/4)
when moist; common, medium, distinet, yellowish-
brown mottles, and intensity of mottling increases at
a depth of about 56 inches; weak, fine, angular blocky
structure ; very hard when dry, very firm when moist,
very sticky and very plastic when wet; few roots to
a depth of 56 inches; caleareous and contains a few
nodules of gegregated lime.

In places the B2 horizon is clay. Thickness of the C2ca
horizon ranges from 14 to 22 inches.

Unlike the Hegne and Grano soils, the Fargo soils lack a Cea
horizon near the surface. They are more poorly drained than
the Cashel and Wahpeton soils.

Fargo silty clay, nearly level (0 to 3 percent slopes)
(FfA).—This soil occupies areas that are commonly flooded
by waters of the Forest and Red Rivers. It has the profile
described as representative of the series.

Included with this soil in mapping were a few areas of
wet soils in depressions. Also included were some narrow
areas of Wahpeton silty clay on levees along streams.

This Fargo soil is suited to the field crops, hay crops, and
pasture plants commonly grown in the county, and nearly
all of the acreage is cultivated. The poor natural drainage
is the chief limitation to use of this soil for crops, but this
soil is also moderately to highly susceptible to soil blowing
if it is cultivated. Where outlets are available, drainage can
be improved in some places by constructing field drains.
(Capability unit ITwe—4; windbreak site 1)

Fargo silty clay, depressional (0 to 1 percent slopes)
(F9)—This soil is in depressions that range from about
one-half acre to 45 acres in size. Some areas of less than 2
acres are mapped as inclusions with other soils.

419-202—72——-3

Typical gr?ﬁle of Fargo silty clay, nearly level, in a cul-
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Included with this soil in mapping were small areas of
Grano soils. Also included were small areas of a soil that
has a subsurface layer of silt loam that is 2 to 13 inches
thick, and that has a clay subsoil, which is at a greater
depth than typical for the subsoil of the Fargo soils.

This Fargo soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county, and
nearly all of the acreage is cultivated. The chief limitation
to use of this soil for crops is the poor natural drainage,
but this soil is also moderately to highly susceptible to soil
blowing if it is cultivated. (Capability unit IIw—4; wind-
break site 2)

Fargo-Hegne silty clays, level (0 to 2 percent slopes)
(FhA).—Soils of this mapping unit are on natural levees
along streams, where the rate of runoff is medium. About
60 percent of the acreage is Fargo silty clay, 35 percent is
Hegme silty clay, and the rest consists of other soils. The
soils occur in such a complex pattern that it was not practi-
cal to map them separately.

Included with these soils in mapping were some areas in
which Hegne clay is the dominant soil.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage 1s cultivated. These soils are moderately to
highly susceptible to soil blowing if they are cultivated,
but the chief limitation to their use for crops is their poor
natural draina,%?. In some areas where outlets are avail-
able, drainage has been improved by constructing field
drains. (Capability unit ITwe—4; windbreak site 1)

Fargo-Hegne silty clays, gently sloping (3 to 5 per-
cent slopes) (FhB).—Soils of this mapping unit are on the
side slopes of stream channels that have cut into the glacial
lake plain. About 50 percent of the acreage is Fargo silty
clay, 40 percent is Hegne silty clay, and the rest is other
soils. The profiles of these soils are similar to the ones de-
scribed as typical for their respective series, except that the
surface layer is thinner as a result of soil blowing and
water erosion. In places part of the subsoil has been mixed
in the plow layer through tillage.

Included with these soils in mapping were small areas
of Hattie silty clay.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage is cultivated. The soils are moderately to
highly susceptible to soil blowing. They are also suscep-
tible to water erosion during periods when runoff oceurs in
spring, and during storms of high intensity in summer.
(Capability unit IIe—4 ; windbreak site 1)

Fossum Series

The Fossum series consists of soils that are deep and
poorly drained. These soils are in shallow depressions in
Interbeach areas, on outwash plains, and on deltas. The
native vegetation was medium and tall prairie grasses.

In a typical profile, the surface layer is about, 14 inches
thick. It consists of very dark gray, strongiy calcareous
loam in the upper part and of dark gray, strongly calcare-
ous sandy loam in the lower part. Just below the surface
layer is a layer of gray, mottled, very strongly calcareous
sandy loam that is about 5 inches thick and contains a
large amount of lime. The next layer is grayish-brown,



32 SOIL SURVEY

mottled fine sand about 21 inches thick. It is underlain by a
layer of light-gray, mottled sand, which extends to a depth
of about 54 inches. Below this sand is a layer of light
brownish-gray, mottled gravelly coarse sand that extends
to a depth of 66 inches or more.

These soils have moderate permeability and moderate
available water capacity in the surface layer and in the
layer that contains a large amount of lime. They have
moderately rapid permeability and low available water
capacity below the layer that contains a large amount of

lime. The average available water capacity for the entire
profile is low. A seasonal high water table 1s at the surface
or is within 3 feet of the surface during wet periods.

Typical profile of a Fossum loam (220 feet east and 800
feet north of the southwest corner of sec. 21, T. 155 N, R.
55 W.):

Allca—O0 to 9 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist ; weak, fine, crumb structure;
goft when dry, friable when moist, slightly plastie
when wet; strongly calcareous; abrupt, wavy bound-
ary.

Al2ca—9 to 14 inches, dark-gray (N 4/0) sandy loam, very
dark gray (N 8/0) when moist; moderate, fine, crumb
structure ; soft when dry, friable when moist, slightly
plastic when wet; strongly calcareous.

Clea—I14 to 19 inches, gray (N 6/0) sandy loam, dark gray (N
4/0) when moist; a few, fine, faint, gray mottles;
wealk, fine, crumb structure; soft when dry, very fri-
able when moist, plastic and slightly sticky when wet;
very strongly calcareous; clear, wavy boundary.

C2—19 to 40 inches, grayish-brown (2.5Y 5/2) fine sand, dark
grayish brown (10YR 4/2) when moist; a few, fine,
faint, brown mottles and many, coarse, distinct, gray
mottles when moist; single grain; slightly hard when
dry, loose when moist; strongly calcareous; clear,
wavy boundary.

03—40 to 54 inches, light-gray (5Y 7/1) sand, light olive gray
(5Y 6/2) when moist; a few, fine, faint, brown mot-
tles; single grain; slightly hard when dry, loose when
moist; calcareous; contains a few pebbles; 20 percent
of horizon is shale sand.

1IC4—54 to 66 inches, light brownish-gray (2.5Y 6/2) gravelly
coarse sand, dark grayish brown (2.5Y 4/2) when
moist; a few, fine, faint, brown mottles; single grain;
soft when dry, loose when moist; calcareous.

The A horizon ranges from 14 to 24 inches in thickness and
from fine sandy loam or sandy loam to loam in texture. The
Cleca bhorizon ranges from sandy loam or fine sandy loam to
loamy fine sand in texture and from gray through grayish
brown to dark grayish brown in color. In most places the C
horizons below the Clca horizon consist of sand that ranges
from fine to coarse, but they contain a thin layer of finer tex-
tured material in a few places. The content of gravel in these
C horizons ranges from 0 to 20 percent. In a few places, the pro-
file contains a small amount of soluble salts and gypsum.

The Fossum 8oils are more poorly drained than the Ulen and
Gilby soils. They are similar to the Borup soils in drainage,
but they are coarser textured than those soils. The Fossum
soils have a thinner Clca horizon than the Arveson soils.

In Walsh County the Fossum soils were mapped only in com
plexes with the Arveson soils.

Gardena Series

The Gardena series consists of soils that are deep and
moderately well drained. These soils have formed in me-
dium-textured glacial lake sediment and in post glacial
alluvium. They have a high proportion of silt and very
fine sand. The native vegetation was tall prairie grasses.

In a typical profile, the surface layer is dark-gray silt
loam about 11 inches thick. The subsoil is about 16 inches
thick. Tt consists of very dark grayish-brown silt loam in

the upper part, of dark grayish-brown silt loam in the
middle part, and of grayish-brown, strongly calcareous
very fine sandy loam in the lower part. The substratum is
pale-olive, strongly calcareous very fine sandy loam that
18 mottled in the lower part and extends to a depth of 60
inches or more.

These soils have moderate permeability and high avail-
able water capacity. The water table is very deep.

Typical profile of Gardena silt loam, nearly level, in a
cultivated field (800 feet east and 370 feet south of the
northwest corner of the SW14 of sec. 9, T. 157 N., R. 52
W)

Ap—0 to 5 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when moist; cloddy, breaking to mod-
erate, medium and fine, subangular blocky structure;
slightly hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; abrupt, smooth
boundary.

Al1—5 to 11 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when moist; moderate, very fine, crumb
structure ; slightly hard when dry, friable when moist,
sticky and plastic when wet; clear boundary.

B21—11 to 16 inches, very dark grayish-brown (10YR 3/2) silt
loam, very dark brown (10YR 2/2) when moist ; mod-
erate, medium and coarse, prismatic structure break-
ing to moderate, fine, subangular blocky structure;
slightly hard when dry, firm when moist, sticky and
plastic when wet ; patches of clay films on the vertical
surfaces of peds; clear, wavy boundary.

B22—16 to 20 inches, dark grayish-brown (2.5Y 4/2) silt loam,
very dark grayish brown (10YR 3/2) when moist;
weak, coarse, prismatic structure; slightly hard when
dry, friable when moist; gradual boundary.

BS8ca—20 to 27 inches, grayish-brown (2.5Y 5/2) very fine
sandy loam, dark grayish brown (2.5Y 4/2) when
moist; weak, fine, prismatic structure breaking to-
moderate, fine, subangular blocky structure; slightly
hard when dry, friable when moist; strongly cal-
careous ; clear boundary.

Clca—27 to 43 inches, pale-olive (5Y 6/3) very fine sandy loam,.
light olive brown (2.5Y 5/4) when moist; weak, fine,
prismatic structure breaking to weak, thin, platy
structure; soft when dry, very friable when moist;
contains many fine root channels ; strongly caleareous
and contains a few nodules of segregated lime; clear
boundary.

(2ca—43 to 60 inches, pale-olive (5Y 6/3) very fine sandy loam,
light olive brown (2.5Y 5/4) when moist; many, fine,
distinet, olive-yellow and gray mottles; massive; soft
when dry, friable when moist; strongly calcareous.

The A horizon ranges from silt loam to very fine sandy loam
in texture, and it is very dark gray in places. The B horizon
ranges from loam or silt loam to very fine sandy loam in texture
and from very dark grayish brown to grayish brown in color.
In many places the B horizon has patchy clay films or stains of
organic matter on the outer surfaces of the peds. The C horizon
ranges from fine sandy loam or very fine sandy loam to loam or
gilt loam and from pale olive to light olive gray or light gray. It
contains few to many yellow and gray mottles. In a few places
where these soils are on levees along streams, the profile con-
tains the surface layer of a buried soil.

Unlike the Glyndon and Zell soils, the Gardena soils have
a B horizon, and in addition, they are deeper over the layer
that contains a large amount of lime than are the Glyndon
and Zell soils. The Gardena soils have less clay throughout
their profile than the Overly soils, but they contain more clay
than the Embden soils. The Gardena soils are better drained
than the Borup and Perella soils, and they are not in shallow
depressions like those soils. They have formed in a thicker
deposit of lake sediment than the Lankin soils.

Gardena silt loam, nearly level (0 to 3 percent slopes)
{GaA).—This soil is on lake plains and on levees 'afong
streams that have cut into the lake plain. In most places
the levees are less than one-fourth mile wide. Their surface
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is smooth, and the side slopes extend back from the chan-
nel of the stream. The profile of this soil is the one de-
scribed as representative of the series. In many places,
however, where this soil is on levees along streams, the
substratum contains a very dark colored layer that is the
surface layer of a buried soil.

This soil is suited to the commonly grown field crops,
hay crops, and pasture plants, and most of the acreage is
cultivated. Soil blowing is a moderate hazard in the culti-
vated areas. (Capability unit ITe-5; windbreak site 1)

Gardena silt loam, gently sloping (3 to 5 percent
slopes) (GaB).—This soil is on short side slopes bordering
streams and small coulees that dissect the lake plain. Its
profile is similar to the one described as representative of
the series, except that the surface layer is thinner and
lighter colored as the result of erosion.

This soil is suited to the commonly grown field crops,
hay crops, and pasture plants, and most of the acreage is
cultivated. Soil blowing and water erosion are moderate
hazards. (Capability unit ITe-5; windbreak site 1)

Gilby Series

The Gilby series consists of deep, calcareous soils that
are somewhat poorly drained and poorly drained. These
soils have formed in loamy lacustrine sediment that is
underlain by loamy glacial till. They are on a glacial lake
plain that is nearly level in some places and that contains
shallow depressions in others. These slight differences in
elevation, caused by the depressions, result in differences
in drainage. Adjacent to these soils are several lake beach
lines that have formed low ridges. The native vegetation
was mainly tall prairie grasses, but it included medium
grasses in the stony areas.

In a typical profile, the surface layer is about 10 inches
thick and consists of calcareous loam that is very dark in
the upper part and is dark gray in the lower part. Just
beneath the surface layer is a layer that is about 14 inches
thick and that contains a large amount of lime. This layer
1s light-gray, very strongly calcareous loam in the upper
part and is pale-yellow, strongly calcareous loam in the
lower part. The lower part has formed in glacial till in
some places. The next layer is pale-yellow, mottled,
strongly calcareous very fine sandy loam that is about 9
inches thick. It is underlain by mixed light olive-brown,
olive-gray, and light brownish-gray, mottled, calcareous
clay loam glacial till that extents to a depth of 60 inches
or more.

During wet periods, these soils have a water table with-
in 1 to 4 feet of the soil surface. Permeability is moderate
in the layers that formed in lacustrine sediment, and it is
moderately slow in the glacial till substratum. The avail-
able water capacity is high.

Typical profile of Gilby loam in a cultivated field (1,150
feet north and 250 feet east of the southwest corner of sec.
12, T.156 N, R. 55 W.) :

Ap—0 to 6 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; weak, fine, subangular
blocky structure; friable when moist; many roots
and fine pores; calcareous; abrupt, smooth boundary.

A12—6 to 10 inches, dark gray (10YR 4/1) loam, black (10YR
2/1) when moist; a few, fine, distinct, very dark gray
mottles; moderate, medium, subangular blocky struc-
ture; friable when moist; calcareous; clear, smooth
boundary.

Clgca—10 to 18 inches, light-gray (2.5Y 7/1) loam, gray (2.5Y
5/1) when moist ; very weak, medium, prismatic strue-
ture breaking to medium and fine, subangular blocky
structure ; friable when moist; very strongly calecare-
ous; clear, wavy boundary.

C2gca—18 to 24 inches, pale-yellow (2.5Y 7/3) light loam,
olive (5Y 5/3) when moist; few, medium, distinct,
yellowish-brown mottles; weak, coarse, subangular
blocky structure; friable when moist; strongly cal-
careous; gradual, wavy boundary.

C3g—24 to 33 inches, pale-yellow (2.5Y 7/3) very fine sandy
loam, light olive brown (2.5Y 5/3) when moist; few,
fine, faint, light brownish-gray mottles and distinect,
yellowish-brown mottles; massive; friable when
moist; strongly calcareous; contains a few pebbles;
abrupt, wavy boundary.

IIC4—33 to 60 inches, mixed light olive-brown (2.5Y 5/4),
olive-gray (5Y 4/2), and light brownish-gray (2.5Y
6/2, moist) clay loam glacial till; many, medium,
prominent, brown mottles; massive ; firm when moist;
calcareous; pebbles and stones distributed at random
throughout the horizon; contains some pebbles of
broken shale and crystals of gypsum.

The A horizon ranges from loam or silt loam to very fine
sandy loam in texture and from 10 to 16 inches in thickness.
Thickness of the Cgca horizon ranges from 12 to 24 inches,
and thickness of the lacustrine sediment over glacial till ranges
from 20 to 40 inches. The number of cobblestones and other
stones on the surface and in the soil profile varies widely.

The Gilby soils have a less permeable glacial till substratum
than the Glyndon soils. In contrast to the Lankin soils, they
have a limy A horizon and lack a B horizon. The Gilby soils
have a coarser textured A horizon than the Bearden and Colvin
soils. They differ from the Hamerly soils in having an A hori-
zon and an upper Cca horizon that formed in lake sediment.

Gilby loam (Gb).—This soil occupies areas between
ridgelike, gravelly and sandy glacial lake beaches that
are north-south oriented. It has the profile described as
representative of the series. )

Included with this soil in mapping were small areas of
Gilby stony loam and areas of Gilby loam, wet, and of
Tonka and Parnell soils in depressions that range from
Y2 acre to 2% acres in size. Water is ponded in these de-
pressions during the growing season unless artificial drain-
age is provided. Other inclusions consist of areas of Lankin
loam that are so intermingled with the Gilby soils that
separation was not practical. The Lankin soil makes up
from 10 to 24 percent of some areas mapped as Gilby loam.

This Gilby soil is suited to the field crops, hay crops, and
pasture plants commonly grown in the county. The main
limitations to its use for crops are the moderate to high
susceptibility to soil blowing, and wetness caused by the
water that ponds in the many depressions in spring. (Ca-
pability unit ITe—4L; windbreak site 1)

Gilby loam, wet (Ge).—This soil is in shallow depres-
sions that are adjacent and lie parallel to sandy glacial lake
beaches. It is wet as a result of the high water table and the
water that ponds on the surface during the early part of
the growing season. Surface drainage is poor because of
the concave topography and the runoff that is restricted
by the beach ridges. The profile of this soil is similar to the
one described as typical of the series, except that olive
colors and mottling are nearer the surface.

Included with this soil in mapping were areas of Gilby
loam and of Tonka silt loam; numerous areas of Gilby
soils that are moderately saline near the surface ; and small
stony areas that are impractical to cultivate because of the
stones. Gilby loam makes up from 10 to 51 percent of the
acreage in this mapping unit. The Tonka soil, which is in
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the center of many of the depressions and is more poorly
drained than typical for the Gilby soils, makes up about 5
percent of the acreage in the mapping unit.

This Gilby soil is suited to the field crops, hay crops, and
pasture plants commonly grown in the county. The chief
limitations to its use for crops are poor drainage and the
moderate to high susceptibility to soil blowing where this
soil i)s cultivated. (Capability unit ITw—4L; windbreak
site 2

Gilby stony loam (0 to 3 percent slopes) (Gh).—This
soil is on interbeach plains that contain small, shallow de-
pressions. Runoff is trapped in the depressions after heavy
rains and after periods of snowmelt. The profile is similar
to the one described as representative of the series, except
that from 8 to 15 percent of the surface layer consists of
stones and boulders that make cultivation impractical.

Included with this soil in mapping were small areas of
Lankin stony loam.

The many stones and boulders limit the use of this Gilby
soil for crops. All or nearly all of the acreage is in native
hagw and pasture. (Capability unit VIs-Si; windbreak site
10

Glyndon Series

The Glyndon series consists of deep, calcareous soils that
are moderately well drained and somewhat poorly drained.
These soils have formed in lacustrine sediment on the lake
plain and on levees along streams. The native vegetation
was mainly tall prairie grasses, but the vegetation under
which the moderately saline Glyndon soil formed included
salt-tolerant grasses.

In a typical profile, the surface layer is very dark gray,
slightly calcareous silt loam about 8 inches thick. Just
beneath the surface layer is a layer of gray silt loam that
is about 20 inches thick and contains a large amount of
lime. This layer is very strongly calcareous in the upper
part and is strongly calcareous in the lower part. The next
layer consists of stratified, light yellowish-brown and light
olive-brown very fine sandy loam that is mottled with
gray and extends to a depth of 55 inches or more.

Permeability is moderate, and the available water ca-
pacity is high. A seasonal high water table rises to within 2
to 5 feet of the soil surface during wet periods. )

Typical profile of Glyndon silt loam, level, in a culti-
vated field (1,300 feet north and 180 feet east of the north-
west corner of sec. 9, T. 158 N,, R. 52 W.) :

Ap—oO to 8 inches, very dark gray (10YR 3/1) silt loam, black
(10YR 2/1) when moist; moderate, fine, granular
structure ; slightly hard when dry, friable when moist,
slightly sticky and slightly plastic when wet; slightly
calcareous and contains a few small spots where lime
has accumulated; abrupt, smooth boundary.

Olea—S8 to 14 inches, gray (5Y 6/1) silt loam, dark gray (5Y
4/1) when moist; moderate, fine, granular structure;
glightly hard when dry, friable when moist, slightly
sticky and slightly plastic when wet ; very strongly cal-
careous ; clear, wavy boundary.

C2ca—14 to 28 inches, gray (2.5Y 5/1) silt loam, very dark
gray (2.5Y 38/1) when moist; moderate, medium,
subangular blocky structure; hard when dry, very
friable when moist, slightly sticky and slightly plastic
when wet; strongly calcareous; common fine pores;
clear, wavy boundary.

03—28 to 38 inches, light yellowish-brown (2.5Y 6/4) very
fine sandy loam, olive brown (2.5Y 4/4) when moist;
a few, fine, faint, gray mottles; massive, crushing to
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single grain; soft when dry, very friable when moist,
nonsticky and nonplastic when wet; noncalcareous;
clear, wavy boundary.

C4—38 to 55 inches, light olive-brown (2.5Y 5/4) very fine
sandy loam, olive brown (2.5Y 4/4) when moist; com-
mon, medium, faint, gray mottles; massive, crushing
to single grain; hard when dry, friable when moist,
nonsticky and nonplastic when wet; noncalcareous.

The A horizon ranges from dark gray or very dark gray
to very dark brown in color and from 6 to 16 inches in thick-
ness. It is dominantly silt loam, but it is very fine sandy loam
in places. Thickness of the Cca horizon ranges from 8 to 22
inches. The C3 and C4 horizons are dominantly very fine sandy
loam, but in places they contain thin layers that range from
fine sandy loam to silty clay. Where these soils are on levees
along streams, the profile commonly contains a buried A hori-
zon. In places the entire profile is nonsaline, but salinity ranges
to moderate in some areas.

The Glyndon soils have less clay throughout their profile
than the Bearden and Colvin soils. They are less well drained
than the Gardena soils, and they lack the B horizon that is
typical of the Gardena soils. The Glyndon soils are better
drained than the Borup soils with which they are associated.

Glyndon silt loam, level (0 to 3 percent slopes) (GIA).—
This soil has formed in lacustrine sediment in areas where
the difference in elevation between the highest and the
lowest, points on the landscape is less than 18 inches. The
profile is the one described as representative of the series.

Included with this soil in mapping were areas of poorly
drained Borup silt loam and of Perella silt loam in depres-
sions. Together these two included soils make up from 15
to 25 percent of the acreage in this mapping unit.

This Glyndon soil is suited to the field crops, hay crops,
and pasture plants commonly grown in the county. It is
mainly limited in use for crops by its moderate to high
susceptibility to soil blowing. During wet periods, how-
ever, slow surface drainage also interferes with field opera-
tions. Drainage has been improved in many areas by in-
stallin)g field %rains. (Capability unit ITe-4L; windbreak
site 1

Glyndon silt loam, gently sloping (3 to 5 percent
slopes) (GIB).—This soil is on low glacial lake beaches and
on the side slopes of natural drainageways that cross the
glacial lake plain. It has formed in lacustrine sediment.

This soil 1s suited to the commonly grown field crops,
hay crops, and pasture plants. The major limitations to
its use for crops are its susceptibility to soil blowing and
water erosion. Water erosion is difficult to control on the
steeper and longer slopes, and on the side slopes of drain-
ageways. (Capability unit ITe-4L; windbreak site 1)

Glyndon silt loam, moderately saline (0 to 3 percent
slopes) (Gm).—This soil is on a part of the glacial lake
plain where there are many low ridges and shallow de-
pressions. The difference in elevation between the highest
and the lowest points on the landscape is generally less
than 2 feet. The profile of this soil is similar to the one de-
scribed as representative of the series, except that the soil
material is moderately saline. Numerous crystals of salt
are scattered throughout the soil profile.

Included with this soil in mapping were areas of a non-
saline Glyndon silt loam and of a Borup silt loam. The
nonsaline Glyndon soil makes up from 10 to 15 percent
of the acreage in this mapping unit, and the Borup soil
makes up from 0 to 5 percent.

The chief limitations to use of this moderately saline
Glyndon soil for crops are the somewhat restricted drain-
age, moderate salinity, and moderate to high susceptibility
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to soil blowing. Most of the acreage is cultivated, but all
the crops are adversely affected by the salts in the root
zone, (Capability unit II1Iws—4; windbreak site 9)

Grano Series

The Grano series consists of deep, poorly drained and
very poorly drained soils that have formed in lacustrine
sediment. These soils are nearly level and are on a part of
the glacial lake plain characterized by low ridges and by
intervening depressions. Differences 1n elevation between
the highest and the lowest points on the landscape are
slight. The native vegetation was mainly tall prairie
grasses and wetland grasses.

In a typical profile, the surface layer is about 12 inches
thick and consists of black, slightly calcareous silty clay
in the upper part and of dark-gray, strongly calcareous
silty clay in the lower part. Just beneath the surface layer
is a layer of mottled silty clay that is about 24 inches thick
and contains a large amount of lime. This layer is light-
gray, very strongly calcareous silty clay in the upper part
and is light olive-gray, strongly calcareous silty clay in the
lower part. The next layer is light olive-gray, mottled
silty clay about 14 inches thick. This layer is underlain
by light-gray, mottled silty clay that extends to a depth of
60 inches or more.

Permeability is moderately slow in the surface layer
and in the layer that contains a large amount of lime, and
it is slow below these layers. The available water capacity
is high. A seasonal high water table is at the surface or
is within 3 feet of the surface during wet periods.

Typical profile of a Grano silty clay in a cultivated field
{0.8 mile east and 135 feet south of the northwest corner
of sec. 29, T. 158 N., R. 51 W.) :

Ap—0 to 7 inches, black (10YR 2/1) silty clay, black (10YR
2/1) when moist ; cloddy, breaking to strong, very fine,
angular blocky structure; very hard when dry, firm
when moist, very sticky and very plastic when wet;
slightly calcareous; abrupt, smooth boundary.

Alea—T7 to 12 inches, dark-gray (5Y 4/1) silty clay, very dark
gray (5Y 3/1) when moist; a few, fine, faint. brown
mottles; strong, very fine, angular blocky structure;
very hard when dry, firm when moist, very sticky and
very plastic when wet; strongly calcareous; clear, ir-
regular boundary ; tongues of material from this hori-
zon extend downward to a depth of 24 inches.

Clgea—I12 to 24 inches, light-gray (5Y 7/2) silty clay, olive
gray (5Y 5/2) when moist; many, fine, distinet, brown
and gray mottles; moderate, fine and very fine, angu-
lar blocky structure; slightly hard when dry, firm
when moist, very sticky and very plastic when wet;
very strongly calcareous; gradual, wavy boundary.

C2gea—24 to 36 inches, light olive-gray (5Y 6/2) silty clay,
olive (5Y 4/3) when moist; many, fine, distinet, dark-
gray and yellowish-brown mottles; moderate, fine, an-
gular blocky structure; slightly hard when dry, firm
when moist, very sticky and very plastic when wet;
strongly calcareous; gradual boundary.

(C3g—36 to 50 inches, light olive-gray (5Y 6/2) silty clay, olive
(5Y 4/3) when moist; many, medium, distinct, gray
mottles and many, fine, distinct, light olive-brown mot-
tles; strong, fine, angular blocky structure; very hard
when dry, very firm when moist, very sticky and very
plastic when wet; slightly calecareous; contains a few
nodules of manganese and lime; graduvual boundary.

C4g—50 to 60 inches, light-gray (5Y 7/2) silty clay, olive (5Y
5/3) and gray (5Y 5/1) when moist; many, fine, dis-
tinet, yellowish-brown mottles; strong, very fine, angu-
lar blocky structure; very hard when dry, very firm
when moist, very sticky and very plastic when wet;
slightly caleareous.

The A horizon is slightly calcareous to strongly calcareous,
and it ranges from 6 to 16 inches in thickness. Where drainage
is poorest, some areas of this soil are more clayey than normal
for Grano soils in this county, The Cg horizons consist of
varved, clayey lacustrine material that has been changed but
little by weathering or by the other processes of soil develop-
gxe;fl;%tDepth to this varved clayey material ranges from 3 to

The Grano soils are more poorly drained than the Hegne
soils, and they are more calcareous than the Fargo soils. The
Grano soils are finer textured than the Colvin soils.

Grano silty clay, very wet (0to 1 percent slopes) (Gr).—
This soil is in depressions where the water table is high,
and where water from runoff ponds on the surface. The
profile is similar to the one described as representative of
the series, except that the layer in which lime has accumu-
lated is at a greater depth and mottling occurs higher in
the profile.

Because of its very poor drainage, this soil has remained
in native vegetation. (Capability unit Vw—WL; drained
areas of this soil are in windbreak site 2, and undrained
areas are in windbreak site 10)

Grano-Hegne silty clays (0 to 1 percent slopes) (Gs).—
About 65 percent of this mapping unit is Grano silty
clay, and about 35 percent is Hegne silty clay. These soils
are on glacial lake plains that are characterized by low
ridges and by depressions that are between the ridges. Dif-
ferences in elevation between the highest and the lowest
points on the landscape are slight. The Grano soil is in the
depressions, and the Hegne soil is on the low ridges. The
Grano soil has the profile described as representative of
the Grano series. The Hegne soil has a profile similar to
the one described as typical of the Hegne series, except
that the surface layer is thinner.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The chief
limitation to use of these soils for crops is their poor drain-
age, but the soils are also moderately to highly susceptible
to soil blowing if they are cultivated. Where outlets are
available, drainage is improved by installing field drains.
(Capability unit IIwe—4; the Grano soil is in windbreak
site 2, and the Hegne soil is in windbreak site 1)

Hamar Series

The Hamar series consists of deep, somewhat poorly
drained and poorly drained soils that have formed in de-
pressions on glacial outwash plains. The native vegeta-
tion was tall prairie grasses.

In a typical profile, the surface layer is very dark gray-
ish-brown loamy sand about 16 inches thick. The subsoil
is about 12 inches thick, and it consists of loamy sand that
is dark grayish brown in the upper part and is grayish
brown in the lower part. The substratum is mottled me-
dium sand that is pale yellow in the upper part and is light
olive gray in the lower part. The substratum extends to a
depth of 60 inches or more.

Permeability is moderate or moderately rapid through-
out the profile. The available water capacity is moderate
in the surface layer, and it is low in the material below
the surface layer. The average available water capacity is
low. A seasonal high water table rises to the surface or is
within 3 feet of the surface during wet periods.
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Typical profile of a Hamar loamy sand (80 feet west
and 80 feet south of the northeast corner of the NW14 of
sec. 20, T. 15T N, R. 55 W.) :

Al11—0 to 8 inches, very dark grayish-brown (10YR 3/2)
loamy sand, black (10YR 2/1) when moist; weak,
medium, subangular blocky structure; very friable
when moist; abrupt boundary.

Al12-8 to 16 inches, very dark grayish-brown (10YR 3/2)
loamy sand, black (10YR 2/1) when moist; weak,
coarse, subangular blocky structure breaking easily
to weak, fine, crumb structure; very friable when
moist ; clear boundary.

B2—16 to 22 inches, dark grayish-brown (10YR 4/2) loamy
sand, very dark grayish brown (10YR 3/2) when
moist; single grain; loose when dry or moist; clear
boundary.

B3—22 to 28 inches, grayish-brown (2.5Y 5/2) loamy sand,
very dark grayish brown (2.5Y 3/2) when moist;
single grain; loose when dry or moist; contains a
few nodules of manganese; clear boundary.

(C1—28 to 86 inches, pale-yellow (2.5Y 7/4) medium sand, light
olive brown (2.5Y 5/4) when moist; common, me-
dium, distinct, dark yellowish-brown mottles; com-
mon, medium, distinet, yellowish-brown mottles when
moist ; single grain ; loose when dry or moist; contains
common nodules of manganese.

C2g—36 to 60 inches, light olive-gray (5Y 6/2) medium sand,
olive gray (5Y 5/2) when moist; common, coarse,
prominent, black mottles; single grain; contains a
few nodules of manganese.

Texture of the A and B horizons ranges from loamy sand
to sandy loam. In most places the A and B horizons are non-
calcareous throughout, but in places the profile includes a
layer that contains a large amount of lime. This layer is below
the B horizon.

The Hamar soils are more poorly drained than the Hecla
so0ils. Unlike the Ulen soils, they have a B horizon.

Hamar and Ulen loamy sands (0 to 3 percent slopes)
{(Ha).—Soils of this mapping unit are on glacial outwash

lains, They occur in such complex patterns that it was
impractical to map them separately. About 65 percent of
the acreage is Hamar loamy sand, and 35 percent is Ulen
loamy sand. The Hamar soil is in concave areas, and the
Ulen soil occupies convex slopes at a slightly higher eleva-
tion than the Hamar soil. The Hamar soil has the profile
described as representative of the Hamar series. The Ulen
soil has a profile similar to the one described as representa-
tive of the Ulen series, except that the surface layer is
thicker and is loamy sand.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The chief
limitations to use of these soils for crops are their very
high susceptibility to soil blowing and their restricted
drainage. (Capability unit ITVe-2; the Hamar soil is in
windbreak site 2, and the Ulen soil is in windbreak site 1)

Hamar and Ulen sandy loams (0 to 3 percent slopes)
(Hd).—About 55 percent of the acreage of this mapping
unit is Hamar sandy loam, and about 45 percent is Ulen
sandy loam. These soils are on glacial outwash plains. The
Hamar soil is in depressions, and it is more poorly drained
than the Ulen. The Ulen soil is on convex slopes at a
slightly higher elevation than the Hamar soil. The profiles
of these soils are similar to the ones described as repre-
sentative of their respective series, except that the Hamar
soil has a surface layer of sandy loam.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The chief

limitations to use of these soils for crops are their restricted
drainage and their very high susceptibility to soil blowing.
(Capability unit ITTwe-3; the Hamar soil is in wind-
break site 2, and the Ulen soil is in windbreak site 1)

Hamerly Series

The Hamerly series consists of deep, calcareous, moder-
ately well drained and somewhat poorly drained soils that
have formed in calcareous loam glacial till. These soils
occupy short slopes on glacial till plains where potholes
are a part of the landscape. The native vegetation was
medium and tall prairie grasses.

In a typical profile, the surface layer is about 14 inches
thick and consists of very dark gray, slightly calcareous
loam in the upper part and of grayish-brown, strongly
calcareous heavy loam in the lower part. Just beneath the
surface layer is a layer of pale-yellow clay loam that is
about 17 inches thick and contains a large amount of lime.
This layer is very strongly calcareous in the upper part
and is strongly calcareous in the lower part. The next layer
is pale-olive, calcareous clay loam glacial till that extends
to a depth of 60 inches or more.

Permeability is moderate in the surface layer and in
the layer that contains a large amount of lime, and it is
slow below those layers. The available water capacity is
high. A seasonal high water table rises to within 2 to 5
feet of the soil surface during wet periods.

Typical profile of a Hamerly loam in a cultivated field
(890 feet east and 55 feet south of the northwest corner of
sec. 4, T. 156 N., R. 58 W.):

Ap—O0 to 7 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; cloddy, breaking to weak,
very fine, crumb structure; slightly hard when dry,
friable when moist, slightly sticky and plastic when
wet; slightly calecareous; abrupt, smooth boundary.

Alca—T to 14 inches, grayish-brown (10YR 5/2) heavy loam,
black (10YR 2/1) when moist; weak, very coarse,
angular blocky structure breaking to moderate,
medium and fine, angular blocky structure; slightly
hard when dry, friable when moist, sticky and plastic
when wet ; strongly calcareous; clear, wavy boundary.

Clca—14 to 25 inches, pale-yellow (2.5Y 8/4) clay loam, light
olive brown (2.5Y 5/4) when moist; weak, coarse,
prismatic structure breaking to moderate, fine and
very fine, subangular blocky structure; slightly hard
when dry, friable when moist, sticky and plastic when
wet; very strongly calcareous; about 2 percent of
horizon is shale pebbles larger than 2 millimeters in
diameter; clear, wavy boundary.

C2ca—25 to 31 inches, pale-yellow (5Y 7/3) clay loam, olive
(5Y 5/4) when moist; moderate, medium, subangular
blocky structure; hard when dry, friable when moist,
sticky and plastic when wet; strongly calcareous;
clear, wavy boundary.

(3cs—31 to 46 inches, pale-olive (5Y 6/3) clay loam glacial
till, olive (5Y 5/4) when moist; moderate, medium,
subangular blocky structure breaking to weak, very
fine, angular blocky structure; hard when dry, firm
when moist, sticky and plastic when wet ; caleareous;
common gypsum crystals; gradual, wavy boundary.

C4-—46 to 60 inches, pale-olive (5Y 6/3) light clay loam, olive
(5Y 5/3) when moist; common, medium, distinet,
gray and brown mottles; weak, very fine, angular
blocky structure; hard when dry, firm when moist,
sticky and very plastic when wet; calcareous; about
5 percent of horizon is shale pebbles larger than 2
millimeters in diameter.

The A horizon is clay loam in some places, and it ranges
from black or very dark gray to grayish brown in color and
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from 7 to 14 inches in thickness. Where the A horizon is
grayish brown, it is more calcareous than where it has a darker
color. Where these soils are on convex slopes or on side slopes
adjacent to potholes, they are moderately eroded and the A
horizon is thinner than in other places. Below the layer that
contains a large amount of lime, the C horizons range from
pale olive to light olive brown in color and from clay loam to
loam in texture. In places the profile lacks a layer that is high
in content of gypsum, but the layers below the Cca horizons
generally contain some gypsum and are mottled to some ex-
tent. From 1 to 10 percent of the entire soil profile consists of
pebbles, cobblestones, and other stones.

The Hamerly soils have a more calcareous A horizon than
the Barnes, Svea, Cresbard, and Cavour soils, and they lack
the B horizon that is typical in the profile of those soils. They
are better drained than the Vallers soils.

Hamerly-Cresbard loams (0 to 3 percent slopes) (He).—
Soils of this mapping unit are in swales, in areas along
intermittent drainageways, or adjacent to potholes on the
glacial till plain. About 55 percent of the acreage is
Hamerly loam, 85 percent is Cresbard loam, and 10 per-
cent is Vallers and other soils. The soils occur in such com-
plex patterns that it was impractical to map them
separately.

Included with these soils in mapping were many small
areas of Vallers soils, and a few small areas of Cavour,
Svea, and Tonka soils.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage 1s cultivated. The chief limitation to use of
these soils for crops is the claypan that restricts the growth
of roots in the subsoil of the Cresbard soil. In addition,
the Hamerly soil is moderately to highly susceptible to
soil blowing. (Capability unit ITIs-P; the Hamerly soil
is in windbreak site 1, and the Cresbard soil is in wind-
break site 4)

Hamerly-Svea loams, nearly level (0 to 3 percent
slopes) (HgAl.—About 50 percent of this mapping unit is
Hamerly loam, 85 percent is Svea loam, and 15 Fercent
is other soils. These soils are on uplands underlain by
glacial till. The slopes are short, and most of them have
a gradient of about 2 percent. Difference in elevation be-
tween the highest and the lowest places on the landscape
is only 8 to 9 feet. The areas contain numerous potholes
in which water frequently ponds. The Hamerly soil is on
slightly convex rises and knolls, and it also is on side slopes
adjacent to depressions. The Svea soil is in concave areas.
The Hamerly soil has the profile described as representa-
tive for the Hamerly series.

Included with these soils in mapping were small areas
of Parnell, Tonka, Cresbard, and Cavour soils, and small
areas of poorly drained Vallers soils. The Parnell and
Tonka soils have water ponded on their surface during
wet periods. The Cresbard and Cavour soils contain a
claypan.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage is cultivated. The chief limitation to use
of these soils for crops is their moderate to high suscep-
tibility to soil blowing. In addition, the many depressions
in some areas interfere with fieldwork. In some places
where outlets are available, ditches are used to drain water
from the depressions. (Capability unit ITe4L; wind-
break site 1)

Hamerly-Svea loams, gently undulating (3 to 5 per-
cent slopes) (HgB).—Soils of this mapping unit are on
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glacial till uplands. The areas contain numerous small pot-
holes in which water is frequently ponded. Slopes are
short, and the difference in elevation between the highest
and the lowest places on the landscape is only 10 to 15
feet. About 45 percent of this mapping unit is Hamerly
loam, 35 percent is Svea loam, and 20 percent is other
soils. The Hamerly soil is on convex ridges and knolls,
and the Svea soil is in concave lower areas.

Included with these soils in mapping were small areas
of poorly drained Vallers and well-drained Barnes soils.
Also included were small areas of Parnell, Tonka, Cres-
bard, and Cavour soils. Water frequently ponds on the
surface of the Parnell and Tonka soils, and a claypan re-
stricts the growth of roots in the subsoil of the Cresbard
and Cavour soils.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage is cultivated. The chief limitation to use of
these soils for crops is their moderate to high susceptibility
to soil blowing. Water erosion is also a hazard on the
steeper, longer slopes, and some areas are eroded, espe-
cially where these soils are on knolls. In addition, the many
depressions interfere with fieldwork in some places. In
some areas where outlets are available, ditches have been
installed to drain water from the depressions. (Capability
unit ITe—-4L; windbreak site 1)

Hattie Series

The Hattie series consists of deep, calcareous soils that
are well drained and moderately well drained. These soils
have formed in calcareous lacustrine sediment that is domi-
nantly fine textured. They occupy side slopes along streams,
the sides of valleys that dissect the glacial lake plain, and
side slopes of the basin of Lake Ardoch and the basins of
other salt lakes. The native vegetation consists of medium
and tall prairie grasses and scattered shrubs.

In a typical profile, the surface layer is about 5 inches
thick and is very dark gray silty clay. Tongues of material
from the surface layer extend downward into the layer
below. The layer just below the surface layer is about 15
inches thick, it contains a large amount of lime and con-
sists of light brownish-gray, strongly calcareous silky clay.
The next layer is stratified, calcareous silty clay and clay
that contain thin layers of silt. It is grayish brown in the
upper part and is light brownish gray in the lower part
and it extends to a depth of 60 inches or more.

In the surface layer and in the layer that contains a large
amount of lime, permeability is moderately slow and the
available water capacity is very high. In the layers below
the one that contains a large amount of lime, permeability
is slow and the available water capacity is high, The aver-
age available water capacity is high. These soils have a
very deep water table.

Typical profile of Hattie silty clay, lacustrine, in a culti-
vated field (0.3 mile west and 100 feet south of the north-
east corner of sec. 1, T. 157 N.,, R. 52 W.) :

Ap—0 to 5 inches, very dark gray (10YR 3/1) silty clay, black
(10YR 2/1) when moist ; cloddy, breaking to moderate,
fine, granular structure; hard when dry, firm when
moist, very sticky and very plastic when wet ; slightly
caleareous ; abrupt, wavy boundary.

Clca—>5 to 20 inches, light brownish-gray (2.5Y 6/2) silty clay,
dark grayish brown (2.5Y 4/2) when moist; few, fine,
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faint, brown and gray mottles; moderate, very fine,
angular blocky structure; hard when dry, firm when
moist, very sticky and very plastic when wet ; strongly
caleareous; contains a few fine nodules of lime;
abrupt, smooth boundary.

C2—20 to 36 inches, grayish-brown (2.5Y 5/2), stratified silty
clay and silt, very dark grayish brown (2.5Y 3/2) when
moist; common, medium, prominent, brown and gray
mottles; strong, fine and very fine, angular blocky
structure ; hard when dry, firm when moist, very sticky
and very plastic when wet ; calcareous; contains com-
mon nodules of lime 2 to 10 millimeters in diameter;
clear boundary.

C3ges—36 to 60 inches, light brownish-gray (2.5Y 6/2), strati-
fied clay and silt, dark grayish brown (2.5Y 4/2) when
moist; common, fine, prominent, brown and gray
mottles; strong, medium, angular blocky structure;
hard when dry, very firm when moist, very sticky and
very plastic when wet; calecareous; contains a few
nodules of lime and segregated gypsum in nodules and
masses.

The A horizon ranges from 4 to 12 inches in thickness. It is
thickest where these soils are in concave areas at the base of
slopes. The A horizon is noncalcareous in areas under native
grass, but it is slightly caleareous or moderately calcareous in
areas that are cultivated. Depth to stratified silty clay and clay
ranges from 18 to 24 inches.

The Hattie soils are steeper than the Bearden and Hegne
soils, and they lack the seasonal high water table that is typical
in areas of those soils.

Hattie silty clay, lacustrine (6 to 12 percent slopeg)
(Hh).—This is the only soil of the Hattie series mapped in
Walsh County. It has formed in fine-textured lacustrine
material on side slopes along the major streams that dis-
sect the lake plain. It is also on side slopes of the Lake
Ardoch basin and the basins of other salt lakes. Some areas
are eroded to the extent that material from the layer that
contains a large amount of lime is mixed with the remain-
ing surface layer each time the soil is plowed.

Included with this soil in mapping were areas of
Bearden silty clay loam and of Hegne silty clay that are
adjacent to this soil on the upper parts of slopes. These
included soils are deeper over a stratified, clayey sub-
stratum than typical for Hattie soils.

The chief limitation to use of this Hattie soil for crops
is its moderate to high susceptibility to soil blowing and
water erosion. About 60 percent of the acreage is suited to
the field crops, hay crops, and pasture plants commonly
grown in the county, and that acreage is cultivated. Areas
of this soil adjacent to Lake Ardoch are in native grass.
(Capability unit IVe—4; windbreak site 8)

Hecla Series

The Hecla series consists of deep, moderately well
drained soils that are coarse textured and moderately
coarse textured. These soils are on beach lines, in inter-
beach areas, and on glacial outwash plains, where wind
has reworked the soil material in some places. The native
vegetation was tall prairie grasses.

In a typical profile, the surface layer is about 32 inches
thick and consists of loamy sand that is very dark gray in
the upper part, very dark grayish brown in the middle
part, and dark grayish brown in the lower part. Just be-
low the surface layer is a layer of light yellowish-brown
sand about 23 inches thick. Underlying this layer is mot-
tled, pale-olive clay loam glacial till that extends to a depth
of 60 inches or more.

SOIL SURVEY

These soils have moderately rapid permeability above
the glacial till, but they have slow permeability in the till.
The available water capacity is moderate to low. The water
table is within 4 to 5 feet of the soil surface during wet
periods.

Typical profile of Hecla loamy sand, nearly level (680
feet east and 170 feet south of the northwest corner of sec.
33, T.155 N., R.55 W.) :

A11—0 to 17 inches, very dark gray (10YR 8/1) loamy sand,
black (10YR 2/1) when moist; weak, fine, erumb
structure ; soft when dry, friable when moist; grad-
ual boundary.

A12—17 to 24 inches, very dark grayish-brown (2.5Y 3/2)
loamy sand, very dark brown (10YR 2/2) when
moist; weak, fine, crumb structure; soft when dry,
very friable when moist; gradual boundary.

Al13—24 to 32 inches, dark grayish-brown (2.5Y 4/2) loamy
sand, very dark grayish brown (10YR 8/2) when
moist ; single grain ; soft when dry, very friable when
moist ; clear boundary.

C1—32 to 55 inches, light yellowish-brown (2.5Y 6/4) sand,
dark yellowish brown (10YR 4/4) when moist; single
grain; soft when dry, loose when moist; contains a
few pebbles.

IIC2—55 to 60 inches, pale-olive (5Y 6/3) clay loam glacial
till, olive (5Y 4/3) when moist; common, medium,
prominent, yellowish-brown (10YR 5/8) mottles; mas-
sive; firm when moist, sticky and plastic when wet;
containg a few nodules of lime; very strongly cal-
careous.

The A horizon ranges from loamy sand to light sandy loam
in texture. Where the texture is sandy loam, the A horizon is
generally thinner than where it is coarser textured. In a few
places, a weakly defined B horizon is immediately below the A
horizon. Color of the Cl horizon ranges from light yellowish
brown to grayish brown, and in some places the profile has
distinct brownish and grayish mottles in the lower part of the
Cl1 horizon. Texture of the C1 horizon is generally sand or
loamy sand. It is coarse sand in a few places, however, and in
some areas finer textured material is below a depth of 50 inches.
The profile is normally noncalcareous throughout, but it is
slightly caleareous in some places.

The Hecla soils are less well drained than the Maddock
soils, and they have a thicker A horizon than the Maddock soils.
They contain more sand than the Embden soils, and they lack
the well-defined B horizon that is typical in the Embden profile.
The Hecla soils lack a Ceca horizon immediately below the A
horizon that is typical of the Ulen and Arveson soils. They are
better drained than the Arveson, Fossum, and Hamar soils.

Hecla loamy sand, nearly level (0 to 3 percent slopes)
{HIA).—This soil is in interbeach areas and on glacial out-

wash plains. It has the profile described as representative
of the series.

Included with this soil in mapping were small areas of
Maddock loamy sand and areas of moderately eroded
Hecla soils that have a thinner surface layer than typical
for this soil.

This nearly level Hecla soil is suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The chief
limitations to use of this soil for crops are its very high sus-
ceptibility to soil blowing, and droughtiness as a result of
the moderate to low available water capacity. Where soil
blowing has been extensive, drifts of soil material are
common along fence lines and along the boundaries of
fields. (Capability unit IVe-2; windbreak site 1)

Hecla loamy sand, gently undulating (3 to 12 percent
slopes) (HIB).—This soil is on beach lines, along terrace
fronts, and in entrenched coulees. Its profile is similar to
the one described as representative of the series. The sur-
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face layer is thinner, however, although it is generally
thicker on the lower parts of the slopes than on the upper
parts.

Included with this soil in mapping were areas of moder-
ately eroded Hecla soils, small areas of Maddock loamy
sand, and small areas of Hamar and Fossum soils.

The chief limitations to use of this Hecla soil for crops
are its very high susceptibility to soil blowing and its
droughtiness as a result of the moderate to low available
water capacity. Where this soil is cultivated, however, it is
suited to the commonly grown field crops, hay crops, and
pasture plants. (Capability unit IVe-2; windbreak site 1)

Hegne Series

The Hegne series consists of deep, poorly drained soils
that contain a large amount of lime. These soils are on
lacial lake plains, where they have formed in fine-textured
acustrine sediment. The native vegetation was mostly
tall prairie grasses, but the saline Hegne soils have formed
under mixed tall prairie grasses and salt-tolerant grasses.
The strongly saline and alkali Hegne soils have formed
under salt-tolerant grasses.

In a typical profile, the surface layer is about 14 inches
thick and consists of very dark gray silty clay that is slight-
ly calcareous in the upper part and is strongly calcareous
in the lower part. Just beneath the surface layer is a layer,
about 17 inches thick, that is strongly calcareous and con-
tains a large amount of lime. This layer is gray silty clay
loam in the upper part and is pale-yellow silty clay in the
lower part. The next layer consists of calcareous, mottled
lacustrine sediment that is light olive-gray clay in the
upper part and is pale-yellow clay in the lower part. This
layer extends to a depth of 60 inches or more.

Permeability is moderate in the surface layer, and it is
moderately slow or slow in the underlying layers. The
available water capacity is very high. A seasonal high
water table is within 3 to 5 feet of the surface during wet
periods.

Typical profile of a Hegne silty clay in a cultivated field
(250 feet north and 560 feet east of the southwest corner
of the NW1, of sec. 31, T. 157 N, R. 51 W.) :

Ap—O0 to 6 inches, very dark gray (10YR 3/1) silty clay, black
(10YR 2/1) when moist; moderate, medium and very
fine, subangular blocky structure; very hard when
dry, firm when moist, sticky and very plastic when
wet; slightly calecareous; abrupt, smooth boundary.

Aleca—=6 to 14 inches, very dark gray (10YR 3/1) silty clay,
black (10YR 2/1) when moist; moderate, medium
and fine, subangular blocky structure ; hard when dry,
firm when moist, sticky and very plastic when wet;
strongly calcareous; abrupt, irregular boundary ; nar-
row tongues of soil material from this horizon extend
downward to a depth of 25 inches.

C'lca—14 to 18 inches, gray (N 5/0) silty clay loam, dark gray-
ish brown (2.5Y 4/2) when moist; moderate, fine,
subangular blocky structure; hard when dry, friable
when moist, sticky and plastic when wet; strongly
calcareous; clear, broken boundary.

C2ca—18 to 31 inches, pale-yellow (5Y 7/8) silty clay, light
olive brown (2.5Y 5/4) when moist; moderate, fine,
subangular blocky structure ; very hard when dry, firm
when moist, sticky and very plastic when wet ; strongly
calcareous; gradual, wavy boundary.

C3—31 to 41 inches, light olive-gray (5Y 6/2) clay, light olive
brown (2.5Y 5/4) when moist; a few, fine, faint, gray
and brown mottles; strong, fine, angular blocky struc-
ture; very hard when dry, firm when moist, very
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sticky and very plastic when wet; calcareous; many
fine root channels; abrupt, wavy boundary.

C4—41 to 60 inches, pale-yellow (5Y 7/8) clay, olive (5Y 4/3)
when moist ; a few, fine, prominent, brown (7.5YR 4/4)
mottles; no developed structure, but contains hori-
zontal strata of lacustrine clay 2 to 10 millimeters
thick; very hard when dry, firm when moist, very
sticky and very plastic when wet ; slightly calcareous;
a few gypsum crystals and nodules of manganese; a
few fine root channels.

The A horizon ranges from 9 to 15 inches in thickness, and
it is dark gray in places. In some small areas, the A horizon
is clay or silty clay loam. The Cca horizons range from gray
or pale yellow to light olive brown or dark grayish brown in
color and from 10 to 21 inches in combined thickness. In a few
places, the C horizon below the layer of limy material contains
thin layers of silty clay loam. Salinity throughout the profile
ranges from none to moderate.

The Hegne soils have more clay throughout their profile than
the Bearden soils. They are better drained than the Grano
soils, and they have a Cca horizon closer to the surface than
that of the Fargo soils.

Hegne-Fargo silty clays, nearly level (0 to 3 percent
slopes) (HmA).—About 55 percent of this mapping unit is
Hegne silty clay, 85 percent is Fargo silty clay, and 10 per-
cent is other soils. The soils are on a glacial lake plain
where low ridges, nearly level areas, and shallow depres-
sions form irregular patterns. The Hegne soil is on the
ridges, and the Fargo soil is in the nearly level areas and
in some depressions. The Hegne soil has the profile de-
scribed as representative of the Hegne series.

Included with these soils in mapping were a few mod-
erately saline areas and areas of Grano silty clay in small
depressions. Also included were small areas of soils that
are in depressions and that have a silt loam subsurface
layer 2 to 18 inches thick, have a clay subsoil, and lack
the high content of lime typical of the Hegne soils.

Soils of this mapping unit are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage is cultivated. The chief limitation to use of
the soils for crops is their poor natural drainage, but the
soils are also moderately to highly susceptible to soil blow-
ing if they are cultivated. In some places where outlets are
available, drainage has been improved by constructin
field drains. (Capability unit ITwe-4; windbreak site 1%

Hegne-Fargo silty clays, gently sloping (3 to 5 per-
cent slopes) (HmB).—About 60 percent of this mapping unit
is Hegne silty clay, and 40 percent is Fargo silty clay.
Profiles of these soils are similar to those described as
representative of their respective series, except that the
surface layer is thinner and lighter colored.

Soils of this mapping unit are suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. The soils are
moderately to highly susceptible to soil blowing, however,
and water erosion is a hazard in some areas during spring
runoff or during rainstorms of high intensity. (Capability
unit ITe—4; windbreak site 1)

Hegne silty clay, saline (0 to 3 percent slopes) {Hn).—
This soil is on glacial lake plains. It is mostly nearly level
or very gently undulating. The profile is similar to the one
described as representative of the series, except that it is
moderately saline. When this soil is dry, salt crystals are
visible throughout the surface layer. The severity of the
salinity varies greatly within short distances. The highest
lying areas of this soil are more strongly saline than those
at }llower elevations. Local relief differs by only a few
inches.
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Included with this soil in mapping were areas of Grano
and Fargo soils in shallow depressions, and small areas of
nonsaline Hegne silty clay. Also included were small areas
of nonsaline soils that lack the high content of lime typical
of Hegne soils and that have a surface layer of silty clay, a
subsurface layer of silt loam that is 2 to 13 inches thick, and
a subsoil of clay.

The chief limitations to use of this Hegne soil for crops
are its salinity, poor natural drainage, and moderate to
high susceptibility to soil blowing. Part of the acreage
isused for cultivated crops, and part is in hay and pasture.
The cultivated crops are adversely affected by the salts in
this soil. The degree to which they are affected depends on
the amount of moisture received during the growing season
and on the salinity of the particular area. (aapability unit
IIIws—4; windbreak site 9)

Hegne silty clay, strongly saline-alkali (0 to 1 percent
slopes) {Hs).—This soil is on glacial lake plains associated
with North Salt Lake. It is in an area where the water
table is high much of the time. The profile is similar to the
one described as representative of the series, except that
it is strongly saline and alkali. Few crystals of salt are
visible in the surface layer, but the exchangeable sodium
content of the surface layer is as high as 15 to 20 percent in
some places. When this soil is dry, flakes of organic matter
that have come out of the soil as a dispersed gel are on
the surface. Cultivated areas contain slickspots or gumbo
spots where the surface soil is dispersed. In areas under
grass, the plants in some areas are short and the stand is
thin.

Included with this soil in mappin% were small areas of
Fargo silty clay in a few shallow depressions. Also in-
cluded in these depressions were small areas of soils that
are nonsaline, that lack the high content of lime typical of
the Hegne soils, and that have a surface layer of silty
clay, a subsurface layer of silt loam 2 to 13 inches thick,
and a subsoil of clay.

The chief limitations to use of this Hegne soil for crops
are its strong salinity and poor natural drainage. Nearly
all of the acreage is in native grass or pasture. (Capability
unit VIs-SS; windbreak site 10)

Kloten Series

The Kloten series consists of well-drained soils that have
formed in shallow deposits of glacial till over shale. These
soils are on the side slopes of river valleys. The native
vegetation was short, medium, and tall prairie grasses.

In a typical profile, the surface layer is very dark gray
loam about 5 inches thick. In wooded areas it is covered
by a thin layer of leaf litter and plant residue. Just beneath
the surface layer is a layer of gray clay loam glacial till
about 8 inches thick. The till is underlain by gray, bedded
shale that is partly weathered in the uppermost 17 inches.
Figure 8 shows a road ditch where a profile of a Kloten
soil is exposed.

Kloten soils have moderate permeability in the surface
layer, moderately slow permeability between the surface
layer and the underlying shale, and very slow permeability
in the shale. They have high available water capacity above
the shale and very low available water capacity in the
shale. Because depth to shale is less than 20 inches, the total
available water capacity is very low. The water table is
very deep.

Typical profile of a Kloten loam (462 feet west and 660
feet north of the southeast corner of the SW14 of sec. 11,
T. 157N, R.5TW.) :

0O1—1 inch to 0, leaf litter and plant residue.

Al1—0 to 5 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; weak, fine and medium,
granular structure; loose when dry, very friable when
moist, plastic and slightly sticky when wet; abrupt
boundary.

C1—5 to 13 inches, gray (5Y 5/1) clay loam, very dark gray
(5Y 3/1) when moist; moderate, fine and medium,
granular structure ; loose when dry, very friable when
moist, sticky and very plastic when wet ; abrupt bound-

ary.

R1--13 to 30 inches, gray (5Y 5/1), partly weathered shale,
dark olive gray (5Y 3/2) when moist; coated with.
strong brown (7.5YR 5/6) ; platy because of the hori-
zontal cleavage of the shale.

R2—30 to 60 inches, very dark gray (5Y 3/1) shale, black (5Y
2/2) when moist; coated with strong brown (7.5YR
5/6) ; contains a few roots to a depth of 54 .inches;
a few pebble-sized nodules of lime are at depths be-
tween 44 and 47 inches.

Texture of the A horizon ranges from loam or shaly loam to
clay loam. In places the C horizon is shaly loam. The content
of shale in the A and C horizons is variable. Depth to shale
bedrock ranges from 13 to 20 inches. The shale is gray or very
dark gray.

The Kloten soils are shallower over bedrock than the Hdgeley
and Buse soils. Unlike the Coe soils, they lack deposits of shaly
gravel in their substratum,

Kloten complex (9 to 30 percent slopes) (Kn).—This
mapping unit is dominantly Kloten loam, but it also con-
tains Buse and Edgeley soils, other soils, and outerops of
shale bedrock. About 40 percent of the mapping unit is
Kloten loam, 20 percent is Buse loam, 10 percent is Edge-
ley loam, another 10 percent is other soils, and 20 percent
1s rock outerops.

The Kloten soil is covered with trees, and it is on the
sides and most of the upper slopes of valleys. The Buse
soil is on the upper side slopes of valleys, where a thick
mantle of glacial till overlies shale bedrock. The Edgeley
soil occupies nearly level areas along the edges of the val-
leys. Most of the bare, exposed areas of weathered shale
are on south-facing and west-facing slopes.

Included with these soils in mapping were areas on nar-
row valley bottoms that consist of weathered shale
sloughed down from the upper slopes, of silty and clayey
alluvial material, and of many glacial boulders. This ma-
terial is moderately wet because of the high water table.

Soils of this mapping unit are used mainly for pasture.
The chief limitation to their use for crops is droughtiness
caused by the shallow root zone of the Kloten soil and by
the rapid runoff on the moderately steep and steep slopes.
(Capability unit VIs-Sw; windbreak site 10)

Lamoure Series

The Lamoure series consists of deep, poorly drained
soils that have formed in loamy alluvium that is 40 inches
or more thick. These soils are on bottom lands, on the flood
plains of streams, and in intermittent drainageways. The
native vegetation was wetland grasses and salt-tolerant
grasses.

In a typical profile, the surface layer is dark-gray silty
clay loam about 10 inches thick. Just below the surface
layer is calcareous, stratified, loamy alluvial material that
has brown mottles in most layers and extends to a depth
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of 40 inches or more. Typically, the uppermost layer of
this alluvial material is gray silty clay loam about, 8 inches
thick. The next layer, which is the surface layer of a buried
soil, is very dark gray silty clay loam about 5 inches thick.
Just beneath the buried horizon is a layer of gray, mottled
silty clay loam about 9 inches thick. Underlying this layer
is light-gray, mottled silty clay loam that extends to a
depth of 60 inches or more.

Permeability is moderately slow, and the available water
capacity is very high. A seasonal high water table rises
to within 2 to 5 feet of the soil surface during wet periods.

Typical profile of a Lamoure silty clay loam in a culti-
vated field (550 feet east and 100 feet south of the north-
east corner of NW1y, sec. 4, T. 155 N., R. 52 W.):

Ap—0 to 5 inches, dark-gray (5Y 4/1) silty clay loam, black
(10YR 2/1) when moist; moderate, fine, granular
structure; very hard when dry, firm when moist,
sticky and plastic when wet; slightly calcareous; con-
tains a few snalil shells; abrupt, smooth boundary.

Al—b to 10 inches, dark-gray (5Y 4/1) silty clay loam, black
(10YR 2/1) when moist; a few, fine, faint, brown
mottles ; moderate, medium and fine, subangular blocky
structure ; very hard when dry, firm when moist, sticky
and plastic when wet; slightly caleareous; contains a
few snail shells ; clear, wavy boundary.
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Figure 8,—A profile of Kloten loam exposed in a road ditch in the western part of Walsh County.

C1g—10 to 18 inches, gray (5Y 6/1) silty clay loam, very dark
gray (5Y 3/1) when moist; common, fine, prominent,
brown mottles; moderate, very fine, subangular blocky
structure ; very hard when dry, irm when moist, sticky
and plastic when wet; calcareous; abrupt boundary.

Al1b—18 to 23 inches, very dark gray (N 3/0) silty clay loam,
black (10YR 2/1) when moist; moderate, very fine,
subangular blocky structure; very hard when dry,
firm when moist, sticky and plastic when wet ; slightly
calcareous ; abrupt boundary,

C2g—23 to 32 inches, gray (56Y 5/1) silty clay loam, very dark
gray (5Y 3/1) when moist; common, fine, prominent,
brown mottles and common, fine, faint, brown and gray
mottles when moist; massive; hard when dry, firm
when moist, sticky and plastic when wet ; calcareous.

C3g—32 to 45 inches, light-gray (5Y 7/2) silty clay loam, olive
(6Y 5/8) when moist; common, fine, faint, brown
mottles and common, fine, faint, gray mottles when
moist; massive; hard when dry, firm when moist,
sticky and plastic when wet; calcareous; contains a
few spots of black manganese oxide.

Cdg—45 to 60 inches, light-gray (8Y 7/2) silty clay loam,; olive
(5Y 4/3) when moist; massive; hard when dry, firm
when moist, sticky and plastic when wet; caleareous;
contains a few spots of black manganese oxide.

Texture of the A horizon ranges from silt loam to silty elay
loam or loam. Texture ef the soil material below the A horizon
ranges from silty clay loam or clay loam to silt loam or loam.
Stratified sand and gravel underlie the finer textured material
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below a depth of 40 inches in some places. These soils are
calcareous throughout but they lack a strongly calcareous layer
where lime has accumulated. Salinity throughout the profile
ranges from none to moderate.

Lamoure soils, moderately saline (0 to 3 percent
slopes) (La).—These soils are on bottom lands along streams
and in intermittent drainageways. They are subject to
flooding in spring and after intense rainstorms. In most
places the floodwaters do not remain long, but water tends
to pond in areas dissected by oxbows and by abandoned
stream channels. These soils are moderately saline, con-
tain white salt crystals throughout, and have a surface
layer of silt loam in about 10 percent of the acreage.

Tncluded with these soils in mapping were small areas
of nonsaline Lamoure soils.

The chief limitations to use of these moderately saline
Lamoure soils for crops are their poor natural drainage,
moderate salinity, and moderate to high susceptibility to
soil blowing if they are cultivated. Most of the acreage is
in native grass. In cultivated areas all the crops are ad-
versely affected by salts in the root zone. (Capability unit
IITws—4; windbreak site 9)

Lankin Series

The Lankin series consists of deep, somewhat poorly
drained soils that have formed in lake sediment less than
86 inches thick and in clay loam glacial till. The native
vegetation was tall prairie grasses.

In a typical profile, the surface layer is very dark gray
loam about 7 inches thick. The subsoil is heavy loam, about
9 inches thick, that is dark gray in the upper part and is
gray in the lower part. Just below the subsoil is a layer of
mottled material, about 18 inches thick, where lime has
accumulated. This layer has developed in the upper part of
the glacial till, and it is clay loam in the upper part and is
light-gray loam in the lower part. The next layer is light
olive-gray, mottled clay loam glacial till that extends to a
depth of 60 inches or more.

Permeability is moderate in the surface layer and the
subsoil, which formed in lacustrine sediment, and it is mod-
erately slow in the glacial till substratum. The available
water capacity is high. A seasonal high water table is
within 2 to 5 feet of the soil surface during wet periods.

Typical profile of Lankin loam, level (985 feet east and
950 feet north of the southwest corner of sec. 8, T. 156 N.,
R.54W.):

Ap—O to 7 inches, very dark gray (10YR 2/1) loam, black
(10YR 2/1) when moist; cloddy; hard when dry,
firm when moist, slightly sticky and plastic when wet;
abrupt, smooth boundary.

B2—7 to 13 inches, dark-gray (10YR 4/1) heavy loam, very
dark brown (10YR 2/2) when moist; weak, medium,
prismatic structure; slightly hard when dry, friable
when moist, slightly sticky and plastic when wet;
clear, smooth boundary.

B3—18 to 16 inches, gray (10YR 5/1) heavy loam, very dark
grayish brown (10YR 3/2) when moist; weak, medi-
um, prismatic structure breaking to moderate,
medium, angular blocky structure; slightly hard
when dry, friable when moist, slightly sticky and
plastic when wet; some mixing of soil material by
earthworms; clear, smooth boundary.

IIC1ca—16 to 26 inches, white (10YR 8/1) clay loam, light yel-
lowish brown (2.5Y 6/4) when moist; common, fine,
faint, brown mottles; weak, medium, prismatic struc-
ture breaking to moderate, medium, angular blocky

structure ; slightly hard when dry, very friable when
moist, sticky and plastic when wet; very strongly
calcareous.

I1C2ca-—26 to 34 inches, light-gray (5Y 7/2) loam, light yel-
lowish brown (2.5Y 6/4) when moist; many, medium,
distinct, light olive-brown mottles; weak, fine, sub-
angular blocky and crumb structure; slightly hard
when dry, very friable when moist, slightly sticky
and plastic when wet; strongly calcareous.

IIC3—34 to 60 inches, light olive-gray (5Y 6/2) clay loam,
olive brown (2.5Y 4/4) when moist; many, medium,
prominent, olive-gray mottles and few, fine, distinct,
strong-brown mottles; massive; hard when dry, very
firm when moist, sticky and very plastic when wet;
slightly calcareous.

The A horizon ranges from loam to silt loam or clay loam
in texture and from 5 to 12 inches in thickness., The B horizon
ranges from very dark gray to gray in color and from 6 to 18
inches in thickness. In places the B horizon is sandy loam or
clay loam. Thickness of the layer of lacustrine sediment over
glacial till ranges from 12 to 36 inches. In some areas the
substratum contains layers of sandy loam that are believed
to be the result of wave action when the waters of Lake Agas-
siz were at their highest level. In places enough glacial
stones and boulders are scattered throughout the soil profile
to interfere with fieldwork. These soils have a pebble line
or a thin layer of gravelly material between the layer of lake
sediment and the underlying glacial till in many places.

In contrast to the Gilby and Glyndon soils, the Lankin soils
have a B horizon, Unlike the Gardena soils, they have a sub-
stratum of glacial till. The Lankin soils differ from the Svea
soils by having A and B horizons formed in lake sediment
rather than in glacial till.

Lankin loam, level (0 to 8 percent slopes) {leAl.—This
soil occupies areas between sandy and gravelly beach
ridges that extend in a north-south direction along the
edge of the glacial lake basin. The areas are dotted with
small depressions that are mainly 1 acre or less in size.
Piles of stones that have been cleared from the surface of
this soil are common. The profile of this soil is the one
described as representative of the series.

Included with this soil in mapping were small areas
of Lankin silt loam. Also included were small areas of Gil-
by loam, the major soil that is associated with Lankin
loam. Generally, the Gilby and Lankin soils were sep-
arated in mapping, but in some places they are so inter-
mingled that separation was not practical. For this reason,
as much as 25 percent of some areas mapped as this soil is
Gilby loam. Other inclusions consist of areas of Tonka
silt loam in small depressions, and these areas make up
about 5 percent of the acreage in this mapping unit.

Climate is the chief limitation to use of this Lankin soil
for crops. In addition, this soil is slightly susceptible to
soil blowing, and stones and boulders on the surlf)ace and

onded water in the depressions interfere with fieldwork
in some areas. This soil is suited to the field crops, hay
crops, and pasture plants commonly grown in the county.
(Capability unit ITc-6; windbreak site 1)

Lankin clay loam (0 to 3 percent slopes) (Lk).—This
soil occupies areas between sandy and gravelly beach ridges
that extend in a north-south direction along the edge of
the glacial lake basin. The areas are dotted with many
small depressions that are mainly less than 1 acre in size.
Piles of stones that have been removed from the surface of
this soil are common. The profile is similar to the one de-
scribed as representative of the series, except that the sur-
face layer and the subsoil are clay loam.

Included with this soil in mapping were areas of Antler
clay loam and of Tonka silt loam and Gilby loam, wet, in
the many small depressions. Together these included soils



WALSH COUNTY,

make up from 15 to 25 percent of the acreage in this map-
ping unit.

Cﬁimate is the chief limitation to use of this Lankin soil
for crops. In addition, this soil is slightly susceptible to
soil blowing, and the stones and boulders on the surface
and the ponded water in the depressions interfere with
fieldwork in some areas. This soil is suited to the field crops,
hay crops, and pasture plants commonly grown in the
county. (éapability unit ITc-6; windbreak site 1)

Lankin and Svea loams, nearly level (0 to 3 percent
slopes) (LnA).—Soils of this mapping unit are on the lake
plain and on glacial till plains along the western margin
of the area that was formerly the basin of Lake Agassiz.
About 50 percent of the mapping unit is Lankin loam, 40
percent is Svea loam, and the rest is Tonka, Parnell, and
Cresbard soils. The Lankin soil is on the lake plain, and
the Svea soil is on glacial till plains. The profiles of these
soils are similar to the ones described as representative of
their respective series, except that both the Lankin and
Svea soils have a substratum that contains layers of sandy
loam below a depth of 314 feet. The layers of sandy loam
range from 18 to 30 inches in thickness and are underlain
by clay loam glacial till. Piles of stones that have been
removed from the surface of these soils are common.

Climate is the chief limitation to use of these soils for
crops. The soils are also slightly susceptible to soil blowing.
In addition, the stones and boulders on the surface, and the
ponded water in depressions, interfere with fieldwork in
some areas. These soils are suited to the commonly grown
field crops, hay crops, and pasture plants, however, and
most of the acreage is cultivated. (Capability unit IIc-6;
windbreak site 1)

Lankin and Svea loams, gently sloping (3 to 5 per-
cent slopes) (LnB).—Soils of this mapping unit are on the
lake plain and on glacial till plains along the western mar-
gin of the area that was formerly the basin of Lake Agas-
siz. About 50 percent of the mapping unit is Lankin loam,
gently sloping, and 40 percent is Svea loam, gently slop-
ing. The rest consists of Svea loam, gently sloping, eroded,
and of Svea loam, sloping, eroded.

The Lankin soil is on the side slopes of drainageways,
and the Svea soil is on glacial till plains. Profiles of these
soils are similar to the ones described as representative of
their respective series, except that both the Lankin and
Svea soils have a substratum that contains layers of sandy
loam below a depth of 314 feet. The layers of sandy loam
range from 18 to 30 inches in thickness and are underlain
by clay loam glacial till. Piles of stones that have been
removed from the surface of these soils are common.

These soils are suited to the field crops, hay crops, and
pasture plants commonly grown in the county, and most
of the acreage is cultivated. Water erosion is the chief
limitation to use of these soils for cultivated crops, but the
soils are also slightly susceptible to soil blowing. (Capabil-
ity unit ITe-6 ; windbreak site 1)

LaPrairie Series

The LaPrairie series consists of deep, moderately well
drained soils that have formed in medium-textured and
moderately fine textured alluvium. These soils are on flood
plains and bottom lands along streams, on low levees or
terraces, and on the side slopes of stream channels. The
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native vegetation was tall priarie grasses and deciduous
trees and shrubs.

In a typical profile, the surface layer is dark-gray silt
loam about 7 inches thick. The subsoil is about 27 inches
thick and is dark grayish-brown silt loam in the upper
part and is brown silty clay loam in the lower part. Beneath
the subsoil is brown, stratified material that is silt loam
in the upper part and is silty clay loam in the lower part.
This stratified material extends to a depth of 60 inches
or more.

Permeability is moderate in the layers of silt loam, and
it is moderately slow in the layers of silty clay loam. The
available water capacity is high or very high. Except when
these soils are flooded, the water table is generally below
a depth of 5 feet.

Typical profile of LaPrairie silt loam (180 feet east and
150 feet south of the east end of a highway bridge in the
NW1, of sec. 35, T. 158 N., R. 54 W.):

A1—0 to 7 inches, dark-gray (10YR 4/1) silt loam, black
(10YR 2/1) when moist; moderate, medium, blocky
structure breaking to moderate, very fine, subangular
blocky structure; hard when dry, friable when moist,
slightly sticky and slightly plastic when wet; abrupt,
smooth boundary.

B2—T7 to 12 inches, dark grayish-brown (10YR 4/2) silt loam,
very dark brown (10YR 2/2) when moist; moderate,
medium, prismatic structure breaking to moderate,
medium and fine, subangular blocky structure; hard
when dry, friable when moist, slightly sticky and
slightly plastic when wet ; gradual, smooth boundary.

B3—12 to 34 inches, brown (10YR 5/3) light silty clay loam,
very dark grayish brown (10YR 3/2) when moist;
weak, medium, prismatic structure breaking to weak,
medium, subangular blocky structure; soft when dry,
friable when moist, sticky and plastic when wet; very
slightly calecareous, and contains a small amount of
segregrated lime; gradual, smooth boundary.

C1—34 to 51 inches, brown (10YR 5/3) silt loam, very dark
grayish brown (10YR 3/2) when moist; weak, me-
dium, angular blocky structure; soft when dry, fria-
ble when moist, slightly sticky and slightly plastic
when wet; few nodules of segregated lime; slightly
calcareous ; gradual, smooth boundary.

C2—51 to 60 inches, brown (10YR 5/3) light silty clay loam,
very dark grayish brown (10YR 3/2) when moist;
a few, fine, distinct, brownish mottles; moderate,
fine, crumb structure ; slightly hard when dry, friable
when moist, sticky and plastic when wet; few roots;
slightly caleareous and contains a few nodules of seg-
regated lime.

The A horizon ranges from silt loam to silty clay loam in
texture and from 7 to 16 inches in thickness. In some places
the substratum contains alternating light-colored and very
dark colored layers indicating that sometime in the past, ma-
terial was deposited over a developed soil. The C horizons are
generally calcareous, but these soils are noncalcareous through-
out the profile in some places.

The LaPrairie soils have a thicker A horizon and have
formed in older alluvium than the Fairdale soils, and unlike
the Fairdale soils, they have a B horizon. They are better
drained than the Rauville soils, and they have less clay
throughout their profile than the Wahpeton soils.

LaPrairie silt loam (0 to 3 percent slopes) (lp).—This
soil is on flood plains, bottom lands, and low terraces along
streams. It has formed in old alluvium that has a texture
of silt loam in most places, The profile is the one described
as representative of the series.

Included with this soil in mapping were small areas of
LaPrairie silty clay loam and of Fairdale silt loam.

Climate is the chief limitation to use of this LaPrairie
soil for crops, but this soil is also slightly susceptible to
soil blowing. In addition, it is subject to ffooding about &
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out of every 10 years, but it is suited to the commonly

rown field crops, hay crops, and pasture plants. The
%o‘ods are of short duration. Floodwaters drain off rapidly,
and this soil can be cultivated soon after the floodwaters
recede. (Capability unit ITc-6; windbreak site 1)

LaPrairie silty clay loam (0 to 3 percent slopes) (lr).—
This soil is mainly on flood plains, bottom lands, and low
terraces adjacent to streams, but it is on side slopes along
stream channels in a few places. The profile is similar to the
one described as representative of the series, except that it
is dominantly silty clay loam throughout.

Included with this soil in mapping were areas of sloping
soils and of soils in stream channels that were too narrow
to be mapped separately. Also included were small areas
of Fairdale silty clay loam and of Fairdale silt loam that
together malke up less than 20 percent of the acreage in this
mapping unit. Other inclusions consist of areas of La-
Prairie-Fairdale soils, channeled, that are less than 160
feet wide.

In general, this LaPrairie soil is suited to the field crops,
hay crops, and pasture plants commonly grown in the
county, and most of the acreage is cultivated. Some areas
have remained in native timber and in tall prairie grasses,
however, and these areas are used for native pasture. Cli-
mate is the chief limitation to use of this soil for crops, but
soil blowing is also a slight hazard. In addition, this soil is
subject to flooding in spring. The floodwaters recede rap-
idly, and this soil is reagy for cultivation reasonably early
in spring. (Capability unit ITc-6; windbreak site 1)

Ludden Series

The Ludden series consists of deep, poorly drained soils
that have formed in clayey alluvium on the flood plains of
streams. These soils are in nearly level areas or in slight
depressions. They are subject to long periods of flooding.
The native vegetation was tall prairie grasses, wetland
grasses, and salt-tolerant grasses.

In a typical profile, the surface layer is very dark %lrai,
very slightly calcareous silty clay about 5 inches thick.
Just beneath the surface layer is a layer of dark-gray silty
clay alluvium about 9 inches thick. The next layer is the
surface layer of a buried soil, and it consists of black silty
clay, also about 7 inches thick. Beneath the buried horizon
and extending to a depth of 60 inches or more is very dark
gray silty clay.

Permeability is moderately slow, and the available water
capacity is high. A high water table is within 0 to 5 feet of
the surface during wet periods. It is nearest the surface
when runoff occurs in spring. At that time, these soils are
often flooded.

Typical profile of Ludden silty clay (200 feet north and
100 feet east of the southwest corner of sec. 12, T. 155 N.,
R.52 W.):

A1—0 to 5 inches, very dark gray (10YR 3/1) silty clay, black
(10YR 2/1) when moist; strong, very fine, subangular
blocky structure; hard when dry, firm when moist,
sticky and plastic when wet; very slightly calcareous;
abrupt, smooth boundary.

Clg—>5 to 14 inches, dark-gray (5Y 4/1) silty clay, very dark
gray (5Y 8/1) when moist; moderate, medium, pris-
matic structure breaking to strong, very fine, angular
blocky structure; hard when dry, firm when moist,
very sticky and very plastic when wet; contains a
trace of salts; slightly calcareous; clear boundary.

Alsab—14 to 21 inches, black (5Y 2/1) siity clay, black (5Y
2/1) when moist; strong, very fine, angular blocky
structure ; hard when dry, firm when moist, very sticky
and very plastic when wet; from 2 to 4 percent of
horizon is fine crystals of gypsum and salts; slightly
calcareous; clear boundary.

C2gca—21 to 60 inches, very dark gray (5Y 3/1) silty clay,
very dark gray (5Y 3/1) when moist; strong, very
fine, angular blocky structure; hard when dry, firm
when moist, very sticky and very plastic when wet;
strongly calcareous.

The A horizon is silty clay to clay in texture and is 5 to 10
inches thick. Reaction throughout the profile ranges from
neutral to moderately alkaline. These soils are moderately
saline below a depth of about 24 inches.

The Ludden soils have a more clayey profile than the La-
moure soils. They are more slowly permeable than the Rauville
soils, and they lack the coarse sand and gravel in their sub-
stz.'ia.t;um that are typical in the substratum of the Rauville
80118,

Ludden silty clay (0 to 1 percent slopes) (lu).—This
soil is on flood plains, and it is subject to long periods of
flooding. The profile is the one described as representa-
tive of the series.

Included with this soil in mapping were some areas of
slightly saline and moderately saline soils. Also included
were some soils that are very poorly drained.

Most areas of this Ludden soil have remained in native
vegetation. A few areas are suited to the commonly grown
field crops, hay crops, and pasture plants, and those areas
are cultivated. In some places where outlets are available,
drainage has been improved by constructing surface
drains. (Capability unit ITw—4; windbreak site 10)

Ludden and Ryan soils (0 to 1 percent slopes) (ly).—
This mapping unit is dominantly Ludden and Ryan soils
that are associated in such complex patterns that it was
impractical to map them separately. About 20 percent of
the mapping unit is Ludden silty clay, 85 percent is Lud-
den silty clay, strongly saline, and 45 percent is Ryan silty
clay. These soils are on flood plains, and they are subject
to flooding during wet periods. The floodwaters remain
for long periods. The Ludden soils have a profile similar
to the one described as representative of the Ludden series,
except that a few to common white salt crystals are scat-
tered throughout the profile in strongly saline areas. A
typical profile for the Ryan soil is described under the
Ryan series.

Most areas of these soils have remained in native vegeta-
tion. The main limitations to use of the soils for crops are
their high content of salts and alkali, and their poor
natural grainage. In pastured areas the stand of grass on
the Ryan soil deteriorates nnder intensive grazing. Then,
soil blowing removes the original surface layer, and shal-
low slickspots are formed. In some areas where outlets
are available, drainage has been improved by coustructing
sul)'face drains. (Capability unit VIs-SS; windbreak site
10

Maddock Series

The Maddock series consists of deep, well-drained soils
on former beaches and on interbeach plains. These soils
have formed in sandy lacustrine deposits that in many
areas have been reworked by wind. The native vegetation
was mainly medium and tall prairie grasses.

In a typical profile, the surface layer is about 17 inches
thick and consists of very dark gray light sandy loam in
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the upper part and of dark grayish-brown loamy sand in
the lower part. Just beneath the surface layer is stratified
sand and fine sand. Sand that is brown in the upper part,
light olive brown over grayish brown in the middle part,
and light brownish gray in the lower part typically extends
to a depth of about 58 inches. Below the sand and extend-
ing to a depth of 64 inches or more is light brownish-gray
fine sand.

Maddock soils have moderately rapid permeability and
low available water capacity. The water table is very deep.

Typical profile of a Maddock sandy loam (480 feet north
and 150 feet west of the southeast corner of NE14, sec. 29,
T.155 N, R.55 W.) :

Al11—0 to 6 inches, very dark gray (10YR 3/1) light sandy
loam, very dark brown (10YR 2/2) when moist; clod-
dy, breaking to weak, very fine, crumb structure;
glightly hard when dry, friable when moist, slightly
plastic when wet; abrupt, smooth boundary.

A12-—6 to 17 inches, dark grayish-brown (10YR 4/2) loamy
sand, very dark grayish brown (10YR 3/2) when
moist; weak, medium, prismatic structure breaking
to weak, medium and coarse, subangular blocky struc-
ture; hard when dry, very friable when moist; clear,
wavy boundary.

C1—17 to 25 inches, brown (10YR 5/3) sand, dark brown
(10YR 4/3) when moist; weak, medium, subangular
blocky structure ; slightly hard when dry, very friable
when moist; 10 percent of horizon is shale sand;
abrupt boundary.

C2—25 to 88 inches, light olive-brown (2.5Y 5/4) sand, olive
brown (2.5Y 4/4) when moist; weak, medium, sub-
angular blocky structure ; soft when dry, very friable
when moist ; 35 percent of horizon is shale sand.

(C3—38 to 48 inches, grayish-brown (2.5Y 5/2) sand, dark
yellowish brown (10YR 4/4) when moist ; single grain ;
soft when dry, loose when moist; 10 percent of horizon
is shale sand.

C4—48 to 58 inches, light brownish-gray (2.5Y 6/2) sand,
olive brown (2.5Y 4/4) when moist; a few, faint,
brown mottles ; single grain; loose when dry or moist;
slightly calcareous ; 10 percent of horizon is shale sand.

C5—58 to 64 inches, light brownish-gray (2.5Y 6/2) fine sand,
very dark grayish brown (2.5Y 3/2) when moist and a
few, fine, distinct, brown mottles; many, medium,
distinct, brown (7.5YR 4/4) and dark-gray (5Y 4/1)
mottles when moist ; single grain ; soft when dry, loose
when moist ; slightly ealcareous; 20 percent of horizon
ig shale sand.

Texture of the A horizon is loamy sand to sandy loam.
Thickness of that horizon ranges from 6 inches in moderately
eroded areas to 18 inches in noneroded areas. The C horizons
are loamy sand, sand, fine sand, or coarse sand. The content
of shale throughout the soil profile ranges from 10 percent to
as much as 35 percent. In most places the soil profile is non-
caclareous to a depth of 40 inches.

The Maddock soils have a thinner A horizon than the Hecla
soils, and they lack the Cea horizon that is typical in the profile
of the Ulen soils. The Maddock soils are better drained than the
Hamar soils, and they lack the B horizon that is typical of the
Embden soils.

Maddock-Hecla complex, seyerely eroded (0 to 9 per-
cent slopes) {Mk3).—This mapping unit consists mainly of
Maddock and Hecla loamy sands and sandy loams that
oceur in such complex patterns that it was not practical
to map them separately. About 60 percent of the mapping
unit is Maddock soils, 35 percent is Hecla soils, and 5 per-
cent is other soils. The soils occupy small areas on the
glacial lake plain and on interbeach plains. .

Profiles of these soils are similar to the ones described
as representative of their respective series, except that
in many places the original surface layer has been lost
through erosion. Some areas contain alternate shallow
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blowouts and low dunes. In the shallow blowouts, a thin
surface layer remains. In places, where these soils are on
low dunes, they contain a buried surface layer. In a few
areas, the blowouts are less shallow and the sand dunes are
higher. Most of the areas are now stabilized, but erosion
isstill activein a few areas.

The chief limitations to use of these soils for farming
are their very high susceptibility to soil blowing and their
droughtiness, caused by the low available water capacity.
Most of the areas have remained in grass. (Capability
unit VIe-Sa; the Maddock soil is in windbreak site 5,
and the Hecla soil is in windbreak site 1)

Manfred Series

The Manfred series consists of deep, calcareous, very
poorly drained soils that have formed in glacial till or in
local alluvium and till. These soils are in closed depressions
on the glacial till plain and on interbeach plains. The native
vegetation was mainly wetland grasses.

In a typical profile, the surface layer is very dark gray
silty clay loam about 10 inches thick. The subsoil is mottled,
dark-gray silty clay about 3 inches thick. Just below the
subsoil is a layer of mottled, light-gray, very strongly cal-
careous silty clay loam that is about 10 inches thick and
contains a large amount of lime. The next layer is mottled,
light olive-gray sandy clay loam alluvium about 7 inches
thick. This is underlain by a layer of mottled, gray clay
loam alluvium about 8 inches thick. Just beneath this layer
and extending to a depth of 60 inches or more is mottled,
light yellowish-brown clay loam alluvium.

In the surface layer and in the subsoil and the layer that
contains a large amount of lime, permeability is moderate
and the available water capacity is very high. Below these
layers, permeability is slow and the available water capaci-
ty is high. The water table is at the surface or is within 5
feet of the surface during wet periods.

Typical profile of a Manfred silty clay loam (0.4 mile
east and 50 feet north of the southwest corner of sec. 17, T.
156 N.,,R.58 W.) :

A1—0 to 10 inches, very dark gray (N 3/0) silty clay loam,
black (5Y 2/1) when moist; moderate, medium and
fine, subangular blocky structure ; very hard when dry,
firm when moist, sticky and plastic when wet; cal-
careous; abrupt, irregular boundary; a layer of moss
and organic mulch 1 inch thick covers the surface.

Btg—10 to 13 inches, dark-gray (5Y 4/1) silty clay, dark olive
gray (5Y 3/2) when moist; a few, fine, distinet, olive-
brown mottles ; strong, fine, angular blocky structure ;
clay films are on ped surfaces; very hard when dry,
firm when moist, very sticky and very plastic when
wet ; strongly calcareous; clear, wavy boundary.

Clgea—13 to 23 inches, light-gray (5Y 7/2) silty clay loam,
olive gray (5Y 5/2) when moist; a few, fine, distinct,
olive (5Y 4/4) mottles; moderate, very fine, subangu-
lar blocky structure; very hard when dry, firm when
moist, sticky and very plastic when wet ; very strongly
calcareous; contains a few nodules of iron and man-
ganese ; clear boundary.

C2g—23 to 30 inches, light olive-gray (5Y 6/2) sandy clay loam,
olive gray (5Y 5/2) when moist; many, fine, promi-
nent, yellowish-brown (10YR 5/6) mottles; weak, me-
dium, angular blocky structure breaking to moderate,
fine, granular structure; very hard when dry, friable
when moist, sticky and plastic when wet; calcareous;
contains a few nodules of iron and manganese; about
5 percent of horizon is fine gravel; clear, wavy
boundary.
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C3g—30 to 48 inches, gray (5Y 6/1) clay loam, olive gray (5Y
5/2) when moist; many, fine, prominent, yellowish-
brown (10YR 5/6) mottles; massive; very hard when
dry, firm when moist, sticky and plastic when wet;
calcareous; glacial till of which about 5 percent is
granitic and shale pebbles.

C4—48 to 60 inches, light yellowish-brown (2.5Y 6/4) clay loam,
olive brown (2.5Y 4/4) when moist; common, fine,
prominent, gray (N 5/0) mottles; massive; very hard
when dry, firm when moist, sticky and plastic when
wet ; calcareous glacial till.

The A horizon is black or very dark gray, and it ranges from
clay loam or silty clay loam to loam in texture. Depth to the

Cca horizon ranges from 6 to 18 inches. Nests of gypsum

crystals and nodules of iron and manganese are common in

the B and O horizons.
Unlike the Parnell and Tonka soils, the Manfred soils have

a Cca horizon close to the surface. They are more poorly

drained than the Vallers soils, and they lack the sandy and

gravelly C horizon that is typical of the Arveson and Benoit
soils.

Manfred soils (0 to 1 percent slopes) (Mn).—These soils
are in closed depressions on the glacial till plains and on
interbeach plains. They receive runoff from adjacent areas,
and water sometimes ponds on their surface. At other
times, the water table is only a few inches below the surface
for long periods. The surface layer is clay loam, silty clay
loam, or loam. . )

Included with these soils in mapping were small areas
of Parnell soils in slightly lower depressions than those
occupied by the Manfred soils. )

The chief limitation to use of these Manfred soils for
crops is their very poor natural drainage. Artificial drain-
age is generally impractical. Where drained, these soils
are suited to the field crops, hay crops, and pasture plants
commonly grown in the county, but most of the acreage is
in native vegetation. (Capability unit Vw-WL; in wind-
break site 2 if drained, but mm windbreak site 10 if
undrained)

Ojata Series

The Ojata series consists of deep, poorly drained,
strongly saline soils that have formed in medium-textured
and moderately fine textured lacustrine sediment and al-
luvium. These soils are on glacial lake plains and on bottom
lands along streams. The native vegetation was tall prairie
grasses, wetland grasses, and salt-tolerant grasses.

In a typical profile, the surface layer is very dark gray,
slightly calcareous silty clay loam about 5 inches t%liok.
The surface is bare, and a thin accumulation of white salt
covers the surface in many places. Just beneath the surface
layer is a layer of dark-gray, mottled, strongly calcareous
silty clay loam that is about 7 inches thick and contains a
large amount of lime. Underlying this layer is a layer of
dark grayish-brown, mottled, calcareous silty clay loam
sediment that extends to a depth of 60 inches or more.

The Ojata soils are slowly permeable and have moderate
available water capacity. A seasonal high water table rises
to within 2 to 4 feet of the soil surface during wet periods.

Typical profile of an Ojata silty clay loam (800 feet
south and 50 feet east of the northwest corner of the SW%
ofsec.4,T.155 N,, R. 52 W.) :

Al1—0 to 5 inches, very dark gray (5Y 3/1) silty clay loam,
black (5Y 2/1) when moist; moderate, fine, granular

structure ; plastic and sticky when wet; common, fine,
salt nests; slightly calcareous; abrupt boundary.
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Clgea—b to 12 inches, dark-gray (5Y 4/1) silty clay loam, very
dark gray (5Y 3/1) when moist; common, fine, dis-
tinct, brown mottles ; weak, very coarse, angular blocky
structure ; sticky and plastic when wet; common, fine,
salt nests; strongly caleareous; abrupt boundary.

C2g—12 to 60 inches, dark grayish-brown (2.5Y 4/2) silty clay
loam, very dark grayish brown (2.5Y 3/2) when moist;
many, medium, distinet, brown and gray mottles;
moderate, fine, angular blocky structure; sticky and
plastic when wet ; calcareous.

Texture of the A horizon ranges from loam to silty clay
loam, and color of that horizon ranges from very dark gray
to very dark brown or black. Texture of the C horizons
ranges from very fine sandy loam to clay. Grade of structure in
the C horizons ranges from weak to strong, and size of the peds
ranges from very fine to very coarse. These soils are strongly
or very strongly saline and are moderately to strongly alkaline
throughout.

Ojata soils (0 to 1 percent slopes) {Oa).—These soils
occupy small areas on the lake plain, on bottom lands along
streams, and in the basin of Lake Ardoch. They have a
surface layer of silty clay loam or silt loam and are
strongly or very strongly saline.

Nearly all of the acreage is in native vegetation and is
used for hay or pasture. T%e chief limitation to use of these
soils for crops is their high content of salts and alkali, but
poor drainage is also a major limitation. (Capability unit
VIs-SS; windbreak site 10)

Overly Series

The Overly series consists of deep, moderately well
drained soils that have formed in moderately fine tex-
tured and fine textured lacustrine deposits on the glacial
lake plain. The areas are marked by only a few depressions.
The native vegetation was tall prairie grasses.

In a typical profile, the surface layer is very dark gray
silty clay loam about 10 inches thick. The subsoil is silty
clay loam that is about 10 inches thick and is dark gray in
the upper part and is grayish brown and strongly calcar-
eous In the lower part. Just below the subsoil is a layer of
silty clay loam that is about 18 inches thick and contains a
large amount of lime. This layer is light brownish gray and
very strongly calcareous in the upper part and is light yel-
lowish brown and strongly calcareous in the lower part.
It is underlain by stratified lacustrine sediment that is
light olive-brown, mottled silty clay in the upper part and
is pale-olive, mottled, stratified silty clay loam and silty
clay in the lower part. The lacustrine sediment extends to
a depth of 60 inches or more.

Permeability is moderate in the surface layer of most of
these soils, but it is moderately slow where the surface
layer is silty clay. Below the surface layer, permeability is
slow in the finer textured layers. It is moderately slow in
the other layers. These soils have high or very high avail-
able water capacity. The water table is very deep.

Typical profile of Overly silty clay loam, level, in a culti-
vated field (300 feet east and 150 feet south of the north-
west corner of sec. 18, T. 155 N., R, 53 W.):

Ap—oO0 to 5 inches, very dark gray (10YR 3/1) silty clay loam,
black (10YR 2/1) when moist; moderate, fine, granu-
lar structure; firm when moist, sticky and plastic
when wet; abrupt, smooth boundary.

A1—5 to 10 inches, very dark gray (10YR 3/1) silty clay
loam, black (10YR 2/1) when moist; moderate,

coarse and medium, angular blocky structure break-
ing to moderate, fine, subangular blocky structure;
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firm when moist, sticky and plastic when wet; clear
boundary.

B2—10 to 17 inches, dark-gray (10YR 4/1) silty clay loam,
very dark brown (10YR 2/2) when moist; moderate,
medium, prismatic structure breaking to moderate,
fine, angular blocky structure; continuous, distinct
clay films on the vertical surfaces of the fine blocks,
and patchy clay films on the horizontal surfaces;
firm when moist, sticky and plastic when wet; clear,
wavy boundary.

B3ca—17 to 20 inches, grayish-brown (2.5Y 5/2) silty clay
loam, very dark grayish brown (2.5Y 3/2) when moist;
few, fine, faint, brown mottles; moderate, fine, sub-
angular blocky structure; firm when moist, sticky and
very plastic when wet; strongly calcareous.

Clca—20 to 28 inches, light brownish-gray (2.5Y 6/2) silty
clay loam, light olive brown (2.5Y 5/4) when moist;
moderate, medium, angular blocky structure breaking
to moderate, fine, crumb structure; friable when
moist, sticky and plastic when wet; very strongly
calcareous; few crystals of gypsum.

C2ca—28 to 38 inches, light yellowish-brown (2.5Y 6/4) silty
clay loam, olive brown (2.5Y 4/4) when moist ; moder-
ate, very fine, subangular blocky structure; firm when
moist, sticky and plastic when wet; strongly cal-
careous.

C3—38 to 48 inches, light olive-brown (2.5Y 5/4) silty clay,
olive brown (2.5Y 4/4) when moist; common, medium,
distinct, yellowish-brown and light-gray mottles when
dry; massive; very firm when moist, very sticky and
very plastic when wet; slightly calcareous; contains
a few crystals of gypsum and nodules of lime.

C4—48 to 60 inches, pale-olive (5Y 6/3), stratified silty clay
loam and silty clay; olive (5Y 5/3) when moist; many,
coarse, prominent, gray motiles; massive; firm when
moist, sticky and plastic when wet; slightly cal-
careous ; containg a few crystals of gypsum.

The A horizon ranges from silt loam to silty clay loam or
silty clay in texture and from 7 to 18 inches in thickness. Depth
to the Cea horizon ranges from 17 to 29 inches. In some areas
where floodwaters have deposited sediment over the lake
plain, the profile contains the very dark colored surface layer
of a buried soil.

The Overly soils have less lime in the upper part of their
profile than the Bearden soils, and unlike the Bearden soils,
they have a B horizon. They have more clay throughout their
profile than the Gardena soils, and they are better drained
than the Colvin and Perella soils. The Overly soils are better
drained and are deeper over glacial till than the Lankin soils,
and they are better drained and have less clay throughout
their profile than the Fargo soils.

Overly silt loam, level (0 to 3 percent slopes) (OeA).—
This soil is on the part of the lake plain, where there are
only a few depressions in which water ponds during wet
periods. The profile is similar to the one described as repre-
sentative of the series, except that the surface layer is silt
loam and the subsoil is dark grayish brown.

Included with this soil in mapping were small areas of
Glyndon silt loam and some sloping areas along shallow
drainageways. )

Climate is the chief limitation to use of this Overly soil
for crops, but this soil is also slightly susceptible to soil
blowing. Tt is suited to the commonly grown field crops,
hay crops, and pasture plants, however, and nearly all
of the acreage is cultivated. (Capability unit ITc-6; wind-
break site 1)

Overly silty clay loam, level (0 to 3 percent slopes)
{OlA}.—This soil occurs where the lake plain is marked by
only a few depressions in which water ponds during wet
periods. The profile is the one described as representative
of the series.

Included with this soil in mapping were small areas of

Bearden silty clay loam.

47

Climate is the chief limitation to use of this Overly soil
for crops, but this soil is also slightly susceptible to soil
blowing. It is suited to the commonly grown field crops,
hay crops, and pasture plants, however, most of the
acreage 1s cultivated. (Capability unit ITc-6; windbreak
site 1

Ovt):rly silty clay loam, gently sloping (3 to 6 percent
slopes) (OIB).—This soil occupies areas along drainageways
that dissect the lake plain. The profile is similar to the
one described as representative of the series, except that
the surface layer is thinner and is lighter colored as the
result of water erosion.

Included with this soil in mapping were small areas of
gently sloping Overly soils that have a silt loam surface
Iayer and are moderately eroded. Also included were some
areas of QOverly silty clay loam, fans, that have received
fresh sediment depositedy by floodwaters during periods
of high water.

This Overly soil is suited to the commonly grown field
crops, hay crops, and pasture plants, and most of the acre-
age is cultivated. Where this soil is fallowed or is used for
row crops, water erosion is the chief hazard, but this soil
is also slightly susceptible to soil blowing. (Capability
unit ITe-6; windbreak site 1)

Overly silty clay loam, sloping (6 to 9 percent slopes)
(OIC).—This soil is on the side slopes of large drainage-
ways. It has a profile similar to the one described as repre-
sentative of the series, The surface layer is much thinner,
however, and in places it contains some material from the
subsoil that has been mixed with the surface layer during
tillage. In some areas where this soil is on the crests of
slopes, all of the original surface layer and subsoil have
been lost through erosion, and the remaining soil material
is strongly calcareous and is light colored.

Included with this soil in mapping were areas of Overly
soils that have a surface layer of silt loam. These included
soils make up as much as 50 percent of some areas of this
mapping unit,

Thig 6verly soil is suited to the commonly grown field
crops, hay crops, and pasture plants, and most of the acre-
age is cultivated. Water erosion is the chief hazard where
this soil is cultivated, but this soil is also slightly suscep-
tible 1)30 soil blowing. (Capability unit ITTe-6; windbreak
site 1

Overly silty clay loam, fans (0 to 3 percent slopes)
(Om).—This soil is in areas where floodwaters have de-
posited recent material over the lacustrine sediment. The
areas are slightly above the general level of the lake plain.
Therefore, surface drainage is slightly better than in lower
areas. Little runoff accumulates in the shallow depressions.
The profile of this soil is similar to the one described as
representative of the series, except that it contains one or
more very dark colored surface layers of buried soils.

Climate is the chief limitation to use of this soil for
crops, but soil blowing is also a slight hazard. This soil is
suited to the commonly grown field crops, hay crops, and
pasture plants, however, and most of the acreage is culti-
vated. (Capability unit ITc—6; windbreak site 1)

Overly silty clay, level (0 to 3 percent slopes) {OvAl.—
This soil is on a part of the lake plain where there are only
a few depressions in which water ponds during wet periods.
The profile is similar to the one described as representa-
tive of the series, except that the surface layer and the
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upper part of the subsoil contain more clay, and permeabil-
ity to water and air is slower.

This soil is moderately to highly susceptible to soil blow-
ing. It is suited to the commonly grown field crops, hay
crops, and pasture plants, however, and most of the acreage
is cultivated. (Capability unit IIe—4; windbreak site 1)

Overly silty clay, fans (0 to 8 percent slopes) {Ow).—
This soil is on a part of the lake plain where floodwaters
have deposited a thick layer of alluvium over the lake sedi-
ment. The plain is marked by only a few depressions in
which water ponds during wet periods. The profile is simi-
lar to the one described as representative of the series,
except that it has more clay in the surface layer and the
upper part of the subsoil. In addition, the profile contains
the surface layer of a buried soil, and internal drainage is
somewhat slower.

This soil is moderately to highly susceptible to soil blow-
ing. It is suited to the commonly grown field crops, hay
crops, and pasture plants, however, and most of the acre-
age is cultivated. (Capability unit ITe—4; windbreak
site 1)

Parnell Series

The Parnell series consists of deep, very poorly drained
soils that have formed in moderately fine textured local
alluvium over glacial till. These soils are in shallow to
deep, closed depressions on the glacial till plain. They are
ponded during wet periods, and those in the deeper de-
pressions are sometimes ponded all year when precipitation
1s above normal. The depressions range from less than 2
acres to more than 40 acres in size, but most of them oc-
cupy less than 10 acres. The native vegetation was wetland
grasses, reeds, rushes, and sedges.

In a typical profile, the surface layer is about 19 inches
thick and consists of silty clay loam that is very dark gray
in the upper part and is dark gray in the lower part. The
subsoil 1s dark-gray silty clay about 18 inches thick. A
substratum of mottled, gray clay alluvium underlies the
subsoil and extends to a depth of 60 inches or more.

Permeability is moderate in the surface layer, moder-
ately slow in the subsoil, and slow in the substratum. The
avallable water capacity is very high. A seasonal high
water table is at the surface or is within 5 feet of the sur-
face during wet periods.

Typical profile of Parnell silty clay loam (0.1 mile east
and 400 feet south of the northwest corner of the NE1/ of
sec. 21, T. 157 N.,R. 58 W.) :

Al11—0 to 5 inches, very dark gray (10YR 3/1) silty clay loam,
black (N 2/0) when moist; weak, fine, crumb strue-
ture; soft when dry, loose when moist, sticky and
plastic when wet ; clear boundary.

Al12—5 to 11 inches, very dark gray (10YR 3/1) light silty
clay loam, black (N 2/0) when moist; weak, fine,
crumb structure; slightly hard when dry, loose when
moist, sticky and plastic when wet; clear boundary.

A13—11 to 19 inches, dark-gray (10YR 3.5/1) silty clay
loam, black (N 2/0) when moist; moderate, thin, platy
structure breaking to very fine crumb structure ; hard
when dry, friable when moist, sticky and plastic when
wet ; abrupt, wavy boundary.

B2tg—19 to 27 inches, dark-gray (5Y 4/1) silty clay, black
(N 2/0) when moist; moderate, medium, prismatic
structure breaking to strong, fine, subangular blocky
structure; continuous, distinet clay films on all ped
surfaces; few nodules of manganese.

B3g—27 to 37 inches, dark-gray (5Y 4/1) silty clay, very
dark gray (5Y 2.5/1) when moist; strong, fine, gran-

ular structure; very hard when dry, irm when moist.,
very sticky and very plastic when wet ; clear boundary.

Cg—37 to 60 inches, gray (5Y 6/1) clay, olive gray (5Y 4/2)
when moist; common, fine, distinet mottles that in-
crease in number with increasing depth; massive;
very hard when dry, very firm when moist, very sticky
and very plastic when wet.

The A horizon ranges from silty clay loam to silt loam in tex-
ture. The B horizon ranges from silty elay or clay to clay loam
in texture, and it is very dark gray in places. Depth to the O
horizon ranges from 20 to 40 inches. Thickness of the C horizon
ranges from only a few inches to several feet. Glacial till is at
some depth between 2 and 5 feet in most places, but it is at a
greater depth in some areas. In some places the C horizon has
an olive color. The number of mottles in the C horizon in-
creases with increasing depth. These soils are noncalcareous to
a depth of § feet in most places, but in some places a layer of
lime accumulation is below a depth of 24 inches. Snail shells
and nodules of manganese and segregated lime are common
throughout the soil profile.

The Parnell soils lack the leached A2 horizon that is typical
of the Tonka soils. They lack the prominent Cca horizon that
is typical of the Manfred and Vallers soils.

Parnell silty clay loam (0 to 1 percent slopes) (Pa).—
This soil is on the glacial till plain in some of the deeper
depressions. Because runoff from snowmelt and from rains
of high intensity collects in the depressions, water is
ponded on the surface from early in spring to midsummer.
When the amount of precipitation is above normal, water
is sometimes ponded on the surface throughout the entire
year. The profile of this soil is the one described as repre-
sentative of the series.

Included with this soil in mapping were small areas of a

Vallers soil along the rims of the depressions.
. The chief limitation to use of this Parnell soil for crops
is its very poor drainage. Most of the acreage is in native
vegetation and is used for growing hay and for wildlife
habitat. A few areas have been drained. In those places this
soil is well suited to the commonly grown field crops, hay
crops, and pasture plants. (Capability unit Vw-WL; in
windbreak site 2 if drained, but in windbreak site 10 if
undrained)

Parnell and Tonka soils (0 to 1 percent slopes) (Pt}.—
About 55 percent of this mapping unit is Parnell silty
clay loam, 40 percent is Tonka silt loam, and the rest is as-
sociated soils. These soils occur in closed depressions of the
glacial till plain and in interbeach areas. The Parnell soil
1s in the deeper, wetter parts of the depressions, and the
Tonka soil is in the parts that are slightly less wet. In some
places these soils are in separate depressions that are so
close together the soils are mapped as one unit, The Par-
nell soil has a profile similar to the one described as repre-
sentative of the Parnell series, except that the surface layer
and the subsoil are thinner and the surface layer contains
less organic matter. A typical profile for the Tonka soil is
described under the Tonka series.

Included with these soils in mapping were small areas
of Vallers soils along the edges of the depressions.

The chief limitation to use of the soils of this mapping
unit for crops is their poor or very poor drainage. Areas
that are drained are well suited to all the field crops, hay
crops, and pasture plants commonly grown in the county.
Those that are not drained are suited to late-seeded crops
in most years when precipitation is normal. Where outlets
are available, drainage can be improved by constructing
surface drains. (Capability unit ITw-6; windbreak site 2)
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Perella Series

The Perella series consists of deep, poorly drained soils
in small, shallow depressions on the glacial lake plain.
These soils have formed in medium-textured and moder-
ately fine textured glacial lake sediment. They are ponded
during wet periods. The native vegetation was tall prairie
grasses and wetland grasses.

In a typical profile, the surface layer is black silty clay
loam about 13 inches thick. The subsoil is very dark gray
silty clay loam about 10 inches thick. Just below the sub-
soil is a layer that is about 17 inches thick and that contains
a large amount of lime. This layer is strongly calcareous
silt loam that is dark gray in the uppermost 4 inches and
is olive in the lower 13 inches. Light yellowish-brown,
stratified clay lacustrine sediment underlies the layer that
contains a large amount of lime, and it extends to a depth
of 60 inches or more.

Permeability is moderate in the surface layer and the
subsoil. It is moderately slow in the layer that contains a
large amount of lime, and it is moderately slow or slow
below the limy material. The available water capacity is
high. A seasonal high water table is at the surface or is
within 5 feet of the surface during wet periods.

Typical profile of Perella silty clay loam in a cultivated
field (0.15 mile north and 160 feet west of the southeast
corner of the NE1 of sec. 10, T. 156 N., R. 52 W.) :

A1—0 to 13 inches, black (10YR 2/1) silty clay loam, black
(10YR 2/1) when moist ; cloddy, breaking to moderate,
medium, subangular blocky structure ; very hard when
dry, firm when moist, sticky and plastic when wet;
slightly calcareous; clear, wavy boundary.

B2—13 to 23 inches, very dary gray (10YR 3/1) silty clay loam,
very dark brown (10YR 2/2) when moist; weak, very
fine, subangular blocky structure; very hard when dry,
firm when moist, sticky and plastic when wet ; slightly
calcareous; clear, wavy boundary.

Clea—23 to 27 inches, dark-gray (10YR 4/1) heavy silt loam,
very dark grayish brown (10YR 3/2) when moist;
common, fine, distinct, white segregations of lime;
weak, very fine, subangular blocky structure; hard
when dry, friable when moist, slightly sticky and
slightly plastic when wet; strongly calcareous; clear
boundary.

C2ca—27 to 40 inches, olive (5Y 5/3) silt loam, dark grayish
brown (2.5Y 4/2) when moist; a few, filne, faint,
yellow (2.5Y 7/6) mottles and a few, fine, faint, brown-
ish-yellow (10YR 6/8) mottles when moist ; weak, very
fine, subangular blocky structure; hard when dry,
friable when moist, slightly sticky and slightly plastic
when wet; strongly calcareous.

IIC3—40 to 60 inches, light yellowish-brown (2.5Y 6/4) clay,
olive brown (2.5Y 4/4) when moist ; many, fine, faint,
brownish-yellow (10YR 6/8) mottles; massive; very
hard when dry, firm when moist, sticky and plastic
when wet ; calcareous.

The A and B horizons range from silt loam to silty clay loam
in texture and from 18 to 25 inches in total thickness. In places
these horizons are noncalcareous.

The Perella soils are more poorly drained than the Overly
soils. They are more poorly drained and are deeper over the
Cea horizon than the Colvin, Glyndon, and Bearden soils, and
unlike those soils, they have a B horizon.

Perella silty clay loam (0 to 1 percent slopes) (Pu).—
This is the only soil of the Perella series mapped in Walsh
County. It is in shallow depressions on the glacial lake
plain, where water ponds on its surface during wet periods.

Included with this soil in mapping were small areas of
Perella silt loam and of Colvin silty clay loam.

Poor drainage is the chief limitation to use of this Pe-
rella soil for crops. Much of the acreage has been drained,
however, and is suited to the commonly grown field crops,
hay crops, and pasture plants. Where outlets are available,
drainage can be improved in some areas by constructing
field drains. (Capability unit IIw-6; windbreak site 2)

Rauville Series

The Rauville series consists of deep, very poorly drained
soils that have formed in alluvium. These soils are on bot-
tom lands of intermittent streams, and they also occupy
alluvial fans on interbeach plains. The native vegetation
was wetland grasses, sedges, and rushes.

In a typical profile, the surface layer is about 20 inches
thick, and it is dark gray and slightly calcarecous. The
uppermost 9 inches of the surface layer is silt loam, the
next 6 inches is loam, and the lower 5 inches is sandy loam.
The surface layer is underlain by layers of gray, slightly
calcareous alluvium. Typically, the layer just beneath the
surface layer is gravelly sand about 22 inches thick. The
next layer is silty clay that extends to a depth of 60 inches
or more.

These soils have moderate permeability and high avail-
able water capacity in the surface layer. They have slow
to rapid permeability and low to high available water
capacity below the surface layer, depending on the texture
of the various layers. The average available water capacity
is moderate. A seasonal high water table is at the surface
or is within 3 feet of the surface during wet periods.

Typical profile of a Rauville silt loam (750 feet south
and 120 feet east of the northeast corner of the SE14 of
sec. 6, T. 155 N, R. 55 W.) :

A11—0 to 9 inches, dark-gray (N 4/0) silt loam, black (10YR
2/1) when moist; weak, medium and fine, subangular
blocky structure; slightly hard when dry, very friable
when moist, slightly sticky and slightly plastic when
wet; slightly calcarecus; abrupt boundary.

A12—9 to 15 inches, dark-gray (5Y 4/1) loam, black (5Y 2/1)
when moist; massive; slightly hard when dry, very
friable when moist, slightly sticky and slightly plastie
when wet ; slightly calcareous; abrupt boundary.

A13—15 to 20 inches, dark-gray (5Y 4/1) sandy loam, black
(5Y 2/1) when moist; massive; slightly hard when
dry, friable when moist, slightly sticky and slightly
plastic when wet; slightly calcareous; abrupt
boundary.

IIC1g—20 to 42 inches, gray (5Y 5/1) gravelly sand, dark
greenish gray (5GY 4/1) when moist; single grain;
loose when dry or moist; slightly ¢alcareous; contains
a few stones 4 to 6 inches in diameter.

I11C2g—42 to 60 inches, gray (5Y 6/1) silty clay, dark green-
ish gray (5GY 4/1) when moist; masgive; very hard
when dry, sticky and plastic when wet; slightly
calcareous.

Texture of the A horizon ranges from sandy loam to silty
clay loam. The C horizons vary widely in texture and thickness.
Depth to gravelly material ranges from 20 to 60 inches.
Gravelly sand is at a shallower depth in these soils then in
the defined range for the series, but this does not alter the
usefulness and behavior of the soils.

The Rauville soils are more poorly drained than the Lamoure
and Ludden soils. They have more sand and gravel in the
uppermost 40 inches than the Lamoure soils, and they contain
less clay than the Ludden soils.

Rauville soils (0 to 1 percent, slopes) (Ra).—These soils
are on bottom lands along intermittent streams. They also
occupy alluvial fans on interbeach plains.
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Included with these soils in mapping were soils in
abandoned stream channels and oxbows, and small areas
of Lamoure silty clay loam.

The chief limitation to use of these soils for crops is
their very poor natural drainage. Nearly all of the acreage
remains 1n native vegetation that is used for grazing late
in summer and in fall and as wildlife habitat. (Capability
unit Vw—WL; windbreak site 10)

Renshaw Series

The Renshaw series consists of excessively drained soils
that have formed in loamy material over loose sand and
gravel. These soils are on glacial outwash plains, The na-
tive vegetation was medium and tall prairie grasses.

In a typical profile, the surface layer is very dark brown
loam about 6 inches thick, The subsoil is very dark grayish
brown and is about 12 inches thick. It is sandy clay loam in
the upper part and is gravelly loam in the lower part. The
layer just beneath the subsoil is very pale brown, pale
brown, and brown, calcareous gravel. The next layer is
pale-brown coarse sand that contains some gravel and ex-
tends to a depth of 60 inches or more.

These soils have moderate permeability and high avail-
able water capacity in the surface layer and the subsoil and
rapid permeability and very low available water capacity
in the substratum. The average available water capacity
is low, and the water table is very deep.

Typical profile of Renshaw loam, nearly level (1,200 feet
east and 200 feet north of the southwest corner of sec. 23,
T.156 N.,,R.56 W.) :

A1—0 to 6 inches, very dark brown (10YR 2/2) loam, black
(10YR 2/1) when moist; moderate, fine, subangular
blocky structure; soft when dry, friable when moist,
slightly sticky and slightly plastic when wet; clear,
smooth boundary.

B2—6 to 15 inches, very dark grayish-brown (10YR 3/2) sandy
clay loam, very dark brown (10YR 2/2) when moist;
moderate, medium, prismatic structure breaking to
strong, medium, angular blocky structure; patches of
clay films on the vertical surfaces of peds; hard when
dry, firm when moist, sticky and plastic when wet;
clear, smooth boundary.

B3—15 to 18 inches, very dark grayish-brown (10YR 3/2)
gravelly loam, very dark brown (10YR 2/2) when
moist ; weak, medium, prismatie structure breaking to
weak, fine, angular blocky structure; patches of clay
films on the vertical surfaces of peds; hard when
dry, firm when moist, sticky and plastic when wet;
abrupt boundary.

IIClca—18 to 24 inches, very pale brown (10YR 8/3), pale
brown (10YR 6/3), and brown (10YR 5/3) gravel,
dark brown (10YR 4/3) when moist; about 10 per-
cent of horizon is shale; single grain; calcarecus.

I11C2—24 to 60 inches, pale-brown (10YR 6/3) coarse sand;
about 10 percent of horizon is shale gravel and other
gravel.

Texture of the A horizon is sandy loam in some places, and
that of the B2 horizon is sandy clay loam, sandy loam, or
gravelly loam. Depth to stratified coarse sand and gravel ranges
from 15 to 20 inches.

The Renshaw goils are deeper over sand and gravel than the
Sioux soils. Unlike the Brantford soils, they are underlain by
crystalline gravel and sand that contain little shale.

Renshaw loam, nearly level (0 to 3 percent slopes)
[ReA).—This soil is on glacial outwash plains and on low
glacial beach lines. It has the profile described as represent-
ative of the series.

Included with this soil in mapping were areas of soils
that are in a few shallow depressions and that are often wet
because water from snowmelt or rainfall has ponded on
their surface. Also included were areas of soils that have
lost part of their original surface layer as a result of soil
blowing. These eroded soils have a thinner, lighter colored,
and slightly coarser textured surface layer than typical for
Renshaw soils.

The chief limitations to use of this Renshaw soil for
crops are droughtiness, caused by the shallow root zone
and the low available water capacity of the substratum,
and moderate susceptibility to soil blowing. This soil is
suited to the commonly grown field crops, hay crops, and
pasture plants, however, and most of the acreage is culti-
vated. (Capability unit IT1s-5; windbreak site 6)

Renshaw loam, gently sloping (3 to 9 percent slopes)
(ReB).—This soil is on sandy and gravelly glacial terraces
and beaches. It has a profile similar to the one described
as representative of the series, except that the surface layer
and the subsoil are thinner.

Included with this soil in mapping were small areas of
Sioux soils and small areas of a soil that has a gravelly
surface layer. Also included were areas of Renshaw sandy
loam and of Arvilla loam that make up a small part of
some areas of this mapping unit.

The chief limitations to use of this Renshaw soil for
crops are the moderate susceptibility to soil blowing, and
droughtiness caused by the shallow root zone and the low
available water capacity of the substratum. This soil is
suited to the commonly grown field crops, hay crops, and
pasture plants, however, and most of the acreage is cul-
tivated. (Capability unit ITTes-5; windbreak site 6)

Rockwell Series

The Rockwell series consists of deep, poorly drained
soils in interbeach areas. These soils have formed in coarse
textured and moderately coarse textured sediment that
is less than 40 inches thick over loamy glacial till or lacus-
trine sediment. The native vegetation was mainly medium
and tall prairie grasses, but it included some wetland
grasses, rushes, and sedges in wet areas.

In a typical profile, the surface layer is black fine sandy
loam about 8 inches thick. Just beneath the surface layer is
a layer that is about 11 inches thick and that contains a
large amount of lime. This layer is light-gray, faintly mot-
tled fine sandy loam in the upper part and 1s light-gray,
faintly mottled loamy fine sand in the lower part. The next
layer 1s about 7 inches thick and consists of Eght—gray fine
sandy loam in the upper part and of pale-yellow fine sandy
loam in the lower part. It is underlain by pale-yellow, mot-
tled clay loam glacial till or lacustrine sediment that ex-
tends to a depth of 60 inches or more.

Permeability is moderately rapid in the upper part of
the profile, where the soil material is coarse textured or
moderately coarse textured, and it is moderately slow in the
loamy lower layers, The available water capacity is high.
A seasonal high water table is within 1 to 2 geet of the soil
surface.

Typical profile of Rockwell fine sandy loam in a cul-
tivated field (0.1 mile north and 200 feet west of the south-
east corner of the NE14 of sec. 24, T. 156 N, R. 55 W.) :

Ap—O0 to 8 inches, black (10YR 2/1) fine sandy loam, black
(10YR 2/1) when moist; cloddy, breaking to weak,
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fine, crumb structure; slightly hard when dry, friable
when moist, slightly plastic when wet; slightly cal-
careous; abrupt boundary.

(Clca—S8 to 11 inches, light-gray (5Y 7/1) fine sandy loam, dark
grayish brown (2.5Y 4/2) when moist; a few, fine,
faint, brown mottles; single grain; slightly hard when
dry, friable when moist, slightly plastic when wet;
very strongly calcareous; contains a few nodules of
manganese ; abrupt, wavy boundary.

C2ca—11 to 19 inches, light-gray (2.5Y 7/2) loamy fine sand,
light olive brown (2.5Y 5/4) when moist; a few, fine,
faint, brown mottles; single grain; soft when dry,
very friable when moist; very strongly calcareous;
contains a few nodules of manganese; clear boundary.

C3—19 to 22 inches, light-gray (5Y 7/2) fine sandy loam, pale
olive (5Y 6/3) when moist; single grain ; slightly hard
when dry, very friable when moist; strongly calcar-
eous; containg a few nodules of manganese and a few
pebbles ; clear boundary.

C4—22 to 26 inches, pale-yellow (2.5Y 8/4) fine sandy loam,
olive (5Y 5/4) when moist ; single grain; slightly hard
when dry, very friable when moist; strongly calcar-
eous ; contains a few nodules of manganese and a few
pebbles ; abrupt, wavy boundary.

I105—26 to 32 inches, pale-yellow (5Y 8/3) clay loam, olive
(5Y 5/3) when moist; common, fine, faint mottles;
moderate, fine, subangular blocky structure; hard
when dry, firm when moist, sticky and plastic when
wet ; strongly calcareous.

IIC6—32 to 52 inches, pale-yellow (5Y 7/3) clay loam, olive
(5Y 4/3) when moist; many, fine, distinet, brown and
gray mottles ; massive; very hard when dry, firm when
moist, sticky and plastic when wet; strongly calcar-
eous ; contains a few crystals of gypsum.

I1C7—52 to 60 inches, pale-yellow (2.5Y 7/4) clay loam glacial
till, olive brown (2.5Y 4/4) when moist; common,
medium, prominent, gray (5Y 5/1) and yellowish-
brown (10YR 5/8) mottles; massive; very hard when
dry, very firm when moist, sticky and plastic when
wet ; calecareous.

Texture of the C horizons above the IIC5 horizon ranges
from flne sandy loam to loamy fine sand. That of the IIC
horizons ranges from silt or silt loam to silty clay loam or clay
loam. Pebbles and stones are common in the IIC horizons,
In some places a pebble or stone line separate the C4 horizon
and the IIC5 horizon. Depth to the IIC5 horizon ranges from
20 to 40 inches.

The Rockwell soils are coarser textured than the Gilby
soils, and they are more poorly drained than the Towner soils.
The Rockwell soils lack the B horizon that is typical in the
Lankin profile, and they are coarser textured than the Lankin
soils,

Rockwell fine sandy loam (0 to 3 percent slopes) (Ro).—
This is the only soil of the Rockwell series mapped in
Walsh County. It is in interbeach areas that are dotted
by a few shallow depressions in which runoff ponds during
wet periods. This soil contains some stones, and a few stone
piles are a part of the landscape.

Included with this soil in mapping were a few areas in
which soil blowing has been active, and the surface layer
in these areas is thinner, slightly coarser textured, and
more limy than normal for Rockwell soils. Also included
were areas of soils in which glacial till is below a depth of
60 inches. Other inclusions consist of areas of Tonka and
Parnell soils in shallow depressions.

The high susceptibility to soil blowing in cultivated
areas and the poor natural drainage are the chief limita-
tions to use of this Rockwell soil for crops. This soil is
suited to the field crops, hay crops, and pasture plants
commonly grown in the county, however, and most of the
acreage is cultivated. (Capability unit I1Te-3M; wind-
break site 2)

Ryan Series

The Ryan series consists of deep, poorly drained soils
in depressions on the glacial lake plain and on bottom lands
along streams. These soils have formed in fine-textured
lacustrine and alluvial sediment. The native vegetation
was tall prairie grasses and salt-tolerant grasses.

In a typical profile, the surface layer is gray silty clay
about 8 1nches thick. The subsoil is dark-gray clay about
25 inches thick. Just beneath the subsoil is a layer of olive-
gray and olive clay about 7 inches thick. Underlying this
layer is a layer that contains a large amount of lime. This
layer is olive and pale-olive, mottled, very strongly calcar-
eous clay in the upper part and is pale-olive, mottled,
strongly calcareous silty clay in the lower part. It extends
to a depth of 60 inches or more.

These soils have slow permeability and high available
water capacity. A seasonal high water table is within 3 to
5 feet of the soil surface.

Typical profile of a Ryan silty clay (200 feet west and
50 feet south of the northeast corner of the NW14 of sec. 9,
T.155 N, R.52 W.) :

A1—0 to 8 inches, gray (N 5/0) silty clay, black (5Y 2/1)
when moist; weak, very fine, angular blocky strue-
ture ; extremely hard when dry, sticky and very plastic
when wet ; abrupt, smooth boundary.

B21t—3 to 10 inches, dark-gray (N 4/0) clay, black (5Y 2/1)
when moist ; strong, coarse, prismatic structure break-
ing to strong, fine, angular blocky structure ; extremely
hard when dry, very firm when moist, sticky and very
plastic when wet; gradual, wavy boundary.

B22t—10 to 28 inches, dark-gray (N 4/0) clay, black (5Y 2/2)
when moist; moderate, medium, prismatic structure
breaking to moderate, very fine, angular blocky strue-
ture; extremely hard when dry, very firm when moist,
sticky and very plastic when wet.

B3—23 to 28 inches, dark-gray (N 4/0) clay, dark olive gray
(5Y 3/2) when moist; moderate, very fine, angular
blocky structure; extremely hard when dry, very firm
when moist, sticky and very plastic when wet.

C1—28 to 35 inches, olive-gray (5Y 5/2) and olive (5Y 5/3)
clay, olive (5Y 4/3) when moist; massive; extremely
hard when dry, very firm when moist, sticky and very
plastic when wet.

(C2ca—385 to 41 inches, olive (5Y 5/3) and pale-olive (5Y 6/3)
clay, olive (5Y 5/3) when moist; a few, fine, distinet,
yellow mottles and common, fine, faint, very dark gray
(5Y 8/1) mottles and a few, fine, distinct, yellowish-
brown (10YR 5/6) mottles when moist ; massive; very
firm when moist, sticky and very plastic when wet;
very strongly calcareous.

C3ca—41 to 60 inches, pale-olive (5Y 6/3) silty clay, olive
(5Y 5/3) when moist; many, fine, distinct, brownish-
yellow and strong-brown mottles and common, fine,
faint, very dark gray and yellowish-brown mottles
when moist; massive; extremely hard when dry, firm
when moist, sticky and plastic when wet; strongly
caleareous.

The A horizon is as much as 5 inches thick, but it is about
3 inches thick in most places. Texture of the A horizon is silty
clay or clay. In some areas the profile contains a thin, gray,
friable A2 horizon. The B horizon ranges from 14 to 25 inches
in thickness and from olive gray to black, dark gray, or very
dark gray in color. The C horizons are clay and silty clay, and
they range from dark gray or dark olive gray to olive gray
or pale olive in color. In most places these soils are mottled
below a depth of 35 inches. The mottles increase in number and
in distinctness with increasing depth.

Unlike the Ludden soils, the Ryan soils have a well-defined
B horizon.

In Walsh County the Ryan soils were mapped only in a
complex with Ludden soils.
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Sioux Series

The Sioux series consists of excessively drained soils
that have formed in loamy material over stratified gravel
and sand. The native vegetation was short, medium, and
tall prairie grasses.

In a typical profile, the surface layer is about 8 inches
thick and consists of very dark gray gravelly loam in the
upper part and of dark-brown loam in the lower part. Just
beneath the surface layer is a layer of dark-brown gravelly
loam about 7 inches thick. The next layer is dark-brown
and strong-brown gravelly coarse sand about 10 inches
thick. This layer is underlain by very pale brown and
strong-brown coarse sand and gravel that extend to a depth
of 60 inches or more.

In the surface layer, permeability is moderate and the
available water capacity is moderate. In the layers beneath
the surface layer, permeability is rapid and the available
water capacity is very low. The average available water
capacity is very low. These soils have a very deep water
table.

Typical profile of a Sioux gravelly loam (0.2 mile east
and 60 feet north of the center of sec. 33, T. 156 N., R. 56
W.):

Al11—0 to 5 inches, very dark gray (10YR 3/1) gravelly loam,
black (10YR 2/1) when moist; weak, fine, crumb strue-
ture; slightly hard when dry, very friable when moist,
slightly plastic when wet; high content of organic
matter ; abrupt, irregular boundary.

Al12—5 to 8 inches, dark-brown (10YR 3/3) loam, very dark
brown (10YR 2/2) when moist; moderate, fine, pris-
matie structure breaking to moderate, fine, subangular
blocky structure ; slightly hard when dry, friable when
moist, stickly and plastic when wet; contains a few
pebbles; abrupt, smooth boundary.

II01—S8 to 15 inches, dark-brown (7.5YR 3/2 and 4/4) gravelly
loam, dark reddish brown (5YR 3/3) when moist;
single grain ; loose when dry, very friable when moist,
slightly plastic when wet ; contains a few soft, weath-
ered stones; clear, smooth boundary.

II1C2ca—15 to 25 inches. dark-brown (7.5YR 4/4) and strong-
brown (7.5YR 5/6) gravelly coarse sand, dark red-
dish brown (5YR 3/3) when moist; single grain ; loose
when dry, very friable when moist; strongly
caleareous.

1I1C3—25 to 60 inches, very pale brown (10YR 7/3) and strong-
brown (7.5YR 5/6) coarse sand and gravel, brown
(10YR 7/3) when moist; single grain; loose when
dry or moist; slightly calcareous.

The A horizon ranges from 5 to 16 inches in thickness, and
in places it is sandy loam. The gravel and sand in the profile
were derived primarily from granite, but shale gravel and sand
make up from 5 to 15 percent of the C horizons in some areas.

The Sioux soils are shallower over gravel than the Renshaw
soils, and they lack the B horizon that is typical of the Renshaw
soils. In contrast to the Coe soils, they have predominantly
granitic sand and gravel in their C horizons.

Sioux-Renshaw complex (0 to 8 percent slopes) (Sr).—
This mapping unit consists mainly of Sioux and Renshaw
soils associated in such complex patterns on glacial out-
wash plains that it was impractical to map them separately.
About 60 percent of this mapping unit 1s Sioux soils, and
40 percent is Renshaw soils. The Sioux soils are generally
in convex areas, and the Renshaw soils are in concave
areas. The Sioux soils have the profile described as repre-
sentative of the Sioux series. The Renshaw soils have a
profile similar to the one described as representative of
the Renshaw series, except that the surface layer is lighter
colored and coarser textured. Cultivated areas are mod-

erately eroded in most places, and the surface layer is
gravelly loam or cobbly loam in most of those areas. Cob-
blestones as much as 6 inches in diameter are common.

The chief limitation to use of these soils for crops is
droughtiness caused by the shallow root zone and the low
available water capacity of the substratum. In addition,
these soils are moderately to highly susceptible to soil
blowing if they are cultivated. Most areas of these soils
have remained in native grass or have been reseeded to
tame grasses. (Capability unit VIs-Sw(G ; the Sioux soil
is in windbreak site 10, and the Renshaw soil is in wind-
break site 6).

Sioux and Renshaw soils, steep (8 to 30 percent slopes)
{SsE).—About 65 percent of this mapping unit is Sioux soils,
25 percent is Renshaw soils, and the rest is other as-
sociated soils. The soils are on glacial outwash deposits of
sand and gravel. The Sioux soils are in convex areas, and
they have dominant slopes of 12 to 30 percent. The Ren-
shaw soils are less sloping than the Sioux. Profiles of these
soils are similar to the ones described as representative
for their respective series, except that the surface layer
of the Renshaw soil is thinner and lighter colored.

Included with these soils in mapping were small areas
of steep Embden sandy loam and of Arvilla loam. Also
included were some small areas of steep Towner fine sandy
loam that lie east of Fordville.

Soils of this mapping unit are used mainly for pasture
and as wildlife habitat. The chief limitation to their use
for crops is droughtiness, caused by the shallow root zone
and the low available water capacity. (Capability unit
VIs-SwG ; the Sioux soil is in windbreak site 10, and the
Renshaw soil is in windbreak site 6)

Svea Series

The Svea series consists of deep, loamy, moderately well
drained soils that have formed in calcareous glacial till.
These soils are on glacial till plains. Their slopes are gener-
ally less than 2 percent, but they are greater in some places.
The native vegetation was medium and tall prairie grasses.

In a typical profile the surface layer is very dark gray
loam about 8 inches thick. The subsoil is clay loam that is
about 11 inches thick and is dark gray in the upper part
and is grayish brown in the lower part. Just beneath the
subsoil is a layer of very strongly calcareous material that
is about 20 inches thick and contains a large amount of
lime. This layer is white clay loam in the upper part and is
pale-yellow loam in the lower part. Underlying this layer
of limy material is light yellowish-brown loam that is
mottled in the upper part and extends to a depth of 61
inches or more.

Permeability is moderate in the surface layer and the
subsoil and moderately slow in the substratum. These soils
have high available water capacity. The water table is very
deep.

Typical profile of a Svea loam (1,060 feet south and 150
feet east of the northwest corner of sec. 2, T\ 157 N., R. 56
W.):

Ap—O0 to 5 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; weak, medium, subangular
blocky structure breaking to moderate, fine, crumb
structure ; slightly hard when dry, friable when moist,

slightly sticky and plastic when wet; abrupt, smooth
boundary.
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Al—35 to 8 inches, very dark gray (10YR 3/1) loam, black
(10YR 2/1) when moist; moderate, coarse, subangu-
lar blocky structure; slightly hard when dry, friable
when moist, slightly sticky and plastic when wet;
abrupt, smooth boundary.

B21—8 to 14 inches, dark-gray (10YR 4/1) clay loam, very
dark brown (10YR 2/2) when moist ; moderate, coarse,
prismatic structure; slightly hard when dry, friable
when moist, sticky and plastic when wet ; patchy clay
films on the surfaces of peds; clear boundary.

B22—14 to 19 inches, grayish-brown (10YR 5/2) clay loam,
very dark grayish brown (10YR 3/2) when moist;
moderate, medium, prismatic structure; hard when
dry, friable when moist, sticky and plastic when wet;
abrupt, smooth boundary.

Clea—19 to 26 inches, white (2.5Y 8/2) clay loam, pale yellow
(2.5Y 7/4) when moist; weak, medium, subangular
blocky structure breaking to weak, fine and very fine,
subangular blocky structure; slightly hard when dry,
friable when moist, sticky and plastic when wet; very
strongly calcareous; clear boundary.

C2ca—26 to 39 inches, pale-yellow (2.5Y 8/4) loam, light
yellowish brown (2.5Y 6/4) when moist; weak, coarse,
subangular blocky and weak, thick, platy structure;
glightly hard when dry, friable when moist, sticky
and plastic when wet; very strongly caleareous; clear
boundary.

C3—39 to 54 inches, light yellowish-brown (2.5Y 6/4) heavy
loam, light olive brown (2.5Y 5/4) when moist; dark
reddish-brown and gray mottles; moderate, thick,
platy structure; slightly hard when dry, friable when
moist, sticky and plastic when wet; strongly calcare-
ous; few nodules of lime; diffuse boundary.

(4—54 to 61 inches, light yellowish-brown (2.5Y 6/4) loam,
light olive brown (2.5Y 5/4) when moist; massive;
hard when dry, friable when moist, slightly sticky
and plastic when wet ; caleareous.

Thickness of the solum is generally between 16 and 30 inches,
but deeper soil development is common in swales where local
alluvium has been deposited over the till. Thickness of the A
horizon ranges from 6 to 14 inches. In most places the A hori-
zon is loam, but it is silt loam in some area. The B2 horizon
ranges from 6 to 18 inches in thickness, and it is loam in places.
In some places there are thin patches of clay films in the B2
horizon but no appreciable buildup of clay. In most places the
C horizon contains few to common grayish and brownish
mottles. The Cleca horizon contains a layer of gypsum in places,
especially in areas where these soils are associated with
Hamerly soils. The underlying glacial till is loam or clay loam.
Less than 5 percent of the till is weathered shale, except where
these soils are associated with Edgeley soils. In those areas
from 5 to 25 percent of the till is weathered shale.

The Svea soils have more grayish colors in their solum than
the Barnes soils. They have a thicker solum and a lime zone
lower in their profile than the Hamerly soils, and unlike the
Hamerly soils, they have a B2 horizon. The Svea soils lack the
claypan that is typical in the subsoil of the Cresbard and
Cavour soils.

Svea-Barnes loams, nearly level (0 to 3 percent slopes)
(SuA).—About 50 percent of this mapping unit is Svea
loam, 85 percent is Barnes loam, and 15 percent is other
soils. The soils are on glacial till plains. The thicker areas
of the Svea soil are in concave swales. The Barnes soil and
thinner areas of Svea soil are in convex areas. The slopes
are short. The profile of the Svea soil is the one described
as representative for the Svea series.

Included with these soils in mapping were areas of Tonka
silt loam and of Parnell silty clay loam in depressions.

Climate is the chief limitation to use of the soils of this
mapping unit for crops. These soils are also slightly sus-
ceptible to soil blowing, and water erosion is a slight haz-
ard on the longer slopes. These soils are suited to the field
crops, hay crops, and pasture plants commonly grown in
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the county, however, and most of the acreage is cultivated.
(Capability unit ITc~6 ; windbreak site 1)

Svea-Cresbard loams, nearly level (0 to 6 percent
slopesf (SvAl.—About 45 percent of this mapping unit is
Svea loam, 40 percent is Cresbard loam, and the rest is
other soils. In most places these soils have slopes of 1 to
2 percent, but the slopes are as steep as 6 percent in some
places. These soils are on glacial till plains. The Svea soil
occupies the upper slopes, and the Cresbard soil is in
shallow swales, on the very gentle lower slopes, and at the
head of intermittent drainageways.

Included with these soils In mapping were small areas of
Cavour loam, Barnes loam, Hamerly loam, and Tonka, silt
loam. Also included were small areas of Edgeley soils and
of Cresbard soils that have a substratum of bedded shale
below a depth of 40 inches. The areas of Edgeley and
Cresbard soils are north of Lanlkin.

The chief limitation to use of the soils of this mapping
unit for crops is the claypan subsoil of the Cresbard soil,
which limits growth of roots. Both the Svea and Cresbard
soils are also slightly susceptible to soil blowing. These
soils are suited to the commonly grown field crops, hay
crops, and pasture plants, however, and most of the acreage
is cultivated. (Capability unit IIIs—P; the Svea soil is 1n
windbreak site 1, and the Cresbard soil is in windbreak
site 4)

Tonka Series

The Tonka series consists of deep, poorly drained soils
that have formed in loamy local alluvium and in glacial
till. These soils are in shallow depressions in interbeach
areas and on the till plain. The areas are mostly less than
5 acres in size, and many of them contain less than 1 acre.
Water is ponded on the surface during the wettest parts
of the year. It is ponded all year when precipitation is
above normal. The native vegetation was wetland grasses,
reeds, rushes, and sedges.

In a typical profile, the surface layer is very dark gray
silt loam about 16 inches thick. The subsurface layer is
about 10 inches thick and consists of loam that is dark gray
in the upper part and is gray in the lower part. The sub-
soil is about 16 inches thick. It is clay loam that is dark
gray in the upper part and mottled grayish brown in the
Tower part. The substratum consists of local alluvium that
is underlain by glacial till. It is mottled, olive sandy clay
in the upper part and is mottled, pale-olive clay loam in
the lower part.

Permeability is moderate in the surface layer and the
subsurface layer, moderately slow in the subsoil, and
moderately slow or slow in the substratum. The available
water capacity is high. A seasonal high water table is
within 0 to 5 feet of the soil surface.

Typical profile of 2 Tonka silt loam in a cultivated field
(1,200 feet west and 200 feet north of the southeast corner
ofsec. 27, T.158 N.,R. 59 W.) :

Ap—0 to 6 inches, very dark gray (10YR 3/1) silt loam, black
(10YR 2/1) when moist ; cloddy, breaking to moderate,
medium and fine, granular structure; hard when dry,
friable when moist ; slightly sticky and slightly plastic
when wet; abrupt, smooth boundary.

Al1—-6 to 18 inches, very dark gray (10YR 3/1) silt loan, black
(10YR 2/1) when moist; moderate, medium, sub-
angular blocky structure breaking to moderate, fine,
subangular blocky structure; slightly hard when dry,
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friable when moist, slightly sticky and slightly plastic
when wet ; abrupt, smooth boundary.

A21—16 to 20 inches, dark-gray (10YR 4/1) loam, black
(10YR 2/1) when moist; weak, medium, platy struc-
ture breaking to weak, very fine, subangular blocky
structure ; soft when dry, friable when moist, slightly
sticky and slightly plastic when wet; abrupt, wavy
boundary.

A22—20 to 26 inches, gray (10YR 6/1) lcam, very dark brown
(10YR 2/2) when moist; weak, medium, platy struc-
ture breaking to weak, very fine, subangular blocky
structure; soft when dry, friable when moist, plastie
and slightly sticky when wet; abrupt boundary.

B2t—26 to 33 inches, dark-gray (10YR 4/1) clay loam, very
dark brown (10YR 2/2) when moist, and very dark
grayish brown (2.5Y 3/2) if crushed ; strong, medium
and fine, angular blocky structure; very hard when
dry, firm when moist, sticky and plastic when wet;
continuous clay films on the surfaces of peds; clear
boundary.

B3tg—33 to 42 inches, grayish-brown (2.5Y 5/2) clay loam,
very dark grayish brown (2.5Y 3/2) when moist;
many, fine, distinet, dark yellowish-brown mottles;
strong, medium and fine, angular blocky structure;
very hard when dry, firm when moist, very sticky and
very plastic when wet; continuous clay films on the
surfaces of peds; contains a few nodules of manganese.

Cg—42 to 54 inches, olive (5Y 5/3) sandy clay, dark grayish
brown (2.5Y 4/2) when moist ; many, fine, prominent,
yellowish-brown mottles; massive; hard when dry,
firm when moist, very sticky and very plastic when
wet; contains a few fine nodules of iron and
manganese.

Texture of the Al horizon ranges from silt loam to loam or
silty clay loam, and texture of the A2 horizon ranges from
loam to silt loam or fine sandy loam. The B horizon is dark
gray, very dark gray, or grayish brown. It containg few to many
mottles that range from gray to brown in color. Texture of the
B horizon ranges from sandy clay loam or clay loam to clay.
The C horizon is dense and is highly mottled. It is noncal-
careous to strongly calcareous and ranges from sandy clay or
clay to sandy clay loam or clay loam in texture. Thickness of
the local alluvium over glacial till ranges from only a few
inches to several feet.

Unlike the Parnell soils, the Tonka soils have a well-defined
A2 horizon. They are less well drained than the Svea soils, and
they lack the Ceca horizon immediately below the A horizon
that is typical of the Vallers and Hamerly soils. The Tonka
soils are more poorly drained and have thicker A and B horizons
than the Cresbard soils.

In Walsh County the Tonka soils were mapped only in an
undifferentiated group with Parnell soils.

Towner Series

The Towner series consists of deep, moderately well
drained soils of interbeach plains. These soils have formed
in material that has a texture of sandy loam and loamy
sand and that is underlain by loamy glacial till or lake
sediment. The native vegetation was medium and tall
prairie grasses.

In a typical profile, the surface layer is about 19 inches
thick and consists of very dark gray sandy loam in the
upper part and of dark grayish-brown light sandy loam in
the lower part. Just beneath the surface layer is a layer of
light yellowish-brown loamy sand that is about 12 inches
thick. The next layer is light yellowish-brown sandy loam
about 2 inches thick. This is underlain by clay loam till or
lacustrine sediment that is light yellowish brown to a
depth of 42 inches and is light gray and light yellowish
brown below that depth. All of the layers below the sur-
face layer are mottled.

Permeability is moderately rapid in the coarse textured
and moderate{y coarse textured upper layers, and it is
moderately slow in the loamy lower layers. The available
water capacity is moderate. A seasonal high water table
rises to within 214 to 5 feet of the soil surface,

Typical profile of Towner sandy loam, level, that has
slopes of 1 percent, located in a cultivated field (one-fourth
mile east and 150 feet north of the southwest corner of sec.
32, T.157 N.,R. 55 W.) :

Ap—O0 to 6 inches, very dark gray (10YR 3/1) sandy loam,
black (10YR 2/1) when moist; weak, medium and
fine, subangulasr blocky structure; slightly hard when
dry, very friable when moist, slightly sticky when
wet ; a few fine pebbles; abrupt, smooth boundary.

A1-6 to 19 inches, dark grayish-brown (10YR 4/2) light sandy
loam, very dark grayish brown (10YR 3/2) when
moist, and grayish brown (10YR 5/2) if crushed; a
few, fine, faint, brown mottles; very weak, coarse,
prismatic structure breaking to weak, medium and
fine, subangular blocky structure; slightly hard when
dry, very friable when moist; a few pebbles; clear,
wavy boundary.

C1—19 to 31 inches, light yellowish-brown (2.5Y 6/3) loamy
sand, olive brown (2.5Y 4/4) when moist; common,
fine, faint, brown and very fine black mottles when
moist ; single grain ; soft when dry, loose when moist;
a few fine roots; abrupt, wavy boundary.

C2—31 to 33 inches, light yellowish-brown (2.5Y 6/4) sandy
loam, olive brown (2.5Y 4/3) when moist; common,
fine, distinct, yellowish-brown mottles; weak, medium
and fine, subangular blocky structure; hard when dry,
very friable when moist; a few pebbles and stones;
caleareous; clear, wavy boundary.

IIC3ca—33 to 42 inches, light yellowish-brown (2.5Y 6/3) clay
loam, light olive brown (2.5Y 5/4) when moist; com-
mon, fine and medium, prominent, yellowish-brown
and gray mottles; moderate, fine, subangular blocky
structure; very hard when dry, firm when moist,
sticky and plastic when wet; a few stones; strongly
calcareous; gradual, wavy boundary.

II1C4-—42 to 60 inches, light-gray (5Y 7/1) and light yellowish-
brown (2.5Y 6/4) clay loam till ; few, fine, prominent,
brown (7.5Y 5/4) mottles, many, medium, yellowish-
brown (10YR 5/6) mottles, and a few, fine, black mot-
tles; weak, thick, platy and moderate, medium,
blocky structure characteristic of till; pebbles and
stones at random throughout the horizon ; caleareous.

In places the A horizon is fine sandy loam. Texture of the
C1 and C2 horizons is lcamy sand to sandy loam. Depth to the
IIC horizon ranges from 18 to 40 inches. Texture of the IIC
horizon ranges from loam or clay loam to silt loam. The num-
ber of stones and pebbles in the C and IIC horizons is variable,
In places a stone line separates the C and IIC horizons. Piles
of stones are a common feature of the landscape.

The Towner soils have coarser textured A and C horizons
than the Lankin soils. They have loamy IIC horizons that are
lacking in the Embden soils.

Towner sandy loam, level (0 to 3 percent slopes)
(ToA).—This is the only soil of the Towner series mapped
in the county. It occupies interbeach areas that are dotted
by a few depressions in which runoff accumulates. Piles of
stones are a common feature of the landscape.

Included with this soil in mapping were some areas of
eroded soils that have a lighter colored, slightly coarser
textured surface layer than typical for Towner soils. Also
included were areas of soils that have a thicker surface
layer than normal for Towner soils, as a result of deposi-
tion by wind.

The chief limitation to use of this Towner soil for crops
is high susceptibility to soil blowing in cultivated areas.
This soil is suited to the field crops, hay crops, and pasture
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plants commonly grown in the county, however, and most
of the acreage 1s cultivated. (Capability unit I1Te-8M;
windbreak site 1)

Ulen Series

The Ulen series consists of deep, moderately well
drained and somewhat poorly drained soils that have
formed in sandy water-deposited material. The native
vegetation was mainly medium and tall prairie grasses.

In a typical profile, the surface layer is about 15 inches
thick and consists of black sandy loam in the upper part
and is very dark gray fine sandy loam in the lower part.
Just beneath the surface layer is a layer of very strongly
calcareous loam that is about 17 inches thick and contains
a large amount of lime. This layer is light gray in the
upper part and is white mottled with light olive brown
in the lower part. Beneath the layer in which lime has
accumulated is mottled, stratified loamy and sandy sedi-
ment that typically is light yellowish-brown loamy fine
sand in the upper part, pale-yellow loamy very fine sand
and loamy fine sand in the middle part, and white loamy
coarse sand in the lower part. This stratified material
extends to a depth of 62 inches or more.

Permeability is moderate in the surface layer and in the
layer where lime has accumulated, and it 1s moderately
rapid in the layers below. The available water capacity is
moderate. A seasonal water table is within 3 to 5 feef of
the soil surface.

Typical profile of Ulen sandy loam in a cultivated field
(680 feet west and 100 feet north of the southeast corner
of sec. 2, T. 156 N., R. 55 W.) :

Ap—o0 to 8 inches, black (10YR 2/1) sandy loam, black (10YR
2/1) when moist; weak, medium, subangular blocky
structure breaking to weak, fine, crumb structure;
slightly hard when dry, very friable when moist;
slightly calcareous; abrupt, smooth boundary.

Al1—8 to 15 inches, very dark gray (10YR 8/1) fine sandy loam,
black (10YR 2/1) when moist; moderate, medium,
subangular blocky structure; slightly hard when dry,
very friable when moist, slightly plastic when wet;
slightly caleareous; abrupt, wavy boundary.

Clca—15 to 25 inches, light-gray (5Y 7/1) loam, gray (5Y 5/1)
when moist; moderate, medium, subangular blocky
structure; slightly hard when dry, very friable when
moist, slightly sticky and slightly plastic when wet;
very strongly calcareous; clear, wavy boundary.

C2ca—25 to 32 inches, white (5Y 8/2) loam, light brownish
gray (2.5Y 6/2) when moist; common, medium, faint,
light olive-brown mottles; moderate, medium, sub-
angular blocky structure; slightly hard when dry,
very friable when moist, slightly sticky and slightly
plastic when wet; very strongly calcareous; clear,
wavy boundary.

C3—32 to 39 inches, light yellowish-brown (10YR 6/4) loamy
fine sand, dark brown (10YR 4/8) when moist; com-
mon, fine, distinct, dark yellowish-brown and olive
mottles; weak, medium, subangular blocky structure;
slightly hard when dry, very friable when moist;
calcareous; clear boundary.

C4-39 to 51 inches, pale-yellow (2.5Y 7/4) loamy very fine
sand, olive brown (2.5Y 4/4) when moist; common,
medium, distinet, yellowish-brown and olive-gray
mottles; single grain; slightly hard when dry, very
friable when moist; calcareous.

C5—51 to 57 inches, pale-yellow (2.5Y 7/4) loamy fine sand,
gray (5Y 5/1) and dark yellowish brown (10YR 4/4)
when moist; single grain; loose when dry or moist;
very friable; caleareous.

C6—57 to 62 inches, white (5Y 8/2) loamy coarse sand, dark
gray (5Y 4/1) when moist; a few, medium, prominent,

brown mottles; single grain; slightly hard when dry,
very friable when moist; slightly calcareous,

The A horizon ranges from 8 to 15 inches in thickness, and
it is loam or loamy sand in places. The Cca horizon ranges
from 8 to 17 inches in thickness, and it is sandy loam in some
places. Mottles in the Cca horizon range from few to common,
Texture of the material below the Cea horizon ranges from
loamy very fine sand or loamy fine sand to loamy coarse sand,
sand, or fine sand. Color of the mottles in the material below
the Cca horizon ranges from yellowish brown to white.

The Ulen soils are better drained than the Fossum and
Arveson soils, They are coarser textured than the Glyndon and
Borup soils, and they are less well drained than the Embden
soils. In addition, the Ulen soils lack the B horizon that is
typical of the Embden soils.

Ulen sandy loam (0 to 5 percent slopes) (Un).—This soil
occupies small areas on sandy plains. It has the profile de-
scribed as representative of the series.

Included with this soil in map&)ing were small areas of
moderately eroded Ulen soils and small areas of Arveson
and Fossum soils. Also included were areas of soils that
have a surface layer of sandy loam and that have a sub-
stratum of coarse sand or gravel.

This Ulen soil is suited to the field crops, hay crops, and
pasture plants commonly grown in the county, and most of
the acreage is cultivated. High susceptibility to soil blow-
ing is the chief limitation to use of this soil for cultivated
crops. (Capability unit I1Te-3; windbreak site 1)

Vallers Series

The Vallers series consists of deep, calcareous, poorly
drained soils that have formed in glacial till or in loamy
local alluvium over glacial till. These soils are adjacent to
potholes and other wet, depressed areas. The native vege-
tation was mainly tall and medium prairie grasses and
wetland grasses, but it was tall prairie grasses, wetland
grasses, and salt-tolerant grasses on the saline Vallers soil.

In a typical profile, the surface layer is black loam about
6 inches thick. Tongues of material from the surface layer
extend downward into the layer below. The layer just
below the surface layer is about 19 inches thick, and it
contains an accumulation of lime. This limy layer 1s white
and is very strongly calcareous in the upper part, and it
is slightly calcareous and is mottled light gray in the
lower part. The next layer is about 13 inches thick and
consists of mottled, light olive-gray clay loam alluvial
material. It is underlain by mottled, pale-yellow alluvial
material that extends to a depth of 60 inches or more.
Crystals of gypsum and other salts are distributed
throughout the soil profile.

Permeability is moderate in the surface layer, moder-
ately slow in the layer where lime has accumulated, and
moderately slow or slow in the layers below. The available
water capacity is high. A seasonal water table is within
1 to 5 feet of the soil surface.

Typical profile of a Vallers loam (840 feet south and
100 feet west of the northeast corner of sec. 14, T. 156 N.,
R. 58 W.):

A1—0 to 6 inches, black (10YR 2/1) loam, black (10YR 2/1)
when moist; moderate, very fine, crumb structure;
very friable when moist; clear, irregular boundary.

Clcag—6 to 15 inches, white (5Y 8/2) clay loam, olive gray
(5Y 5/2) when moist; moderate, medium, subangular
blocky structure breaking to moderate, very fine,
angular blocky structure; firm when moist, sticky and
plastic when wet; narrow tongues of soil material



56 SOIL SURVEY

from the Al horizon extend downward into this hori-
zon ; very strongly calcareous; clear boundary.

C2cag—15 to 25 inches, light-gray (5Y 7/2) clay loam, olive
gray (5Y 4/2) when moist; common, fine, distinct,
light olive-brown (2.5Y 5/6) mottles; moderate, very
fine, angular blocky structure ; firm when moist, sticky
and plastic when wet; common crystals of gypsum;
slightly calcareous; clear boundary.

08g—25 to 38 inches, light olive-gray (5Y 6/2) clay loam, olive
gray (5Y 4/2) when moist ; many, medium, prominent,
yellowish-brown mottles; weak, very fine, angular
blocky structure; firm when moist, sticky and plastic
when wet; contains a few crystals of gypsum and
fragments of shale; slightly calcareous.

C4g—38 to 60 inches, pale-yellow (5Y 7/8) sandy clay, olive
(5Y 4/3) when moist; common, fine, prominent, yel-
lowish-brown and gray mottles; very firm when moist,
very sticky and very plastic when wet; contains many
fragments of shale and crystals of gypsum; slightly
calcareous.

The A horizon ranges from loam to clay loam or silty clay
loam in texture and from 5 to 14 inches in thickness. Texture of
the C horizons is loam, clay loam, sandy clay loam, or sandy
clay. In most places from 1 to 10 percent of the A and Ccea
horizons is pebbles and stones. In some areas the A horizon
contains enough stones to interfere with fieldwork. Thickness
of the alluvial material over glacial till ranges from a few
inches to several feet. In places these soils are nonsaline
throughout the profile, and in other places they are strongly
saline throughout. The amount of gypsum and other salts
throughout the profile is variable.

The Vallers soils are more poorly drained than the Hamerly
soils. Unlike the Tonka and Parnell soils, they have a strongly
caleareous Cea horizon immediately below the A horizon. In
contrast to the Colvin soils, the Vallers soils formed in local
alluvium over glacial till.

Vallers loam, saline (0 to 8 percent slopes) (Va).—This
soil is on glacial till plains, where it is adjacent to intermit-
tent drainageways, potholes, and other wet areas. The pro-
file is similar to the one described as representative of the
series, except that the surface layer has a higher content of
soluble salts.

Included with this soil in mapping were small areas of
nonsaline Vallers soils and small areas of Parnell and
Tonka soils.

This saline soil is chiefly limited in use for crops by its
poor natural drainage, salinity, and moderate to igh
susceptibility to soil blowing. Where this soil is cultivated,
all the crops grown are adversely affected by the salts in
the root zone. (Capability unit ITIws—4; windbreak site 9)

Vallers-Hamerly loams (0 to 8 percent slopes) (Vh).—
This mapping unit is dominantly Vallers and Hamerly
soils that occur in such complex patterns that it was im-
practical to map them separately. About 55 percent of the
acreage is Vallers loam, 30 percent is Hamerly loam, and
the rest is other soils. These soils are on glacial till plains,
where they occupy areas around potholes and other wet
places. The Hamerly soil is on convex slopes at a slightly
higher elevation than the Vallers soil, and it is better
drained than the Vallers soil. The Vallers soil has the pro-
file described as representative of the Vallers series. From
10 to 30 percent of the soil material in the Vallers profile
is moderately saline.

Included with these soils in mapping were small areas of
Vallers clay loam, and small areas of Parnell and Tonka
soils in depressions.

The chief limitations to use of the soils of this mapping
unit for crops are the poor natural drainage of the Vallers
soil and the moderate to high susceptibility to soil blowing
of both soils. These soils are suited to the commonly grown

field crops, hay crops, and pasture plants, however, and
most of the acreage is cultivated. (Capability unit IIw-
4L; the Vallers soil is in windbreak site 9, and the Ham-
erly soil is in windbreak site 1)

Vallers-Hamerly stony loams (0 to 8 percent slopes)
(Vm).—About 55 percent of this mapping unit is Vallers
stony loam, 80 percent is Hamerly stony loam, and the rest
is other soils. These soils are on glacial till plains, where
they are adjacent to potholes and other wet areas. The
Hamerly soil occupies convex slopes at a slightly higher
elevation than the Vallers soil, and it is better drained than
the Vallers soil. Profiles of these soils are similar to the
ones described as representative of their respective series,
except that from 3 to 15 percent of the soil surface is cov-
ered with stones and boulders that make cultivation
impractical.

The chief limitations to use of these soils for crops are
the poor drainage of the Vallers soil and the numerous
stones and boulders that interfere with fieldwork on both
soils. Most areas have remained in native grass. (Capa-
bility unit Vsw-Sb; windbreak site 10)

Vang Series

The Vang series consists of well-drained soils that have
formed in loamy material over shaly sand and shaly
gravel. These soils are on glacial outwash plains and ter-
races. The native vegetation was mainly medium and tall
prairie grasses.

In a typical profile, the surface layer is dark-gray loam
about 8 inches thick. The subsoil is gray loam about 12
inches thick. The substratum is gray throughout and con-
sists of stratified gravelly material. Typically, it is
gravelly loam in the upper part, gravelly loam and
gravelly coarse sand in the middle part, and gravelly
loamy sand in the lower part. The substratum extends to
a depth of 60 inches or more.

These soils have moderate permeability and high avail-
able water capacity in the solum and in the upper part of
the substratum, and they have moderately rapid perme-
ability and very low availlable water capacity in the lower
part of the substratum. The average available water capac-
ity is moderate. These soils have a very deep water table.

Typical profile of a Vang loam (0.3 mile south of the
northwest corner of sec. 24, T. 155 N., R. 57 W.) :

A1—0 to 8 inches, dark-gray (10YR 4/1) loam, black (10YR
2/1) when moist; moderate, fine, granular structure;
very friable when moist, slightly sticky and slightly
plastic when wet ; clear, smooth boundary. (Abundant
broken pebbles of shale are scattered over the soil
surface.)

B2—8 to 20 inches, gray (10YR 5/1) loam, very dark gray
(10YR 3/1) when moist; weak, medium and coarse,
prismatic structure separating easily to moderate fine
and medium blocks; friable when moist, slightly
sticky and slightly plastic when wet; clear, smooth
boundary.

C1—20 to 80 inches, gray (10YR 6/1) gravelly loam, dark gray
(10YR 4/1) when moist; massive; very friable when
moist; abrupt, wavy boundary.

IIC2—30 to 48 inches, gray (10YR 5/1) gravelly loam and
gravelly coarse sand, very dark grayish brown (10YR
3/2) when moist; single grain; loose when dry or
moist; slightly caleareous; abrupt, smooth boundary.

I1C3—48 to 60 inches, gray (10YR 5/1) gravelly loamy sand,
very dark grayish brown (10YR 3/2) when moist;
gingle grain; loose when dry or moist; slightly
calcareous.
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The A horizon ranges from 5 to 8 inches in thickness. Shale
pebbles and chips of broken shale pebbles are common on and
in the A horizon. The B horizon ranges from 12 to 25 inches in
thickness, and it is clay loam in places. Thickness of the solum
over shale gravel and shale sand ranges from 20 to 40 inches.
The C horizons are predominantly shale gravel and coarse shale
sand, but from 25 to 40 percent of these horizons is crystalline
gravel and sand. In most places the A and B horizons are non-
caleareous, but the C horizons are generally slightly calcare-
ous, and they contain fine masses of lime.

The Vang soils are deeper over gravel than the Brantford
and Renshaw soils.

Vang-Brantford loams, nearly level (0 to 8 percent
slopes) (VnAl.—About 55 percent of this mapping unit is
Vang loam, and 45 percent is Brantford loam. These soils
are on glacial outwash plains and terraces. The Vang soil
is in the concave lower areas, and the Brantford soil occu-
pies the convex higher areas.

Included with these soils in mapping were small areas of
moderately eroded soils in which the surface layer is thin-
ner than typical for the soils of this mapping unit. In most
gla«ces these included soils have more sand and pebble-sized

ragments of shale concentrated on their surface than typi-
cal for the soils of this mapping unit.

The chief limitations to use of the soils for crops are
droughtiness as a result of the shallow to moderately deep
root zone and the low available water capacity of the sub-
stratum, and, in addition, the moderate susceptibility of
the soils to soil blowing. These soils are suited to the field
crops, hay crops, and pasture plants commonly grown in
the county, however, and most of the acreage is cultivated.
(Capability unit ITIs-5; the Vang soil is in windbreak site
3, and the Brantford soil is in windbreak site 6)

Wahpeton Series

The Wahpeton series consists of deep, moderately well
drained soils that have formed in recent alluvium. These
soils are on natural levees and on high bottom lands along
the Red River. The native vegetation was mainly decidu-
ous trees, shrubs, and tall prairie grasses.

_In a typical profile, the surface layer is very dark gray
silty clay about 7 inches thick. Just beneath the surface
lz_mlyer is a series of layers of dark gray and very dark gray
silty clay that are the surface layers of buried soils. Total
thickness of these buried layers is about 53 inches.

Permeability is moderate to moderately slow, and the
available water capacity is very high. Except when these
soils are flooded, the water table is very deep.

Typical profile of Wahpeton silty clay in a cultivated
area (160 feet east and 10 feet south of the northwest
corner of sec. 18, T. 158 N., R. 50 W.) :

Ap—O0 to 7 inches, very dark gray (2.5Y 3/1) silty clay, black
(10YR 2/1) when moist; cloddy, breaking to strong,
very fine, subangular blocky structure; very hard
when dry, firm when moist, very sticky and very
plastic when wet; abrupt, smooth boundary.

A11—7 to 15 inches, dark-gray (5Y 4/1) silty clay, black (5Y
2/1) when moist ; medium prismatic and blocky struc-
ture breaking easily to strong, very fine, subangular
blocky structure; very hard when dry, firm when
moist, very sticky and very plastic when wet; clear
boundary.

A12—15 to 28 inches, dark-gray (5Y 4/1) silty clay, black
(5Y 2/2) when moist; weak, medium, prismatic struc-
ture breaking to strong, very fine, subangular blocky
structure; hard when dry, firm when moist, very
sticky and very plastic when wet ; clear boundary.

Al13—28 to 42 inches, dark-gray (5Y 4/1) silty clay, black
(5Y 2/1) when moist; moderate, medium, subangular
blocky structure breaking to strong, very fine, sub-
angular blocky structure; hard when dry, firm when
moist, sticky and plastic when wet; clear boundary.

A14—42 to 60 inches, very dark gray (5Y 3/1) silty clay, black
(5Y 2/1) when moist; strong, very fine, subangular
blocky structure; very hard when dry, very firm when
moist, very sticky and very plastic when wet.

The Ap horizon is dark gray in some places, and it ranges
from 7 to 15 inches in thickness. In some areas the Ap horizon
is clay. The buried A horizons range from 23 to 53 inches in
combined thickness, and from black or very dark gray to dark
olive gray or very dark grayish brown in color. In places the
buried layers in the lower part of the profile are slightly limy.
In other areas these soils are underlain by a substratum that
contains IIC horizons of olive and olive-brown, calcareous,
massive, stratified silty clay in the lower part, above a depth
of 60 inches.

Wahpeton soils are better drained than the Fargo and
Cashel soils.

Wahpeton silty clay (0 to 5 percent slopes) (Wa).—This
is the only soil of the Wahpeton series mapped in Walsh
County. It is on natural levees and high bottom lands. The
areas on natural levees have gentle, convex slopes that on
one side of the levee lead to a river and on the other side
lead to the glacial lake plain. Flooding is a hazard for
short periods in spring when runoff is extensive. Areas of
this soil at the lower elevations are especially susceptible
to flooding. This soil dries out quickly enough that it can
be cultivated shortly after the floodwaters recede.

This soil is moderately to highly susceptible to soil
blowing. In most places it is suited to the field crops, hay
crops, and pasture plants commonly grown in the county,
and most of the acreage is cultivated. (Capability unit
ITe—4; windbreak site 1)

Walsh Series

The Walsh series consists of deep, well drained and mod-
erately well drained soils that have formed in shaly al-
Iuvium. These soils are on alluvial valley floors, on ter-
races, on the foot slopes of coulees, and on alluvial fans.
The native vegetation was medium and tall prairie grasses
and deciduous trees.

In a typical profile, the surface layer is very dark gray
silt loam about 10 inches thick. The subsoil is gray silty
clay loam about 12 inches thick. The substratum is shaly
alluvium that is gray silty clay loam in the upper part,
light brownish-gray silty clay loam between depths of 40
and 48 inches, and gray loam below a depth of 48 inches.

Permeability is moderate in the surface layer, and it is
moderately slow in the subsoil and the substratum. The
available water capacity is high, and the water table is
very deep.

Typical profile of Walsh silt loam in a cultivated field
(140 feet east and 350 feet north of the southwest corner of
the SE14 of sec. 21, T. 157 N., R. 56 W.):

A1—0 to 10 inches, very dark gray (10R 3/1) silt loam, black
(10YR 2/1) when moist; moderate, very fine, sub-
angular blocky structure ; hard when dry, friable when
moist, slightly sticky and slightly plastic when wet;
clear, wavy boundary.

B21--10 to 17 inches, gray (10YR 5/1) silty clay loam, very
dark grayish brown (10YR 3/2) when moist; mod-
erate, medium, prismatic structure breaking to mod-
erate, fine, prismatic and moderate, very fine, angular
blocky structure; hard when dry, friable when moist,
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sticky and plastic when wet; very dark brown (10YR
2/2) clay films on the surfaces of peds; gradual,
smooth boundary.

B22—17 to 22 inches, gray (2.5Y 5/1) silty clay loam, very
dark grayish brown (25Y 8/2) when moist; weak,
coarse, prismatic structure breaking easily to mod-
erate, very fine, angular blocky structure; hard when
dry, friable when moist, sticky and plastic when wet;
patchy clay films on the surfaces of peds; gradual
boundary.

C1—22 to 40 inches, gray (2.5Y 5/1) silty clay loam, very dark
grayish brown (2.5Y 3/2) when moist; moderate, fine,
subangular blocky structure; hard when dry, firm
when moist, sticky and plastic when wet; gradual
boundary.

(C2—40 to 48 inches, light brownish-gray (2.5Y 6/2) silty clay
loam, dark grayish brown (2.5Y 4/2) when moist; a
few, fine, faint, brown mottles; moderate, very fine,
subangular blocky structure; contains a few fine nod-
ules of lime ; gradual boundary.

(C3—48 to 60 inches, gray (2.5Y 6/1) loam, very dark gray
(2.5Y 3/1) when moist; hard when dry, friable when
moist, sticky and plastic when wet; contains a few
fine nodules of lime; about 5§ percent of horizon, by
volume, is shale sand and gravel.

The A horizon ranges from 6 to 15 inches in thickness and
from loam to silty clay loam in texture. The B horizon ranges
from gray or dark gray to brown in color, from 10 to 30 inches
in thickness, and from silty clay loam to loam in texture. In
places the C horizons are clay loam or loam to a depth of 40
inches. A large part of the profile is silt and fine particles of
shale the size of grains of sand. In some places the profile con-
tains shaly gravel and sand between depths of 40 and 60 inches.
Tn most places the solum is noncalcareous but the substratum
contains a slight or moderate amount of segregated lime in
nests or nodules. In a few places, however, the profile is cal-
careous between depths of 86 and 60 inches. The profile con-
tains the surface layer of a buried soil in some places.

The Walsh soils are finer textured than the Brantford and
Renshaw soils, and they lack the gravelly substratum at a
moderate depth that is typical of the Brantford and Renshaw
soils. They contain more fine shaly material than the Overly
soils, and they lack the Cca horizon that is common of the
Overly soils. The Walsh soils have formed in older alluvium
than the LaPrairie soils, and they have more distinct horizons
and greater structural development in their profile than the
LaPrairie soils. They lack the substratum of shaly till and
bedded shale that underlies the Edgeley soils. The Walsh soils
have a thicker solum than the Kloten soils. They lack the sub-
stratum of bedded shale that is typical of the Kloten soils,
and they lack the substratum of shaly gravel that is typical of
the Vang soils.

Walsh loam, sloping (3 to 9 percent slopes) (WhC).—
This soil has formed in shaly alluvium that has washed
or fallen from the steep sides of valleys and has formed
alluvial foot slopes and fans. The profile is similar to the
one described as representative of the series, except that
the surface layer is loam and the content of shaly sand and
shaly gravel 1s greater in all horizons.

Included with this soil in mapping were small areas of
Edgeley loam.

The chief limitation to use of this Walsh soil for crops
is susceptibility to water erosion, but this soil is also
moderately susceptible to soil blowing. Nevertheless, it is
suited to the field crops, hay crops, and pasture plants
commonly grown in the county. Most of the acreage is
under cultivation and is used for small grains, tame hay,
and pasture. (Capability unit IITe-6; windbreak site 1)

Walsh loam, sand substratum, nearly level (0 to 3
percent slopes) (WIA).—This soil is on glacial outwash ter-
races. It has formed in deep, loamy alluvium derived from
shale that is underlain by shaly sand and gravel. This soil

has a profile similar to the one described as representative
of the series, except that the surface layer is loam, the
substratum contains coarse shaly sand and shaly gravel,
and there is more sand and gravel throughout.

Climate is the chief limitation to use of this soil for
crops. This soil is also slightly susceptible to soil blowing,
but it is suited to the commonly grown field crops, hay
crops, and pasture plants. Most of the acreage is culti-
vated. (Capability unit ITc-6; windbreak site 1)

Walsh loam, sand substratum, gently sloping (3 to 6
percent slopes) (WiB).—This soil is on terraces and on the
side slopes of intermittent drainageways. It has formed
in loamy alluvium over shaly gravel and shaly sand. The
profile is similar to the one described as representative of
the series, except that it has a loam surface layer and has
coarse shaly sand and shaly gravel in the substratum.

Included with this soil in mapping were small areas of
Brantford loam and small areas that are moderately
eroded.

This Walsh soil is moderately susceptible to soil blow-
ing, but it is suited to the commonly grown field crops,
hay crops, and pasture plants. Most of the acreage is culti-
vated. (Capability unit ITe-6; windbreak site 1)

Walsh silt loam (0 to 8 percent siopes) (Wm).—This soil
has formed in deposits of shaly alluvium on valley floors,
alluvial fans, and natural levees. It has the profile de-
scribed as representative of the series.

Climate is the chief limitation to use of this soil for
crops. This soil is also slightly susceptible to soil blowing,
but it is suited to all the field crops, hay crops, and pasture
plants commonly grown in the county. Most of the acreage
1s cultivated. (Capability unit IIe-6; windbreak site 1)

Walsh clay loam, level (0 to 3 percent slopes) (WnA).—
This soil is on alluvial valley floors and on alluvial fans.
It has a profile similar to the one described as representa-
tive of the series, except that the surface layer is clay loam.

Included with this soil in mapping were some areas of
Walsh silt loam.

Moderate to high susceptibility to soil blowing is the
chief limitation to use of this soil for crops. This soil is
suited to the field crops, hay crops, and pasture plants
commonly grown in the county, however, and nearly all of
the acreage is cultivated. (Capability unit ITe-4; wind-
break site 1)

Waukon Series

The Waukon series consists of deep, moderately well
drained and well drained soils that have formed in calcare-
ous glacial till. The native vegetation was mixed hard-
woods.

In a typical profile, the surface layer is dark-gray loam
about 10 inches thick, and the subsurface layer is grayish-
brown loam about 6 inches thick. The subsoil is light olive-
brown clay loam that is about 10 inches thick. The upper
part of the substratum is pale-olive clay loam that extends
to a depth of about 37 inches. The middle part of the sub-
stratum, between depths of 37 and 44 inches, is pale-
yellow, calcareous clay loam. The lower part is pale-
yellow, strongly calcareous loam that extends to a depth
of 60 inches or more.

Permeability is moderate in the surface layer and the
subsurface layer, and it is moderately slow in the subsoil
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and the substratum. The available water capacity is high,
and the water table is very deep.

Typical profile of a Waukon loam (1,100 feet north of
tl%e southwest corner of the NW1j of sec. 11, T\ 158 N., R.
5T W.):

A1—0 to 10 inches, dark-gray (10YR 4/1) loam, black (10YR
2/1) when moist; moderate, fine, crumb structure
breaking to moderate, very fine, crumb structure ; soft
when dry, friable when moist, slightly sticky and
plastic when wet; clear, wavy boundary.

A2—10 to 16 inches, grayish-brown (2.5Y 5/2) loam, dark
yellowish brown (10YR 3/4) when moist; moderate,
fine, angular blocky structure breaking to moderate,
very fine, angular blocky structure; soft when dry,
very friable when moist, slightly sticky and plastic
when wet ; clear, wavy boundary.

B2t—16 to 26 inches, light olive-brown (2.5Y 5/4) clay loam,
very dark grayish brown (10YR 3/2) when moist;
peds have a dark grayish brown (2.5Y 4/2) coating
when dry and a very dark grayish brown (2.5Y 3/2)
coating when moist; moderate, medium, prismatic
structure breaking to moderate, medium and fine,
angular blocky structure; very hard when dry, firm
when moist, very sticky and plastic when wet; clear.
irregular boundary.

C1—26 to 37 inches pale-olive (5Y 6/3) clay loam, olive (5Y
4/3) when moist; a few, fine, faint mottles; moderate,
medium, subangular blocky structure breaking to mod-
erate, fine, subangular blocky structure; hard when
dry, friable when moist, sticky and plastic when wet;
clear boundary.

C2—37 to 44 inches, pale-yellow (5Y 7/4) clay loam, dark
grayish brown (2.5Y 4/2) when moist; a few, fine,
distinct mottles; moderate, fine, subangular blocky
structure ; hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; calcareous.

C3ca—44 to 60 inches, pale-yellow (5Y 7/3) loam, dark grayish
brown (2.5Y 4/2) when moist; a few, fine and medium,
distinet, yellowish-brown mottles; massive; hard
when dry, slightly sticky and slightly plastic when
wet; strongly calcareous.

The Waukon soils in Walsh County have a thicker A horizon
than typical for the Waukon series. In places the Al horizon
ig silt loam. The A2 horizon is mixed with the material in the
plow layer in most cultivated fields. Texture of the B2t horizon
ranges from loam or clay loam to sandy clay loam, and the
color of that horizon ranges from dark grayish brown to light
olive brown or dark brown. The B2t horizon has patchy to con-
tinuous clay films on the surfaces of the peds. Depth to the
layer in which lime has accumulated ranges from 19 to 44
inches. From 5 to 20 percent of the C horizon is fragments of
shale.

The Waukon soils have morve clay in their B horizon than
the Barnes and Edgeley soils. Unlike the Barnes and Edgeley
soils, they have a discontinuous A2 horizon.

Waukon loam, gently undulating (1 to 5 percent
slopes) (WoB).—This soil occupies small areas on uplands
underlain by glacial till. Piles of stones, resulting from
surface clearing, are a part of the landscape. A profile of
this soil is described as representative of the series. In cul-
tivated areas the surface layer is thinner and lighter
colored than the one in the profile described as
representative.

Included with this soil in mapping were small areas of
Barnes loam and of Edgeley loam.

Water erosion is the chief limitation to use of this soil
for crops that require cultivation, and this soil is also
slightly susceptible to soil blowing. It is suited to the com-
monly grown field crops, hay crops, and pasture plants,
however, and most of the acreage has been cleared for cul-
tivation. A few small patches of timber remain. They are
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used for pasture or are undisturbed and are used as wildlife
habitat. (Capability unit ITe-6; windbreak site 1)

Waukon lIoam, strongly rolling (6 to 10 percent slopes)
(WoD).—This soil occupies narrow areas along some of the
large drainageways that dissect the till plains. The profile
is similar to the one described as representative of the
series, except that the surface layer is thinner and the zone
of lime accumulation is closer to the surface. In addition,
the surface is covered with a layer of leaf litter.

Included with this soil in mapping were small areas of
a strongly sloping Buse loam, and small areas of an un-
dulating Edgeley loam.

Water erosion is the chief limitation to use of this soil
for crops that require cultivation, and this soil is also
slightly susceptible to soil blowing. Most of the acrea%e
Is In native timber. Some small areas are included in fields
of less sloping soils, and those areas are cultivated.
(Capability unit IVe-6 ; windbreak site 3)

Zell Series

The Zell series consists of deep, well-drained soils that
have formed in silty glacial lake sediment. The native
vegetation was medium and tall prairie grasses and hard-
wood trees.

In a typical profile, the surface layer is about 8 inches
thick and consists of silt loam that is dark gray and is
slightly calcareous in the upper part and is light brownish
gray and strongly calcareous in the lower part. Just
beneath the surface layer is a layer that is also about 8
inches thick and consists of light-gray, strongly calcare-
ous silt loam that contains a large amount of lime. This
limy material is underlain by mottled, stratified silt, silty
clay loam, and silty clay. Typically, the uppermost layer of
this stratified material is light-gray silt loam about 5
inches thick. The next layer is light-gray, stratified silt and
silty clay loam about 15 inches thick. Just beneath this
layer is a layer of yellowish-brown and pale-yellow silty
clay about 12 inches thick. Below this is light brownish-
gray silty clay that extends to a depth of 56 inches or
more.

Permeability is moderate in the surface layer, and it is
moderately slow or slow below the surface layer. The
available water capacity is high, and the water table is
very deep.

Typical profile of a Zell silt loam in a cultivated field
(860 feet south and 40 feet east of the northwest corner
of the NE14 of sec. 10, T. 157 N, R. 52 W.):

Ap—oO0 to 5 inches, dark-gray (10YR 4/1) silt loam, black (10YR
2/1) when moist; cloddy, breaking to weak, fine,
crumb structure; slightly hard when dry, friable
when moist, slightly sticky and slightly plastic when
wet ; slightly calcareous; abrupt boundary.

ACca—-5 to 8 inches, light brownish-gray (2.5Y 6/2) silt loam,
very dark grayish brown (2.5Y 3/2) when moist;
weak, medium, prismatic structure breaking to mod-
erate, medium, subangular blocky structure; slightly
hard when dry, friable when moist, slightly sticky
and slightly plastic when wet; strongly calcareous;
abrupt, wavy boundary.

Clea—8 to 16 inches, light-gray (2.5Y 7/2) silt loam, olive
brown (2.5Y 4/3) when moist; a few, fine, distinect,
yellowish-brown mottles when dry; moderate, fine,
subangular blocky structure; slightly hard when dry,
friable when moist, sticky and slightly plastic when
wet ; strongly caleareous ; clear boundary.
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(C2—16 to 21 inches, light-gray (2.5Y 7/2) silt loam, olive brown
(2.5Y 4/3) when moist; a few, fine, distinct, brown
mottles ; moderate, fine, subangular blocky structure;
glightly hard when dry, friable when moist, sticky
and slightly plastic when wet; calcareous; contains
a few nodules of lime up to 10 millimeters in diameter;
clear boundary.

C3—21 to 36 inches, light-gray (2.5Y 7/2), stratified silt and
gilty clay loam, dark grayish grown (10YR 4/2),
grayish brown (2.5Y 5/2), and dark reddish brown
(5YR 3/2) when moist; common, medium, prominent,
yellowish-brown and yellow mottles; massive; hard
when dry, firm when moist, sticky and plastic when
wet; slightly calcareous.

C4—36 to 48 inches, light yellowish-brown (2.5Y 6/4) and pale-
yellow (2.5Y 7/4) silty clay, strong brown (7.5YR 5/8)
and grayish brown (2.5Y 5/2) when moist; massive;
hard when dry, firm when moist, sticky and plastic
when wet; very slightly calcareous.

C5—48 to 56 inches, light brownish-gray (2.5Y 6/2) silty clay,
dark grayish brown (2.5Y 4/2) and strong brown
(7.5YR 5/8) when moist; many, medium, prominent,
brown mottles; massive; hard when dry, very firm
when moist, sticky and plastic when wet.

The A horizon ranges from silt loam to very fine sandy
loam or silty clay loam in texture and from 3 to 8 inches in
thickness. In places it is very dark gray. Color of the layers
below the A horizon ranges from light gray to light yellowish
brown or light brownish gray, and color of the moftles ranges
from yellow or yellowish brown to brown. The number of
mottles increases with increasing depth. In some places the
profile has thin layers of moderately fine textured and fine tex-
tured sediment in the lower part.

Unlike the Buse soils, the Zell soils have formed in lacustrine
sediment. They lack the gravel substratum that is typical in
the Coe and Sioux soils, and they lack the B horizon that is
typical in the Gardena and Overly soils.

Zell-Gardena silt loams, sloping (6 to 9 percent slopes)
(ZgC).—About 60 percent of this mapping unit is Zell silt
loam, and 40 percent is Gardena silt loam. These soils are
on the side slopes of river valleys that dissect the glacial
lake plain. The Zell soil, which is steeper than the Gardena
soil, is on the upper parts of the slopes. The Gardena soil is
on the lower parts of the slopes.

The chief limitation to use of these soils for crops
is their moderate to high susceptibility to water erosion
and soil blowing. The soils are suited to the commonly
grown field crops, hay crops, and pasture plants, and most
of the acreage is cultivated. In most cultivated areas, these
soils are slightly to moderately eroded. (Capability unit
IVe—4L; the Zell soil is in windbreak site 8, and the Gar-
dena soil is in windbreak site 1)

Zell-Gardena silt loams, steep (9 to 15 percent slopes)
{ZgE).—About 50 percent of this mapping unit is Zell silt
loam, and the rest is Gardena silt loam. These soils are on
the side slopes of river valleys that dissect the glacial lake
plain. The Zell soil is steeper than the Gardena soil. It is
on the upper parts of the slopes, and the Gardena soil is
on the lower parts.

The chief limitation to use of these soils for crops is their
moderate to high susceptibility to water erosion and soil
blowing, but these soils are also droughty as the result of
the rapid runoff. The few areas that are cultivated are
moderately to severely eroded. Most of the acreage is in
pasture or is used for hay. (Capability unit VIe-Si; the
Zell soil is in windbreak site 8, and the Gardena soil is
in windbreak site 1)

Use and Management of the Soils

This section describes use and management of the soils
of Walsh County for crops and pasture. It also discusses
uses of the soils for windbreaks and for wildlife habitat,
and it explains uses of the soils for engineering.

Management for Crops and Pasture

Crops commonly grown in this county are hard red
spring wheat, durum wheat, barley, flax, sugar beets, po-
tatoes, and alfalfa and other hay crops. In addition, some
areas are used for pasture. In the following pages, general
practices for managing the soils for these commonly grown
crops and pasture are discussed, the system of capability
classification is explained, and the capability units are de-
scribed. Finally, predicted average acre yields of some
of the principal crops are given under two levels of
management.

General management of cropland

The main considerations in managing cultivated crops in
this county are controlling soil blowing and water erosion,
conserving moisture in some areas and providing drain-
age in others, and maintaining soil fertility and good tilth.
Practices needed to attain these considerations are
described in the following paragraphs.

Controlling soil blowing and water erosion.—Losses of
soil through soil blowing and water erosion are serious in
some years in Walsh ﬁoun’cy. The sandy Embden and
Hecla soils, and the clayey Fargo and Hegne soils are
hi%hly susceptible to soil blowing. If the Fargo and Hegne
solls are not protected by a cover of plants or snow, they
tend to slake down to sand-size particles that are easily
moved by wind.

Water erosion is the main hazard where undulating or
steep, loamy soils are cultivated. The risk of water erosion
is the greatest during intense rainstorms when the soils
are fallowed or lack a protective cover.

Common practices used to control soil blowing and water
erosion in dryfarmed areas are wind stripcropping, stub-
ble mulching, growing a cover crop, establishing wind-
breaks, plowing in spring, and properly managing crop
residue. Establishing grassed waterways is an additional
practice that helps to protect the soils from water erosion.
On some soils only one of these practices provides adequate
protection. On others, a combination of several practices
1s needed.

Wind striperopping consists of growing crops in strips
at angles to the direction of prevailing winds. Prevailin
winds in this county are from the north-northwest, a.ng
the strips generally run in a north-south or east-west direc-
tion. In a conventional stripcropping pattern, strips of
crops that protect the soils from blowing are alternated
with strips of cultivated row crops or with strips of fal-
lowed soils. Small grains, standing crop residue, and grass
or alfalfa are used in the strips established to protect the
soils from soil blowing and water erosion. Among those
soils for which strips are required are the Bearden, Brant-
ford, and Vang.

Stubble mulching consists of managing plant residue so
that protective amounts of residue are left on the surface
from the time harvest is completed until the next crop is
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seeded. Stubble mulching is an effective practice for con-
trolling soil blowing on soils such as the Embden, Glydon,
and Hecla.

In growing a cover crop, a stand of annual plants is es-
tablished late in summer. These plants protect the soils
in fallow fields from soil blowing during winter and
spring before the next crop is seeded. The cover crop may
consist simply of a volunteer stand of plants that are al-
lowed to grow after the soils are fallowed in summer. Usu-
ally, however, a small grain or flax is seeded. The entire
field may be seeded to a small grain or flax, or these crops
are sometimes seeded in strips that are not more than 1 rod
apart in sandy soils, or 3 rods apart on other soils.

A suitable time for planting the cover crop is between
the middle of August and the first of September so that
growth of the plants will be sufficient to protect the soils
from blowing. Usually, a cover crop is not grown follow-
ing a row crop, because the row crop is harvested too late
in fall for a good stand of plants to become established.

Cover crops can be used effectively to control soil blow-
ing and water erosion on nearly all of the soils in the
county. On the Barnes and Buse soils that have slopes
steeper than 6 percent, the cover crop is seeded on the
north-facing a,ng west-facing slopes and on the sides of
knolls. In the nearly level and gently undulating areas,
the gover crop is seeded at right angles to the prevailing
winds.

Field windbreaks are strips or belts of trees and shrubs
that are planted as barriers against the prevailing winds.
They protect the soils in cultivated fields from soil blow-
ing. Most field windbreaks in this county consist of alter-
nating trees and shrubs in single rows spaced about 40 rods
apart in the field. Management of windbreaks is discussed
in the subsection “Use of Soils for Windbreaks.”

Plowing in spring instead of in fall allows a maximum
cover to be maintained on the soils from the time harvest is
finished until seeding takes place in spring. It is an ef-
fective means of controlling soil blowing on some soils.
This practice is suited mainly to such coarse textured or
moderately coarse textured soils as the Hecla, Embden,
and Ulen. The stubble remains undisturbed in the field be-
tween the time the crop is harvested and a new crop is
seeded in spring. Then, the soils are plowed, packed, and
seeded, all in one operation.

Plowin%1 in spring is not practical for clayey soils or for
soils that have formed in glacial till. These soils are sticky
when wet, and they seldom dry out early enough to be
plowed in spring. Therefore, they are generally plowed
1n fall. Examples of soils that are not suitable for plowing
in spring are the loams, clay loams, and clays of the Svea,
Barnes, Fargo, Hegne, Walsh, and Bearden series.

If properly managed, crop residue effectively protects
the soils from soil blowing and water erosion. Where crop
residue is left standing in the field over winter, it also traps
drilfting snow, which adds to the supply of moisture as it
melts.

Conserving moisture and providing drainage—In dry-
farmed areas conserving moisture generally means reduc-
ing evaporation, limiting runoff, increasing infiltration,
and controlling weeds. Among the effective measures for
conserving moisture are stubble mulching, stripcropping,
establishing field windbreaks, properly managing crop
residue, and applying fertilizer. In addition, summer fal-

lowing helps to control weeds and to build up the content
of moisture. Several of these practices that not only con-
serve moisture but that also protect the soils from soil
blowing and water erosion are described in the preceding
paragraphs.

Summer fallowing is the practice of leaving a soil idle
for one cropping period but cultivating as many times as
necessary to eliminate weeds and to save moisture. Fal-
lowing conserves about 20 percent of the moisture that
falls during the fallow period. Sometimes a row crop is in-
cluded in the cropping system instead of summer fallow-
ing. Less moisture 1s conserved when this is done, but yields
of the crop that follow are only slightly lower than when
the soil is summer fallowed.

Wet soils are generally drained artificially if they can
be used for crops and if drainage is feasible. Among those
soils that are most commonly drained in this county are
the Borup, Colvin, Fargo, and Grano soils of the lake

lain. In addition, some areas of Tonka and Parnell soils
in small depressions on the till plain and on interbeach
plains are drained. Water from surrounding areas runs into
the depressions in which the Tonka and Parnell soils oc-
cur, and many of these depressions have no natural out-
lets. In many of these depressions, the soils dry out early
enough that they can be tilled early in spring, when the ad-
jacent, better drained soils are ready for tillage. Tillage
has to be delayed for other soils, and some soils cannot be
tilled at all. Thus, these depressions cause inconvenience
and extra work, as well as some loss of production.

In many of the depressions, the soils can be drained arti-
ficially by digging ditches so that the water from two
or more depressions is combined into one. These drains are
back sloped so that they can be crossed with farm machin-
ery. The cost of the drains and the availability of outlets
determine whether artificial drainage will be practical.

Maintaining soil fertility and good tilth.—A. good crop-
ping system aids in maintaining an adequate supply of
nitrogen and organic matter in the soils. It also improves
the quality of tﬁe crops; helps to control weeds, insects
and diseases; keeps the soil in good tilth; and makes the
most eflicient use of labor, machinery, and other resources.
The cropping system should be planned to cover a long
period, but the system can be flexible. Substituting one
small grain for another or making other substitutions, for
example, will not defeat the purpose of the system. An
example of a good cropping system is summer fallow
followed by a row crop and a small grain. The specified
fertilizer is applied for the crop, weeds are controlled, and
a green-manure crop is plowed under the year the soil is
summer fallowed.

To help in planning a cropping system, crops have been
classified as soil building, soil conserving, and soil deplet-
ing. Soil-building crops are those that produce a temporary
increase in the content of organic matter and nitrogen.
Legumes and legume-grass mixtures are examples of these
crops. Soil-conserving crops, such as small grains, legumes,
and grasses, protect the soils from erosion, and they main-
tain the content of nitrogen and organic matter at a rea-
sonably high level. Soil-depleting crops, for example
potatoes, sugar beets, and other clean-cultivated crops,
remove the plant nutrients and organic matter from the
soils, and they expose the soils to erosion. Nevertheless,
cultivation of these soil-depleting crops is beneficial in
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that it helps to control weeds. Where the soils are suited
to clean-cultivated crops, the cropping system should be
balanced so that it includes soil-building and soil-con-
serving crops, as well as crops that are soil depleting.

The use of commercial fertilizer is widespread through-
out this county. Growers of potatoes and sugar beets apply
large amounts of fertilizer. Less fertilizer is used on soils
of the glacial till plain than on those of the lake plain.

On most of the cultivated soils, response to applications
of nitrogen and phosphorus is very good. Response is best
to applications of phosphorus on soils that have a high
content of lime or that are moderately saline, as for ex-
ample, the Hamerly, Bearden, Glyndon, Ulen, and Hegne.
Crops on the Cresbard and Cavour soils respond best to
nitrogen. Response has been slight where potash has been
applied. A well-balanced schedule for applying fertilizer
is needed for most of the soils and for most crops.

A soil-testing service to determine mainly which soils
are deficient in phosphorus was established in 1953 at
the North Dakota State University of Agriculture and
Applied Science at Fargo. Fertilizer trials have also been
conducted by the University—many of them in Walsh
County. The results of these tests and of the fertilizer
trials indicate that most of the soils in North Dakota are
deficient in phosphorus, and that deficiency of nitrogen
limits yields on nonfallowed scils. On fallowed soils a
phosphate fertilizer is necessary. It should be applied by
using a drill or a planter attachment. For native or tame
grasses, applications of nitrogen generally groduce a large
increase in the amount of forage obtained. Information
about fertilizer and about testing the soils can be obtained
from the county agent, from the local office of the Soil
Conservation Service, or from the Soils Department of the
North Dakota State University at Fargo.

Capability grouping

Capability grouping shows, in a general way, the suit-
ability of soils for most kinds of field crops. The groups
are made according to the limitations of the soils when
used for field crops, the risk of damage when they are used,
and the way they respond to treatment. The grouping
does not take into account major and generally expensive
landforming that would change slope, depth, or other
characteristics of the soils; does not take into considera-
tion possible but unlikely major reclamation projects; and
does not apply to horticultural crops or other crops requir-
ing special management.

Those familiar with the capability classification can
infer from it much about the behavior of soils when used
for other purposes, but this classification is not a sub-
stitute for interpretations designed to show suitability and
limitations of groups of soils for range, for forest trees,
or for engineering (7).

In the capability system, all kinds of soils are grouped
at three levels, the capability class, subclass, and unit.
These are discussed in the following paragraphs.

Capasrurty Crasses, the broadest groups, are designated
by Roman numerals I through VIII. The numerals indi-
cate progressively greater limitations and narrower
choices for practical use, defined as follows:

Class I soils have few limitations that restrict their
use. (No soils in Walsh County are in class I.)
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Class II soils have moderate limitations that reduce
the choice of plants or that require moderate con-
servation practices.

Class III soils have severe limitations that reduce the
choice of plants, require special conservation prac-
tices, or both.

Class IV soils have very severe limitations that reduce
the choice of plants, require very careful manage-
ment, or both.

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their
use largely to pasture, range, woodland, or
wildlife.

Class VI soils have severe limitations that make them
generally unsuited to cultivation and limit their
use largely to pasture or range, woodland, or
wildlife.

Class VII soils have very severe limitations that make
them unsuited to cultivation and that restrict
their use largely to pasture or range, woodland,
or wildlife. (No soils in Walsh County are in
class VII.)

Class VIII soils and landforms have limitations that
preclude their use for commercial plants and re-
strict their use to recreation, wildlife, or water
supply, or to esthetic purposes.

CapaBILITY SUBCLASSES are soil groups within one class;
they are designated by adding a small letter, e, w, s, or ¢,
to the class numeral, for example, ITe. The letter ¢ shows
that the main limitation is risk of erosion unless close-
growing plant cover is maintained; w shows that water
In or on the soil interferes with plant growth or cultiva-
tion (in some soils the wetness can be partly corrected by
artificial drainage) ; ¢ shows that the soil is limited mainly
because it is shallow, droughty, or stony; and ¢, used in
only some parts of the United S’tates, shows that the chief
limitation is climate that is too cold or too dry.

In class I there are no subclasses, because the soils of
this class have few limitations. Class V can contain, at the
most, only the subclasses indicated by 4, s, and ¢, because
the soils in class V are subject to little or no erosion, though
they have other limitations that restrict their use largely
to pasture, range, woodland, wildlife, or recreation.

Capagrurry Unirrs are soil groups within the subclasses.
The soils in one capability unit are enough alike to be suited
to the same crops and pasture plants, to require similar
management, and to have similar productivity and other
responses to management. Thus, the capability unit is a
convenient grouping for making many statements about
management of soils. Capability units are generally desig-
nated by adding an Arabic numeral to the subclass symbol,
for example, ITe—4 or IIIs-5. Thus, in one symbol, the
Roman numeral designates the capability class, or degree
of limitation; the small letter indicates the subclass, or
kind of limitation, as defined in the foregoing paragraphs;
and the Arabic numeral specifically identifies the capability
unit within each subclass.

Management by capability units

In the following pages, each of the capability units in
Walsh County is described, and suggestions for the use
and management of the soils in each unit are given. All of
these units are dryland capability units, for irrigation is
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not practiced extensively in this county. The units are not
numbered consecutively, because not all of the units in
the statewide system are represented in this county. The
names of the soil series represented are mentioned in the
description of each unit, but this does not mean that all the
soils in a given series are in the unit. Embden soils that
have a loam surface layer are in capability unit ITe-5, for
example, but Embden soils that have a sandy loam surface
layer are in capability unit IITe-3. To find the names of
all the soils in any given capability unit, refer to the
“Guide to Mapping Units” at the end of this survey.

CAPABILITY UNIT Ilc-6

In this capability unit are well drained Barnes and
Edgeley soils; moderately well drained Fairdale,
LaPrairie, Overly, Svea, and Walsh soils; and somewhat
poorly drained Lankin soils. All of these soils are deep,
nearly level, and loamy. They have a medium-textured or
moderately fine textured surface layer, subsoil, and sub-
stratum in most places, but in some areas the substratum
of the Overly soils contains thin layers of fine-textured
material. In other places the substratum of the Lankin
and Svea soils contains layers of sandy loam.

All of these soils, except the Overly, have moderate to
moderately slow permeability throughout, but the fine-
textured layers in the Overly substratum are slowly perme-
able. In most of the soils, the water table is very deep. In
the Lankin soil, however, the water table is within several
inches to 5 feet of the soil surface during wet periods. In
some years the Fairdale and LaPrairie soils also have a
high water table and are flooded in spring. All of the soils
are easily tilled, and most of them can be tilled early in
spring. Flooding in spring sometimes delays fieldwork on
the Fairdale and LaPrairie soils.

All of the soils have high natural fertility, but applying
fertilizer is generally profitable, Response to fertilizer is
variable, depending on the kind of crop to be grown and
on the history of cropping in the past.

Wheat, barley, flax, sugar beets, and potatoes are the
principal crops, but soils of this unit are suited to all the
field crops, hay crops, and pasture plants commonly grown
in the county. Limited precipitation in some years and
cold weather that sometimes delays seeding in spring are
the chief limitations to use of these soils for crops, but the
soils are also slightly susceptible to soil blowing and water
erosion. Soil blowing and water erosion can be easily con-
trolled by practicing stripcropping, stubble mulching, or
rough tillage, and by growing cover crops, establishing
field windbreaks, and planting close-growing crops year
after year. It is important that pastures be protected by a
good cover of plants at all times.

CAPABILITY UNIT Ile-4

This capability unit consists of deep, nearly level and
gently sloping Cashel, Fargo, Hegne, Overly, Wahpeton,
and Walsh soils. These soils are moderately well drained to
poorly drained. They have a surface layer of silty clay or
clay loam. The surface layer is underlain by the subsoil or
by a layer that contains a large amount of lime and that has
a texture of silty clay or silty clay loam. The substratum is
also silty clay or silty clay loam.

Permeability is moderate to slow, and the available water
capacity is high or very high. All of these soils, except the
Fargo and the Hegne, have a very deep water table, In
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the Fargo and Hegne soils, a seasonal high water table
rises to the surface or to within 5 feet of the soil surface.

Tillage should be done only when the soils have the right
content of moisture. The Fargo, Hegne, and Overly soils
are hard when dry and very sticky and very plastic when
wet. If these soils are tilled when dry, large, hard clods
are turned up, and they leave the surface rough. As a
result, additional tillage 1s required for preparing the seed-
bed. If the Fargo, Hegne, and Overly soils are tilled when
wet, the structure of the surface layer deteriorates and the
surface layer tends to puddle. Then, when this layer dries,
the soil is nearly impermeable to water and seedlings can-
not emerge. A period of freezing and thawing is necessary
to restore the permeability of the surface layer and to make
this layer again suitable for planting.

In some years all of the soils of this unit remain wet
in spring because of their medinm to slow surface drainage.
In those years seeding is delayed. Some areas of Cashel,
Fargo, Hegne, Overly, and Wahpeton soils are subject to
flooding in spring.

The soils have a high content of organic matter, but
their normally high natural fertility has been reduced by
continuous cropping over long periods. For this reason,
applying fertilizer is generally profitable, The kinds and
amounts of fertilizer to apply depend on the kind of soil,
on the crop to be grown, and on the history of cropping in
the past.

Wheat, barley, sugar beets, and potatoes are the main
crops, but these soils are suited to all the commonly grown
field crops, hay crops, and pasture plants. They are moder-
ately to highly susceptible to soil blowing, however, and
the Fargo and Hegne soils are also susceptible to water
erosion. Soil blowing is the greatest hazard in fields where
potatoes or sugar beets have been harvested. Potatoes and
sugar beets provide little crop residue that will protect the
solls, and they are harvested too late in fall for a winter
cover crop to be established. Small grains and other close-
growing crops generally provide enough residue to protect
the soils from erosion. Commonly useg practices that help
to control soil blowing and water erosion are stripcrop-
ping, stubble mulching, rough tillage, growing cover crops,
establishing field windbreaks, and planting close-growing
crops year after year. It is important to keep a good cover
of plants on the pastures at all times.

CAPABILITY UNIT IIe-4L

This capability unit consists of deep, moderately well
drained or somewhat poorly drained Antler, Bearden,
Gilby, Glyndon, Hamerly, and Svea soils. Most of these
soils are nearly level or gently sloping, but some areas of
sloping Bearden soils are on the sides of drainageways
that dissect the glacial till plain. The surface layer of these
soils is calcareous clay loam, silt loam, silty clay loam, or
loam. Just beneath the surface layer is a layer of medium-
textured or moderately fine textured, strongly calcareous
material in which lime has accumulated. Below this layer
of limy material is loamy glacial till or lacustrine
sediment.

In all of these soils, except the Svea, the water table is
within 1 to 5 feet of the soil surface during the wettest
parts of the year. The Svea soils have a very deep water
table. All of the soils have high available water capacity.
All except the Glyndon soils, which are moderately per-
meable t]ilroughout, have moderate permeability in the
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surface layer and the subsoil and have moderately slow
or slow permeability in the substratum. Runoff is medium
to slow. Except for a few areas of Bearden and Glyndon
soils, all of the soils contain many shallow depressions that
trap water from runoff.

These soils are easily tilled during the growing season,
but the many small, wet depressions interfere with field-
work and make one or more extra planting dates neces-
sary. The medium to slow runoff and the seasonal high
water table combine to make these soils wet for longer

eriods than where the soils are well drained, and seeding
1s usually delayed for 1 to 2 weeks in spring. In some areas
where outlets are available, drainage has been improved
by constructing field drains.

These soils are naturally fertile and have a good supply
of organic matter. Response to nitrogen and phosphate
fertilizer is variable, however, depending on the kind of
soil, the kind of crop to be grown, and the history of crop-
ping in the past. Phosphate is more commonly applied on
highly calcareous soils such as these than on soils that
are less calcareous.

Wheat, barley, oats, potatoes, sugar beets, and flax are
the main crops, but these soils are suited to all the field
crops, hay crops, and pasture plants commonly grown in
the county. The chief limitation to use of the soils for
crops is their moderate to high susceptibility to soil blow-
ing, but the sloping soils are also susceptible to water ero-
sion. Practices commonly used to control erosion are strip-
cropping, stubble mulching, rough tillage, growing cover
crops, establishing field windbreaks, and planting close-
growing crops year after year. Pastures should have a good
cover of plants at all times.

CAPABILITY UNIT Ile-5

This capability unit consists of deep, level to gently
sloping Embden and Gardena soils that are moderately
well drained. These soils have a surface layer of loam or
silt loam, and they have a loamy subsoil. The Embden soil
has a sandy substratum, and the Gardena soils have a
loamy substratum.

The Embden soil has moderate to moderately rapid
permeability in the surface layer and the subsoil, and it
has moderately rapid permeability in the substratum. The
Gardena soils are moderately permeable throughout. All
of these soils have high available water capacity. Because
of its lower content of silt and clay, however, the Embden
soil is more inclined to be droughty than the Gardena
soils. Runoff is slow on the level or nearly level soils, and
it is medium on the gently sloping Gardena soil. All of
these soils have a very deep water table.

The soils of this unit are easily tilled, and they can be
tilled early in spring. Wetness is generally not a hazard
to crops, even though runoff is slow in the nearly level
areas. Areas of nearly level Gardena soils that are adjacent
to poorly drained soils in depressions, however, remain
wet for longer periods than the other soils. In some years
seeding is delayed because these areas are wet.

These soils have moderately high natural fertility, but
response to fertilizer is good. The kinds and amounts of
fertilizer to apply depend on the kind of soil, on the crop
to be grown, and on the history of cropping in the past.

Soils of this unit are suited to all the field crops, hay
crops, and pasture plants commonly grown in the county.
The principal crops are wheat, barley, potatoes, and flax,

but sorghum, sunflowers, tame grasses, and legumes are
also grown extensively. Moderate susceptibility to soil
blowing is the chief limitation to use of these soils for
crops, but the gently sloping soils are also susceptible to
water erosion during periods of extensive runoff in spring,
and during rainstorms. Soils in fields that are summer
fallowed are especially susceptible to water erosion. Com-
monly used practices that help to control soil blowing and
water erosion are stripcropping, stubble mulching, rough
tillage, growing cover crops, and establishing field wind-
breaks. Pastures should have a good cover of plants at
all times.
CAPABILITY UNIT Ile-6

This capability unit consists of deep, gently undulating
or gently sloping, well drained and moderately well
drained Barnes. Svea, Edgeley, Fairdale, Overly, Walsh,
and Waukon soils, and it also includes a deep, gently slop-
ing, somewhat poorly drained Lankin soil. All of these
soils have a loamy surface layer. The Fairdale soils have a
surface layer that rests directly on a loamy substratum.
The other soils have a loamy subsoil, as well as a loamy
substratum.

Permeability is moderate in the surface layer, and it is
moderate to slow in the subsoil and the substratum. Runoff
is medium, and the available water capacity is very high.
All of the soils, except the Lankin, have a very deep water
table, but the Lankin soil has a water table within 2 to 5
feet of the soil surface during the wetter parts of the year.

These soils are easily tilled, and in most places a good
seedbed is easily prepared. Many small depressions con-
taining these soils remain wet after the other areas have
dried out, however, and they interfere with fieldwork. In
wet years seeding is sometimes delayed on the Lankin soil
because of the high water table. When the amount of
runoff is greater than normal in spring, the Fairdale soils
are subject to flooding, and this can delay seeding.

All of the soils of this unit, except the Fairdale soil
and the eroded Barnes and Svea soils, have a high content
of organic matter and plant nutrients. The Fairdale soil
and the moderately eroded Barnes and Svea soils have a
moderately low content of organic matter, and these
Barnes and Sves soils are also low in some plant nutrients.
Response to fertilizer is generally good on all of the soils.
The kinds and amounts of fertilizer to apply depend on
the kind of soil, on the crop to be grown, and on the
history of cropping in the past.

Wheat, barley, and flax are the main crops, but soils of
this capability unit are suited to all the commonly grown
field crops, hay crops, and pasture plants. Susceptibility
to soil blowing and water erosion is the chief limitation to
use of these soils for crops. Soil blowing and water erosion
are easily controlled by practicing stripcropping, stubble
mulching, or rough tillage, and by growing cover crops
and establishing field windbreaks. A. good cover of plants
should be kept on the pastures at all times.

CAPABILITY UNIT IIw-4

Deep, nearly level, poorly drained Fargo and Ludden
soils in shallow depressions are in this capability unit. The
Fargo soil has a surface layer, a subsoil, and a substratum
of silty clay. The Ludden soil has a surface layer of silty
clay that is underlain by lacustrine sediment, also consist-
ing of silty clay, and by the surface layers of buried soils.
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Permeability is moderately slow or slow, and the avail-
able water capacity is high or very high. Runoff is very
slow. A seasonal water table is at the surface or is within
5 feet of the surface during the wettest parts of the year.

Tillage should be done only when the soils have the right
content of moisture. These soils are hard when dry, and
they are very sticky and very plastic when wet. If they are
tilled when dry, large, hard clods are turned up, and
these clods leave the surface layer rough. Then, additional
tillage is required for preparing the seedbed. If these soils
are tilled when wet, the structure of the surface layer de-
teriorates and this layer tends to puddle. When the surface
layer dries, the soils are nearly impermeable to water and
seedlings cannot emerge. Because these soils are in depres-
sions, runoff intermittently ponds on their surface. During
years when only a small amount of water runs off these
soils in spring, field crops can be grown. In other years
these soils are left idle or are used for hay. When not culti-
vated, they interfere with fieldwork on adjacent better
drained soils.

These soils have a good supply of organic matter, and
normally they have high natural fertility. Response to
fertilizer is generally good. The kinds and amounts of
fertilizer to apply depend on the kind of soil, on the crop
to be grown, and on the cropping system used in the past.

Harvesting is sometimes delayed in years when a large
amount of rain is received during the time harvest is in
progress. Wet weather can lower the quality of the crop,
or it can be so damaging that the entire crop 1s lost.

Soils of this unit are suited to all the field crops, hay
crops, and pasture plants commonly grown in the county,
but wheat, barley, and flax are the main crops. These soils
are limited in use for crops, chiefly by poor drainage, but
they are also moderately to highly susceptible to soil blow-
ing. Where outlets are available, drainage can be improved
by constructing field drains. Practices commonly used to
control erosion are stripcropping, stubble mulching, rough
tillage, growing cover crops, establishing field windbreaks,
and planting close-growing crops year after year. A good
cover of plants should be kept on the pastures at all times.

CAPABILITY UNIT IIw—4L

This capability unit consists of deep, nearly level, loamy
Hamerly, Bearden, Gilby, and Vallers soils. The Hamerly
soil is moderately well drained or somewhat poorly
drained ; the Bearden and Gilby soils are somewhat poorly
drained or poorly drained ; and the Vallers soil is poorly
drained. These soils have a surface layer of silty clay loam
or loam that is underlain by a layer of strongly calcareous
silty clay loam or loam in which lime has accumulated.
Beneath the limy material, the Hamerly, Gilby, and Val-
lers soils are underlain by loamy lacustrine sediment or by
glacial till. The Bearden soil is underlain by stratified
sand and gravel at depths below 40 inches.

The Bearden soil has slow permeability in the soil layers
above the sand and gravel, and it has rapid permeability
in the sand and gravel. The Gilby soil has moderate per-
meability above the glacial till substratum, and it has
moderately slow permeability in the substratum. The
Hamerly and Vallers soils have moderate permeability in
the surface layer, and they have moderately slow or slow
permeability below the surface layer. For all of the soils,
the available water capacity is high and runoff is slow

or very slow. The Bearden soil is subject to flooding, and
the Gilby soil is in depressions where runoff is ponded.
The soils have a water table within 1 to 5 feet of the soil
surface during the wettest parts of the year.

Soils of this unit are easily tilled, but they remain wet
for long periods in spring because of ponding and the high
water tagle. During years when only a small amount of
water runs off the surface in spring, field crops can be
grown. In other years these soils are left idle or they are
used for hay. Undrained areas interfere with fieldwork on
adjacent better drained soils.

These soils have a moderately high content of organic
matter and of all the normal available plant nutrients,
except phosphorus. Response to fertilizer is generally good.
The kinds and amounts of fertilizer to apply depend
on the kind of soil, on the crop to be grown, and on the
cropping system used in the past.

Harvesting is sometimes delayed in years when a large
amount of rain is received while harvest is in progress.
Wet weather can lower the quality of the crop, or it can
be so damaging that the entire crop is lost.

When these soils can be cultivated, they are suited to all
the field crops, hay crops, and pasture plants commonly
grown in the county. Wheat, barley, and flax are the main
crops. The somewhat poor drainage and the moderate to
high susceptibility to soil blowing are the chief limitations
to use of these soils for crops. Where outlets are available,
drainage can be improved by constructing field drains.
Practices commonly used to control soil blowing are strip-
cropping, stubble mulching, rough tillage, growing cover
crops, establishing field windbreaks, and planting close-
growing crops year after year. It is important that a good
cover of plants Ke kept on the pastures at all times.

CAPABILITY UNIT Ilw-4L2

In this capability unit are deep, nearly level, poorly
drained Arveson and Fossum soils in shallow depressions.
These soils have a loam surface layer that is underlain by
a layer of calcareous or strongly calcareous, moderately
coarse textured material that contains a large amount of
lime. Below the limy material is stratified, water-deposited
material that is moderately coarse textured and coarse
textured in most places but that in places contains strata
of medium-textured material.

These soils have moderate permeability and high avail-
able water capacity in the surface layer, and they have
moderate or moderately rapid permeability and moderate
available water capacity below the surface layer. Runoff
is very slow. A seasonal water table is at the surface or is
within 3 feet of the surface during the wettest parts of
the year.

These soils are easily tilled when dry, but the high water
table, very slow runoff, and ponding of surface runoff
keep them too wet for cultivation for long periods of time.
When these soils are too wet for seeding, they are left idle
or are used for hay. Undrained areas interfere with field-
work on adjacent better drained soils.

Soils of this unit have a high content of organic matter,
and they are well supplied with most plant nutrients.
Nevertheless, response to fertilizer is generally good. The
kinds and amounts of fertilizer to apply depend on the
kind of soil, on the crop to be grown, and on the cropping
system used in the past.
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Harvesting is sometimes delayed in years when a large
amount of precipitation is received during the time when
harvest is in progress. Wet weather can lower the quality
pflthe crop, or it can be so damaging that the entire crop
1s lost.

When these soils can be cultivated, they are suited to the
field crops, hay crops, and pasture plants commonly grown
in the county. Most areas have been drained, and the prin-
cipal crops grown in those areas are wheat, barley, flax,
alfalfa, and tame hay. The chief limitations to use of these
soils for crops is poor drainage, where drainage has not
been provided, and moderate to high susceptibility to soil
blowing. In addition, these soils are somewhat droughty
in years when little rainfall is received during the growing
season. Practices commonly used to control soil blowing
are stripcropping, stubble mulching, rough tillage, grow-
ing cover crops, and establishing %eld windbreaks. It is
important that a good cover of plants be kept on the pas-
tures at all times.

CAPABILITY UNIT Iw~6

This capability unit consists of deep, nearly level, poorly
drained and very poorly drained Borup, Colvin, Parnell,
Tonka, and Perella soils in shallow depressions. These
soils have a surface layer of silt loam or silty clay loam.
Just beneath the surface layer is a loamy subsoil or a layer
of strongly calcareous, loamy material in which lime has
accumulated. Underlying the subsoil or the strongly cal-
careous material is loamy or clayey lacustrine sediment or
glacial till that extends to a depth of 60 inches or more.

Permeability is moderate or moderately slow in the sur-
face layer, in the subsoil, and in the layer where lime has
accumulated, and it is moderately slow or slow below these
layers. The available water capacity is high or very high.
Runoff is very slow. A seasonal water table is at the sur-
face or is within 5 feet of the surface during the wettest
parts of the year. )

These soils are easily tilled, but because they are in
depressions, intermittent ponding occurs as the result of
surface runoff. During years when the amount of runoff
is small in spring, these soils can be used for the commonly
grown crops. In years when the amount of runofl is large,
however, seeding is delayed for 1 to 2 weeks. In abnor-
mally wet, years, water remains ponded on the soil surface
too late in spring for cultivated crops to be planted. Then,
these soils are left idle or are used for growing hay. When
the soils are too wet for cultivation, they interfere with
fieldwork on adjacent better drained soils.

Soils of this unit have very high natural fertility, and
they are high in content of organic matter. In areas not
cultivated, a mat of partly decomposed vegetation covers
the surface.

Harvesting is sometimes delayed in years when a large
amount of precipitation is received at the time the crop 1s
ready for harvest. Wet weather can lower the quality of
the crop, or it can be so damaging that the entire crop is
lost.

When these soils can be cultivated, they are suited to
the field crops, hay crops, and pasture plants commonly
grown in the county. Wheat, barley, gotgmtoes, and flax are
the main crops. Poor or very poor drainage is the chief
limitation to use of these soils for crops, but the soils are
also slightly susceptible to soil blowing. Where outlets are
available, drainage can be improved by constructing field
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drains. If the soils are properly managed, soil blowing is
easily controlled. Practices generally used to control soil
blowing are stripcropping, rough tillage, stubble mulch-
ing, growing cover crops, establishing field windbreaks,
and planting close-growing crops year after year, Main-
taining a good cover of plants on the pastures at all times
1s 1important.
CAPABILITY UNIT Iwe—4

In this capability unit are deep, nearly level, somewhat
%)orly drained and poorly drained Bearden, Fargo,

egne, and Grano soils. The surface layer of these solls
is silty clay. Just beneath the surface layer, all the soils,
except the Fargo, have a layer of fine-textured, stron%ly
calcareous material in which lime has accumulated. This
limy material, in turn, is underlain by fine-textured lacus-
trine sediment. The Fargo soils have a fine-textured sub-
soil that is underlain by fine-textured lacustrine sediment.

All of the soils, except the Hegne, have moderately slow
or slow permeability in the surface layer, but the Hegne
soils have moderate permeability in the surface layer. All
of the soils have higlll) or very high available water capac-
ity. Runoff is slow. A seasonal water table is at the surface
or is within 5 feet of the surface during the wettest parts
of the year.

Tillage should be done only when these soils have the
right moisture content. If the soils are tilled when dry,
large, hard clods are turned up, and the clods leave the
surface rough. Then, additional tillage is required for pre-
paring the seedbed. If these soils are tilled when wet, the
structure of the surface layer deteriorates and this layer
tends to puddle. When the surface layer dries, the soils
are nearly impermeable to water and seedlings cannot
emerge. Then, a period of freezing and thawing is neces-
sary to restore the permeability of the surface layer and
to make the soil again suitable for use as a seedbed. In
many areas seeding is often delayed in spring because of
the high water tal%le, slow runoff, and ponding of water
from runoff.

Soils of this unit have a high content of organic matter
in the surface layer. They have moderately high natural
fertility, and response to fertilizer is generally good. The
kinds and amounts of fertilizer to apply depend on the
kind of soil and on the history of cropping in the past.

Harvesting is sometimes delayed in years when an ab-
normally large amount of precipitation is received at the
time the crop is ready for harvest. Wet weather can lower
the quality of the crop, or it can be so damaging that the
entire crop is lost.

The main crops grown on these soils are wheat, barley,
sugar beets, potatoes, and flax, but the soils are suited to
all the field crops, hay crops, and pasture plants com-
monly grown in the county. The chief limitation to use of
the soils for crops is the poor or very poor drainage. Where
outlets are available, drainage has been improved in some
places by constructing field drains. These soils are also
moderately to highly susceptible to soil blowing. Soil
blowing is the greatest hazard in fields where potatoes or
sugar beets have been harvested. Potatoes and sugar beets
provide little crop residue that will protect the soils, and
they are harvested too late in fall for a winter cover crop
to become established. Small grains and other close-
growing crops generally provide enough residue to pro-
tect the soils from blowing. Practices commonly used to
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protect the soils from blowing are stripcropping, stubble
mulching, rough tillage, planting cover crops, establishing
field Winéibreaks, and planting close-growing crops year
after year. It is important to maintain a good cover of
plants in the pastures at all times,

CAPABILITY UNIT IIe-3

This capability unit consists of deep, moderately well
drained, nearly {evel to sloping Embden soils and of a
moderately well drained or somewhat poorly drained,
nearly level and gently sloping Ulen soil. These soils have
a surface layer of sandy loam. The surface layer is under-
lain by a moderately coarse textured subsoil or by a layer
of strongly calcareous material in which lime has accumu-
lated. The substratum is coarse textured.

These soils have moderate permeability and high avail-
able water capacity in the surface layer, in the subsoil, and
in the layer in which lime has accumulated. They have
moderate or moderately rapid permeability and low avail-
able water capacity in the substratum. Runoff is medium
to slow, and the water table is very deep.

These soils are easily tilled. If they are tilled when dry,
however, the structure of the surface layer deteriorates
and susceptibility to soil blowing is increased. In years
when precipitation is below normal, adequate moisture for
the germination of seeds and for the growth of crops is
laci-,lkmg because of the low available water capacity of the
soils.

Soils of this unit have a moderately low content of
organic matter and plant nutrients. Response is usually
good to fertilizer. In abnormally dry years, however, the
usual benefits derived from applying fertilizer are reduced.

These soils are suited to all the field crops, hay crops,
and pasture plants commonly grown in the county, but
wheat, barley, corn, tame grasses, and alfalfa are the crops
%enerally grown. The chief limitations to use of these soils

or crops are their high susceptibility to soil blowing, and
droughtiness caused by the low available water capacity
of the substratum. Practices commonly used to control
soil blowing are stripcropping, stubble mulching, rough
tillage, and establishing field windbreaks. It is important
that a good cover of plants be kept on the pastures at all
times.

CAPABILITY UNIT Ille-3M

This capability unit consists of deep, nearly level Rock-
well and Towner soils that are deep and nearly level. The
Towner soil is moderately well drained, and the Rockwell
soil is poorly drained. These soils have a surface layer of
fine sandy loam or sandy loam that is underlain by sandy
and loamy sediment. In the Rockwell soil, the layer just
beneath the surface layer consists of strongly caﬂ:areous
material in which lime has accumulated. Glacial till under-
lies the sandy and loamy sediment at some depth between
18 and 40 inches.

Permeability is moderate in the layers above the glacial
till, and it is moderately slow in the glacial till. A seasonal
water table is within 1 to 5 feet of the soil surface during
the wettest parts of the year. The available water capacity
is high. Runoff is slow.

These soils are easily tilled. Wetness is generally not a
hazard, except in years when the amount of runoff is ab-
normally high in spring. Then, seeding can be delayed.

Soils of this unit have a moderate to high content of
organic matter and plant nutrients, but response to fer-

tilizer is generally good. The kinds and amounts of ferti-
lizer to apply depend on the kind of soil, on the crop to
be grown, and on the history of cropping in the past.

Wheat, barley, flax, alfalfa, and potatoes are the cro})s
generally grown, but these soils are suited to all the field
crops, hay crops, and pasture plants commonly grown in
the county. The principal limitation to use of these soils
for crops is their }ljuigh susceptibility to soil blowing. Prac-
tices commonly used to control soil blowing are strip-
cropping, stubble mulching, rough tillage, growing cover
crops, and establishing ﬁe%él windbreaks. It is important
that a good cover of plants be kept on the pastures at all
times.

CAPABILITY UNIT Ille-6

This capability unit consists of deep, moderately well
drained and well drained Barnes, Edgeley, Walsh, and
Overly soils. The Edgeley soil is undulating, but some of
the other soils are sloping and others are rolling. The sur-
face layer of these soils is loam or silty clay loam, and the
subsoil and the substratum are also loamy. The lower part
of the Edgeley substratum contains shale bedrock.

Permeability is moderate in the surface layer of these
soils, and it is moderately slow or slow below the surface
layer. The available water capacity is high. Runoff is me-
dium, and the water table is deep or very deep.

These soils are easily tilled during the growing season,
but many areas contain many small depressions where the
soils remain wet after the adjacent soils have dried out.
The depressions interfere with fieldwork on the adjacent
better drained soils.

The content of organic matter and the natural fertility
range from high to moderately low. The least fertile areas
are those in which erosion has removed a significant part
of the original surface layer. Response to fertilizer is gen-
erally good. The kinds and amounts of fertilizer to apply
depend on the kind of soil, on the crop to be grown, and on
the history of cropping in the past.

Wheat, barley, and flax are the main crops, but soils of
this unit are suited to all the field crops, hay crops, and
pasture plants commonly grown in the county. Susceptibil-
ity to water erosion is the chief limitation to use of these
soils for crops, but the soils are also slightly susceptible to
soil blowing. In addition, they are somewhat droughty be-
cause of the medium rate of runoff. Practices that help to
control water erosion and soil blowing are stripcropping,
stubble mulching, minimum tillage and rough tillage,
growing cover crops, and establishing field windbreaks
and grassed waterways. Generally, a combination of two or
more practices is needed to control water erosion. It is im-
portant that a good cover of plants be kept on the pastures
at all times.

CAPABILITY UNIT Iles-3

In this capability unit are excessively drained, nearly
level and gently sloping Arvilla soils that are shallow to
moderately deep over sand and gravel. These soils have a
surface layer and a subsoil of sandy loam, and they are
underlain by sand and gravel.

In the surface layer and the subsoil, permeability is
moderate and the available water capacity is high. Below
the subsoil, permeability is rapid and the available water
capacity is very low. Surface runoff is slow, and the water

table is very deep.
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These soils are easily tilled, but the soil structure is
wealk. If these soils are tilled when dry, the structure of the
surface layer deteriorates and the soils become more sus-
ceptible to soil blowing.

oils of this unit have a low to moderate content of or-
ganic matter, and they are low to moderate in natural fer-
tility. Response to fertilizer is generally good, but
inadequate soil moisture during the growing season is often
a limitation to growing crops on these soils. The kinds and
amounts of fertilizer to apply depend on the crop to be
grown and on the history of cropping in the past.

The main crops are wheat, barley, and flax, but these
soils are suited to all the field crops, hay crops, and pasture
plants commonly grown in the county. The chief limita-
tions to use of these soils for crops are their high suscepti-
bility to soil blowing and droughtiness as a result of the
shallow root zone and the very low available water ca-
pacity of the substratum. Summer fallow is of questionable
value because of the small quantity of water these soils
can store. Commonly used practices that help to control
soil blowing are stripcropping, stubble mulching, rough
tillage, growing cover crops, continuous cropping, and
establishing field windbreaks. It is important that a good
cover of plants be kept on the pastures at all times.

CAPABILITY UNIT Illes-5

This capability unit consists of deep, well-drained
Barnes, Brantford, and Vang soils, and of excessively
drained Renshaw soils. These soils range from gently slop-
ing to rolling. They have a loam surface layer and a loamy
subsoil. The subsoil of the Barnes soil 1s underlain by
loamy glacial till, but the subsoil of the other soils is under-
lain by thick beds of sand and gravel. The sand and gravel
underlying the Brantford and Renshaw soils is at depths
of 14 to 20 inches, and that underlying the Vang soils 1s at
depths of 20 to 40 inches.

The Barnes soil has moderate permeability in the sur-
face layer and the subsoil, and mogemtely slow permeabil-
ity in the underlying glacial till. This soil has high
available water capacity, a very deep water table, and
medium runoff. The Brantford, Vang, and Renshaw soils
have moderate permeability and high available water
capacity in the surface layer and the subsoil. In the under-
Iying layers of sand and gravel, they have moderately
rapid or rapid permeability and low or very low available
water capacity. The Brantford, Vang, and Renshaw soils
have a very deep water table. Runoff is medium to slow.

All of the soils of this unit are easily tilled. Areas of the
Barnes soil contain a few to many depressions, however,
and in these depressions the soil remains wet after areas of
adjacent better drained soils have dried out. These depres-
sions interfere with fieldwork on the adjacent better
drained soils.

The Barnes soil has a high content of organic matter and
plant nutrients, and the other soils have a moderate con-
tent. Response to fertilizer is generally good, but inade-
quate moisture during years when rainfall is below
normal reduces the usual benefits derived from applying
tertilizer. The kinds and amounts of fertilizer to apply
depend on the kind of soil, on the crop to be grown, and
on the history of cropping in the past.

Wheat, barley, flax, alfalfa, and tame grasses are the
principal crops, but these soils are suited to all the field
crops, hay crops, and pasture plants commonly grown in

the county. The chief limitations to their use for crops are
their moderate susceptibility to soil blowing and water
erosion, and droughtiness. Droughtiness is caused by the
shallow to moderately deep root zone, and by the low or
very low available water capacity of the sand and gravel
underlying the Vang, Brantford, and Renshaw soils. Com-
monly used practices that help to control soil blowing and
water erosion are stripcropping, rough tillage, stubble
mulching, growing cover crops, and establishing field
windbreaks. It is important that a good cover of plants be
kept on the pastures at all times.

CAPABILITY UNIT IIIs—4L

The only soil in this capability unit is Divide loam,
level. The soil is moderately well drained and somewhat
poorly drained, and it is moderately deep over gravel and
coarse sand. A layer of strongly calcareous clay loam that
contains a large amount of lime lies between the loam sur-
face layer and the layer of gravel and sand.

The surface layer and the layer of clay loam are mod-
erately permeable and have high available water capacity.
In the sand and gravel, permeability is rapid and the avail-
able water capacity is very low. Runoff is slow, and the
water table is 8 to 5 feet from the soil surface during wet
periods. This soil is easily tilled, but wetness sometimes
delays seeding in spring. The root zone is shallow to mod-
erately deep.

The content of organic matter is high, and natural fer-
tility is moderate in most places. Response to fertilizer is
generally good. The kinds and amounts of fertilizer to ap-
ply depend on the crop to be grown and on the cropping
system used in the past.

Wheat, barley, and flax are the main crops, but this
soil is suited to all the other field crops, hay crops, and
pasture plants commonly grown in the county. Droughti-
ness and moderate to high susceptibility to soil blowing are
the main limitations to use of the soil for crops. In many
years crops are damaged by lack of adequate moisture dur-
ing the growing season. Practices commonly used to pro-
tect this soil from blowing are stripcropping, rough till-
age, stubble mulching, growing cover crops, continuous
cropping, and establishing field windbreaks.

CAPABILITY UNIT IlIs-5

This capability unit consists of well-drained Vang and
Brantford soils and of an excessively drained Renshaw
soil that has formed in loamy sediment over thick beds of
sand and gravel. These soils are nearly level. They have a
loam surface layer and subsoil, and they are underlain by
sand and gravel. Depth to sand and gravel ranges from
14 to 20 inches in the Brantford and Renshaw soils, and
from 20 to 40 inches in the Vang soil.

In the surface layer and the subsoil, permeability is
moderate and the available water capacity is high, In the
underlying layers of sand and gravel, permeability is mod-
erately rapid or rapid and the available water capacity
is low or very low. The water table is very deep. Runoff is
slow.

Soils of this unit are easily tilled. In years when rain-
fall is below normal at seeding time, inadequate moisture
for germination is the chief imiting factor to their use
for crops.

These soils have a moderate content of organic matter
and plant nutrients. Response to fertilizer 1s generally
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good, but inadequate moisture in years when precipitation
1s below normal reduces the usual benefits derived from
applying fertilizer. The kinds and amounts of fertilizer to
apply depend on the kind of soil, on the crop to be grown,
and on the past history of cropping on these soils.

Wheat, barley, flax, alfalfa, and tame grasses are the
main crops, but these soils are suited to all of the field
crops, hay crops, and pasture plants commonly grown in
the county. These soils are chiefly limited in their use for
crops by droughtiness caused by fie shallow to moderately
deep root zone and by the low available water capacity
of the substratum, but they are also moderately susceptible
to soil blowing. Practices commonly used to control soil
blowing are striperopping, rough tillage, stubble mulch-
ing, growing cover crops, and establishing field wind-
breaks. It is important that a good cover of plants be main-
tained on the pastures at all times.

CAPABILITY UNIT HIs-P

This capability unit consists of deep, nearly level Ham-
erly, Cresbard, and Svea soils. The Svea and Cresbard
soils are moderately well drained, and the Hamerly soils
are moderately Welf drained or somewhat poorly drained
All of these soils have a loam surface layer and a loamy
substratum. The Svea soil has a clay loam subsoil, how-
ever, and the Cresbard soils have a subsoil of dense clay.
The Hamerly soil contains a layer of strongly calcareous
clay loam, which is just beneath the surface layer, and in
this layer lime has accumulated.

The Svea and Hamerly soils have moderate permea-
bility above the substratum and moderately slow per-
meability in the substratum. The Cresbard soils have mod-
erate permeability in the surface layer, and they have
moderately slow permeability in the subsoil and the sub-
stratum. All of the soils have high available water ca-
pacity and slow runoff. The Svea and Cresbard soils have
a very deep water table. The Hamerly soil has a seasonal
water table within 2 to 5 feet of the surface during the
wettest parts of the year.

Soils of this unit are easily tilled throughout the grow-
('1111 season. Preparation of the seedbed generally 1s not

ifficult.

These soils have a moderate content of organic matter
and a moderate supply of plant nutrients. Response to
fertilizer is generally good. The kinds and amounts of
fertilizer to apply depend on the kind of soil, on the crop
to be grown, and on the history of cropping in the past.

Wheat, barley, flax, and alfalfa are the main crops
grown, but these soils are suited to all the field crops, hay
crops, and pasture plants commonly grown in the county.
All of the crops are adversely affected by the dense clay
subsoil of the Cresbard soils, however, and by the salinity
of the substratum of those soils. The chief limitations to
use of these soils for crops are their moderate to high sus-
ceptibility to soil blowing, and the restricted root zone of
the Creshard soils as a result of the clay subsoil. The ad-
verse effects of the restricted root zone are most severe in
years when precipitation is below normal, Practices com-
monly used to control soil blowing on these soils are strip-
cropping, stubble mulching, and rough tillage. It is im-
portant that a cover of plants be maintained on the pas-
tures at all times. Barnyard manure and green-manure
crops worked into the Cresbard soils make the subsoil of

those soils more permeable. Figure 9 shows a typical profile
of the Creshard soils in this capability unit.

CAPABILITY UNIT Illwe-3

In this capability unit are deep, moderately well drained
and poorly drained, nearly level Arveson, Fossum, Hamar,
and Ulen soils in shallow depressions. The Arveson,
Fossum, and Ulen soils have a surface layer of fine sandy
loam or sandy loam that is underlain by a layer of strongly
calcareous, moderately coarse textured material in which

Figure 9.—Profile ¢f a Cresbard loam under native grass.
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lime has accumulated. Beneath the limy material is strati-
fied, water-deposited sediment that is mainly moderately
coarse textured and coarse textured but that contains
strata of medium-textured material in some places. The
Hamar soil has a subsoil of loamy sand, and a substratum
of medium sand.

These soils have moderate permeability and moderate
available water capacity in the surface layer, and they
have moderate or moderately rapid permeability and
moderate to low available water capacity below the surface
layer. A seasonal high water table is at the surface or is
within 5 feet of the surface during the wettest parts of the
year. Runoff is very slow.

Soils of this unit are easily tilled when dry. Their high
water table, very slow runoff, and ponded water on the
surface keep them too wet for cultivation for long periods
of time. When these soils are too wet to make a suitable
seedbed, they are left idle or are used for growing hay.
Areas that are not drained interfere with fieldwork on
adjacent better drained soils.

These soils contain a large amount of organic matter,
and they have a good supply of plant nutrients. Neverthe-
less, response to fertilizer is generally good. The kinds
and amounts of fertilizer to apply depend on the kind of
soil, on the crop to be grown, and on the history of cropping
in the past.

Harvesting is sometimes delayed in years when precipi-
tation is above normal at the time the crop is ready for
harvest. Wet weather can lower the quality of the crop,
or it can be so damaging that the entire crop is lost.

Where these soils have been drained, they are suited to
the field crops, hay crops, and pasture plants commonly
grown in the county. Wheat, barley, and flax are the main
crops. Where the soils have not been drained, seeding is
sometimes delayed in spring. Then, barley, flax, or other
crops that can be seeded late in spring are grown, or the
soils are used for tame grasses. The main limitations to use
of these soils for crops are their poor drainage and their
high susceptibility to soil blowing. The soils are also some-
what droughty when precipitation is below normal during
the growing season. Where outlets are available, drainage
can be improved by constructing field drains. Practices
commonly used to control soil blowing are stripcropping,
stubble mulching, rough tillage, planting cover crops, and
establishing field windbreaks. It is important that a good
cover of plants be maintained on the pastures at all times.

CAPABILITY UNIT IIws-4

This capability unit consists of deep, nearly level, moder-
ately saline Bearden, Glyndon, Hegne, Lamoure, and
Vallers soils. The Bearden soil is somewhat poorly drained,
the Glyndon is moderately well drained or_somewhat
poorly drained, and the Hegne, Lamoure, and Vallers are
poorly drained. All of these soils have a medium-textured,
moderately fine textured, or fine textured surface layer.
Just beneath the surface layer, all but the Lamoure soils
have a strongly calcareous, loamy or clayey layer that con-
tains a large amount of lime, and they have a loamy or
clayey substratum. The Lamoure soils lack the strongly
calcareous layer, and they are underlain by sand and gravel,
in some places at a depth of only 40 inches.

Permeability is moderate to slow, and the available water
capacity is high or very high. Runoft is slow or very slow.
The water table is 1 to 5 feet from the soil surface during

wet periods. Wetness in spring often delays seeding on all
the soils. In years when precipitation is above normal dur-
ing the harvest season, harvesting is sometimes delayed. As
a result, the quality of the crop is reduced, and the crop
may be lost.

All of the soils, except the Hegne, are easy to till, but the
Hegne soil has a fine-textured surface layer and is difficult
to t1ll. The Hegne soil is hard when dry, and it is very sticky
and plastic when wet. If this soil is tilled when dry, large,
hard clods are turned up. These clods make the surface
rough, and as a result, additional tillage is required for
preparing the seedbed. If the Hegne soil is tilled when wet,
the structure of the surface layer deteriorates and this layer
tends to puddle. Then, when the surface layer dries out,
this soil is nearly impermeable to water and seedlings fail
to emerge. Freezing and thawing of the soil will eventually
restore the permeability of the surface layer.

Soils of this unit have a moderate to high content of
or%anic matter, but their supplies of phosphorus and avail-
able nitrogen are low. Crops generally respond well to
applications of a suitable fertilizer, but the usual benefits
derived from applying fertilizer are reduced by the salinity
of the soils. The kinds and amounts of fertilizer to apply
depend on the kind of soil, on the crop to be grown, and
on the cropping system used in the past.

These soils are suited to all the field crops, hay crops,
and pasture plants commonly grown in the county. Wheat,
barley, flax, and sugar beets are the main crops. They are
adversely affected by the moderate salinity of the soils, but
barley and sugar beets are less affected than wheat and
flax. Wetness and moderate salinity are the chief limita-
tions to use of these soils for crops, but the soils are also
moderately to highly susceptible to soil blowing. Where
outlets are available, drainage is improved by constructing
field drains. Commonly used practices that help to control
soil blowing and water erosion are stripcropping, rough
tillage, stubble mulching, growing cover crops, and plant-
ing close-growing crops year after year. It is important
that a good cover of plants be kept on the pastures at all
times.

CAPABILITY UNIT IVe-2

Deep, nearly level and gently undulating Hecla, Ulen,
and Hamar soils are in this capability unit. The Hecla
soils are moderately well drained, the Ulen soil is mod-
erately well drained or somewhat poorly drained, and the
Hamar soil is somewhat poorly drained or poorly drained.
All of these soils have a surface layer of loamy sand. The
Hamar soil has a sandy subsoil that is underlain by a sandy
substratum. The Ulen soil has a layer of loamy, strongly
calcareous soil material just beneath the surface layer, and
in this layer lime has accumulated. A sandy substratum
underlies the loamy material. In some places all of these
soils contain layers of finer textured material below a depth
of 40 inches.

These soils have moderate to moderately rapid perme-
ability throughout. The available water capacity is moder-
ate to low. Runoff is slow. A seasonal water table is at the
surface or is within 5 feet of the surface during the wet
parts of the year.

Soils of this unit are easily tilled, but the structure of the
surface layer lacks durability. If these soils are tilled when
dry, the structure deteriorates and susceptibility to soil
blowing is increased.
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The content of organic matter and the supply of plant
nutrients are moderate to low. Cultivated crops generally
respond well to fertilizer. In years when rainfall is below
normal, however, inadequate moisture during the growing
season reduces the usual benefits derived from applying
fertilizer. The kinds and amounts of fertilizer to apply
depend on the kind of soil, on the crop to be grown, and
on the history of cropping in the past.

These soils are suifed to the field crops, hay crops, and
pasture plants commonly grown in the county. eat,
oats, rye, barley, and corn are the principal crops that
require cultivation. In addition, some alfalfa and brome-
grass are grown, and a_few areas are in native grass.
Prairie sandreed, Canada wildrye, big bluestem, little
bluestem, sand bluestem, and switchgrass are the grasses
grown most extensively.

The chief limitation to use of these soils for crops is high
susceptibility to soil blowing. These soils are also droughty
because of the generally low available water capacity of
the substratum. Most areas that have been cultivated are
moderately to severely eroded as the result of soil blowing.
Drifted soil material has accumulated at the edges of fields
and along fence lines and field windbreaks. Practices
commonly used to control soil blowing are stripcropping,
rough tillage, stubble mulching, growing cover crops,
and establishing field windbreaks. It is important that a
good cover of plants be kept on the pastures at all times.

CAPABILITY UNIT IVe—4

_Hattie silty clay, lacustrine, is the only soil in this capa-
bility unit. This soil is deep, sloping, and well drained or
moderately well drained. Just beneath the surface layer,
it has a layer of strongly calcareous silty clay in which
lime has accumulated. The limy material is underlain by
stratified loamy and clayey lacustrine sediment.

Permeability is moderately slow in the surface layer
and in the layer in which lime has accumulated, and it is
slow below these layers. The available water capacity is
high or very high. Runoff is medium, and the water table
is very deep.

Tilling this soil at the proper moisture content is im-
portant. This soil is hard when dry, and it is very sticky
and very plastic when wet. If tillage is done when the so1l
is dry, large, hard clods are turned up, and they leave the
surface very rough. As a result, additional tillage is re-
quired for preparing the seedbed. If this soil is tilled when
wet, its structure deteriorates and the surface layer tends
to puddle. Then, when this layer dries, it is nearly im-
permeable to water and seedlings fail to emerge. Freezing
and thawing of the soil will eventually restore the perme-
ability of the surface layer. In some years when rainfall
is higher than normal in spring, seeding is delayed.

This soil has a high content of organic matter, and it
is high in natural fertility. Response to fertilizer is gen-
erally good. The kinds and amounts of fertilizer to apply
depend on the kind of crop to be grown and on the history
of cropping in the past.

All of the field crops, hay crops, and pasture plants
commonly grown in the county can be grown on this soil,
but wheat, barley, flax, and sugar beets are the crops grown
most extensively. The dominant plants in areas that have
not been cultivated are green needlegrass, porcupinegrass,
needle-and-thread, and western wheatgrass. The chief
limitation to use of this soil for crops are moderate to high
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susceptibility to soil blowing and water erosion. Practices
that are commonly used to control soil blowing and water
erosion are stripcropping, stubble mulching, rough tillage,
rowing cover crops, and establishing field windbreaks.
t is important that a good cover of plants be kept on the
pastures at all times.

CAPABILITY UNIT IVe-4L

This capability unit consists of deep, sloping and rolling
Buse, Barnes, Zell, and Gardena soils. The Buse soil is
excessively drained, the Barnes and Zell soils are well
drained, and the Gardena soil is moderately well drained.
The Buse and Barnes soils have a surface layer of loam,
and the Zell and Gardena soils have a surface layer of silt
loam. Just beneath the surface layer, the Buse and Zell
soils have a layer of loamy, strongly calcareous material
in which lime has accumulated, and they have a loamy
substratum. In some places the Barnes and Gardena soils
also contain a layer in which lime has accumulated. This
layer is between the subsoil and the substratum.

Permeability is moderate in the surface layer, and it is
moderate to slow below the surface layer. The available
water capacity is high or very high. Runoff is medium. The
water table is very deep.

Soils of this unit are easily tilled. Tillage must be across
the slope, however, or the susceptibility to water erosion is
increased.

These soils have a moderate to moderately low content
of organic matter and a moderate to moderately low sup-
ply of plant nutrients. Response to fertilizer is generally
good. The kinds and amounts of fertilizer to apply depend
on the kind of soil, on the crop to be grown, and on the
history of cropping in the past.

These soils are suited to the field crops, hay crops, and
pasture plants commonly grown in the county, and most of
the acreage is cultivated. Wheat, barley, flax, and alfalfa
are the crops most commonly grown. In areas that are not
cultivated, the dominant vegetation is mainly little blue-
stem, big bluestem, green needlegrass, rough fescue, and
porcupinegrass. Moderate to high susceptibility to soil
blowing and to water erosion are the chief limitations to
use of these soils for crops. Practices commonly used to
control soil blowing and water erosion are stripcropping,
rough tillage, stubble mulching, growing cover crops, and
establishing field windbreaks and grassed waterways. It is
important that a good cover of grass be maintained on the
pastures at all times.

CAPABILITY UNIT IVe-§

This capability unit consists of deep, hilly or strongly
rolling Waukon, Buse, and Barnes soils. The Waukon and
Barnes soils are well drained, and the Buse soil is exces-
sively drained. The Barnes and Buse soils are eroded. All
of these soils have a loam surface layer, and all are under-
lain by glacial till. The Waukon soil has a loam subsurface
layer and a clay loam subsoil, and the Barnes soil has a
loamy subsoil. Just beneath the surface layer, the Buse soil
has a layer of strongly calcareous loam in which lime has
accumulated.

The Buse soil is moderately permeable throughout, but
the other soils have moderate permeability in the surface
layer, the subsurface layer, and the subsoil, and they have
moderately slow permeability below these layers. Runoft
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is rapid. The available water capacity is high or very high,
and the water table is very deep.

These soils are easily tilled. If tillage is up and down
the slope, however, susceptibility to water erosion is
increased.

Soils of this unit have a moderate to low content of
organic matter and a moderate to low supply of plant
nutrients. Response to fertilizer is generally good. Never-
theless, in years when precipitation is below normal, inade-
quate moisture during the growing season reduces the
benefits usually derived from applying fertilizer. The
kinds and amounts of fertilizer to apply depend on the
kind of soil, on the crop to be grown, and on the history
of cropping in the past.

Wheat, barley, flax, tame grasses, and alfalfa are among
the Yrincipal crops, but the soils are suited to all the com-
monly grown field crops, hay crops, and pasture plants.
The dominant vegetation in areas of Buse and Barnes soils
that have remained in native grass are little bluestem, big
bluestem, green needlegrass, and porcupinegrass. On the
Waukon soil, the vegetation is mainly a mixture of trees,
shrubs, and grasses. Rapid runoff, resulting in droughti-
ness and susceptibility to water erosion, are the main limi-
tations to use of these soils for crops. The soils are also
slightly to moderately susceptible to blowing.

‘Where these soils are cultivated, water erosion is difficult
to control. Practices commonly used to control soil blowing
and water erosion are stripcropping, stubble mulching,
rough tillage, growing cover crops, and establishing field
windbreaks and grassed waterways. It is important that a
good cover of plants be maintained on the pastures at all
times.

CAPABILITY UNIT Vsw-Sh

In this capability unit are Vallers and Hamerly soils
that arve deep, nearly level, and stony. The Vallers soil is
poorly drained, and the Hamerly soil is moderately well
drained or somewhat poorly drained. Both of these soils
have a surface layer of stony loam. Just beneath the sur-
face layer, they have a layer of strongly caleareous clay
loam in which lime has accumulated. Loamy glacial till
underlies the limy material.

These soils have moderate permeability in the surface
layer moderate to moderately slow permeability in the
layer where lime has accumulated, and moderately slow
or slow permeability in the glacial till. They have high
available water capacity. Runoff is very slow, and a sea-
sonal water table is within 1 to 5 feet of the surface during
the wet parts of the year.

Because of the numerous stones and boulders on the
surface, these soils are used only for native pasture and
as wildlife habitat. The dominant native vegetation when
the pastures are in good condition is big bluestem, little
bluestem, switchgrass, prairie cordgrass, prairie dropseed,
and Maximillian sunflower. These plants are well suited to
use for summer pasture.

It is important that a good cover of plants be maintained
on the pastures at all times. If pastures are overgrazed, the
more desirable plants are replaced by foxtail barley, spike-
sedge, Baltic rush, inland saltgrass, and other less desirable
plants. In areas that were formerly farmed and that were
later abandoned, quackgrass, bromegrass, and Kentucky
bluegrass have been dominant for many years. These
grasses are less suitable for grazing in summer than are the

native plants when the pastures are in good condition.
Areas that formerly were farmed and that were later
abandoned can be rapidly returned to native plants by
seeding switchgrass, Ii)ig bluestem, little bluestem, and
indiangrass.

The many stones and boulders interfere with fieldwork
and limit use of these soils for crops. In most places clear-
ing the areas of stones and boulders is impractical. Where
these soils have been cleared and are cultivated, they are
moderately to highly susceptible to soil blowing. In addi-
tion, the somewhat poor or poor drainage in many areas
delays preparation of the seedbed and other fieldwork,

CAPABILITY UNIT Vw-WL

This capability unit consists of poorly drained and very
poorly drained, level or nearly level, deep Benoit, Colvin,
Grano, Manfred, Parnell, and Rauville soils. The Benoit
soil has a surface layer of loam, contains a layer of mod-
erately fine textured, strongly calcareous material in which
lime has accumulated, and 1s underlain by sand and gravel.
The Colvin, Grano, Manfred, and Parnell soils have a sur-
face layer of silty clay or silty clay loam. They have a
moderately fine textured or fine textured subsoil, or they
contain a layer of strongly calcareous material in which
lime has accumulated, and they are underlain by medium-
textured or fine-textured lacustrine sediment or by glacial
till. The Rauville soils have a surface layer of silt loam,
and they lack a layer in which lime has accumulated. In
many places all of these soils have a mat of partly decom-
posed organic matter on the surface.

All of these soils have moderately slow or slow permea-
bility and high or very high available water capacity in
the surface layer, in the subsoil, and in the layer where
lime has accumulated. They have moderately slow or slow
permeability and high available water capacity where the
substratum is moderately fine textured or fine textured,
and they hayve rapid permeability and very low available
water capacity where the substratum is sand and gravel.
Because these soils are in nearly level areas or in depres-
sions, water ponds on their surface much of the time. A
seasonal water table is at the surface or is within 5 feet of
the surface during the wettest parts of the year.

The chief limitation to use of these soils for farming is
wetness caused by the high water table and by ponding of
water from runoff. In most places artiﬁcizﬂy rainage is
impractical. The soils are used for growing hay, for pas-
ture, or as wildlife habitat. They are more suitable for
producing forage from native plants than any of the other
soils in the county.

The dominant native vegetation where the pastures are
in good condition consists of bulrush, rivergrass, slough-
sedge, northern reedgrass, and Rydberg sunflower. River-
grass and slonghsedge, which are dominant on the Parnell
soil, are highly preferred forage for cattle. These soils pro-
vide good grazing for cattle, but sheep generally avoid
these areas and overgraze adjacent sites. Overgrazing re-
sults in the loss of the more desirable plants, including
Rydberg sunflower, rivergrass, and sloughsedge. It results
in an increase in such less desirable plants as American
sloughgrass, spike-sedge, Baltic rush, and foxtail barley.
The loss of Rydberg sunflower is an early indication of
overgrazing. Where all the native vegetation has been
destroyed, desirable forage plants can be restored in the
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stand by seeding reed canarygrass or Garrison creeping
foxtail. When these soils are dry enough that the crop can
be harvested at the proper time, they are excellent for
growing hay.

CAPABILITY UNIT VIe-Sa

This capability unit consists only of the mapping unit
Maddock-Hecla complex, severely eroded. The soils 1n this
complex are nearly level to sloping, and they are well
drained and moderately well drained. They have a surface
layer of light sandy loam or loamy sand that is underlain
by a substratum of medium sand. Severe erosion has re-
moved all of the original surface layer in some areas. In
other places the original surface layer has been buried.
Shallow blowouts and low, stabilized dunes are common.
Some areas contain deep blowouts and active sand dunes.

Permeability is moderately rapid, and the available
water capacity is low. Runoff is slow. The water table is
very deep.

Their low available water capacity and their very hiih
susceptibility to soil blowing if they are cultivated make
these soils suitable only for hay and pasture or for use as
wildlife habitat. The dominant native vegetation when the
pastures are in good condition is prairie sandreed and sand
bluestem on the hummocks, and big bluestem in the swales.
It is important that a good cover of plants be kept on the
pastures at all times. If the pastures are overgrazed, the
native plants are replaced by ones that are less desirable
for grazing, for example, fringed sagewort, field sagewort,
and Kentucky bluegrass. Kentucky bluegrass is well snited
to grazing in spring. It is less suitable for grazing in sum-
mer than the native grasses when the pastures are in good
condition.

CAPABILITY UNIT VIe-Si

This capability unit consists of moderately well drained
Fairdale and LaPrairie soils on channeled bottom lands;
of hilly and steep, excessively drained Buse soils; and of
hilly and steep, well-drained Barnes and Zell soils and
moderately well drained Gardena soils. All of these soils
are deep. The Fairdale soils have a surface layer of silt
loam that is underlain by a loamy substratum. The
LaPrairie, Barnes, and Gardena soils have a surface layer
of loam, silt loam, or silty clay loam, and a loamy subsoil
and substratum. The Buse and Zell soils have a surface
layer of loam or silt loam. They contain a layer of strongly
calcareous, loamy material in which lime has accumulated,
and they have a loamy substratum.

All of the soils, except the LaPrairie, have moderate
permeability in the surface layer, and they have moderate
to slow permeability below the surface layer. The
LaPrairie soils are moderately permeable throughout. All
of the soils have high or very high available water capac-
ity. Runoff is rapid on all of the soils, except the Fairdale
and LaPrairie, and it is slow on those soils. All of the
soils, except the Fairdale and LaPrairie, have a very deep
water table. The Fairdale and LaPrairie soils are flooded
at times.

The chief limitations to use of these soils for crops are
droughtiness and susceptibility of the steep areas to water
erosion. In addition, the Fairdale and LaPrairie soils on
channeled bottom lands are nearly inaccessible for farm
machinery. Because of these limitations, the soils are used
only for hay or pasture and as wildlife habitat. The domi-
nant native vegetation where the pastures are in good
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condition is porcupinegrass, green needlegrass, and big
bluestem. The cover of plants also includes a minor amount
of other grasses, sedges, and forbs.

It is important that a good cover of plants be main-
tained on the pastures at all times. If the pastures are over-
grazed, the more desirable grasses are replaced by less
desirable plants. Needle-and-thread and western wheat-
grass increase during the early stages of overgrazing. As
overgrazing becomes more severe, Kentucky bluegrass,
needleleaf sedge, curlycup gumweed, and fringed sagewort
replace the taller grasses. Quackgrass, bromegrass, and
Kentucky bluegrass have invaded areas where cultivation
was attempted, or where the native grasses were buried by
wind-deposited, silty material eroded from adjacent areas.
They are suitable for grazing in spring, but they are less
suitable for grazing in summer than are the native grasses
when the pastures are in good condition.

CAPABILITY UNIT VIs-Cp

This capability unit consists of a complex of deep, nearly
level, somewhat poorly drained Cavour soils. These soils
have a surface layer of clay loam, a subsurface layer of
loam, a dense claypan subsoil, and a substratum of loamy
glacial till.

Permeability is moderately slow in the surface layer, the
subsurface layer, and the substratum. It is slow in the
claypan subsoil. The available water capacity is moderate.
Runoff is slow, and a seasonal water table is within 3 to 5
feet of the surface during the wettest parts of the year.

The chief limitations to use of these soils for crops are
droughtiness caused by the shallow root zone and the
salinity of the substratum. Because of the dense claypan,
only a few roots can penetrate the subsoil. As a result,
these soils are used only for hay and pasture or as wildlife
habitat. The native vegetation is mainly western wheat-
grass, green needlegrass, porcupinegrass, silverleaf scurf-
pea, and needle-and-thread, but inland saltgrass, which
1s of limited value for hay and pasture, is dominant in
many areas. It is important that a good cover of plants
be maintained on the pastures at all times. If the pastures
are overgrazed, the few palatable grasses are replaced by
weeds and by inland saltgrass. If overgrazing is severe, all
the vegetation is destroyed and the %)a,re soils are then
susceptible to soil blowing.

CAPABILITY UNIT VIs-Si

This capability unit consists of deep, nearly level, stony,
somewhat poorly drained and poorly drained Antler and
Gilby soils; of nearly level, stony, moderately well drained
Svea soils; of nearly level to sloping, stony, well-drained
Barnes soils; and of a steep, stony, excessively drained
Buse soil. The Antler, Gilby, and Buse soils have a surface
layer of stony loam or stony clay loam. They contain a
layer of strongly calcareous loam or clay loam in which
lime has accumulated, and they have a loamy substratum.
The Barnes and Svea soils have a surface layer of stony
loam, a subsoil of clay loam, and a loamy substratum.

These soils are moderately to slowly permeable and have
high or very high available water capacity. Runoff ranges
from slow to rapid, depending on the degree of slope.
Except for the Antler and Gilby soils, which have a sea-
sonal water table within 1 to 4 feet of the surface during
wet periods, all of the soils have a very deep water table.
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The many stones and boulders on the surface are the
chief limitation to use of these soils for crops. Because of
these stones and boulders, the soils are usedlp only for pas-
ture and as wildlife habitat. The dominant native ve%eta-
tion is porcupinegrass, green needlegrass, and big blue-
stem. The cover of plants also includes minor amounts of
other grasses, sedges, and forbs. It is important that a good
cover of plants be maintained on the pastures at all times.
If the pastures are overgrazed, the more desirable grasses
are replaced by less desirable plants. Needle-and-thread
and western wheatgrass increase during the early stages
of overgrazing. As overgrazing becomes more severe, Ken-
tucky bluegrass, needleleaf sedge, curlycup gumweed, and
fringed sagewort replace the taller grasses. Quackgrass,
bromegrass, and Kentucky bluegrass have invaded areas
where cultivation has been attempted, or where the native
grasses have been covered by wind-deposited, silty material
blown from adjacent areas. They are suitable for grazing
in spring, but they are not so well suited to grazing in
summer as the native plants when the pastures are in good
condition.

CAPABILITY UNIT VIs-SS

This capability unit consists of deep, strongly saline,
poorly drained Hegne, Ludden, Ryan, and Ojata soils that
are level or nearly level. These soils have a moderately fine
textured or fine textured surface layer that is underlain
by loamy or clayey lacustrine or alluvial sediment. Just
below the surface layer, some of these soils have a layer
of strongly calcareous material in which lime has accumu-
lated. Others contain a buried surface layer.

These soils have moderate to slow permeability, depend-
ing on the texture of the various layers. All of them have
high or very high available water capacity. A seasonal
water table 1s at the surface or is within 5 feet of the sur-
fitce during the wettest parts of the year. Runoff is very
slow.

Because of their strong salinity and poor natural drain-
age, these soils are used for hay and pasture or as wildlife
habitat. The cover of native plants when the pastures are
in good condition varies greatly in composition, depending
on the degree of salinity of the soils. The more important
grasses in most areas, however, are western wheatgrass,
alkali cordgrass, prairie cordgrass, slender wheatgrass,
and Nuttall alkaligrass.

These soils provide better grazing for cattle than for
sheep because cattle utilize the coarser grasses that sheep
usually avoid. It is important that a good cover of plants
be kept on the pastures at all times. If the pastures are
overgrazed, the more desirable grasses are replaced by
foxtail barley, inland saltgrass, alkali muhly, mat muhly,
and other plants that have little value for grazing. In-
vasion by curlycup gumweed is an early indicator of
overgrazing.

CAPABILITY UNIT VIs-Sw

This capability unit consists only of a complex of mod-
erately steep and steep, shallow, well-drained Kloten soils.
These soils have a loam surface layer. The surface layer is
underlain by loamy glacial till that is 18 to 20 inches deep
over shale bedrock.

These soils have moderate permeability in the surface
layer, moderately slow permeability in the underlying
glacial till, and slow permeability in the shale bedrock.
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They have high available water capacity above the shale
bedrock, and Iow available water capacity in the bedrock.
Runoff is rapid, and the water table is very deep.

The chief limitations to use of these soils for crops are
droughtiness and susceptibility to water erosion. Droughti-
ness is caused by the shallow root zone and by the rapid
runoff, Water erosion is the greatest hazard where the cover
of plants has been removed. Because of these limitations,
the soils are used only for hay and pasture or as wildlife
habitat. The native vegetation is deciduous trees and
shrubs and shade-tolerant grasses. Some areas of open
grassland occur where the shale bedrock has limited the
penetration of roots of some plants to the extent that the
plants could not survive. Western wheatgrass and green
needlegrass are the dominant grasses in these open areas.

It is important that a good cover of plants be maintained
on the pastures at all times. If the pastures are overgrazed,
the more desirable grasses are replaced by less desirable
plants. If overgrazing is severe, all the cover of plants is
removed and these soils are then highly susceptible to
water erosion. In some areas where overgrazing has been
severe, the soils are eroded down to the shale bedrock.

CAPABILITY UNIT VIs-SwG

This capability unit consists of deep, moderately steep,
well-drained Barnes soils and of nearly level to steep, ex-
cessively drained Coe, Sioux, and Renshaw soils that are
shallow over sand and gravel. The Barnes soils have a loam
surface layer and a loamy subsoil and substratum. Most of
the other soils have a loam or gravelly loam surface layer
that is underlain by sand and gravel, but the Renshaw soils
have a loamy subsoil.

The Barnes soils have moderate permeability in the
solum, and moderately slow permeability in the sub-
stratum. They have high available water capacity, rapid
surface runoft, and a very deep water table. The other soils
have moderate permeability and moderate to high avail-
able water capacity in the layers above the sand and gravel,
and rapid permea%ility and very low available water ca-
pacity in the sand and gravel. They have medium surface
runoff and a very deep water table.

The chief limitations to use of these soils for crops are
the steep slopes in many places and the droughtiness of all
the soils, except the Barnes, caused by the shallow root
zone and the low available water capacity of the sand and
gravel substratum. Because of these limitations, these soils
are used only for hay and pasture or as wildlife habitat.
The dominant native vegetation when the pastures are in
good condition is needle-and-thread, plains muhly, western
wheatgrass, prairie sandreed, and silverleaf scurf-pea. It
is important that a good cover of plants be maintained
on the pastures at all times. If the pastures are overgrazed,
the more desirable grasses are replaced by needleleaf sedge,
fringed sagewort, blue gramagrass, and other undesirable
plants.

CAPABILITY UNIT VIIle-1

The only mapping unit in this capability unit is Cashel
soils, steep. These soils are on side slopes adjacent to the
Red River. They are deep and are somewhat poorly
drained. The surface layer of these soils is silty clay or clay.
It is underlain by stratified flood plain deposits and by the
surface layers of buried soils.
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Permeability is moderately slow, and the available water
capacity is high. Runoff is.rapid. Except when these soils
are flooded, the water table is very deep.

The steep slopes and susceptibility to streambank erosion
are the main limitations to use of these soils for crops. The
soils have only limited value for grazing, and they are
used mainly as habitat for wildlife. The native vegetation
is mostly deciduous trees and an understory of shrubs and
shade-tolerant grasses. Maintaining the native vegetation
in good condition is important, for severe streambank ero-
sion results if the vegetation is removed.

Predicted yields

Predicted average acre yields of the principal crops
grown in Walsh County under two levels of management
are shown in table 2. These predictions are based on in-
formation obtained from farmers and other agricultural
workers in the county. They are averages for a period long
enough to include years of both favorable and unfavorable
temperatures and moisture supply during the growing
season. Many farmers obtain the yields shown in columns
A, but a few get lower yields. Some farmers obtain the
yields shown in columns B, and a few get even higher
yields. Future yields are expected to increase on most of
the soils as additional knowledge is gleaned from research
and experience, as new management techniques are applied,
and as better varieties of crops are developed.

Following are the practices used to obtain yields in
columns A:

1. A general cropping system consists of small grains
grown for 2 or 3 years, and summer fallow for
1 year. Wheat is planted on summer-fallowed land
or on clean stubble if summer fallowing is not
suitable for a particular soil. Wheat may be
planted to follow potatoes or sugar beets, but
yields are generally lower than where wheat is
planted on soils that have been summer fallowed.
Barley, flax, or potatoes follow wheat in the crop-
ping system. Sugar beets are always planted on
soils that have been summer fallowed.

2. Average or below optimum amounts of commer-
cial fertilizer are applied.

3. Varieties of crops that have traditional acceptance
in the area are planted, as opposed to newer
varieties.

4. Herbicides are applied occasionally, but weeds are
controlled mainly by tillage and by delaying

seeding.

5. Tillage, planting, and harvesting are not always
timely.

6. Erosion control practices are used to only a limited
extent.

Following are the practices used to obtain yields in
columns B:

1. A general cropping system consists of small grains
grown for 2 or 3 years, and summer fallow for
1 year. Wheat is planted on soils that have been
summer fallowed, or on clean stubble if summer
fallow is not suitable for a particular soil. Wheat
may also be planted to follow potatoes or sugar
beets, but yields are generally less than where

wheat is planted on soils that have been summer
fallowed. Barley and flax follow wheat in the
cropping system, which includes use of a green-
manure crop if one is recommended for the soil.

2. Commercial fertilizer is applied according to the
needs of crops included in the cropping system,
and according to the needs indicated by the results
of soil tests.

8. The newest adapted varieties of crops are planted,
and seed that is clean and that has been treated
for the prevention of disease is used for planting.

4. Insecticides, fungicides, and herbicides are applied
where needed.

5. Tillage, planting, and harvesting are performed
at the best times.

6. Soil erosion is controlled by applying the required
conservation practices.

Use of Soils for Windbreaks ®

Walsh County has a small acreage of native woodland,
which is mainly along rivers and intermittent streams.
From this wooded acreage, the early settlers obtained their
fuel, fence posts, and poles. They also obtained logs that
were sawed into rough lumber. The principal trees in the
wooded areas today are American elm, boxelder, green ash,
bur oak, basswood, and cottonwood. Chokecherry, plum,
juneberry, and minor amounts of other shrubs grow in
clumps along the fringes of wooded areas and in draws
and coulees that lead to rivers and creeks. Areas now in
native trees and brush are used to protect the watershed
and as habitat for wildlife. Farmsteads located in wooded
areas are protected from winds and storms by the native
trees.

Trees and shrubs have been planted in Walsh County,
mainly to grovide windbreaks that can protect crops, live-
stock, wildlife, and farm buildings and that can conserve
moisture and help to control soil blowing and the drifting
of snow. Several types of windbreaks are generally
planted. First are windbreaks containing one to three rows
of trees and shrubs planted at intervals across cultivated
fields to control soil blowing. Next are windbreaks con-
taining five to 10 rows of trees and shrubs that are planted
near the farmstead to protect buildings and livestock from
wind and drifting snow, to provide shelter for wildlife,
and to beautify the farmstead. The third type of windbreak
contains 15 or more rows of trees and shrubs, and it is
established near the farmstead or adjacent to a field to
provide food and cover for wildlife. The fourth type is
established as a screen to hide unsightly areas, to add
color and contrast to open fields, and to beautify the
landscape.

Since earl§ days, most farmers in Walsh County have
planted an effective windbreak around their buildings and
feedlots. One of the first things an early settler did after
he had selected a site for his farmstead was to plant trees
on the north and west sides of the area where his house,
barns, feedlots, and yard were to be located. Many of these
original plantings still exist, and they still provide effective
protection.

2 By ELMER L. WORTHINGTON, woodland conservationist, Soil Con-
servation Service.
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TABLE 2.—Predicted average acre yields of principal crops

[Yields in columns A can be expected under prevailing management; those in columns B can be expected under improved management.
Dashes indicate that the soil is not suited or is not used extensively for the crop specified]

Soil Wheat Barley Flax Potatoes Sugar beets Alfalfa
oi
A B A B A B A B A B A B
Bu. Bu Bu. Bu Bu. Bu Bu. Bu Tons Tons Tons Tons

Antler stony clay loam_ - ___ o | e oo
Antler elay loam_____________________________ 28 40 36 48 11 15 190 | 225 13 15| 2.0 3.0
Arveson-Fossum fine sandy loams...._ ... _____ 20 25 25 30 8 10 o) 1.5 2.5
Arveson-Fossum loams_ ___._____________.____ 20 30 25 35 8 12 | e |oeo]eoa 1.5 2.5
Arvilla sandy loam, nearly level . . _______._._.__ 13 17 16 20 6 8 || .8 L5
Arvilla sandy loam, gently sloping_____________ 12 16 15 19 5 /0 PSSR IS PSR R .8 1.3
Barnes loam, rolling. . _ . ____________ 22 32 28 36 8 12 || |a e aea 1.0 1.5
Barnes loam, rolling, eroded.____ ... _______ 22 32 28 36 8 12 ||| 1.0 1.5
Barnes-Buse loams, hilly, eroded.__ .. _________ 16 22 18 26 6 12 N PSR FRUVENIP (RPN I 1.0 1.5
Barnes-Buse stony loams__ _ .|| |emc e e e e e
Barnes-Renshaw loams, rolling_ _ .- ____________ 16 22 18 24 6 L NS PR PRI (I P 1.0 1.5
Barnes-Sioux complex, hilly . | oo e e
Barnes-Svea loams, gently undulating_____._____ 28 36 30 40 10 14 e 1.5 2.0
Barnes-Svea loams, gently undulating, eroded___ 28 36 30 40 10 4 oo 1.5 2.0
Barnes-Svea stony loams, nearly level ___ .| | o | oo e o e
Barnes-Svea stony loams, rolling.____ o |oco e em oo e e e
Bearden silt loam________ . _________________ 34 44 40 55 14 17 200 275 14 17 2.0 3.0
Bearden silty clay loam, level . _______________ 34 44 40 55 14 17 200 275 14 17 2.0 3.0
Bearden silty clay loam, sloping.______________ 24 30 26 36 10 14 e 1.5 2.5
Bearden silty clay loam, fans_________________. 34 44 40 60 14 17 | 225 | 300 14 17 | 2.0 3.0
Bearden silty clay loam, saline_______________. 15 20 20 30 6 2T D IR 10 12 1.0 2.0
Bearden silty clay loam, gravelly substratum.___ 10 25 20 30 7 (¢ I PR NS (SR M, 1.0 2.0
Bearden silty clay_ - - ... 34 44 40 55 14 17 200 250 14 17 2.0 3.0
Benoit loam_ || e e e e .
Borup silt loam ' _____ ... 20 30 30 40 6 12 | 150 | 210 12 14| 1.5 2.5
Brantford-Vang loams, gently sloping_ .. ____._. 12 16 16 20 5 - 0 SRR (R S I, 1.0 1.5
Brantford-Vang loams, sloping__ . __.________ 10 14 14 17 4 6 | e 1.0 1.3
Buse-Barnes loams, rolling_.._.__________..___ 14 18 18 24 6 £ 708 IR IS U (RS 1.0 1.5
Buse-Barnes loams, hilly_ . e e e oo et
Buse-Barnes loams, steep. - .o oo ] oo e e e e e e e e e
Cashel silty clay, nearly level ... _________..__ 25 40 35 45 13 1 2 PR S, 13 15 2.0 3.0
Cashel silty clay, gently sloping._. ... ___ 18 24 24 30 8 KU RS 10 127 L5 2.5
Cashel soils, steep_ e e e e e e e e e e e e e e e
Cavour complex_ _ __ e e e e mcmma e e e e e e
Coe soils_ e emmmm e e e e e e ) e e
Colvin silt loam. - _____ . _____________ 18 30 26 40 10 14 | 150 | 210 12 14| 15 2.5
Colvin silty clay loam._ . _________________. 18 30 26 40 10 14 150 210 12 14 15 2.5
Colvin silty clay loam, very wet. .| oo e e
Divide loam, level . __ _____ .. 16 22 20 26 8 10 | 1.0 2.0
Edgeley loam, nearly level . _____________._.____. 28 36 32 40 10 14} 1601 200 |__.___{______ 1.4 2.0
Edgeley loam, gently undulating__________...___ 22 28 26 32 8 10 | oo 1.3 1. 8
Edgeley loam, undulating____ ... _______._ 16 24 20 26 6 8 ||| 1.0 1.5
Embden sandy loam, level _________ ... 20 28 24 30 8 10 150 | 190 [______|-___.__ 1.5 2.5
Embden sandy loam, gently undulating...._.__. 16 24 20 26 7 £2 0 PRSP SIS P 1.3 2.5
Embden sandy loam, sloping__ - .___.__.. 14 18 16 20 5 /0 PSR SR EITRN S 1.2 2.0
Embden loam, level. ... ___._.___ 28 38 35 45 11 15 200 | 250 |oonoofaca-a- 2.0 3.0
Fairdale silt loam__ . 28 38 38 48 12 15| 225 275 12 14| 2.0 3.0
Fairdale silt loam, gently sloping_________._ ... 26 32 34 38 10 14 | 17561 225 10 12 2.0 2.5
Fairdale silt loam, oceasionally flooded_____.____ 28 38 38 48 12 15 225 275 12 14 2.0 3.0
Fairdale and LaPrairie soils, channeled __ .. .| |- |eooo e fecm oo e e e e
Fargo silty clay, nearly level ________________. 30 38 35 45 12 16 | 150 [ 225 12 15| 2.0 3.0
Fargo silty clay, depressional*_____ . ___.____. 20 35 25 40 8 14 ) .. 8 14| 10 3.0
Fargo-Hegne silty clays, level o _ .. .. _. 30 38 35 50 12 16 | 150 | 225 13 15| 2.0 3.0
Fargo-Hegne silty clays, gently sloping. _......_ 18 28 26 36 9 12 150 200 10 12 1.5 2.5
Gardena silt loam, nearly level . _______.___... 35 45 40 60 14 17 | 225 | 300 13 16| 2.0 3.0
Gardena silt loam, gently sloping._ . __.___.___ 28 36 30 45 10 14| 175 225 |_____|..._.. 2.0 3.0
Gilby loam_ __ s 30 40 38 48 12 15 200 | 250 13 15 2.0 3.0
Gilby loam, wet 1. oo 18 25 24 34 8 10§ e 1.5 2.5
Gilby stony loam . - - e oo e e m e o ee e e e e
Glyndon silt loam, level ___________________.__ 35 45 40 60 14 171 225 300 14 17| 2.0 3.0
Glyndon silt loam, gently sloping______________ 25 35 30 45 10 141 1751 225 12 151 2.0 3.0

See footnote at end of table.
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TaBLE 2.—Predicted average acre yields of principal erops—Continued

Soil

Wheat

Barley

Flax

Potatoes Sugar beets Alfalfa

Glyndon silt loam, moderately saline___________
Grano silty clay, very web_ . .. ______._.
Grano-Hegne silty elays__.___________________
Hamar and Ulen loamy sands_ .. ... _._.
Hamar and Ulen sandy loams__.______________
Hamerly-Cresbard loams. ____________________
Hamerly-Svea loams, nearly level__.____________
Hamerly-Svea loams, gently undulating_. _______
Hattie silty clay, lacustrine. .. o . _.______
Hecla loamy sand, nearly level . . _ .. _._.______
Hecla loamy sand, gently undulating__._________
Hegne-Fargo silty clays, nearly level _ . _________
Hegne-Fargo silty clays, gently sloping..__.____
Hegne silty clay, saline_______ . _______________
Hegne silty clay, strongly saline-alkali._________
Kloten complex. . _ .
Lamoure soils, moderately saline_._________.____
Lankin loam, level____________ - mmmmm——
Lankin elay loam__ . _______________ .. __.
Lankin and Svea loams, nearly level ... ________
Lankin and Svea loams, gently sloping._ ... ______
LaPrairie silt loam____ .. ____________
LaPrairie silty clay loam_.________________.___._
Ludden silty elay . _____
Ludden and Ryan soils__.____________________
Maddock-Hecla complex, severely eroded_ . _____
Manfred soils. . _________
Qjata soils. . ______
Overly silt loam, level ________________________
Qverly silty clay loam, level___________________
Qverly silty clay loam, gently sloping_ . _._.____
Overly silty elay loam, sloping__ . _____________
Overly silty clay loam, fans_ . __ . _.__.______
Overly silty clay, level ..o ____.__.
Overly silty clay, fans________________________
Parnell silty clay loam._______________________
Parnell and Tonka soils . ____._______________
Perella silty clay loam '____ .. ______________
Rauville s0il8 oo o oo
Renshaw loam, nearly level . __________________
Renshaw loam, gently sloping. - _______._______
Rockwell fine sandy loam_____._.____.________
Sioux-Renshaw eomplex_ . ... ____________
Sioux and Renshaw soils, steep_________.______
Svea-Barnes loams, nearly level ... ____.._______
Svea-Cresbard loams, nearly level ___________..__
Towner sandy loam, level.__.______________.___
Ulen sandy loam_ _ . _ . ____________._
Vallers loam, saline_ _ _ _______________________
Vallers-Hamerly loams_ . __________.__.______
Vallers-Hamerly stony loams_____ . .________
Vang-Brantford loams, nearly level ... ___..____
Wahpeton silty elay_.._ . _____
Walsh loam, sloping___ ... __________________.
Walsh loam, sand substratum, nearly level______
Walsh loam, sand substratum, gently sloping___.
Walsh silt loam______________________________
Walsh clay loam, level __.______ ... _____
Waukon loam, gently undulating.. . __ .. _..__
Waukon loam, strongly rolling_ ... ___.________
Zell-Gardena silt loams, sloping._ ... _.________

Zell-Gardena silt loams, steep_ - _____ . ________
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! Yields apply to areas where surface drainage is adequate.
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Most of the original windbreaks consisted entirely of
trees. Since the windbreak contained no shrubs, snow blew
through it and drifted onto yards and feedlots. Most wind-
breaks of this type have been improved by planting rows
of shrubs along the windward side of the trees. Where
landowners have had enough space, many of them have
planted completely new windbreaks to provide better pro-
tection for their farmstead.

In winter a good windbreak can reduce the cost of heat-
ing the home, as well as keeping the yard and feedlots free
of drifting snow. In summer it protects the home, barns,
feedlots, gardens, and orchards from hot winds. Most
windbreaks are planted along the north and west sides of
the farmstead. Therefore, the trees do not block circulation
of air in summer. In recent years, however, some land-

owners have planted single or double rows of shrubs along
the south and east sides of their farmsteads. Such plantings
are beneficial because they effectively trap snow 1n winter.
Yet, they allow natural circulation of air around the farm
buildings, feedlots, and yards. Tall trees surrounding a
farmstead cut off the flow of air and can make a farm-
stead stifling hot in summer.

Windbreaks used to protect farmsteads in this county
are generally about 2 acres in size. The quality of these
windbreaks compares favorably with the quality of wind-
breaks in other parts of North Dakota.

Table 3 describes the soils of 10 windbreak sites in
Walsh County, provides soil suitability ratings for
specified trees and shrubs suitable for use in windbreaks,
and gives estimates of the heights of these trees or shrubs

TaBLe 3.—Soils and their suitability for adapted

Soils in windbreak sites

Description of soils

Windbreak site 1:

Antler: Ao. Hegne-Fargo: HmA, HmB. Deep, nearly level to sloping loamy sands to
Bearden: Bm, BnA, BnC, Bo, Bs, Bt. Lankin: LeA, Lk. silty clays. These soils have favorable
Cashel: CaA, CaB. Lankin-Svea: LnA, LnB. water-supplying capacity. Little water
Embden: EmA, EmB, EmC, EnA. LaPrairie: Lp, Lr. runs off, and the water table is within
Fairdale: Fa, FaB, Fd. Overly: OeA,Q0lA,01B,0IC,0Om,OvA,Ow. reach of tree roots most of the time. Some
Fargo: FfA. Svea-Barnes: SuA. soils are strongly sloping and have
Fargo-Hegne: FhA, FhB. Svea-Cresbard: SvA. formed under a mixed cover of grass and
Gardena: GaA, GaB. (For Cresbard part of SvA, see wind- trees. Others are nearly level and are
Gilby: Gb. break site 4.) flooded for short periods in spring. In
Glyndon: GIA, GIB. Towner: ToA. some places the surface layer is non-
Hamerly-Cresbard: He. Ulen: Un calcareous and is neutral in reaction; in

(For Cresbard part of He, see wind- Wahpeton:'

break site 4.)
Hamerly-Svea: HgA, HgB.

Waukon: WoB.

Hecla: HIA, HIB

Windbreak site 2:
Arveson-Fossum: As, At. Hamar and Ulen:
Borup: Bv,
Colvin: Cf, Ch, Co.l break site 1.)
Divide: DdA. Manfred: Mn.1
Fargo: Fg. Parnell: Pa.t
Gilby: Ge. Parnell and Tonka:
Grano: Gr.t Perella: Pu.

Grano-Hegne: Gs. Rockwell: Ro.
(For Hegne part of Gs, see wind-

break site 1.)

Windbreak site 3:
Barnes: BaC, BaC2.
Barnes-Buse: BbD2.
Barnes-Renshaw: BgC.
(For Renshaw part of BgC, see wind-
break site 6.)
Barnes-Sioux: BhD.
(For Sioux part of BhD, see wind-
break site 10.)

Barnes-Svea:

Edgeley:

break site 6.)
Waukon: WoD.

See footnotes at end of table.

Wa.
Walsh: WhC, WIA, WIB, Wm, WnA.,

Ha, Hd.
(For Ulen part of Ha, Hd, see wind-

Pt. solls part of the time. Suitability ratings

BkB, BkB2.
(For Svea part of BkB and BkB2, see
windbreak site 1.)
EbA, EbB, EbC.
Vang-Brantford: VnA.
(For Brantford part of VnA, see wind-

others it is calcareous. These soils are
well suited to all types of windbreaks.
The Walsh soils are especially well
suited to evergreen trees.

Poorly drained loamy sands to silty
clays that are neutral in reaction or are
calcareous throughout. In places the
substratum is nonsaline; in others it is
slightly saline. Water stands on these

for trees and shrubs assume that drainage
is provided.

Deep, well-drained loams are in this wind-
break group. Most of these soils have a
substratum of medium-textured glacial
till, but the substratum is gravelly and
is at a depth of 20 to 40 inches in a small
acreage. Some water runs off, and the
water table is beyond the reach of tree
roots. Practices that conserve moisture
are needed where slopes are stronger
than 6 percent if satisfactory growth of
trees is to be obtained.
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at their maturity. Soil suitability ratings given in table
3 are based on the estimated vigor and growth of the trees
and shrubs. Vigor and growth can be estimated where one
or more of the following conditions are present.

The rating is good where—

Leaves or needles are normal in color and growth.

NORTH DAKOTA 79

The crowns contain a substantial amount of dead
twigs and branches.

Damage from insects and diseases and from the effects
of climate is obvious.

Evidence of suppression is obvious, and the current
year’s growth 1s less than normal.

The rating is poor where—

The crowns contain only a small amount of dead twigs
and branches.
Damage from insects and diseases and from the effects

of climate is obvious.
Evidence of suppression is slight.

The rating is faér where—

Leaves or needles are abnormal in color and growth.

trees by windbreak sites, and estimated heights of irees

Leaves or needles are very abnormal in color and
growth.

The crowns contain a very large amount of dead twigs
and branches.

Damage from insects and diseases and from the effects
of climate is extensive.

Evidence of suppression is severe, and the current
year’s growth is negligible.

Suitability ratings of soils for adapted trees, and estimated heights of trees in feet at maturity
Ash American | Siberian Cotton- Cedar Pine Spruce | Russian- | Honey- Cara- Choke- Plum
elm elm wood olive suckle gana cherry

Good; 24 | Good; 24 | Good; 30 | Good; 50 | Good; 11 | Good; 20 | Good; 16 | Good; Good; Good; Good; Good;
to 28. to 28. to 34. to 55. to 13. to 24. to 20. 20 to 9 to 10 to 14 to 8 to

22. 10. 11. 16. 10.

Good; 22 | Good; 22 | Good; 26 | Fair to Good; 13 | Good; 20 | Good; 18 | Good; Good; Good; Good; Good;

to 24. to 24. to 30. good; to 15. to 24. to 20. 18 to 8 to 8 to 10 to 7 to
36 to 20. 9. 9. 12. 8.
40.

Good; Good; Good; Fair to Good; Good; Good; Good; Good; Good; Good; Good;
20 to 20 to 22 to good; 12 to 20 to 17 to 16 to 7 to 10 to 8 to 9 to
22, 22, 26. 34 to 14. 22, 19, 18. 8. 1L 9. 10.

38.
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TaBLE 3.—Soils and their switability for adapted trees

Soils in windbreak sites

Description of soils

Windbreak site 4:
Cresbard loams.
(Mapped only in complexes with
Hamerly and Svea soils.)

Windbreak site 5:
Maddock-Hecla: Mk3,
(For Hecla part of Mk3, see wind-
I reak site 1.)

Windbreak site 6:
Arvilla: AuA, AuB. Renshaw: ReA, ReB.

Brantford-Vang: BwB, BwC.
(For Vang part of BwB and BwC, see

Deep, moderately well drained eclaypan

soils of the Cresbard series make up
this site. The surface layer is loam
that is neutral in reaction and is about
7 inches thick, and the subsoil is slightly
alkaline, dense clay about 9 inches thick.
The substratum is strongly alkaline at a
depth of about 30 inches. Part of the
moisture from precipitation is lost because
of the slow permeability of the sub-
stratum,

Deep, well drained and moderately well

drained, sandy soils that are severely
eroded make up this site. The surface
layer is sandy loam or loamy sand that
is neutral in reaction. The available water
capacity is moderately low, but thesurface
layer absorbs water rapidly. The water
table is beyond the reach of tree roots.

Medium-textured and moderately coarse

textured, shallow soils over coarse sand
and gravel comprise this site. Gravel

windbreak site 3.) is at a depth of 15 to 25 inches. The sur-
face layer is neutral in reaction, and the
water table is beyond reach of tree
roots. Although these soils are droughty,
they are suitable for windbreaks.

Windbreak site 7:

Soils of this site were not mapped in Walsh County. Loamy sands and sands underlain by a

sandy subsoil and substratum. These
soils absorb water rapidly, but they have
a low available water capacity. They are
not suitable for windbreaks and therefore
are not rated.

Windbreak site 8:

Buse-Barnes: ByC, ByD. Zell-Gardena: ZgC, ZgE. Deep, calcareous soils that oecupy convex

(For Barnes part of ByC, see wind- (For Gardena part of ZgC and ZgE, see slopes of 6 to 15 percent. Rapid runoff

break site 3.) windbreak site 1.) requires the use of practices that conserve
Hattie: Hh. water for the growth of trees.

Windbreak site 9:

Bearden: Br. Vallers: Va. Sodie and saline soils with claypan subsoil.
Cavour: Cd. Vallers-Hamerly: Vh. These soils are not suitable for trees and
Glyndon: Gm. (For Hamerly part of Vh, see wind- shrubs. In moderately saline soils, the root
Hegne: Hn. break site 1.) zone ig less than 20 inches deep. Salinity
Lamoure: La. and alkalinity make the soils of this site

droughty.

Windbreak site 10:

Antler: An. Ludden: Lu, Ly. Soils in this site are shallow over gravel,
Barnes-Buse: Be. Ojata: Oa. strongly saline, wet from seepage,
Barnes-Svea: BIA, BIC. Rauville: Ra. ponded, too low for drainage, and too
Benoit: Bu. Sioux-Renshaw: Sr. stony or too steep for cultivation. They are
Buse-Barnes: ByE. (For Renshaw part of Sr, see wind- unsuitable for windbreaks that require
Cashel: CcE.3 break site 6.) cultivation. Some of these soils have a

oe: Ce. Sioux and Renshaw: SsE. natural growth of trees and shrubs, but
Fairdale and LaPrairie: Fe.? (For Renshaw part of SsE, see wind- the soils are too erodible and droughty for
Gilby: Gh. break site 6.) the growing of plants that require cultiva-
Hegne: Hs. Vallers-Hamerly: Vm. tion. Soils of this site are not rated for
Kloten: Kn3 suitability.

! For undrained areas of Co (Colvin), Gr (Grano), Mn (Manfred), and Pa (Parnell), see windbreak site 10,
? Suitability is poor; height at maturity, variable.
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by windbreak sites, and estimated heights of trees—Continued
Suitability ratings of soils for adapted trees, and estimated heights of trees in feet at maturity
Ash American | Siberian Cotton- Cedar Pine Spruce | Russian- | Honey- Cara- Choke- Plum
elm elm wood olive suckle gana cherry
Fair; Fair; Good; (€ R Good; Good; (€ Fair; Good; Fair; Fair; Fair;
18 to 17 to 20 to 11 to 18 to 14 to 8 to 6 to 7 to 6 to
20. 19, 24, 13. 20. 16. 9. 7. 8. 7.
Good; Fair; Good; (C) FR Good; Good; (€3 J— Fair; Good; Fair; Good; Fair;
18 to 18 to 20 to 10 to 14 to 13 to 7 to 6 to 11 to 6 to
20, 20. 24, 12, 16. 15. 8. 7. 13. 7.
Fair; Fair; Good; [€) PR Fair; Fair; () PR Good; Fair; Good; Fair; Fair;
14 to 14 to 20 to 8 to 15 to 15 to 6 to 7 to 8 to 6 to
16. 16. 22, 10. 17. 17. 7. 8. 9. 7.
Fair; 12 Fair; 12 | Fair; 16 | () __._-- Fair; 9 Fair; 14 | (H_._.-__ Fair; 13 | Fair; 6 | Fair; 6 | ()._-___ Fair; 4
to 14. to 14. to 18. to 10. to 16. to 15. to 7. to 7. to 5.
Fair; 11 Fair; 11 | Fair; 16 | (®)_...... Fair; 7 Fair; 13 § (Ooeeaas Fair; 12 | Fair; 6 | Fair; 6 | (%)__.____ Fair; 4
to 13. to 13. to 18. to 9. to 15. to 14. to 7. to 7. to 5.

3 These are nonarable soils, but they have trees growing naturally on part or most of their areas.
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Use of Soils for Wildlife ®

Wildlife provides a limited source of outdoor recreation
for people in this area. Some recreational features attribut-
able to wildlife have been lost through neglect, but it is
likely that some of these features can be restored. This
section gives facts about the main species of wildlife in
Walsh (%;unt , and it lists names of soil associations that
are best suited to each species of wildlife.

The most important species of wildlife in the county are

ray partridge, mink, duck, muskrat, and white-tailed
%eer. In addition, the population of geese and the number
of places where they can be hunted have increased as a
result of development of the areas around Ardoch and
Salt Lakes and through watershed developments in the
central part of the county.

Public fishing in this county is restricted mainly to the
Red River and to the Homme Reservoir. Some of the
reservoirs created by dams being built under Public Law
566 are planned as combined fishery and flood control

rojects. Sites for fish dams are limited. The best potential
or these is in soil association 6.

Of all the game birds in the county, the mourning dove
has the highest potential as a source of recreation, but the
potential is not being realized. Pheasant, sharp-tailed

ouse, ruffed grouse, and prairie chicken are not plentiful
in this county. In general, the severity of the climate in
winter precludes establishing quality cover for pheasant,
and the grouse and prairie chicken have such a restricted
habitat that it is impractical to manage for them. Hawks,
owls, insectiverous birds, song birds, and shore birds also

* By ErLiNG B. PopoLr, biologist, Soil Conservation Service.

inhabit this county. The hawks, owls, and insectiverous
birds probably are of greater econoinic value than the
others because they provide a control on small rodents and
insects.

The kind of habitat determines the species of wildlife
and their population in a given area, and land use and
management of the soils, in turn, determine the kind,
amount, and distribution of the habitat. Almost all species
of wildlife in the county mainly inhabit areas along rivers,
creeks, and coulees, and other places that are in permanent
vegetation. Such areas not only have unlimited value for
wildlife, but they are also important for their esthetic
value. Because the distribution of wildlife is so closely
related to the use and management of the soils, it is dis-
cussed in relationship to soil associations, which are de-
scribed in detail in the section “General Soil Map.”

Table 4 indicates the suitability of the soil associations
for selected kinds of wildlife. It is also a guide to the
results that can be expected where soils are managed for
gray partridge, mink, muskrat, duck, or white-tailed deer.
A rating of good means that the soil can be easily mana%ed
to provide suitable habitat for the stated species of wild-
life. A rating of fair or poor means that the soil is less
easily managed for providing suitable habitat for wild-
life. The suitability of the soil associations for the five
species of wildlife Indicated in table 4 is based on present
land use and on the case of establishing and maintaining
suitable habitat.

Landowners who wish to improve the habitat for wild-
life should first evaluate the present habitat to make cer-
tain that the improvements they plan are actually needed.
A fter the need has been determined, the most suitable kinds
of vegetation and the best practices can be chosen that are

TaBLE 4.—Suitability of soil associations for selected kinds of wildlife and potential breeding population per square mile

Partridge Ducks Mink Deer
Soil association Muskrat !
Rating |Number { Rating |Number | Rating |[Number | Rating |[Number

1. Cresbard-Hamerly-Svea_____.____ Good____ 6-15 | Good___..| 51-250 | Fair_____ 2-4 Fair_____ 2-4 Good.

2. Hamerly-Svea-Barnes__________. Good-___| 6-15{ Good____| 51-250 | Fair_____ 2-4 | Fair_____ 2-4 | Good.

3. Barnes-Svea-Parnell_.___________ Good.____ 6-15 | Good.._..| 51-250 | Fair_____ 2-4 | Fair_____ 2-4 Good.

4, Svea-Barnes_______.._________. Fair_____ 2-5 | Poor_____ 0-15 | Poor_____ 0-1 | Fair...__ 2-4 | Poor.

5. Barnes-Buse._._._______________ Fair____. 2-5 | Fair_____ 16-50 | Fair_____ 2-4 Good._ .. 5-30 | Fair.

6. Xloten-Edgeley__________.._._.. Fair_____ 2-5 | Fair._.__.[ 16-50 | Fair...__ 2-4 | Good.._._. 5-30 | Poor.

7. Buse-Fairdale. .- ___...__.___ Poor_.___ 0-1 | Fair__.___[ 16-50 Good____ 5-10 | Good____ 5-30 | Fair.

8. Renshaw-Brantford-Sioux_______ Fair____. 2-5 | Poor.____ 0-15 | Poor.__._ 0-1 Fair..___ 2-4 | Poor.

9. Embden-Hecla-Ulen___________. Fair_____ 2-5 | Poor_____ 0-15 | Poor_____ 0-1 | Fair_____ 2-4 | Poor.
10. Lankin-Gilby. . .- _______ Fair_____ 2-5 | PFair.____| 16-50 | Fair____. 2-4 | Fair_____ 2-4 | Fair.
11, Walsh_ ... Fair_____ 2-5 Poor_____ 0-15 Poor_____ 0-1 Fair_____ 2-4 Poor.
12. Glyndon-Gardena______._______ Fair. ____ 2-5 | Poor_____ 0-15 | Poor_..__ 0-1 Poor.____ 0-1 Poor.
13. Bearden-Overly....________..___ Fair_.___ 2-5 | Poor...._ 0-15 | Poor._.._. 0-1 Poor_____ 0-1 Poor.
14. Bearden-Glyndon____.___________ Fair_____ 2-5 | Poor.____ 0-15 | Poor_____ 0-1 Poor____. 0-1 Poor.
15. Overly-Bearden fans____________ Fair____. 2-5 | Fair_____| 16-50 | Fair_____ 2-4 Good._ ... 5-30 | Poor.
16. Bearden-Glyndon moderately

saline_ ___ . _______._._____ Poor.._._ 0-1 Fair_____| 16-50 Fair_____ 2-4 Poor_.___ 0-1 Poor.

17. Hegne-Fargo_._.___ | Fair.____ 2-5 Poor._... 0-15 Poor____. 0-1 Poor_.... 0-1 Poor.
18. Ojata-Hegne saline__ . wu-| Fairo____ 2-5 | Fair.____[ 16-50 | Fair_____ 2-4 | Poor._.__ 0-1 Poor.
19. Fairdale-LaPrairie.____________. Poor.____ 0-1 Fair_____[ 16-50 Good____ 5-10 | Good..._. 5-30 | Fair.
20. Wahpeton-Cashel-Fargo______._. Poor_____ 0-1 | Fair.____| 16-50 Good____ 5-10 | Good____ 5-30 | Fair.

1 Population related to permanency and acreage of wetlands.
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properly suited to the soils. As a rule, cropland, woodland,
and pasture are expected to produce desirable habitat and
populations of wildlife if they are properly managed. If
they do not produce the desired populations of wildlife,
changing the land use may be necessary, or applying spe-
cial practices that benefit wildlife may be desirable.
Assistance in improving the habitat for wildlife can be ob-
tained through representatives of the Soil Conservation
Service or through State organizations that manage fish
and game. In this survey the sections “Use of Soils for
Windbreaks” and “Use of Soils for Engineering” provide
information about the suitability of the soils for trees and
shrubs and for some kinds of engineering practices.

Areas that have the highest potential as habitat for gray
partridge, ducks, white-tailed deer, mink, muskrat, and fish
are described in the paragraphs that follow.

Gray partridge—This small game bird was introduced
from Europe. For cover, it depends on the herbaceous
vegetation 1n fence rows, 1n thickets, and on wetland. Soil
associations 1, 2, and 3 have the highest potential for gray
partridge.

Ducks—The ducks produced and harvested in this
county are mainly pintail, mallard, and blue-winged teal.
Soil associations 1, 2, and 3 have the highest potential for
production of ducks, but the Manfred, Tonka, and Arveson
soils are also well suited. Opportunities for hunting ducks
are good in soil association 18 and on the lakes, pond, and
reservoirs throughout the county.

W hite-tailed deer—In summer, deer are fairly well dis-
tributed throughout the county. In winter, they are re-
stricted to wooded areas. Soil associations 5, 6, 7, 18, 19,
and 20 have the highest potential for deer.

Mink—Mink find excellent habitat along streams where
there is a combination of springs, running water, and
shrubs. Soil associations 7, 19, and 20 have the highest
potential for production of mink.

Muskrat.—These animals require marshes of high qual-
ity. Their abundance depends on the permanence and
acreage of areas of wetland. The kind of habitat in which
muskrats thrive also produces waterfowl and good hunt-
ing at the same time. Soil associations 1, 2, and 3 have
the highest potential for producing muskrats. Various
streams in these associations support fair populations of
muskrat.

Fish.—Public fishing in the county has been largely
restricted to the Red River and the Homme Reservoir near
Park River. Additional facilities for fishing are being
provided by constructing multipurpose fisheries-flood con-
trol dams under the Public Law 566 Watershed Program.
Sites for dams are somewhat limited, but soil association 6
has the best potential.

Use of Soils for Engineering *

Some soil properties are of interest to engineers because
they affect construction and maintenance of engineering
projects. Among the soil properties most important to

¢ By WiLtoNn M. GRADY, area engineer, Soil Conservation Service.

engineers are permeability to water, shear strength, disper-
sion, compaction characteristics, drainage, shrink-swell
properties, grain size, glasticrty, and reaction. Other im-
portant properties are depth to water table, depth to bed-
rock, available water capacity, and relief. Such informa-
tion is made available in this section. Engineers can use
this information to—

1. Make studies that will aid in selecting and develop-
ing sites for industries, businesses, residences, and
recreation areas.

2. Make preliminary estimates of soil properties
that are significant in the planning of agricultural
drainage systems, farm ponds, irrigation systems,
and diversion terraces.

8. Make preliminary evaluations of soil and ground
conditions that will aid in selecting locations for
highways, airports, pipelines, and cables, and in
planning detailed investigations at the selected
locations.

4. Locate probable sources of gravel, sand, and other
construction material.

5. Correlate performance of engineering structures
with soil mapping units to develop information
for overall planning useful in designing and main-
taining engineering structures.

6. Determine the suitability of soils for cross-country
movement of vehicles and construction equipment.

7. Supplement the information obtained from other
published maps and reports and aerial photo-
graphs for the purpose of making soil maps and
reports that can be used readily by engineers.

8. Develop other preliminary estimates for construc-
tion purposes pertinent to the particular area.

It should be emphasized that the interpretations made
in this soil survey are not a substitute for the sampling
and testing needed at a site chosen for a specific engineer-
ing work that involves heavy loads or at a site where ex-
cavations are to be deeper than the depths of the layers
here reported. Also, engineers should not apply specific
values to the estimates for bearing capacity given in this
survey. Nevertheless, by using this survey, an engineer
can select and concentrate on those soil units that are most
important for his proposed kind of construction, and in
this manner reduce the number of soil samples required for
laboratory testing and complete an adequate soil investi-
gation at minimum cost.

Information of value in planning engineering work is
given throughout the text, particularly in the sections
“Descriptions of the Soils” and “Formation and Classifica-
tion of Soils.” Some terms used by soil scientists may be
unfamiliar to engineers, and some words have different
meanings in soil science than they have in engineering.
Among the terms that have special meaning in soil science
are gravel, sand, silt, clay, loam, surface soil, subsoil, and
horizon. These and other terms are defined in the Glossary
at the back of this survey. Most of the information about
engineering is given in tables 5, 6, and 7. Information
about sand and gravel resources in Walsh County is given
in table 8.
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SOIL SURVEY

TasLE 5.—Engi

[Tests performed by North Dakota State University in cooperation with North Dakota State Highway Department and the

Association of State Highway

Moisture density !
North
Dakota Depth
Soil name and location Parent material State from Mazximum | Optimum
University| surface dry moisture
reﬁort density
o.
Brantford loam: NDH- In. Lb.few. ft. Pct.
240 ft. W. and 0.2 mile S. of NE. corner of sec. 23, | Sandy and gravelly glacial 95 0-4 95 24
T. 155 N., R. 57 W. (Modal) outwash. 96 4-13 87 28
97 29-60 103 19
0.13 mile N. of SE. corner of sec. 23, T. 155 N., | Sandy and gravelly outwash. 98 0-8 83 30
R. 57 W. (From gravel pit) 99 8-17 86 24
100 25-46 115 15
Cresbard loam:
120 ft. E. and 0.64 mile N. of SW. corner of sec. | Glacial till. 104 7-14 92 25
35, T. 157 N., R. 57 W. (Shale substratum) 105 18-36 103 18
106 36-58 115 13
0.25 mile N. of 60 ft. W. of SE. corner of sec. 9, | Glacial till. 107 0-7 101 18
T. 156 N., R. 57 W. (Modal) 108 9-16 105 18
109 16-23 104 20
110 40-58 103 19
0.2 mile E. and 1,180 ft. S. of W corner of sec. 10, | Glacial till. 111 8-13 102 18
T. 156 N., R. 57 W. (Sand substratum) 112 13-18 96 21
113 48-60 100 20
Embden sandy loam: Lacustrine beach sand. 117 0-6 102 19
0.16 mile E. and 0.3 mile N, of 8% corner of sec. 24, 118 6-16 107 16
T. 157 N., R. 56 W. (Modal) 119 25-36 101 20
100 ft. W. and 900ft. N. of SE. corner of sec. 36, T. | Water-deposited sand over gla- 114 0-8 108 16
157 N,, R. 56 W. (Fine sand substratum) cial till. 115 8-20 112 14
116 24-40 104 18
0.4 mile W. of NE. corner of sec. 8, T. 156 N., R. 55 | Water-deposited sand. 120 0-10 110 15
W. (Gravel substratum) 121 10-20 117 13
122 34~-44 112 11
123 44-62 131 9
Glyndon silt loam:
180 ft. E. and 1,300 ft. S. of NW. corner of sec. 9, T. | Lacustrine silt and fine sand. 84 0-8 94 24
158 N., R. 52 W. (Modal) 85 8-14 101 21
86 14-28 109 17
87 28-38 103 17
88 38-55 104 18
89 55~72 100 22
820 ft. S. and 430 ft. W. of NE. corner of sec. 21, | Lacustrine silt and fine sand. 80 0-9 96 22
T. 158 N,, R. 52 W. (Silty clay substratum) 81 27-35 108 16
82 35-43 104 21
83 45-60 100 17
240 ft. 8. and 150 ft. W. of NE. corner of sec. 1, | Lacustrine silt and fine sand. 69 0-9 100 20
T. 158 N., R. 54 W. (Very fine sand sub- 70 9-16 104 18
stratum) 71 16-25 108 16
72 25-60 104 18

See footnotes at end of table.
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Mechanical analysis 2 Classification
Percentage passing sieve— Percentage smaller than— Liquid | Plastic-
limit |ity index
AASHO Unified
No. 4 | No. 10| No.40 | No.200| 0.05 0. 02 0. 005 0. 002
% in. | 3% in. | (4.7 (2.0 (0.42 (0.074 mm. mm. mm. mm.
mm.) | mm.) | mm.) mm.)
100 97 95 87 65 41 30 14 5 2 47 17 | A-7-5(3) SM
100 98 92 78 58 34 25 14 8 4 36 13 | A-2-6(1) SM-SC
4 97 88 62 41 18 12 8 4 2 0 & NP 8 NP | A-1-a(0) SW-SM
100 96 94 87 63 47 36 17 4 2 64 22 1 A-7-5(7) SM
4 99 94 70 46 31 24 16 7 3 2 54 20 | A-2-7(2) SM
4 86 68 50 30 11 8 7 5 2 1 NP NP | A-1-a(0) GW-GM
.............. 100 98 87 73 66 51 34 28 64 43 A—7—6§ 19) CH
100 99 97 92 81 63 56 43 30 24 41 23 | A-7-6(11) CL
100 99 99 94 49 23 21 16 12 9 NP NP | A-1-b(0) SM
_______ 100 99 98 86 60 49 28 12 7 35 11 | A-6(5) MIL-CL
100 99 96 91 80 58 51 35 24 18 39 22 | A-6(9) CL
100 96 93 88 76 57 50 38 25 18 38 17 | A-6(7) CL
100 96 93 88 76 57 50 38 25 18 34 15 | A-6-7 CL
______________ 100 99 89 60 45 24 11 8 29 10 | A-4(5) CL
_______ 100 99 96 86 64 51 35 24 19 48 28 | A-7-6(14) CL
______________ 100 99 93 30 22 14 9 9 NP NP | A-2-4(0) SM
______________ 100 99 88 27 21 10 5 3 NP NP | A-2-4(0) SM
_______ 100 99 99 91 26 20 13 7 4 NP NP | A-2-4(0) SM
_______ 100 99 96 83 22 15 9 8 6 NP NP | A-2-4(0) SM
_______ 100 99 98 83 28 23 14 6 3 NP NP | A-2-4(0) SM
______________ 100 99 87 23 20 13 9 6 NP NP | A-2-4(0) SM
_______ 100 99 98 82 13 10 8 6 4 NP NP | A-2-4(0) SM
______________ 100 99 90 41 29 13 8 6 27 7 | A-4(1) SM-SC
_____________________ 100 89 25 22 16 11 9 NP NP | A-2-4(0) SM
100 97 94 89 67 6 5 5 4 4 NP NP | A-3(0) SP
6 85 70 49 34 22 4 3 2 1 1 NP NP | A-1-a(0) GW
_____________________ 100 99 96 69 31 17 13 38 16 { A-6(10) CL
____________________________ 100 98 72 40 31 26 35 15 | A-6(10) CL
____________________________ 100 99 64 25 18 15 28 2 | A-4(8) ML
____________________________________ 100 57 13 10 8 NP NP | A-4(8) ML
____________________________ 100 98 58 18 13 10 NP NP | A-4(8) ML
_____________________ 100 99 97 92 77 44 31 48 28 | A-7-6(17) CL
____________________________ 100 98 64 24 15 11 39 16 | A-6(10) CL
____________________________ 100 97 65 27 18 15 27 3 | A-4(8) ML
____________________________ 100 98 91 72 40 30 40 23 | A-6(13) CL
_____________________ 100 98 96 94 84 54 39 53 32 | A-7-6(19) CH
____________________________ 100 94 54 16 11 9 31 12 | A-6(9) CL
____________________________ 100 96 59 21 16 14 30 7 | A-4(8) ML-CL
............................ 100 95 59 23 19 16 NP NP | A-4(8) ML
____________________________ 100 97 A3 12 11 9 NP NP | A-4(8) ML
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Moisture density !
North
Dakota Depth
Soil name and location Parent material State from Maximum | Optimum
University| surface dry moisture
report density
No.
Hamerly loam: NDH- In. Lb.Jeu. ft. Pet.
390 ft. E. and 55 ft. S. of NW. corner of sec. 4, | Glacial till. 130 0-7 92 22
T. 156 N., R. 58 W. (Modal) 131 14-25 101 20
132 31-46 104 18
133 46-60 107 18
150 ft. W. of NE. corner of sec. 4, T. 155 N., R. 58 | Glacial till. 124 5-10 110 17
W. (Thin surface layer) 125 15-35 114 14
126 35-60 117 13
100 ft. W. and 200 ft. N. of the SE. corner of sec. | Glacial till. 127 0-8 95 22
23, T. 155 N., R. 59 W. (Moderately saline) 128 14-26 105 18
129 39-60 111 16
Hegne silty clay:
250 ft. N. and 560 ft. I5. of W14 corner of sec. 31, T. | Lacustrine clay. 90 0-6 88 27
157 N., R. 51 W. (Modal) 91 14-18 92 26
92 18-31 100 22
93 31-41 98 24
94 41-60 102 18
400 ft. S. and 300 ft. E. of W14 corner of sec. 24, T. | Lacustrine clay. 77 0-9 93 24
158 N., R. 52 W. (Clay substratum) 78 19-33 101 22
79 44-60 85 25
700 ft. E. and 100 ft. S. of NW. corner of sec. 23, | Lacustrine clay. 73 0-10 99 22
T. 158 N., R. 51 W. (Light silty clay surface 74 10-25 109 17
layer) 75 25-40 100 22
76 40-60 97 22
Vang loam:
250 ft. E. and 250 ft. S. of W4 corner of sec. 26, T. | Water-deposited shaly and 101 14-25 88 30
155 N., R. 56 W. granitic gravel. 102 25-39 88 28
103 39-47 87 27

1 Based on AASHO Designation T 99-57, Method A and C (2).

2 Mechanical analyses according to AASHO Designation T 88 (1). Results by this procedure frequently may differ somewhat from
results that would have been obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASIO procedure, the
fine material is analyzed by the hydrometer method and the various grain-size fractions are calculated on the basis of all the material, in-
cluding that coarser than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette method
and the material coarser than 2 millimeters in diameter is excluded from calculations of grain-size fractions. The mechanical analyses used
in this table are not suitable for use in naming textural classes for soil.
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test data—Continued

Mechanical analysis 2 Classification
Percentage passing sieve— Percentage smaller than— Liquid | Plastic-
limit |ity index
AASHO Unified 3
No. 4 | No. 10| No.40 |No.200; 0.05 0. 02 0. 005 | 0.002
‘3% in. 34 in. (4.7 (2.0 (0.42 (0.074 | mm. mm. mm. mm.
mm.) | mm.) | mm.) mm.)
100 96 95 92 83 61 44 21 10 7 44 17 | A-7-6(9) ML-CL
_______ 100 98 94 84 65 57 41 26 18 41 21 | A-7-6(11) CL
100 99 97 93 78 57 50 38 24 17 35 17 | A-6(7) CL
100 96 93 88 76 56 49 37 24 18 32 15 | A-6(6) CL
100 98 97 94 86 64 54 36 24 18 36 20 | A-6(10) CL
100 99 96 91 77 53 47 35 25 19 30 16 | A-6(6) CL
100 98 95 90 79 54 50 37 25 20 26 13 | A-6(5) CL
100 96 95 93 86 67 51 29 19 15 41 19 | A-7-6(10) CL
197 96 94 90 76 58 53 38 22 16 44 27 | A-7-6(12) CL
100 97 94 91 79 57 52 41 26 20 34 18 | A-6(8) CL
____________________________ 100 95 75 43 26 19 52 27 | A-7-6(17) CH
_____________________ 100 99 97 76 44 25 20 59 36 | A-7-6(20) CH
____________________________ 100 98 91 73 43 30 47 28 | A-7-6(17) CL
____________________________ 100 97 95 75 55 39 53 34 | A-7-6(19) CH
____________________________ 100 97 94 87 55 36 53 31 | A-7-6(19) CH
____________________________ 100 97 78 52 30 22 48 27 | A-7-6(16) CL
____________________________ 100 98 93 81 52 34 53 34 | A-7-6(19) CH
____________________________________ 100 93 84 79 73 99 74 | A-7-6(20) CH
99 85 57 41 35 44 12 | A-7-5(10) ML
100 92 68 41 32 40 25 | A-6(14) CL
100 95 83 55 41 54 19 | A-7-5(19) MH
97 93 84 53 36 52 34 | A-7-6(18) CH
100 99 98 98¢ 71 41 36 28 14 9 37 12 | A-6(2) SM-SC
798 97 96 95 69 56 43 20 9 6 34 0] A-4(4) ML
100 99 99 99 60 31 25 17 10 7 32 10 | A-2-4(0) SM-SC

3 Based on the Unified Soil Classification System (9). Soil Conservation Service and Bureau of Public Roads have agreed to consider
that all soils having plasticity indexes within 2 points from A-line are to be given a borderline classification. An example of the borderline
classification obtained by this use is ML-CL.

4 100 percent passed the 1-inch sieve.

5 NP= Nonplastic.

6 100 percent passed the 1l4-inch sieve, and 91 percent the 1-inch sieve.

7100 percent passed the 1%4-inch sieve, and 98 percent the I-inch sieve.
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[An asterisk in the first column indicates that at least one mapping unit in this series is made up of two or more kinds of soil. The soil in
referring to other series that appear

Depth to Depth Classification
seasonal from
Soil series and map symbols high surface
water (typical Dominant USDA Unified AASHO
table profile)
Feet Inches
Antler: An, AOme e 1-4 0-13 | Clay loam______.____ CL A-7
13-33 | Clay loam___.__.___ CL A~T
33-60 | Clay loam.___.____.__ CL A-6
*Arveson:
Fine sandy loam: As_...__ . . ... _____ 0-3 0-10 | Fine sandy loam___.| SM A-2
(For Fossum part of As, see Fossum fine sandy 10-22 | Loam___.._______.__ ML A-4
loam.) 22-48 | Fine sandy loam.___| SM A-2
48-60 | Silt. .. _____.______ ML A4
Loam: Ato o e 0-3 0-10 | Loam______________ ML A-4
(For Fossum part of At, see Fossum loam.)
10-22 | Loam._ _____________ ML A~4
22-48 | Fine sandy loam..._.| SM A-2
Arvilla: AuA, AuB__________ e ———— 54+ 0-19 | Sandy loam_________ SM A-2
19-26 | Sand__._____________ SM A-2
26-60 | Coarse sand_________ SP or SM A-1
*Barnes: BaC, BaC2, BbD2, Be, BgC, BhD, BkB, 5+ 0-8 Loam__..____.______ CL or A-4 or A-6
BkB2, BIA, BIC. ML-CL
(For Buse part of BbD2 and Be, see Buse scries; 8-19 | Loam, clay loam_.___| CL or A-4 or A-6
for Renshaw part of BgC, see Renshaw series; ML~CL
for Sioux part of BhD, see Sioux series; and for 19-60 | Loam, very fine CL A-6
Svea part of BkB, BkB2, BIA, and BIC, see sandy loam.
Svea series.)
Bearden:
0 3-5 0-6 | Siltloam_..___.__._ CL A-6
6-20 | Silt loam. ... _______ CL A-6
20-60 | Silty clay loam______ CL A-7
BnA, BnC, B0 oo cmceeeceemmm———amm 3-5 0-9 | Silty elay loam_.____ CL A-7
9-20 | Silty clay loam._.____ CL A-7
20-60 | Silty clay loam, CL A-7
silty clay, clay.
= U PR 3-5 0-15 | Silty clay loam______ CL A-7
15-24 | Silty clay loam______ CL A-7
24-60 | Silt loam__._________ CL A-6
BS e e e e 3-5 0-40 | Silty clay loam.______ CL A-T7
40-60 | Gravel.____________ GM A-2
Bl e e 3-5 0-8 | Siltyelay___.__.______ CH A-T7
8-15 | Silty clay._ _._.______ CH A-7
15-60 | Silty clay loam______ CL A-7
Benoit: Bu e oo ecmcecmmmmmmme—aee 0-3 0-6 | Loam.______.__..___ CL A-6
6-19 | Clay loam.____ CL A-6
19-31 | Sandy loam SM A-2
31-50 | Gravelly coarsesand_| SP or SM A-1
BoruUp:  BVeaa e 0-5 0-18 | Silt loam_____._.__. ML-CL A-4
18-41 | Very fine sandy ML-CL A-4
loam.
41-60 | Silty clay loam_.____ CL A-7
¥Brantford: BwB, BwC_ o n o 5+ 0-20 | Loam. ..o _____ ML A-4
(For Vang pa rt of these units, ree Vang seri « 20-60 | Gravel . ___._._._. GM A-1
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such mapping units may have different properties and limitations, and for this reason it is necessary to follow carefully the instructions for
in the first column of this table]

Percentage passing sieve—
Permea- Available Shrink-swell
bility water Reaction Salinity Dispersion potential
No. 4 No. 10 No. 200 capacity
Inches per inch
Inches per hour of soi pH

100 100 85-95 0. 63-2. 0. 20 7.4~7.8 | None_.._____ Low________. High.

100 100 70-80 0. 20-0. 63 .20 7.9-8.4 | None_______. Low______.__ High.
95-100 85-95 70-80 0. 20-0. 63 .17 7.9-8.4 | Slight________ Low.__._ ... Moderate.
95-100 85-95 25-35 0. 63-2. 0 .14 7.4-7.8 | Slight________ Low_______.__ Low.

100 90-100 60-75 0.63-2. 0 . 16 7.9-8 4 | Slight________ Low..______._ Low.

100 90-100 20-40 2.0-6. 3 .14 7. 9-8. 4 | Slight to Low .. .______ Low.

moderate.

100 100 85-100 0. 20-0. 63 .20 7.9-8. 4 | Slight to Low___.._.__ Low.

moderate.

100 90-100 60-75 0.63-2. 0 .16 7. 4-7. No?e IEO Low._ . ________ Low.

slight.

100 90-100 60-75 0. 63-2. 0 .16 7.9-8.4 | Slight________ Low_____.... Low.

100 90-100 20-40 2, 0-6. 3 .12 7. 9-8. 4 | Slight to Low_________ Low.

moderate.
95-100 85-95 25-35 0.63-2. 0 .15 6.6-7.3 | None________ Low. ... ____. Low.
95-100 85-95 15-25 2.0-6. 3 .04 7.4-7.8 | None_______._ Low___.___.__ Low.
80-95 50-70 5-15 >6.3 .03 7.4-7.8 | None_._.__._. Low._.______ Low.

100 90-100 60-75 0.63-2. 0 .18 7.4-7.8 | None________ Low___._.____ Low to moderate.

100 90-100 60-75 0.63-2.0 .18 7.9-8 4 | None_—_.____ Low.________ Low to moderate.
95-100 85-95 70-80 0. 20-0. 63 .16 7.9-8.4 | Moderate..._. Low.__.._.._._ Moderate.

100 100 70-90 0.63-2.0 .22 7.4-7.8 | None._._..... Low___._._.__ Moderate.

100 100 70-90 | 0.63-2.0 .20 7.9-8.4 | Slight._..____ Low_oo_...__ Moderate.

100 100 85-95 0. 20-0. 63 .20 7.9-8.4 | Slight._..._... LowW. oo High.

100 100 85-95 0. 63-2. 0 .22 7.4~7.8 | None________ Lowaoo_____ High.

100 100 85-95 0.63-2. 0 .20 7.9-8 4 | Slight________ Low_._..____. High.

100 100 85-95 0. 20-0. 63 .20 7.9-8.4 | Slight_.______ Low._..______ High.

100 100 85-95 0.63-2. 0 .22 7.9-8. 4 | Moderate__.._ Moderate...-.- High.

100 100 85-95 0. 63-2. 0 . 20 7. 9-8. 4 | Moderate_..._ Low.o oo High.

100 100 70-90 | 0.20-0. 63 .20 8. 5-9. 0 | Moderate...._ Low___...___ Moderate.

100 100 85-95 0.63-2. 0 .22 7.4-7.8 | Slight________ Low_________ High.
60-80 45-65 10-20 >6.3 .03 7.9-8.4 | Slight.____.___ Low.oo_____. Low.

100 100 90-95 0.63-2. 0 .22 7.4-7.8 | None.____.__ Low_ oo ..._. High.

100 100 90-95 0. 20-0. 63 .20 7.9-8. 4 | Slight..______ Low_________ High.

100 100 85-95 0. 20-0. 63 . 20 7.9-8 4 | Slight_.______ Low_._______ High.

100 95-100 65-85 0. 20-0. 63 .20 7.4-8.4 | Slight..___.__. Low.._____._ Moderate.
95-100 85-95 70-80 0. 20-0. 63 .18 7.4-7.8 | Slight_____._.__ Low._.______. Moderate.
95-100 85-95 25-35 0. 20-0. 63 .15 7.9-8.4 | Slight..__.... Low.____._._. Low.
80-95 80-70 5-15 >6.3 .03 7.9-8.4 | Slight_..___._ Low.______.. Low.

100 100 70-90 0. 63-2, 0 .18 7.9-8.4 | None__._.__. Low.._______ Low.

100 100 60-90 | 0.63-2.0 .16 7.9-8.4 | Slight____.__.. Lowooooooo.. Low.

100 100 85-95 0. 20-0. 63 .22 7.4-8. 4 | Slight.._.._._. LOWe oo High.
90-100 80-90 60-75 0.63-2. 0 .17 6.6-7.3 | None__mu._._ Lowaooo . Low.
60-80 40-50 10-20 >6.3 .03 6.6-7.3 | None..____.__ LOoWewceeea o Low.
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TaBLE 6.—Estimated engineering

Depth to Depth Clagsification
seasonal from
Soil series and map symbols high surface
water (typical Dominant USDA Unified AASHO
table profile)
Feet Inches
*Buse: ByC, ByD, ByE. o meeeeemnae 5+ 0-7 | Loam_...__________ CL A-6
(For Barnes part of these units, see Barnes series.) 7-23 | Loam______________ CL A—6 or A-7
23-60 | Clay loam__________ CL A-6
Cashel: CaA, CaB, CcEo oo 5+ 0-14 | Silty clay oo __ CH A7
14-60 | Silty elay...._ ... CH A-T
Cavour: Cde_ o e 3-5 0-6 Clay loam_______... CL A-7
6-14 | Clay_ oo _________ CH A-7
14-30 | Silty eclay___________ CH A-T7
30-40 | Clay.. . ________. CH A7
40 | Shale. ... _____.___ MH | e .
Coe: Ceo e ————————— 5+ 0-5 Loam____..._______ ML A-4
5-60 | Gravel and sand.___.| GM A-1
Colvin:
0% 3O 0-5 0-12 | Silt loam_____._._____ CL A-6
12-60 | Silty clay loam_____ CL A-7
o B 0-5 0-14 | Silty clay loam______ CL A-6
14-30 | Silt loam...._______ ML-CL A-4
30-60 | Silty clay loam, clay.| CL A-6
0 o e mm—————————————— 0-5 0-11 | Silty clay loam_.____ CL A-6
11-60 | Silty clay loam__. ... CL A-6
Cresbard .l ___ 5+ 0-9 | Loam._____________ ML A-4
(Mapped only in complexes with Hamerly and Svea 9-16 | Clay. ... CL A-6
soils). 16-60 | Clay loam_.____._.._ CL A-6
Divide: DdA_ e eeaeae 3-5 0-8 Loam.____________.__ ML A-4
8-20 | Clayloam_________._ ML A-4
20-60 | Gravel______._..__. GM A-1
Edgeley: EbA, EbB, EbC o oo 54 0-5 Loam.__.________.__ CL A-6
5-25 | Clay loam_.________ CL A-6
25-46 | Shaly clay loam._____ CL A-6
46 | Shale.
Embden:
EmA, EmB, EmC_ o o s 5+ 0-11 | Sandy loam.__._.._. SM A-2
11-24 | Fine sandy loam..__| SM A-2, A-4
24-60 | Loamy sand.__..____ SM A-2
EnA s 5+ 0-6 Loam__ .. ____._. ML A-4
6-16 | Loam______________ ML A-4
16-25 | Fine sandy loam.___[ SM A-2
25-60 | Loamy fine sand._.___ SM A-2
*Fairdale: Fa, FaB, Fd, Feo o ooao.. 5+ 0-60 | Silt loam__....._____ ML or CL A-4 or A-6
(For the LaPrairie part of Fe, see LaPrairie silt
loam and LaPrairie silty clay loam.)
Fargo:
Silty clay: FfA . oo e 0-5 0-22 | Silty elay—uoo_____ CH A-7
22-60 | Silty elay..._ ... CH A-T7
Silty clay, depressional: Fg__ . oo o__-_ 0-5 0-15 | Silty elayocccooeao- CH A-7
15-36 | Silty elay_...._.___._ CH A-7
36-60 | Silty clay oo CH A-7
*Fargo-Hegne silty clays: FhA, FhB_ ... __. 0-5 0-60 | Silty elay_.-oo-.-_._ CH A-7
(Folr H)egne part of these units, see Hegne silty
clay.
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properties of the soils—Continued
Percentage passing sieve—
Permea~ Available Shrink-swell
bility water Reaction Salinity Dispersion potential
No. 4 No. 10 No. 200 capacity
Inches per inch
Inches per hour of soil pH
95-100 95-100 60-75 | 0.63-2.0 . 7.9-8.4 | Slight._..___- Low_ ... Moderate.
95-100 95-100 60-75 0.63-2. 0 .17 6. 6-7. 3 [0 - T Low_ _oo.__._ Moderate to high.
95-100 85-95 70-80 | 0. 20-0. 63 .18 7.4-7.8 | None._.______ Low.___._._. Moderate.
100 100 90-95 0. 20-0. 63 .20 7.4-7.8 | None._..._.. Low._____._. High.
100 100 90-95 | 0.20-0.63 .18 7.4-7.8 | None_-_...__. Low. . __.___. High.
100 100 70-80 | 0. 06-0. 20 .14 7.9-8.4 | Slight____..__. High__.___.___ High.
100 100 75-05 0. 06-0. 20 .14 7.9-9.0 | Moderate._..._ High___.__.___ High.
100 100 75~95 | 0. 06-0. 20 .14 7.9-9.0 | Moderate_...._ Moderate...._ High.
100 100 75-95 0. 20-0. 63 .14 7.9-9.0 | Severe__._.__ Moderate_.._- High.
90-100 80-90 60-75 0.63-2.0 .14 6.6-7.3 | None___.._.. Low____...._ Low
50-70 30-50 0-15 >6.3 .03 7.4-7.8 | None_.___.__ Low. . . ... Low
100 100 70-90 0.63-2. 0 .22 7.4-7.8 { None_.___.__ Low. . ___._.. Moderate.
100 100 85-95 |1 0.20-0. 63 .20 7.9-8 4 | Slight_.____.__ Low__.._.... High.
100 100 90-95 0.63-2. 0 .22 7.4-7.8 | None__.___.__ Low_____._.. Moderate.
100 100 70-90 0. 63-2. 0 . 20 7.9-8.4 | Slight..._____ Low_ ... oW,
100 100 90-95 | 0. 20-0. 63 .18 7.9-8.4 | Slight._.__..__ Low___.__.... Moderate.
100 100 90-95 0.2-6. 3 .22 7.4-8.4 | None._oo__ Low____._._. Moderate.
100 100 90-95 | 0.63-2.0 .18 7.4-8.4 | Slight_____.__ Low. . Moderate.-
95-100 90-100 60-75 | 0.63-2.0 .20 6.6-7.3 | None.__._._.. Moderate...... Low.
95-100 90-100 60-80 0. 20-0. 63 . 20 7.4-8.4 | None. . .._.._ Moderate.- .. .| Moderate.
95-100 90-100 60-80 [ 0.20-0. 63 .17 7.4-7.8 | Moderate..... Slight__ ... Moderate.
95-100 90-100 50-65 0. 63-2. 0 .20 7.4-7.8 | None_.._._._ Low. oo Low.
95-100 90-100 50-65 0.63-2. 0 . 20 7.9-8.4 | Slight__._____ Low. oo Low.
60-80 45-65 10-20 >6.3 .03 7.9-8.4 | Slight__.____. Low___._.._. Low.
95-100 90-100 60-75 0.63-2.0 .18 6.6-7.3 | None______.._ Low__._.___.. Moderate.
95-100 85-95 70-80 [ 0.63-2.0 .20 6.6-7.3 | None._.__... Low________.. Moderate.
90-100 80-90 70-80 0. 20-0. 63 .16 7.4-7.8 | None__._____ Low.________ Moderate.
95-100 90-100 25-35 2. 0-6. 30 14 6.6-7.3 | None_.._._.. Low______.__ Low.
100 90-100 20-40 2. 0-6. 30 .14 7.4-7.8 | None_ ... Lowe oo Low.
95-100 90-100 15-30 2. 0-6. 30 .09 7.4-8.4 | None._...... Low..___.__.. Low.
100 90-100 50-65 | 0.63-2.0 .15 6.6-7.3 | None__._._____ Low_ .. _._.__ Low
100 90-100 50-65 | 0.63-2.0 .15 7.4-7.8 | None_.____._. Low_ . ______._ Low
100 90-100 20-35 2. 0-6. 30 .14 7.4-8.4 | None__._._._.__ Low________. Low
95-100 90-100 15-30 2. 0-6. 30 .09 7.4-7.8 | None_....___ Lowo o= Low
100 100 70-90 | 0.63-2.0 .20 7.4-7.8 | None.._.._... Low_ __.._.__ Low to moderate.
100 100 90-100 | 0. 20-0. 63 .20 7.4-7.8 | None____._.. Low_.__.___.. High.
100 100 90-100 0. 06-0. 20 .18 7.9-8.4 | None......__. Low. ___..... High.
100 100 90-100 0. 20-0. 63 .20 6.6-7.3 | None__._.___. Low.._._.... High.
100 100 90-100 | 0. 06-0. 20 .20 7.4-7.8 | None..._.__. Low. . _... High.
100 100 90-100 | 0. 06-0.20 .18 7.4-7.8 | None.___..__ Low-_____._. High.
100 100 90-100 | 0. 06-0. 63 .20 7.4-7.8 | None._..__._.__ Low_ oo High.
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Depth to Depth Classification
seasonal from
Soil series and map symbols high surface
water (typical Dominant USDA Unified AASHO
table profile)
Fossum: Feet Inches
Fine sandy loam__ _ _ . ____... — — Fine sandy loam_.___| SM A-2
(Mapped only in a complex with Arveson fine
sandy loam.) 9-19 | Sandyloam._________ SM A-2
19-54 | Finesand_._________ SP-8SM A-2
Loam . enmcmdmeceeeen 0-3 0-9 | Loam___._.__________ CL A-4 or A-6
(Mapped only in a complex with Arveson 9-19 | Sandyloam.________ SM A-2-4
loam.) 19-54 | Finesand...________ SP-SM A-2
Gardena: GaA,GaB_____ . 54- 0-11 | Siltloam.___________ ML A-4
11-20 | Siltloam ... ________ ML A-4
20-60 | Very finesandy loam.| ML-CL A4
Gilby
Gb, Gh o e eieaieee 1-4 0-10 | Loam. oo _____ CL A-6
10-33 | Loam.________._.___._ CL A-6
33-60 | Clay loam.__..._...... CL A-6
B8 o e e e e e e e - 1-4 0-8 | Loam______._.__.___ CL A-6
8-28 | Loam________.___.__ CL A-6
28-60 | Clay loam__________ CL A-6
Glyndon:
GlA, GIB o o o cccccceae e 2-5 0-28 | Silt loam_______.___ ML A-4
28-55 | Very fine sandy loam_| MI~CL A-4
GM e e e e e oo e eemeeee oo 2-5 0-8 | Siltloam__..________ ML A-4
8-28 | Silt loam ..____._____ ML A-4
28-55 | Very fine sandy loam.{ ML-CL A4
*¥0rano: Gr, GSo oo 0-3 0-24 | Silty elay. oo __ CH A-7-6
(For I?egne part of Gs, see Hegne silty 24-60 | Siltyclay.-_....____ CH A-7-6
clay.
*Hamar:
Loamysand: Ha_____________________..__._.. 0-3 0-28 | Loamy sand________ SM A-2
(For Ulen part of this unit, see Ulen loamy 28-60 | Sand._._______.___. SM A-2
sand.)
Sandy loam: Hd_ - _____ 0-3 0-6 | Sandy loam._.______ SM A-2
6-20 | Loamy fine sand..._.| SM A-2
20-54 | Loamy fine sand....| SM A-2
*Hamerly: He, HgA, HgB. o ________. 2-5 0-14 | Loam____________.. MIL-CL A-4
(For Cresbard part of He, see Cresbard series. For 14-25 | Clay loam__________ CL A-7
Svea part of HgA and HgB, see Svea series.) 25-60 | Clay loam._________. CL A-6
Hattie: Hho oo 5+ 0-20 | Silty clay__._______. CH A-T7
20-60 | Silty clay...oo_.___ CH A-T7
Hecla: HIA, HIB oot 4-5 0-32 | Loamy sand________ SM A-1
32-55 | Sand.__..___._____._. SM A-1
*Hegne:
Silty clay: HmA, HmB__ ... 3-5 0-14 | Silty elay.coooo____ CH A-7
(For Fargo part of these mapping units, see Fargo 14-31 | Silty clay..o ... CH A-7
silty clay.) 31-60 | Clay.o oo ___ CH A-7
Silty clay, saline: Hn_ oo 3-5 0-6 | Silty elay...____.____ CH A-T7
6-60 | Silty clay.oooooo___ CH A-T7
Silty clay, strongly saline-alkali: Hs..._._..__.._. 3-5 0-6 | Silty clayeceecoooo- CH A-7
6-60 | Silty clay__...._____ CH A-7
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properties of the soils—Continued
Percentage passing sieve—
Permea- Available Shrink-swell
bility water Reaction Salinity Dispersion potential
No. 4 No. 10 No. 200 capacity
Inches per hour | Inches per inch
of soil pH
95~100 85-95 25-35 0. 63-2. 0 7.4-7.8 No?e to Low._._.._._____ Low.
slight.
95-100 85-95 25-35 0.63-2. 0 .14 7.4-7. 8 NO{le to Low_.__.._.__ Low.
slight.

100 100 10-20 2. 0-6. 3 .07 7.9-8. 4 ON€. oo Low_ . _._____ Low.

100 90-100 60-75 0.63-2. 0 .14 7.4-7.8 | None toslight_| Low_________ Low to moderate.
95-100 85-95 25-35 0.63-2. 0 .14 7.4~7.8 | Nonetoslight_| Low_________ Low.

100 100 10-20 2.0-6. 3 .08 7.9-8. 4 one_ . .__.__ Low_._______ Low.

100 100 70-90 0.63-2. 0 .20 6.6-7.3 | None.___.___._ Low___....__ Low.

100 100 70-90 0.63-2. 0 .20 7.4-7.8 | None.___.____ Low. . .._____ Low.

100 100 70-90 0.63-2. 0 .17 7.4-7.8 | None________ Low____._... Low.

100 100 60-75 0.63-2. 0 .17 7.4-7.8 | None________ Low___..__.. Moderate.

100 100 60-75 0.63-2. 0 .17 7.9-8.4 | Slight________ Low__ .. _..__ Moderate.
90-95 90-95 70-80 0. 20-0. 63 .15 7.9-8.4 | Slight________ Low_.________ Moderate.

100 100 60-75 0.63-2. 0 .17 7.4-7.8 | Slight__.______ Low____...__ Moderate.

100 100 60-75 0.63-2. 0 .17 7.9-8.4 | Moderate_____| Low____._____ Moderate.
90-95 90-95 70-80 0. 20-0. 63 .15 7.9-8.4 | Slight________ Low._____.._. Moderate.

100 100 70-90 0.63-2.0 .20 7.4-7.8 | None_.______ Low.____.... Low.

100 100 70-90 0.63-2.0 .16 7.9-8.4 | None..__.__. Low_ . __._.__ Low.

100 100 100 0. 63-2. 0 .20 7.4-7. 8 | Moderate_____ Low.__._.____ Low.

100 100 70-90 0. 63-2. 0 .20 7.9-8. 4 | Moderate.....| Low_________ Low.

100 100 70-90 0. 63-2. 0 .16 7.9-8.4 | Slight_._.____ Low._ ____... Low.

100 100 90-100 0. 20-0. 63 .20 7.4-7.8 | None____.___ Low_._._____. High.

100 100 90~-100 0. 06-0. 20 .18 7.4-7. 8 | Moderate..___ Low__.___.._. High.

100 90~100 25-35 2.0-6. 3 .12 7.4-7.8 | None______._. Low__..____. Low.

100 90-100 5-23 2.0-6.3 .08 6.6-7.8 | None._____.._ Low______.__ Low.

100 90-100 25-35 0.63-2.0 .14 7.4-7.8 Low.

100 90-100 25-35 2.0-6. 3 .09 7.4-7. 8 Low.

100 100 25-35 2.0-6. 3 .14 7.9-8.4 Low.
95-100 90-100 60-75 0. 63-2. 0 .18 7.9-8. 4 Low.
95-100 90100 60-75 0.63-2. 0 .18 7.9-8.4 | None_...____ Low._____._. High.
90-100 85-95 55-75 0. 06-0. 20 .16 7.9-8.4 | None_______._ Low__._.____ Moderate.

100 100 90-100 0. 20-0. 63 .21 7.4-7.8 | None..______ Low_____._._. High.

100 100 90-100 0. 06-0. 20 .18 7.8-8.4 | Noue.__.____ Low_ ... High.,

100 100 15-25 2.0~6. 3 .12 6.6-7.3 | None_______. Low_ ___.____ Low.

100 100 10-20 2.0-6.3 .08 6.6-7.3 | None.__.____ Low. oo .. Low.

100 100 90~-100 0. 63-2. 0 .21 7.9-8.4 | None.__._____ Low_ . oooo.._ High.

100 100 90-100 0. 20-0. 63 .21 7.9-8.4 | None__._.._.. Low___._____ High.

100 100 90-100 0. 06-0. 20 .18 7.9-8.4 | Slight________ Low..._._____ High.

100 100 90-100 0. 20~0. 63 .21 7.9-8. 4 | Moderate____. High___.___.___ High.

100 100 90-100 0. 06-0. 20 .18 7.9-8 4 | Moderate.___. High_________ High.

100 100 90-100 0. 20-0. 63 .21 7.9-8.4 | Severe.____._. High________. High,

100 100 90-100 0. 06-0. 20 .18 7.9-8.4 | Severe....._.. High___.____._. High.
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Depth to Depth Classification
seasonal from
Soil series and map symbols high surface
water (typical Dominant USDA Unified AASHO
table profile)
Fect Inches
Kloten: KN oo e mcaaccccmmac e m 0-5 Loam.cooomeaaoo ML-CL A-4
5-13 | Clay loam_________. CL A-6
13 | Shale rock.
Lamoure: la- e em e mmeemmmmnann 2-5 0-60 | Silty clay loam..___. CL A-7
Lankin:
Le A - e e mmmm—mcmmmmmmmmm—mmm e m 2-5 0-7 Toam__ oo ML A-4
7-16 | Loam_.________.._.- ML A-4
16-60 | Clay loam_.__..-_-- CL A-6
LK o e e e e e mmmmmmm—mm—ec—mmmmmm—mm e 2-5 0-14 | Clay loam_____..__. CL A-6
14-24 | Clay loam___.__.-__ CL A-6
24-60 | Clay loam__..._--__ CL A-6
LnA, LnB i ammmmee e 2-5 0-10 | Loam_ .. __.__.- ML A-4
(For Svea soils in these units, see Svea series.) 10-18 | Loam__._______.._- ML A-4
18-34 | Clay loam___.___-._- CL A-6
34-49 | Sandy loam__._..__. SM A-1
49-58 | Loam____ .-~ ML A-4
LaPrairie:
Silt 108M:  LPe o c e oo emeeae e 54 0-60 | Silt loam, silty clay | CL A-6
loam.
Silty clay loam: Lro oo 5+ 0-21 | Silty clay loam._____ CL A-T7
21-60 | Silty clay laom._..... CL A-7
*Ludden
LU e e e e e oo mmm—m—m—mm—mm—mm e m e m = 0-5 0-60 | Silty elay_coceoan-- CH A-7
ity 0-5 0-60 | Silty clay. oo --- CH A-7
(For Ryan part of this unit, see the Ryan series.)
*Maddock: MK3 oo eec e 54+ 0-60 | Light sandy loam, SP-SM A-2
(For Hecla part of this unit, see Hecla series.) loaxtlily sand, and
sand.
Manfred: Mno o aca e cemmm—mmmmcmmm—m 0-5 0-13 | Silty clay loam__.._. CL A-6
13-23 | Silty clay loam_._.__ CL A-6
23-60 | Sandy clay loam, CL A-6
clay loam.
0jata: 0@ oo ammmmmeemecemmmmmm oo 2-4 0-5 | Silty clay loam______ CL A-7
5-12 | Silty clay loam__.._. CH A-7
12-60 | Silty clay loam_____. CH A-T
Overly:
OB A e e = 5+ 0-12 | Silt loam_____ ... ML-CL A-4
12-24 | Silty clay loam.___._ CL A-7
24-46 | Silty clay loam.__.__ CL A-7
46-60 | Silty clay loam_..___ CL A-T
OIA, OIB, OlC e oo e icccmm e e 54 0-17 | Silty clay loam_._.___ CL A-7
17-38 | Silty clay loam..__._ CL A-7
38-60 | Silty clay, silty clay | CH A-T7
loam.
OM e e e e e mee 5+ 0-17 | Silty clay loam____.__ CL A-7
17-24 | Silty clay loam...__. CL A-T7
24-30 | Silty clay loam______ CL A-T7
30-42 | Silty clay loam_._.__ CL A-7
42-60 | Silt loam__..__.__- ML-CL A-4
OVA, OW e o et 5+ 0-17 | Silty clay-— - _.-- CH A-T
17-40 | Silty clay loam___.._ CL A-7
40-60 ! Silty clay loam___.._ CL A-7
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419-202—72——7T

Percentage passing sieve—
Permea- Available Shrink-swell
bility water Reaction Salinity Dispersion potential
No. 4 No. 10 No. 200 capacity
Inches per inch
Inches per hour of soil pH
95-100 90-100 60-75 . 63-2. 0 . 6.6-7.3 | None__.____. Low. .- Low.
95-100 90-100 70-80 0. 20-0. 63 .17 7.4-7.8 | None.....__.. Low_ _._..___ Low.
100 100 85-95 0. 20-0. 63 .22 7.4-7. 8 | None to Low. . . ..... Moderate.
moderate.
100 100 70-90 0.63-2. 0 .20 6.6-7.3 | None._.._... Low___..___. Low.
100 100 70-90 0. 63-2. 0 .20 7.4-7.8 | None.__.______ Low.._____.. Low.
100 100 70-90 0. 20-0. 63 .18 7.4-7.8 | None_.._...__ Low._.______. Moderate.
100 100 70-90 0.63-2.0 .20 6.6-7.3 | None_._...__ Low________. Moderate.
100 100 70-90 0. 20-0. 63 .18 7.4-7.8 | None__._._...__ Low_________ Moderate.
100 100 70-90 0. 20-0. 63 .18 7.4-7.8 | None...c.._.. Low._____._. Moderate.
100 100 70-90 0. 63-2. 0 .17 6.6-7.3 | None________ Low_.___.___. Low.
100 100 70-90 0. 63-2. 0 .17 7.4-7.8 | None__.____.. Low.___..._. owW.
100 100 70-90 0. 20-0. 63 .18 7.4-7.8 | None_____.___ Low._.__...__ Moderate.
100 100 25-35 0. 63-2. 0 .10 7.4-7.8 | None________ Low. .. Low.
100 100 70-90 0. 20-0. 63 .15 7.4-7.8 | None_...__._ Lowe oo Low.
100 100 70-90 0. 63-2. 0 20 7.4-7.8 | None._______ Low. .- Moderate.
100 100 85-95 0. 63-2. 0 .22 7.4-7.8 | None_.___.___. Low. ... High.
100 100 85-95 0. 20-0. 63 .20 7.4-7.8 | None_._._.._. Low___.______ High.
100 100 90-95 0. 20-0. 63 .19 7.4-8. 4 | Slight________ Low oo High,
100 100 90-95 0. 20-0. 63 .19 7.4-9.0 | Severe._...._. Moderate.____ High.
100 100 1020 2. 0-6. 3 .10 6.6-7.3 | None_._____.__ Low__..__.___ Low.
100 100 85-95 0. 63-2. 0 .22 7.4-7.8 | Slight_______ Low. oo o._. Moderate.
100 100 85-95 0. 63-2. 0 .22 7.9-9.0 | Slight__..___. Low.________ Moderate.
95-100 95-100 70-80 0. 06-0. 20 .18 7.9-8.4 | Moderate.___| Low_.____.___ Moderate.
100 100 90-95 0. 20-0. 63 .12 7. 9-8.4 | Moderate..__. Moderate_..._ High.
100 100 90-95 0. 06-0. 63 .12 7.9-9.0 | Very severe__.| High_________ High.
100 100 90-95 0. 06-0. 20 .12 7.9-9.0 | Very severe.._| High_________ High.
100 100 70-90 0. 63-2. 0 .20 6.6-7.3 | None__.____. Low___.___.__ Low.
100 100 90-95 0. 20-0. 63 .22 7.4-7.8 | None_._._.__ Low._ ... High.
100 100 90-95 0. 20-0. 63 .22 7.9-8.4 | None________ Low.__._____ High.
100 100 90-95 0. 20-0. 63 . 18 7.4-7.8 | None._.__... Low____..____ High.
100 100 90-95 0.63-2.0 .22 6.6-7.3 | None__.__._. Low. o oc____ High.
100 100 90-95 0. 20-0. 63 .22 7.9-8.4 | None_____._. Low____._.__ High.
100 100 90-95 0. 06-0. 20 .18 7.4-7.8 | Noneaa__... Low. oo High.
100 100 90-95 0.63-2.0 .22 7.4-7. 8
100 100 90-95 0. 20-0. 63 .22 7.4-9, 4
100 100 90-95 0. 20-0. 63 .22 7.4-7. 8
100 100 90-95 0. 20-0. 63 .20 7.4-7. 8
100 100 70-90 0. 20-0. 63 . 20 7.4-7. 8
100 100 90-95 0. 20-0. 63 .20 7.4-7. 8
100 100 90-95 0. 20-9. 63 .20 7.4-7.8
100 100 90-95 0. 06-0. 63 .20 7.4-7.8
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Depth to Depth Classification
seasonal from
Soil series and map symbols high surface
water (typical Dominant USDA Unified AASHO
table profile)
Fect Inches
*Parnell: Pa, Pto- o = Silty elay loam______ CL A-7
(For Tonka part of Pt, see Tonka series.) 19-37 | Silty clay loam___.__ CL A-7
37-60 | Clay.______________ CL A-6
Perella: Pu oo e 0-5 0-23 ! Silty clay loam._____ CH A-7
23-40 | Silt loam___._______ ML-CL A-4
40-60 | Clay. . ______________ CH A-7
Rauville: R oo e 0-3 0-20 | Silt loam, loam_..____ ML or CL A-4 or A-6
20-42 | Gravelly sand_______ SM A-1
Renshaw: ReA, ReBoo oo 54 0-6 Loam____.__._______ ML A-4
6-18 | Sandy clay loam, ML A-4
gravelly loam.
18-60 | Gravel.._._________ GwW A-1
Rockwell: RO oo e 1-2 0-8 | Fine sandy loam_.__| SM, ML A4
8-19 | Loamy fine sand____| SM A-1
19-26 | Fine sandy loam____| SM, ML A-4
26-60 | Clay loam___..__._. CL A-6
Ryan. .o e - 3-5 0-3 | Siltyelay-_-._._____ CH A-7
(Mapped only in an undifferentiated unit with 328 | Clay e e CH A-7
Ludden soils.) 28-60 | Clay, silty elay...__. CH A-7
*joux: Sr, SSE . ce oo aan 5+ 0-8 | Gravelly loam______ ML or GM A-4
(For Renshaw part of these units, see Renshaw 8-60 | Gravel and sand____| GW A-1
series.)
*Svea: SuA, SVA. e 5+ 0-8 | Loam____.________. ML A-4
(For Barnes part of SuA, see Barnes series. For 8-19 | Clay loam___.__._.___ CL A-6
Cresbard part of SvA, see Cresbard series.) 19-26 | Clay loam______.____ CL A-6
26-60 | Loam______________ CL A-6
TONKA e e e e e 0-5 0-16 | Silt loam__..__._____ MIL~CL A-4
(Mapped only in an undifferentiated unit with 16-26 | Loam____________.__ ML A4
Parnell soils.) 26-42 | Clay loam__________ CL A-7
42-60 | Sandy clay, clay CL A-T7
loam.
Towner: ToA oo 214-5 0-19 | Sandy loam_________ SM A-2
19-31 | Loamy sand.__._____ SM A-2
31-60 | Clay loam__________ CL A-6
Ulen:
Loamy sand - . .. oo 3-5 0-7 | Loamysand.__..____ SM A-1
(Mapped only in an undifferentiated unit with 7-19 | Sandy loam_________ SM A-2
Hamar loamy sand.) 19-60 | Loamy fine sand____| SM A-1
Sandy loam: Unoooccmo oo~ 3-5 0-15 | Sandy loam____.____ SM A-2
15-32 | Loam_ . .._____ ML A-4
32-57 | Loamy fine sand..._| SM A-1
*Vallers:
V8 e e e = 1-5 0-6 | Loam..____________ MIL~CL A4
6-15 | Clay loam__________ CL A-7
15-60 | Clay loam_____..___ CL A-7
Vh, VMo e o e 1-5 0-6 Loam_ e ML-CL A-4
(For Hamerly part of these units, see Hamerly 6-15 | Clay loam. ._.___.___ CL A-7
series.) 15-60 Claly loam, sandy CL A-7
clay.
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Percentage passing sieve— .
Permea- Available Shrink-swell
bility water Reaction Salinity Dispersion potential
No. 4 No. 10 No. 200 capacity
TInches per inch
Inches per hour of soil pH .

100 100 90-95 . 63— . 6.6-7.3 | None.__._._.__ Low__.____.__ High.

100 100 90-95 0. 20-0. 63 .22 6.6-7.3 | None_____.__ Low_.__.____ High.
95-100 95-100 70-80 0. 96-0. 20 .22 7.4-7.8 | Slight._..____ Low_.__.__._ Moderate.

100 100 90-95 0.63-2.0 .20 6.6-7.3 | None_.___._._. Low__.___.__ High.

100 100 70-90 0. 20-0. 63 .20 7.4-7.8 | None__.___.__ Low._____._.. Low.

100 100 90-95 0. 06-0. 63 .18 7.4-7.8 | None_._____._ Low..__._.__ High.

100 100 60-75 0.63-2. 0 .20 7.4-7.8 | Slight.__.____ Low____.____ Low to moderate.
79-80 60-70 5-20 6. 3-20. 0 .08 7.4-7.8 | Slight_._._____ Low_____...__ Low.

100 100 60-75 0.63-2. 0 .17 6.6-7.3 | None_____._. Low_________ Low.

100 100 70-80 0.63-2. 0 .17 6.6-7.3 | None___.___._ Low. . _._..... Low.
3040 10-20 0-10 >6.3 .02 6.6-7.8 | None.___.___ Low.____._._. Low.

100 100 40-55 2. 0-6. 3 15 6.6-7.3 | None_.._____ Low_ oo _.._. Low.

100 100 10-20 2. 0-6. 3 12 7.4-7.8 | None....____ Tow. .. _.._. Low.

100 100 40-55 2.0-6. 3 15 7.4-7.8 | None.._.__.. Low_________ ow.
90-100 80-100 70-80 0. 20-0. 63 .18 7.4-7.8 | Slight_____.__ Low.._...._.. Moderate.
100 100 90-100 0. 20-0. 63 .21 6.1-6.5 | None.__._____ High_._______ High.

100 100 90-100 0. 06-0. 20 .16 7.9-8.4 | Very severe.__| High_________ High,

100 100 90-100 | 0. 06-0. 20 16 7.9-8. 4 | Very severe...| Moderate_____ High.
70-90 55-75 40-60 0. 63-2. 0 .14 6.6-7.3 | None.____.___ Low_______.__ Low.
30-50 20-30 5-15 >6.3 .02 7.4-7.8 | None__.____._ Low. . ______ Low.

100 90-100 60-75 0.63-2. 0 .18 6.6-7.3 | None________ Low__..__.__. Low.

100 90-100 70-80 0. 63-2. 0 .20 6.6-7.3 | None________ Low_____.____ Moderate.
95-100 85-95 70-80 0.63-2. 0 .18 7.4-7.8 | None_.______ Low._____._._ Moderate.
95-100 85-95 70-80 0. 20-0. 63 .16 7.4-7.8 | None..._____ Low______.___ Moderate.

100 100 70-90 0. 63-2.0 .20 6.1-6.5 | None________ Low__._______ Low.

100 90-100 60-75 0. 63-2. 0 .18 6.1-6.5 | None_.______ Low.________ Low.
90-100 90-100 70-80 0. 20-0. 63 .18 6.1-7.3 | None.______._ Low_________ High.
90-100 90-100 70-80 0. 06-0. 63 .18 7.4-7.8 | None._._._____ Low___.____._ High.

100 100 25-35 2. 0-6. 3 .14 6.6-7.8 | None._...___ Low______.._ Low.

100 100 20-30 2. 0-6. 3 .10 7.4-7.8 | None___.___._ Low_ . ____... Low,

100 100 70-80 0. 20-0. 63 .18 7.4-7.8 | None___.___._ Low.__....__ Moderate.

100 100 15-25 0.63-2.0 .10 7.4-7.8 | None_____.__._ Low_.____.__ Low.

100 100 25-35 0.63-2.0 .15 7.9-8.4 | None__.___._. Low__.______ Low.

100 100 15-25 2. 0-6. 3 .10 85-9.0 | None_______._ Low._ _...___ Low.

100 100 25-35 0.63-2. 0 .15 7.4-7.8 | None...__.... Low________. Low.

100 100 60-75 0.63-2.0 .15 7.9-8.4 | None________ Low____._____ Low.

100 100 15-25 2.0-6. 3 .10 7.9-8.4 | None____.___ Low_____..._ Low.
95-100 90-100 60-75 0. 20-0. 63 .18 7.9-8.4 | Moderate...__ Moderate...._ Low.
95-100 90-100 70-80 0. 20-0. 63 .20 7.9-8. 4 | Moderate____.. OW o oot High.
90-100 90-100 70-80 0. 06-0. 63 .16 7.9-8. 4 | Slight________ Low.___..._.. High.
95-100 90-100 60-75 0.63-2. 0 .18 7.9-8.4 | Slight___._____ Low._ . ____._.. Low.
95-100 90-100 70-80 0. 20-0. 63 .20 7.9-8. 4 | Slight._______ Low________.. High.
90-100 90-100 70-80 0. 06-0. 63 .16 7.9-8 4 | Slight.___..__ Low__.____.. High.
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Depth to Depth Classification
geasonal from
Soil series and map symbols high surface
water (typical Dominant USDA Unified AASHO
table profile)
Feet Inches
Wang: VnA o mmecemmmcmaeeas 54 0-20 | Loam__.____.._.__. ML-CL A-4
(For Brantford part of this unit, see Brantford 20-30 | Gravelly loam______ ML A-4
series.) 30-48 Grav%lly coarse SM A-2
sand.
48-60 | Gravelly loamy SM A-2
sand.
Wahpeton: Wa_ el 5+ 0-60 | Silty clay.oooooono. CH A-T
Walsh:
Loam: WhC. e 54 0-10 | Loam__._._________ ML-CL A4
10-48 | Silty clay loam_.____ CL A-6
48-60 | Loam________._____ ML-CL A-4
Loam, sand substratum: WIA, WIB_.__._....._.. 54 0-39 } Loam._.________.._ ML-CL A-4
39-60 | Gravelly coarse SP or SW A-1
sand.
Clay loam: WnA_ e ecceeeeeea 5+ 0-6 Clay loam_____..___ CL A-6
6-24 | Clay loam__._____._ CL A-6
24-60 | Silty clay loam_.____ CL A-6
Silt loam: Wm_ o mmmemmnm—maea 5+ 0-10 | Silt loam__.________ ML A4
10-48 | Silty clay loam______ CL A-6
48-60 | Loam_ .. _______.____ ML or CL A-4 or A-6
Waukon: WoB, WoD oo 5+ 0-16 | Loam...______._... ML-CL A-6
16-44 | Clay loam__________ CL A-6
44-60 | Loam__.______.___. CL A-6
*Zell: ZgC, Z