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This soil survey is a publication of the National Cooperative Soil Survey, a
joint effort of the United States Department of Agriculture and other federal
agencies, state agencies including the Agriculturali Experiment Stations, and
local agencies. The Soil Conservation Service has leadership for the federal
part of the National Cooperative Soil Survey. In line with Department of Agricul-
ture policies, benefits of this program are available to all, regardless of race,
color, national origin, sex, religion, marital status, or age.

Major fieldwork for this soil survey was performed in the period 1968-1975.
Soil names and descriptions were approved in 1975. Unless otherwise indicat-
ed, statements in this publication refer to conditions in the survey area in 1975.
This survey was made cooperatively by.the Soil Conservation Service and the
Minnesota Agricultural Experiment Station. It is part of the technical assistance
furnished to the Freeborn County Soil and Water Conservation District. Part of
the funds for the survey were provided by Freeborn County.

Soil maps in this survey may be copied without permission. Enlargement of
these maps, however, could cause misunderstanding of the detail of mapping.
If enlarged, maps do not show the small areas of contrasting soils that couid
have been shown at a larger scale.

Cover: Onions being harvested on Blue Earth silt loam.
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Foreword

This soil survey contains information that can be used in land-planning pro-
grams in Freeborn County. It contains predictions of soil behavior for selected
land uses. The survey also highlights limitations and hazards inherent in the
soil, improvements needed to overcome the limitations, and the impact of se-
lected land uses on the environment.

This soil survey is designed for many different users. Farmers, ranchers,
foresters, and agronomists can use it to evaluate the potential of the soil and
the management needed for maximum food and fiber production. Planners,
community officials, engineers, developers, builders, and home buyers can use
the survey to plan land use, select sites for construction, and identify special
practices needed to insure proper performance. Conservationists, teachers, stu-
dents, and specialists in recreation, wildlife management, waste disposal, and
pollution control can use the survey to help them understand, protect, and en-
hance the environment.

Great differences in soil properties can occur within short distances. Some
soils are seasonally wet or subject to flooding. Some are shallow to bedrock.
Some are too unstable to be used as a foundation for buildings or roads.
Clayey or wet soils are poorly suited to use as septic tank absorption fields. A
high water table makes a soil poorly suited to basements or underground instal-
lations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map. The
location of each soil is shown on the detailed soil maps. Each soil in the survey
area is described. Information on specific uses is given for each soil. Help in
using this publication and additional information are available at the local office
of the Soil Conservation Service or the Cooperative Extension Service.

/..

Harry M. Major
State Conservationist
Soil Conservation Service
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SOIL SURVEY OF FREEBORN COUNTY, MINNESOTA

By Carroll R. Carlson, Soil Conservation Service

Soils surveyed by Carroll R. Carlson, Joseph F. Cummins, Marc P. Diers, Duane R. Dykhuizen,
George Poch, Richard E. Rolling, Charles T. Saari, and Orville J. Whitaker, Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service,
in cooperation with the Minnesota Agricultural Experiment Station

Freeborn County is in the south-central part of Minne-
sota (see map on facing page). The county has a total
land area of 449,280 acres, or 702 square miles, and
approximately 10,000 acres of water. Albert Lea, the
county seat, has a population of 19,418.

Farming is the principal business in the county. Corn,
soybeans, small grain, and hay are the main crops.
Some areas are used for growing vegetables such as
potatoes, asparagus, onions, and sweet corn. Beef, dairy
cattle, and swine are the main livestock raised.

The soils of Freeborn County are mostly deep and
loamy. They formed most extensively in glacial till and
less extensively in glacial outwash, lacustrine sediments,
alluvium, and organic material. The different parent ma-
terials, topography, and native vegetation account for a
large number of different kinds of soils in the county.

General nature of the county

This section gives general information concerning the
county. It briefly discusses climate; and physiography,
relief, and drainage.

Climate
Bruce Watson, consulting climatologist, prepared this section.

Freeborn County is in south-central Minnesota, and is
bordered by lowa on the south. The county is in the
great interior climate region of North America and has a
strong continental climate. Winters are cold; summers
are mild and generally pleasant. Daily or weekly ex-
tremes of temperature may be great in any season.

The climate is essentially uniform for the county (5, 7);
however, differences in vegetation, soil materials, and
relief can cause variations in the microclimate. Soils in
the prairie regions are exposed to greater variations in
temperature than those in the forest regions. Fine-tex-
tured soils, such as Lerdal and Minnetonka soils, warm

up more slowly than moderately coarse-textured soils,
such as Estherville and Dickinson soils, because they
contain more moisture. Dark-colored soils, such as Clar-
ion and Nicollet soils, absorb more heat from the sun-
light than the lighter-colored Hayden soils. Soils on
south- and west-facing slopes receive more sunlight than
soils on north- and east-facing slopes; therefore, they
tend to be drier and warmer. The interaction of all these
factors affects the development of soils. During winter,
soil-forming processes are largely dormant. Generally,
the soils are frozen to a depth of 2 to 3 feet for 4 or 6
months of the year. The depth to which frost penetrates
depends mostly on the quantity of snowfall late in fall or
early in winter.

Table 1 gives data on temperature and precipitation
for the survey area, as recorded at Albert Lea for a
period of record of about 83 years. Table 2 shows the
probable dates of the first freeze in fall and the last
freeze in the spring.

In Freeborn County, the winter temperature averages
15.2 degrees F. and the average daily minimum in winter
5.7 degrees F. The lowest temperature, in 2 years out of
10, is -28 degrees F. The absolute lowest temperature
observed during the period of record was -41 degrees F.
at Albert Lea on January 7, 1887. In summer, the tem-
perature averages 68.9 degrees F. and the average daily
maximum is 80.3 degrees F. The highest summer tem-
perature, in 2 years out of 10, is 100 degrees F. The
absolute highest temperature observed was 106 degrees
F. at Albert Lea on July 14, 1936.

The total annual precipitation is 29.6 inches. Of that,
22.0 inches, or 74 percent, falls during the 6 warm
months, April through September; therefore, only 7.6
inches fall during the colder months.

The heaviest 24-hour rainfall of record was 8.25
inches at Albert Lea on July 4 and 5, 1943. The average
number of days per year that have thunderstorms is 42,
The greatest number, 9, occur in June. Average season-
al snowfall is 39 inches. The greatest depth of snow on
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record at 29 inches. The average number of days during
the year when one inch or more of snow is on the
ground is 86. March is the snowiest month, mean total
snowfall is 9.3 inches, followed by January that has a
mean total snowfall of 7.0 inches.

Relative humidity is at its annual minimum during May
at midafternoon, when it averages around 48 percent. It
is at its maximum at dawn in August when it averages 87
percent. December is the most humid month, averaging
80 percent; May is the least humid at 67 percent.

To 16 points of the compass, the prevailing wind is out
of the northwest. The wind blows from the southeast
quadrant about 30 percent of the time, and from the
northwest quadrant about 35 percent of the time.

The average annual windspeed is 13 miles per hour.
April, the windiest month, has an average speed of 15
miles per hour. August is the least windy month at 10
miles per hour. Strongest speeds are usually from the
northwest quadrant, the lightest from the northeast quad-
rant. Southwesterly winds are often light, except during
the warm season when they often blow briskly on hot
days.

In summer, high winds are generally brief, are limited
to occasional high velocities (over 50 mph), and accom-
pany thunderstorms. Such winds produce damage of a
localized nature, in a spotty pattern. Hail occasionally
falls in the warmer part of the year and in an irregular
pattern. It affects relatively small areas.

Summer days are long and winter days are short in
Freeborn County. On the summer solstice, length of the
day is 15 hours 32 minutes, while on the winter solstice
it is 8 hours 53 minutes. Percent of possible sunshine
varies from 74 percent in July, when the days are also
longer, to 39 percent in December, when the days are
also short. On a seasonal basis, winter averages 48
percent possible sunshine, spring 56 percent, summer
70 percent, and autumn 52 percent.

Physiography, relief, and drainage

Most of the surface of Freeborn County is nearly level
or gently undulating. Small hilly areas are in parts of two
morainic belts that cross the county from north to south.
The most rugged tracts are in section 16 in Newry Town-
ship and in sections 1 and 2 in Pickeral Lake Township,
where the hills rise from 50 to 100 feet above the adja-
cent surface. A number of depressions, which lie below
the regional water level, are filled by lakes that tend to
be marshy around the margins. The greater part of the
county is drained southeastward to the Cedar River, but
the northwestern part drains to the Minnesota River. The
southeastern corner of the county lies beyond the east-
ern margin of the Wisconsin drift sheet and shows more
mature erosional topography. The extremes of altitude
for the county as a whole are between 1,150 feet above
sea level in the northwestern corner and about 150 feet
above sea level in the central part of the county. The
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average altitude of the county is about 1,250 feet above
sea level.

How this survey was made

Soil scientists made this survey to learn what soils are
in the survey area, where they are, and how they can be
used. They observed the steepness, length, and shape
of slopes; the size of streams and the general pattern of
drainage; the kinds of native plants or crops; and the
kinds of rock. They dug many holes to study 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, which has been changed very little by leaching
or by plant roots.

The soil scientists recorded the characteristics of the
profiles they studied and compared those profiles with
others in nearby counties and in more distant places.
They classified and named the soils according to nation-
wide uniform procedures. They drew the boundaries of
the soils on aerial photographs. These photographs
show trees, buildings, fields, roads, and other details that
help in drawing boundaries accurately. The soil maps at
the back of this publication were prepared from aerial
photographs.

The areas shown on the general soil map are called
soil associations. The areas on a detailed soil map are
called map units. Most map units are made up of one
kind of soil. Some are made up of two or more kinds.
Soil associations and map units in this survey area are
described under “General soil map for broad land use
planning” and “Soil maps for detailed planning.”

While a soil survey is in progress, samples of some
soils are taken for laboratory measurements and for en-
gineering tests. All soils are field tested to determine
their characteristics. Interpretations of those characteris-
tics may be modified during the survey. Data are assem-
bled from other sources, such as test resuits, records,
field experience, and state and local specialists. For ex-
ample, data on crop yields under defined management
are assembled from farm records and from field or plot
experiments on the same kinds of soil.

But only part of a soil survey is done when the soils
have been named, described, interpreted, and delineated
on aerial photographs and when the laboratory data and
other data have been assembled. The mass of detailed
information then needs to be organized so that it can be
used by farmers, rangeland and woodland managers,
engineers, planners, developers and builders, home
buyers, and others.
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General soil map for broad land use
planning

The general soil map at the back of this publication
shows soil associations that have a distinctive pattern of
soils, relief, and drainage. Each soil association on the
general soil map is a unique natural landscape. Typically,
it consists of one or more major soils and some minor
soils. It is named for the major soils. The soils making up
one unit can occur in other units but in a different pat-
tern.

The general soil map can be used to compare the
suitability of large areas for general land uses. Areas of
suitable soils can be identified on the map. Likewise,
areas where the soils are not suitable can be identified.

Because of its small scale, the map is not suitable for
planning the management of a farm or field or for select-
ing a site for a road or building or other structure. The
soils in any one map unit differ from place to place in
slope, depth, drainage, and other characteristics that
affect management.

Soils formed mostly in glacial till on
uplands

These nearly level to hilly and moderately steep, very
poorly drained to well drained, upland soils formed
mostly in medium and moderately fine textured glacial
till. They formed under grass prairie and mixed decidu-
ous trees and grass prairie. They presently are used for
farming, wildlife, and homes. With good management,
this group of soils has good potential for intensive farm-
ing. A few scattered areas of soils in deeper, broad
depressions and steeper soils can be managed for wet-
land wildlife and upland game without seriously restrict-
ing the development of prime farmland. Six of the soil
associations are in this group.

1. Webster-Canisteo-Cordova association

Nearly level, poorly drained and very poorly drained,
loamy soils formed mostly in moderately fine and
medium textured glacial till on upland plains

This association consists of nearly level soils on
upland plains. The landscape is one of broad flats, slight
rises, and shallow depressions. The natural drainage pat-
tern is poorly developed.

This association makes up about 4 percent of the
survey area. It is about 30 percent Webster soils, 20
percent Canisteo soils, 13 percent Cordova soils, and 37
percent minor soils.

The Webster soil is on broad flats and in drain-
ageways. It is poorly drained. Typically, the surface soil
is black and very dark gray, friable clay loam about 20
inches thick. The subsoil, to a depth of 34 inches, is dark
grayish brown, mottled, friable clay loam. The underlying

material is olive, mottled, friable clay loam that is calcar-
eous.

The Canisteo soil is commonly on the rims of depres-
sions. It is poorly drained or very poorly drained. Typical-
ly, the surface soil is black and very dark gray, friable
clay loam about 21 inches thick. The subsoil, to a depth
of 38 inches, is olive gray, mottled, friable clay loam. The
underlying material is light olive gray, friable loam. This
soil is calcareous throughout.

The Cordova soil is on flats and in upper parts of
drainageways. It is poorly drained. Typically the surface
layer is black, friable loam about 9 inches thick. The
subsoil extends to a depth of 30 inches. The upper part
is very dark gray, firm silty clay loam; the lower part is
dark grayish brown and grayish brown, mottled clay
loam. The underlying material is grayish brown, mottfed,
friable loam that is calcareous.

Minor soils include the very poorly drained Glencoe
soils in depressions, the well drained Clarion soils on
more sloping areas, and the moderately well drained to
somewhat poorly drained Nicollet soils on slight rises
between Webster and Clarion soils.

This association is used intensively for row crops and
hay. Corn, soybeans, and alfalfa are the principal crops.
The major limitation for use is wetness, but most areas
have been drained. The natural fertility is high except in
the Canisteo soil, which has special fertility concerns
because of its high lime content.

2. Webster-Clarion-Nicollet association

Nearly level to gently undulating, poorly drained to well
drained, loamy soils formed in moderately fine and
medium textured glacial till on upland plains

This association consists of nearly level to undulating
soils on upland plains. The landscape has a slightly
irregular configuration and is one of knolls and slight
rises, broad flats, narrow drainageways, and depres-
sions. A few knolls are nearly circular. Slopes are rela-
tively short on the knolls and rises and are convex and
concave. Differences in elevation between the knolls and
the depressions range from 10 to 30 feet. The natural
drainage pattern is poorly developed.

The association makes up about 15 percent of the
survey area. It is 30 percent Webster soils, 20 percent
Clarion soils, 18 percent Nicollet soils, and 32 percent
minor soils (fig. 1).

The nearly level, poorly drained Webster soil is on
broad flats and in drainageways. Typically, the surface
soil is black and very dark gray, friable clay loam about
20 inches thick. The subsoil, to a depth of 34 inches, is
dark grayish brown, mottled, friable clay loam. The un-
derlying material is olive, mottled, friable clay loam that is
calcareous.

The gently undulating, well drained Clarion soil is on
knolls and side slopes. Typically, the surface soil is black
and very dark brown, friable loam about 14 inches thick.



The subsoil extends to a depth of 36 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable, calcareous loam.

The nearly level, moderately well drained to somewhat
poorly drained Nicollet soil is on low knolls and slight
rises. Typically, the surface soil is black and very dark
grayish brown, friable clay loam about 17 inches thick.
The subsoil extends to a depth of 46 inches. The upper
part is dark grayish brown and grayish brown, mottied,
friable clay loam. The lower part of the subsoil and the
underlying material are light olive brown, friable, loam.
The underlying material is calcareous.

Minor soils include the very poorly drained Glencoe,
Palms, and Muskego soils in depressions and the poorly
drained Canisteo soils around rims of depressions. Also
included are small areas of Estherville, Dickinson, and
Biscay soils on outwash plains.

This association is used intensively for row crops and
hay. Corn, soybeans, and alfalfa are the principal crops.
The major limitation for use is the wetness of the Web-
ster soil, but most areas have been drained. Erosion is a
hazard on the Clarion soil, but it can be controlled by
relatively simple, erosion-control practices.

3. Clarion-Webster association

Nearly level to rolling, well drained and poorly drained,
loamy soils formed in medium and moderately fine tex-
tured glacial till on upland plains and ground moraines

This association consists of nearly level to rolling soils
on upland plains and ground moraines. The landscape
has a slightly irregular configuration and is one of knolls
and side slopes, broad flats, and drainageways and de-
pressions. Slopes are relatively short on the knolls and
side slopes and are convex and concave. Differences in
elevation between the knolls and depressions range
mostly from 10 to 30 feet, but a few knolls are 40 to 50
feet above the depression. The natural drainage pattern
is poorly developed.

This association makes up about 7 percent of the
survey area. It is about 35 percent Clarion soils, 20
percent Webster soils, and 45 percent minor soils (fig.
2).

The gently undulating to rolling, well drained Clarion
soil is on knolls and side slopes. Typically, the surface
soil is black and very dark brown, friable loam about 14
inches thick. The subsoil extends to a depth of 36
inches. It is dark brown and brown, friable loam. The
underlying material is light olive brown, friable, calcare-
ous loam.

The nearly level, poorly drained, Webster soil is on
broad flats and in drainageways. Typically, the surface
soil is black and very dark gray, friable clay loam about
20 inches thick. The subsoil, to a depth of 34 inches, is
dark grayish brown, mottled, friable clay loam. The un-
derlying material is olive, mottled, friable clay loam that is
calcareous.
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Minor soils include the very poorly drained Glencoe,
Palms, and Muskego soils in depressions and the poorly
drained Canisteo soils on rims of depressions. Also in-
cluded are small areas of Estherville, Dickinson, and
Biscay soils on outwash plains. -

This association is used primarily for row crops and
hay. Corn, soybeans, and alfalfa are the principal crops.
The hazard of erosion is the dominant concern on the
rolling soils. Wetness limits use in some areas. Drainage
has been provided in many wet areas, but other areas
do not have an adequate outlet.

4. Clarion-Webster-Storden association

Nearly level to hilly, well drained and poorly drained,
loamy soils formed in medium and moderately fine tex-
tured glacial till on end moraines

This association consists of nearly level to hilly soils
on end moraines. The landscape has an irregular con-
figuration and is one of hills and knolls, broad flats,
drainageways, and depressions. Slopes are relatively
short on the hills and knolls. Differences in elevation
between the hills and depressions range from 20 to 40
feet, but the range of several hills is 40 to 60 feet above
the depressions. The natural drainage pattern is poorly
developed.

This association makes up about 5 percent of the
survey area. It is about 40 percent Clarion soils, 17
percent Webster soils, 16 percent Storden soils, and 27
percent minor soils (figs. 3 and 4).

The gently undulating to hilly, well drained Clarion soil
is on hilltops, knolls, and side slopes. Typically, the sur-
face soil is black and very dark brown, friable loam about
14 inches thick. The subsoil, to a depth of 36 inches, is
dark brown and brown, friable loam. The underlying ma-
terial is light olive brown, friable, calcareous loam.

The nearly level, poorly drained Webster soil is on
broad flats and in drainageways. Typically, the surface
soil is black and very dark gray, friable clay loam about
20 inches thick. The subsoil extends to a depth of 34
inches. It is dark grayish brown, mottled, friable clay
loam. The underlying material is olive, mottled, friable
clay loam that is calcareous.

The rolling and hilly, well drained Storden soils have
the most convex slopes. Typically the surface layer is
dark grayish brown, friable loam about 12 inches thick.
The underlying material is light olive brown, calcareous
loam.

Minor soils include the very poorly drained Glencoe,
Palms, and Muskego soils in depressions and the poorly
drained Canisteo soils around rims of depressions. The
Nicollet soils are on slight rises and in upland draws.
Also included are small areas of Estherville, Dickinson,
and Biscay soils on outwash plains.

This association is used for row crops, hay, and pas-
ture. Corn, soybeans, and alfalfa are the principal crops.
The hazard of erosion is the dominant concern on the
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Figure 1.—Relationship of soils, underlying materials, and landforms in
soil association 2.

Figure 2.—Relationship of soits, underlying materials, and landforms in soil association 3.
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Figure 3.—Relationship of soils, underlying materials, and landforms in soil association 4.

Figure 4.—Landscape of Clarion-Storden loams, in foreground, and darker colored areas of Webster clay loam, in background.
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Clarion and Storden soils, and wetness limits use of the
Webster soil and the included, very poorly drained soils.
Some of these poorly drained soils do not have ade-
quate outlets for drainage.

5. Lester-Webster-Glencoe association

Nearly level to hilly, well drained, poorly drained, and
very poorly drained, loamy soils formed mostly in
medium and moderately fine textured glacial tll on end
moraines

This association consists of nearly level to hilly soils
on end moraines. The landscape has a slightly irregular
configuration and is one of hills and knolls, broad flats,
drainageways, and depressions. Some hills are circular.
Slopes are relatively short on the hills and knolls. Differ-
ences in elevation between the hills and depressions
range mainly from 15 to 40 feet, but a few hills are 80 to
100 feet above the depressions. The natural drainage
pattern is poorly developed.

This association makes up about 27 percent of the
survey area. It is about 33 percent Lester soils, 20 per-
cent Webster soils, 15 percent Glencoe soils, and 32
percent minor soils (fig. 5).

The gently undulating to hilly, well drained Lester soil
is on hilltops, knolls, and side slopes. Typically, the sur-
face layer is black, friable loam about 7 inches thick. The
subsoil extends to a depth of 38 inches. It is dark brown,
brown, and dark yellowish brown, friable loam. The un-
derlying material is olive brown, friable, calcareous loam.

The nearly level, poorly drained Webster soil is on
broad flats and in drainageways. Typically, the surface
soil is black and very dark gray, friable clay loam about
20 inches thick. The subsoil extends to a depth of 34
inches. It is dark grayish brown, mottled, friable clay
loam. The underlying material is olive, mottled, friable
clay loam that is calcareous.

The very poorly drained Glencoe soil is in depressions.
Typically, the surface soil is black and very dark gray,
friable clay loam about 26 inches thick. The subsaoil, to a
depth of 36 inches, is gray, mottled, friable clay loam.
The underlying material is grayish brown, mottled, friable
clay loam that is calcareous.

Minor soils include the very poorly drained Palms and
Muskego soils in depressions, the poorly drained Hamel
and Cordova soils in upper parts of drainageways and on
flats, the somewhat poorly drained Le Sueur soils on
foot slopes, the well drained Hayden soils on side

Figure 5.—Relationship of soils, underlying materials, and landforms in soil association 5.



slopes, and the well drained Storden soils on the most
convex slopes.

This association is used for row crops, hay, and pas-
ture. Corn, soybeans, and alfalfa are the principal crops.
A few areas are forested. The hazard of erosion is the
dominant concern on the Lester soils, and wetness limits
use on the Webster and Glencoe soils. Some areas do
not have adequate outlets for drainage.

6. Hamel-Kilkenny-Lerdal association

Nearly level to moderately steep, poorly drained to well
drained, loamy soils formed in medium and moderately
fine textured glacial till and alluvial sediments on upland
plains and ground moraines

This association consists of nearly level to moderately
steep soils on upland plains and ground moraines. The
landscape has a mostly smooth configuration and is one
of convex hills and concave upper parts of drainageways
and depressions. Slopes are complex in a few areas.
Differences in elevation between the hills and depres-
sions range mainly from 10 to 30 feet, but the range in
places is as much as 50 feet. The natural drainage
pattern is poorly developed.

This association makes up about 8 percent of the
survey area. It is about 25 percent Hamel soils, 17 per-
cent Kilkenny soils, 15 percent Lerdal soils, and 43 per-
cent minor soils.

The nearly level, poorly drained Hamel soil is in the
upper parts of drainageways and on foot slopes. Typical-
ly, the surface soil is black, friable loam and clay loam
about 22 inches thick. The subsoil extends to a depth of
45 inches. The upper part is black, mottled clay loam;
the lower part is olive gray, mottled clay loam. The un-
derlying material is olive gray loam.

The gently sloping to moderately steep, well drained
Kilkenny soil is on hilltops and side slopes. Typically, the
surface layer is dark grayish brown, friable clay loam
about 6 inches thick. The subsoil extends to a depth of
38 inches. The upper part is brown, firm heavy silty clay
loam and clay loam; the lower part is olive brown, firm
clay loam. The underlying material is yellowish brown
and olive brown clay loam and loam.

_The _gently sloping and sloping, somewhat poorly
drained Lerdal soil is also on hilltops and side slopes.
Typically, the surface layer is black, friable silty clay loam
about 7 inches thick. The subsurface layer is very dark
gray, friable silty clay loam about 2 inches thick. The
subsoil extends to a depth of 47 inches. The upper part
is very dark grayish brown and olive brown, mottled, firm
silty clay loam or silty clay; the lower part is grayish
brown or light olive brown, firm silty clay and clay loam.
The underlying material is light olive brown, firm, calcare-
ous clay loam. In cultivated areas, the surface layer is
very dark gray.

Minor soils include the very poorly drained Glencoe,
Muskego, Palms and Waldorf soils in depressions; the
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poorly drained Marna and Minnetonka soils on lacustrine
flats; the moderately well and somewhat poorly drained
Le Sueur and Shorewood soils on foot slopes and
upland flats; and the well drained Lester and Gray soils
on side slopes. ‘

This association is used for row crops and hay. Corn,
soybeans, and alfalfa are the principal crops. A few
tracts are used for pasture and woodland, and a few
others are used for residential and industrial develop-
ment. The main management needs for crop production
are erosion control, drainage, and maintenance of tilth.
Some areas do not have adequate outlets for drainage.

Soils formed in loess mantled glacial till
on uplands

These nearly level to sloping, very poorly drained to
well drained soils are on uplands. They formed in loess
mantled, medium textured glacial till. They formed under
grass prairie or mixed deciduous trees and grass prairie.
The dominant use is intensive farming. A few scattered
areas of deeper, broad depressions can be managed for
wetland wildlife without seriously restricting the develop-
ment of prime farmland. Three of the soil associations are
in this group.

7. Maxcreek-Merton association

Nearly level, very poorly drained to moderately well
draineq, silty soils formed in loess mantled, medium tex-
tured glacial till on ground moraines

This association consists of nearly level soils on
ground moraines. The landscape has a smooth configu-
ration and is one of broad flats, depressions and drain-
ageways, and slight rises. Slopes are convex on the
rises. Differences in elevation between the flats and the
rises range from 5 to 30 feet.

This association makes up 8 percent of the survey
area. It is about 30 percent Maxcreek soils, about 18
percent Merton soils, and 52 percent minor soils.

The poorly drained and very poorly drained Maxcreek
soil is on broad flats, in depressions and in drain-
ageways. Typically, the surface soil is black and very
dark gray, friable silty clay loam about 21 inches thick.
The subsoil extends to a depth of 41 inches. The upper
part is dark gray, friable silt loam; the lower part is olive
gray, mottled, friable loam. A thin, discontinuous coarse
textured layer, as much as 5 inches thick, commonly
separates the upper part of the subsoil from the lower
part of the subsoil. The underlying material is olive gray,
mottled, friable loam that is calcareous.

The moderately well drained to somewhat poorly
drained Merton soil is on slight rises that have slightly
convex slopes. Typically, the surface soil is black and
very dark gray, friable silt loam about 14 inches thick.
The subsoil extends to a depth of 47 inches. It is dark
grayish brown, mottled, friable silt loam in the upper part
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and brown, mottled, friable loam in the lower part. A thin,
coarse textured layer, as much as 6 inches thick, com-
monly separates the upper part of the subsoil from the
lower part. The underlying material is olive brown, mot-
tled, friable, calcareous loam.

Minor soils include small areas of the poorly drained
Glencoe soils in depressions; the poorly drained Madelia
soils on lacustrine plains; and the somewhat poorly
drained to well drained Nicollet, Clarion, and Lester soils
in areas that do not have the silty mantle. Also included
are the similar Moland and Blooming soils.

This association is used primarily for row crops. Corn
and soybeans are the principal crops. The major limita-
tion for use is the wetness of the Maxcreek soil but most
areas have been drained.

8. Maxcreek-Blooming-Newry association

Nearly level to gently sloping, very poorly drained to well
drained, silty soils formed in loess mantled, medium tex-
tured glacial till on ground and end moraines

This association consists of nearly level to gently slop-
ing soils on ground and end moraines. The landscape is
one of broad flats, depressions and drainageways, and
slight rises and knolls. The configuration is generally
smoother than in other parts of the survey area, and
differences in elevation between the flats and slight rises
and knolls range from 5 to 15 feet.

This association makes up about 6 percent of the
survey area. It is about 30 percent Maxcreek soils, 25
percent Blooming soils, 17 percent Newry soils, and 28
percent minor soils.

The nearly level, poorly drained and very poorly
drained Maxcreek soil is on broad flats, in depressions,
and in drainageways. Typically, the surface soil is black
and very dark gray, friable silty clay loam about 21
inches thick. The subsoil extends to a depth of 41
inches. The upper part is dark gray, friable silt loam; the
lower part is olive gray, mottled, friable loam. A thin,
discontinuous coarse textured layer, as much as 5
inches thick, commonly separates the upper part of the
subsoil from the lower part of the subsoil. The underlying
material is olive gray, mottled, friable loam that is calcar-
eous.

The gently sloping, well drained Blooming soil is on
knolls. Typically, the surface layer is very dark gray,
friable silt loam about 7 inches thick. The subsurface
layer is dark grayish brown, friable silt loam about 3
inches thick. The subsoil extends to a depth of 50
inches. The upper part is brown, friable silty clay loam;
the lower part is dark yellowish brown and light olive
brown, friable, loam. The underlying material is light olive
brown, friable, calcareous loam.

The nearly level, moderately well drained Newry soil is
on slightly convex rises. Typically, the surface layer is
black, friable silt loam about 8 inches thick. The subsur-
face layer is dark grayish brown, friable silt loam about 4

inches thick. The subsoil extends to a depth of 50
inches. The upper part is dark brown, mottied, friable silt
loam and silty clay loam; the lower part is light olive
brown, mottled, friable clay loam and loam. A thin,
coarse textured layer commonly separates the upper
part of the subsoil from the lower part of the subsoil. The
underlying material is light olive brown, mottled, friable
loam that is calcareous.

Minor soils include small areas of very poorly drained
Glencoe soils in depressions; poorly drained Madelia and
Spicer soils on lacustrine plains and Biscay soils on
ouylwash plains; and similar Merton, Moland, and Havana
soils.

This association is used intensively for row crops and
hay. Corn, soybeans, and alfalfa are the principal crops.
The major limitation for use is the wetness of the Max-
creek soil, but most areas have been drained. Manage-
ment needs also include control of erosion and mainte-
nance of tilth.

9. Maxfield-Skyberg association

Nearly level, poorly drained and somewhat poorly
drained, silty soils formed in loess mantled, medium tex-
tured glacial till on ground moraines

This association consists of nearly level soils on
ground moraines. The landscape is one of broad flats,
drainageways and swales, and slight rises. The configu-
ration is generally smoother than in other parts of the
survey area, and differences in elevation between the
broad flats and slight rises and the drainageways and
swales range from 5 to 15 feet. The drainage pattern is
generally well developed.

This association makes up about 1 percent of the
survey area. It is about 37 percent Maxfield soils, 28
percent Skyberg soils, and 35 percent minor soils (fig. 6).

The poorly drained Maxfield soil is on broad flats and
in drainageways. Typically, the surface soil is black, fri-
able silty clay loam about 18 inches thick. The subsoil
extends to a depth of 42 inches. It is dark gray, friable
silty clay loam in the upper part and olive gray and
yellowish brown, mottled loam in the lower part. A thin,
coarse textured layer, as much as 6 inches thick, com-
monly separates the upper part of the subsoil from the
lower part of the subsoil. The underlying material is yel-
lowish brown, mottled, firm loam that is calcareous.

The somewhat poorly drained Skyberg soil is on slight
rises. Typically, the surface layer is black, friable silt
loam about 7 inches thick. The subsurface layer is dark
grayish brown, friable silt loam about 7 inches thick. The
subsoil extends to a depth of 46 inches. The upper part
is dark grayish brown, mottied, friable silty clay loam; the
lower part is dark grayish brown, mottled, firm loam. The
underlying material is yellowish brown, mottled, firm loam
that is calcareous.

Minor soils include the poorly drained Canisteo soils
around rims of depressions and Marshan soils on
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Figure 6.—Relationship of soils, underlying materials, and landforms in soil association 9.

outwash plains and the moderately well drained Kasson
soils on gently sloping parts of the landscape.

This association is used for row crops and hay. Corn,
soybeans, and alfalfa are principal crops. The major limi-
tation to use is wetness.

Soils formed in outwash materials on
outwash plains and stream terraces

These nearly level to sloping, poorly drained to well
drained soils are on outwash plains and stream terraces.
They formed in medium and moderately coarse textured
materials over sands and sand and gravel under grass
prairie. The present use is dominantly farming; some
areas are used for wildlife and residential development.
This group has good potential as a source of sand and
gravel for construction materials. Three of the soil asso-
ciations are in this group.

10. Biscay-Mayer association

Nearly level, poorly drained, loamy soils formed in
medium textured sediments over coarse textured materi-
al on broad outwash flats and stream terraces

This association consists of nearly level soils on
outwash plains and stream terraces. The landscape is
mainly one of broad flats, drainageways, and slight de-
pressions. Slopes are plane to convex.

This association makes up about 3 percent of the
survey area. It is about 30 percent Biscay soils, 25 per-
cent Mayer soils, and 45 percent minor soils.

Typically, the Biscay soil has a surface soil of black,
friable loam about 22 inches thick. The subsoil extends
to a depth of 40 inches. The upper part is dark grayish
brown and olive gray, mottled, friable loam; the lower
part is grayish brown, mottled sandy loam. The underly-
ing material is olive gray, loose, calcareous coarse sand.

Typically, the Mayer soil has a surface soil of black
and very dark gray, friable loam about 22 inches thick.
The subsoil extends to a depth of 38 inches. It is olive
gray, mottled, friable loam in the upper part and olive
gray, fine sandy loam in the lower part. The underlying
material is olive gray, dark gray, and gray ioamy sand or
coarse sand.

Minor soils include the poorly drained Kalmarville soils
on flood plains; the very poorly drained Muskego and
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Adrian soils in depressions; the well drained Dickinson,
Fairhaven, Estherville, and Lamont soils in slightly higher
lying and more sloping areas. Small areas of Lester soils
are at the edge of the terraces and outwash flats.

This association is used for row crops and pasture.
Corn and soybeans are the principal row crops. The
major limitation is wetness.

11. Dickinson-Estherville-Dakota association

Nearly level to sloping, well drained, loamy soils formed
in moderately coarse textured and medium textured sedi-
ments over coarse textured material on outwash plains
and stream terraces

This association consists of nearly level to sloping
soils on outwash plains and stream terraces. The land-
scape is mainly one of broad flats, knolls, and ridges.
Slopes are mostly simple but are convex in places. Dif-
ferences in elevation between drainageways and the
knolls and ridges range from 5 to 30 feet.

This association makes up about 7 percent of the
survey area. It is about 24 percent Dickinson soils, 22
percent Estherville soils, 17 percent Dakota soils, and 37
percent minor soils.

Typically, the surface layer of the Dickinson soil is very
dark brown, friable fine sandy ioam about 10 inches
thick. The subsoil extends to a depth of 40 inches. The
upper part is dark yellowish brown, friable fine sandy
loam and loam; the lower part is brown, loamy sand. The
underlying material is brown, loose sand.

Typically, the surface layer of the Estherville soil is
very dark brown and very dark grayish brown, very fri-
able sandy loam about 12 inches thick. The subsoil ex-
tends to a depth of 25 inches. The upper part is dark
yellowish brown, very friable, coarse sandy loam; the
lower part is dark yellowish brown, very friable, loamy
coarse sand. The underlying material is grayish brown,
calcareous, gravelly coarse sand.

Typically, the surface layer of the Dakota soil is black,
friable loam about 8 inches thick. The subsoil extends to
a depth of 50 inches. The upper part is dark brown and
dark yellowish brown, friable loam or sandy clay loam;
the lower part is dark yellowish brown, yellowish brown,
and dark brown, loose gravelly sandy loam to gravelly
coarse sand. The underlying material is yellowish brown
and light brownish gray, loose, calcareous gravelly sand
and sand.

Minor soils include the poorly and very poorly drained
Kalmarville soils in flood plains; the very poorly drained
Adrian, Muskego, and Palms soils in depressions; the
poorly drained Biscay and Marshan soils in low flats; and
similar Fairhaven, Lamont, and Chelsea soils. Also in-
cluded are small areas of Lester soils mapped in com-
plex with those soils on outwash plains.

This association is used mostly for row crops, hay, and
pasture. Some areas are used for wildlife and residential
development, and others are used as a source of sand
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and gravel for construction materials. The dominant
crops are corn, soybeans, oats, and alfalfa. The hazard
of erosion is the dominant management concern on the
more sloping soils. In addition, crop production is limited
in some years because most soils have a low to moder-
ate available water capacity. This association probably
has the best potential for community development. How-
ever, the very poorly drained and poorly drained, includ-
ed soils subject to flooding need to be avoided.

12. Marshan-Fairhaven association

Nearly level and gently sloping, poorly drained and well
drained, sifty and loamy soils formed in medium textured
sediments over coarse textured material on outwash
plains and stream terraces

This association consists of nearly level to gently slop-
ing soils on outwash plains and stream terraces. The
landscape is mainly one of broad flats and slight rises.
Differences in elevation between drainageways and the
rises range from 5 to 20 feet.

This association makes up about 4 percent of the
survey area. It is about 17 percent Marshan soils, 16
percent Fairhaven soils, and about 67 percent minor
soils (fig. 7).

The nearly level, poorly drained Marshan soil is on
broad flats. Typically, the surface soil is black and very
dark gray, friable silt loam about 15 inches thick. The
subsoil, to a depth of 32 inches, is dark gray, mottled,
friable silty clay loam, silt loam, and loam. The underlying
material is dark grayish brown, mottled gravelly coarse
sand.

The nearly level to gently sloping, well drained Fairha-
ven soils are on slightly elevated flats and convex rises.
Typically, the surface soil is black and very dark grayish
brown, friable loam about 14 inches thick. The subsoil
extends to a depth of 33 inches. The upper part is dark
yellowish brown, friable loam; the lower part is dark yel-
lowish brown, friable coarse sandy loam. The underlying
material is brown, loose, gravelly coarse sand.

Minor soils include the poorly and very poorly drained
Kalmarville soils on flood plains, the very poorly drained
Adrian soils in depressions, the poorly drained Biscay
soils on low terraces, the somewhat poorly drained Udol-
pho soils and the moderately well drained Hayfield soils
on terraces, and the well drained Lamont soils and the
excessively drained Chelsea soils on rises and terrace
escarpments. Also included are some areas of soils that
are underlain by till and associated Merton, Moland, and
Canisteo soils.

This association is used primarily for row crops, hay,
and pasture. The dominant crops are corn, soybeans,
and alfalfa. The hay and pasture are more extensive on
included flood plains and droughty terrace escarpments.
The wetness of the Marshan soil is the dominant limita-
tion to use. A few areas in this association have good
potential as a source of sand and gravel.
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Figure 7.—Relationship of soils, underlying materials, and landforms in soil association 12.

Soils formed in organic material and
loamy sediments on lake plains and in
depressions on uplands

These nearly level, very poorly drained soils formed in
decomposed organic material and loamy sediments of till
or lacustrine materials. Native vegetation was reeds and
sedges. The dominant use is for truck crops. If properly
managed these soils have good potential for this use, as
well as for row crops commonly grown in the county.
One soil association is in this group.

13. Paims-Muskego-Blue Earth association

Nearly level, very poorly drained, mucky and silty soils
formed in organic material and loamy sediments in
former lake basins and depressions on uplands

This association consists of nearly level soils in former
lake basins and depressions in the uplands. The basins
and depressions filled with mineral sediments. Later, in

most places, organic material accumulated over the sedi-
ments.

This association makes up about 5 percent of the
survey area. It is about 45 percent Palms soils, about 20
percent Muskego soils, about 15 percent Blue Earth
soils, and 20 percent minor soils.

Typically, the surface soil of the Palms soil is black,
very friable, muck (sapric material) about 19 inches thick.
The next layer is black, mottled, friable silt loam about 5
inches thick. The subsoil extends to a depth of 40
inches. The upper part is olive gray, friable loam; the
lower part is olive gray, mottled, friable silt loam. The
underlying material is dark gray, mottled, friable silty clay
loam that is calcareous.

Typically, the surface soil of the Muskego soil is black,
very friable, muck (sapric material) about 22 inches thick.
The underlying material is very dark grayish brown and
gray, very friable, neutral to moderately alkaline copro-
genous earth.

Typically, the surface layer of the Blue Earth soil is
very dark gray, very friable silt loam (limnic material)
about 12 inches thick. The next layer is dark gray and
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olive gray, mottled, very friable silt loam. The underlying
material is dark gray, mottled, friable silty clay loam.

Minor soils include the poorly drained Dassel, Hanska,
Lemond, Madelia, Maxcreek, and Spicer soils and the
well drained Merton, Dickinson, and Estherville soils. All
of these are in mineral areas within the lake basin
around the outer edges of depressions.

This association has been developed and used exten-
sively for truck crops and row crops commoniy grown in
the county. A few areas remain in native vegetation and
are used for wildlife. Wetness and flooding are major
limitations that are being overcome by extensive devel-
opment. The area is known as unique for its truck crops.

Broad land-use considerations

The soils in Freeborn County vary widely in their po-
tential for major land uses. Farming is the dominant
enterprise in the county, and fortunately the major soils
have good potential for cropland. Associations 1, 2, 7, 8,
and 9 are used intensively for growing row crops and are
well suited to this use. Associations 3, 4, 5 and 6 are
also well suited to growing crops, but management is
needed to prevent erosion.

Because of present conditions there is not much inter-
est in woodland development. Associations 5 and 6 have
good potential for woodland.

Potential for wildlife habitat is good throughout the
county. Wildlife habitat is most fully developed in associ-
ations 4, 5, 11, and 12, which have a variety of condi-
tions and habitat types.

Only a small part of the county is classified as urban
or built-up areas. Soil association 11 has the best poten-
tial for further urban development provided parts of in-
cluded areas that are subject to flooding are avoided.
Association 6 has been used for urban development. It
has fair potential for this use provided limitations of wet-
ness, soil strength, and slope are properly overcome.
Associations 1, 2, 9, 10 and 13 have poor potential for
all types of urban development because they are limited
by wetness.

Soil maps for detailed planning

The map units on the detailed soil maps at the back of
this survey represent the soils in the survey area. The
map unit descriptions in this section, along with the soil
maps, can be used to determine the suitability and po-
tential of a soil for specific uses. They also can be used
to plan the management needed for those uses. More
information on each map unit, or soil, is given under
“Use and management of the soils.”

Each map unit on the detailed soil maps represents an
area on the landscape and consists of one or more soils
for which the unit is named.
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A symbol identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil, a brief description of the sail
profile, and a listing of the principal hazards and limita-
tions to be considered in planning management. The
descriptions are in numerical order by map symbol.

Soils that have profiles that are almost alike make up
a soil series. Except for differences in texture of the
surface layer or of the underlying material, all the soils of
a series have major horizons that are similar in composi-
tion, thickness, and arrangement.

Soils of one series can differ in texture of the surface
layer or of the underlying material. They also can differ in
slope, stoniness, salinity, wetness, degree of erosion,
and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soif
phases. Most of the areas shown on the detailed soil
maps are phases of soil series. The name of a soil
phase commonly indicates a feature that affects use or
management. For example, Canisteo clay loam is one of
several phases in the Canisteo series.

Some map units are made up of two or more major
soils. Such a map unit is called a soil complex.

A soil complex consists of two or more soils in such
an intricate pattern or in such small areas that they
cannot be shown separately on the soil maps. The pat-
tern and proportion of the soils are somewhat similar in
all areas. Cordova-Barbert complex is an example.

Most map units include small scattered areas of soils
other than those for which the map unit is named. Some
of these included soils have properties that differ sub-
stantially from those of the major soil or soils. Such
differences could significantly affect use and manage-
ment of the soils in the map unit. The included soils are
identified in each map unit description. Some small areas
of strongly contrasting soils are identified by a special
symbol on the soil maps.

This survey includes miscellaneous areas. Such areas
have little or no soil material and support little or no
vegetation. Pits, gravel, is an example. Miscellaneous
areas are shown on the soil maps. Some that are too
small to be shown are identified by a special symbol on
the soil maps.

Table 3 gives the acreage and proportionate extent of
each map unit. Other tables (see “Summary of tables”)
give properties of the soils and the limitations, capabili-
ties, and potentials for many uses. The Glossary defines
many of the terms used in describing the soils.

5—Dakota loam, 0 to 2 percent slopes. This nearly
level soil is well drained. It is on broad flats in areas of
glacial outwash plains and stream terraces. Individual
areas have nearly level, plane slopes. They range from 5
to 60 acres. ‘

Typically, the surface layer is black, friable loam about
8 inches thick. The subsoil extends to a depth of 50
inches. The upper part is dark brown and dark yellowish
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brown, friable loam or sandy clay loam; the lower part is
dark yellowish brown, yellowish brown, and dark brown
gravelly sandy loam to gravelly coarse sand. The under-
lying material is yellowish brown and light brownish gray,
calcareous gravelly sand and fine sand. In Oakland and
London townships, some Dakota soils have calcareous,
loamy glacial till within 60 inches of the surface.

Included with this soil in mapping are small areas of
the well drained Estherville and Lamont soils on small
knolls and the poorly drained Biscay and Hanska soils in
draws and drainageways. These inclusions make up 10
to 15 percent of the map unit.

Permeability is moderate in the upper part of the pro-
file and rapid in the underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of the surface layer is medium acid. The content of
organic matter is moderate, and natural fertility is
medium.

Most areas of this soil are used for row crops. This
soil has fair to good potential for crops, hay, pasture,
and windbreaks and environmental plantings. It has good
potential for building site development and poor potential
for most sanitary facilities. It has good potential for open-
land wildlife habitat and recreation.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. Droughtiness
causes crop damage in years when rainfall is light; sup-
plemental irrigation could improve yields. Delaying tillage
until spring helps to prevent erosion caused by wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion caused by wind
can be avoided by preparing the site in the spring before
planting. Droughtiness of this soil reduces the number of
species that grow well and causes seedling mortality in
new plantings. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil, in general, has poor potential for sanitary
facilities because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid in the underlying material,
pollution is a hazard. This soil has good potential for
building site development. Most soil characteristics are
favorable, and the soil is easy to work. Caving of excava-
tion walls is, however, a hazard. This can be prevented
by using retaining walls or sloping the excavation banks.

‘This soil is in capability subclass Ils.

5B—Dakota loam, 2 to 6 percent slopes. This gently
sloping soil is well drained. It is on knolls and ridges of
glacial outwash plains and stream terraces. The length
of slope ranges from 75 to 150 feet. Individual areas
have convex slopes and range from 3 to 50 acres in
size.

SOIL SURVEY

Typically, the surface layer is black, friable loam about
8 inches thick. The subsoil extends to a depth of 50
inches. The upper part is dark brown and dark yellowish
brown, friable loam or sandy clay loam; the lower part is
dark yellowish brown, yellowish brown, -and dark brown
gravelly sandy loam to gravelly coarse sand. The under-
lying material is yellowish brown and light brownish gray,
calcareous gravelly sand and sand. In Oakland and
London Townships, some Dakota soils have calcareous,
loamy glacial till within a depth of 60 inches.

Included with this soil in mapping are small areas of
the excessively drained and calcareous Salida soils on
the convex slopes, the well drained Estherville soils on
the small knolls, and the well drained Lamont soils and
the poorly drained Biscay and Hanska soils in the draws
and drainageways. These inclusions make up 10 to 15
percent of the map unit.

Permeability is moderate in the upper part of the pro-
file and rapid in the underlying material. Surface runoff is
medium, and available water capacity is moderate. Reac-
tion of the surface layer is medium acid. The content of
organic matter is moderate, and natural fertility is
medium.

Most areas of this soil are used for row crops. This
soil has fair to good potential for crops, hay, pasture,
and for windbreaks and environmental plantings. It has
good potential for building site development and poor
potential for most sanitary facilities. It has good potential
for openland wildlife habitat and most recreational uses.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface;
and if conservation measures are used. Droughtiness
causes crop damage in years when rainfall is light; sup-
plemental irrigation could improve yields. Delaying tillage
until spring helps prevent erosion caused by wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion caused by wind
can be avoided by preparing the site in the spring before
planting. Droughtiness of this soil reduces the number of
species that grow well and causes seedling mortality in
new plantings. Weeds and grasses can be controiled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil, in general, has poor potential for sanitary
facilities because of seepage and the hazard of polluting
ground water. Septic systems function properly; but be-
cause permeability is rapid in the underlying material,
pollution is a hazard. This soil has good potential for
building site development. Most soil characteristics are
favorable, and the soil is easy to work. Caving or slough-
ing of excavation walls, however, is a hazard. This can
be prevented by using retaining walls or sloping the
excavation banks.

This soil is in capability subclass lle.



FREEBORN COUNTY, MINNESOTA

5C—Dakota loam, 6 to 14 percent slopes. This slop-
ing to moderately steep soil is well drained. It is on
knolls, side slopes, and ridges of glacial outwash plains
and stream terraces. Slopes are convex and range from
50 to 150 feet in length. Individual areas range from 3 to
30 acres in size.

Typically, the surface layer is black, friable loam about
7 inches thick. The subsoil extends to a depth of 47
inches. The upper part is dark brown and dark yellowish
brown, friable loam or sandy loam; the lower part is
mottled dark yellowish brown, dark brown, and brown
loamy coarse sand and gravelly coarse sand. The under-
lying material is yellowish brown and light grayish brown,
loose, calcareous sand. in Oakland and London Town-
ships, some Dakota soils have calcareous, loamy glacial
til within a depth of 60 inches.

Included with this soil in mapping are small areas of
the excessively drained and calcareous Salida soils on
the convex slopes, the well drained Estherville soils on
the small knolls, the well drained Lamont soils and the
poorly drained Biscay and Hanska soils in the draws and
drainageways. Also included are a few areas of soils that
have steeper slopes. These inclusions make up 10 to 15
percent of the mapping unit.

Permeability is moderate in the upper part of the pro-
file and rapid in the underlying material. Surface runoff is
medium to rapid, and available water capacity is moder-
ate. Reaction of the surface layer is medium acid. The
content of organic matter is moderate, and natural fertil-
ity is medium.

Most areas of this soil are used for row crops, but
some areas are in hay and pasture. This soil has fair
potential for crops, hay, pasture, and for windbreaks and
environmental plantings. It has fair potential for building
site development and most recreational uses and poor
potential for most sanitary facilities. It has good potential
for openland wildlife habitat.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Droughtiness causes crop damage in years
when rainfall is light. Delaying tillage until spring is desir-
able to prevent erosion caused by wind.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be avoided by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil in general has poor potential for sanitary
facilities because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid in the underlying material,
pollution is a hazard. This soil has good potential for
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building site development. Except for the slope, most soil
characteristics are favorable, and the soil is easy to
work. Caving or sloughing of excavation walls is, howev-
er, a hazard. This can be prevented by using retaining
walls or sloping the excavation banks. -

This soil is in capability subclass llle.

23—Skyberg silt loam. This nearly level soil is some-
what poorly drained. It is on flats, in drainageways, and
on slight rises of silt-mantled, till plains in uplands. Indi-
vidual areas have slightly concave to slightly convex
slopes. They are from 3 to 100 acres.

Typically, the surface layer is black, friable silt loam
about 7 inches thick. The subsurface layer is dark gray-
ish brown, friable silt loam about 7 inches thick. The
subsoil extends to a depth of 46 inches. The upper part
is dark grayish brown, mottled, friable silty clay loam; the
lower part is dark grayish brown, mottled, firm loam. The
underlying material is yellowish brown, mottled, firm loam
that is calcareous. In some areas the subsoil is dense
clay.

Included with this soil in mapping are small areas of
the poorly drained Maxfield soils along drainageways and
the moderately well drained Kasson soils on slight
convex rises. These inclusions make up 5 to 15 percent
of the map unit.

Permeability is slow or moderately slow. Surface runoff
is slow, and available water capacity is high. Reaction of
the surface layer is slightly acid. The content of organic
matter is moderate, and natural fertility is medium. The
seasonal high water table is at a depth of 1 to 3 feet in
the spring and during wet periods, except in those areas
that have been artificially drained.

Most areas of this soil are used for row crops. This
soil has fair to good potential for growing crops, hay,
pasture, and woodland. It has fair to poor potential for
windbreaks, some wildlife habitat, and recreation. It has
poor potential for building site development and sanitary
facilities.

This soil is well suited to cropping if it is adequately
drained and fertilized and if all crop residue is returned to
the surface. The surface layer has a tendency to crust
and puddle after hard rains; however, the use of crop
residue helps reduce crusting. This soil dries out and
warms up very slowly in the spring. Subsurface drainage
is needed. If tile drainage is used the tile should be
closely spaced because permeability is slow in some
areas. Onsite investigation may be needed before install-
ing subsurface drainage. If the soil is tilled in the fall,
freezing and thawing during winter breaks clods and im-
proves the tilth of the seedbed in spring.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and restrict-
ed rooting depth reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
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ings. In many years this soil is too wet to work in early
spring without causing clodding. Preparing the site during
the fall before planting avoids this wetness. Weeds and
grasses can be controliled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness and low strength. This soil is
best suited to dwellings and small buildings without
basements. Artificial drainage to control the water table
is needed. Foundations and footings need to be de-
signed to prevent structural damage caused by wetness
and low strength. Standard septic tank absorption fields
are not recommended on this soil because it has a
seasonal high water table and moderately slow or slow
permeability. In some places, mound type absorption
fields may be suitable. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material; in addition, surface water needs
to be removed.

This soil is in capability subclass llw.

24B—Kasson silt loam, 1 to 4 percent slopes. This
nearly level to gently sloping soil is moderately well
drained. it is on small flats and slight rises of loess-
covered till plains in uplands. Individual areas have
convex slopes. They range from 3 to 50 acres.

Typically, the surface layer is black, friable silt loam
about 8 inches thick. The subsurface layer is dark gray-
ish brown, friable silt loam about 4 inches thick. The
subsoil extends to a depth of 46 inches. It is dark brown,
mottled, friable silty clay loam in the upper part and
brown and yellowish brown, mottled, firm loam in the
lower part. The underlying material is yellowish brown,
mottled, firm loam.

Included with this soil in mapping are small areas of
the poorly drained Maxfield soils that are on the lower
lying flats and in drainageways and the somewhat poorly
drained Skyberg soils on the broad flats. These inclu-
sions make up 5 to 15 percent of the map unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. Reaction of the
surface layer is slightly acid. The content of organic
matter is moderate, and natural fertility is medium. The
seasonal high water table is at depths of 2 to 4 feet in
the spring and during wet periods.

Most areas of this soil are used for row crops. This
soil has good potential for crops, hay, pasture, wood-
land, and windbreaks and environmental plantings. It
also has good potential for upland and woodland wildlife
habitat and for most recreational uses. It has fair poten-
tial for building site development and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are installed to control
erosion. The use of crop residue helps to reduce the
tendency of the surface layer to puddle and crust after

SOIL SURVEY

hard rains. Fall tillage permits rapid preparation of a
seedbed and improved tilth in spring. Because included
soils are poorly drained or somewhat poorly drained and
this Kasson soil is seasonally wet, some drainage is
beneficial. -

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting controls weeds and allows the seedbed to be
worked in early spring without causing clodding. Weeds
and grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opments because wetness and low strength are limita-
tions. Artificial drainage to control the water table is
needed to prevent damage to buildings. Foundations and
footings need to be designed to prevent structural
damage caused by low strength. Standard septic tank
absorption fields are not recommended on this soil be-
cause of the moderately slow permeability. In some
places, mound type absorption fields may be suitable.

This soil is in capability subclass lle.

27—Dickinson fine sandy loam, 0 to 2 percent
slopes. This nearly level soil is well drained. It is on
broad, outwash flats. Individual areas range from 5 to 80
acres in size and have plane and convex slopes.

Typically, the surface layer is very dark brown, friable
fine sandy loam about 10 inches thick. The subsoil ex-
tends to a depth of 40 inches. The upper part is dark
brown and dark yellowish brown fine sandy loam; the
lower part is brown, loamy sand. The underlying material
is brown and dark yellowish brown sand.

Included with this soil in mapping are small areas of
the poorly drained Hanska soils in the draws and depres-
sions and the well drained Estherville soils and the ex-
cessively drained Chelsea soils which are on side slopes
or small rises. These inclusions make up 2 to 12 percent
of the map unit.

Permeability is moderately rapid in the surface layer
and upper part of the subsoil and rapid in the lower part
of the subsoil and in the underlying material. Surface
runoff is slow, and available water capacity is moderate.
Reaction of the surface layer is medium acid. The con-
tent of organic matter is moderate, and natural fertility is
medium.

Most areas of this soil are used for row crops. This
soil has good potential for growing cultivated crops, hay,
pasture, and trees and shrubs for windbreaks. It has
good potential for recreational use and for openiand
wildlife habitat. It has poor potential for most sanitary
facilities but good potential for building site development.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. Droughtiness
causes crop damage in years of low rainfall; supplemen-



FREEBORN COUNTY, MINNESOTA

tal irrigation could improve yields. Delaying tillage until
spring helps to prevent erosion caused by wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion caused by wind
can be avoided if the site is prepared in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil in general has poor potential for sanitary
facilities because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building site development.
Most soil characteristics are favorable, and the soil is
easy to work. Caving or sloughing of excavation walls is
a hazard. This can be prevented by using retaining walls
or sloping the excavation banks.

This soil is in capability subclass lls.

27B—Dickinson fine sandy loam, 2 to 6 percent
slopes. This gently sloping soil is well drained. It is on
circular hilltops and knolls of till plains and moraines in
uplands. Individual areas of the unit have convex slopes.
They range from 3 to 50 acres in size.

Typically, the surface layer is very dark brown, friable
fine sandy loam about 10 inches thick. The subsoil ex-
tends to a depth of 40 inches. The upper part is dark
yellowish brown, friable fine sandy loam; the lower part is
brown, loamy sand. The underlying material is brown,
loose sand.

Included with this soil in mapping are small areas of
the poorly drained Hanska soils in draws and depres-
sions; the somewhat poorly drained Linder soils on small
flats; the well drained Estherville soils and the excessive-
ly drained Chelsea soils, which are on the side slopes or
small rises within the area. These inclusions make up 2
to 12 percent of the map unit.

Permeability is moderately rapid in the surface layer
and upper part of the subsoil and rapid in the lower part
of the subsoil and in the underlying material. Surface
runoff is medium, and available water capacity is moder-
ate. Reaction of the surface layer is medium acid. The
content of organic matter is moderate, and natural fertil-
ity is medium.

Most areas of this soil are used for row crops. This
soil has good potential for cultivated crops, hay, pasture,
and trees and shrubs for windbreaks. It has good poten-
tial for recreational use and for openland wildlife habitat.
It has poor potential for most sanitary facilities and good
potential for building site development.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. Droughtiness
causes crop damage in years when rainfall is light, and
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supplemental irrigation could improve yields. Delaying til-
lage until spring helps to prevent erosion caused by
wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion can be avoided
by preparing the site in the spring before planting.
Droughtiness of this soil reduces the number of species
that grow well and causes seedling mortality in new
plantings. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil generally has poor potential for sanitary facili-
ties hecause of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building site development.
Most soil characteristics are favorable, and the soil is
easy to work. Caving or sloughing of excavation walls,
however, is a hazard. This can be prevented by using
retaining walls or sioping the excavation banks.

This soil is in capability subclass lle.

27C—Dickinson fine sandy loam, 6 to 16 percent
slopes. This sioping and moderately steep soil is well
drained. It is on knolls and side slopes of till plains in
uplands. Individual areas have convex slopes. They
range from 3 to 30 acres.

Typically, the surface layer is very dark brown, friable
fine sandy loam about 8 inches thick. The subsoil ex-
tends to a depth of 35 inches. The upper part is dark
yellowish brown, friable fine sandy loam; the lower part is
brown, loose loamy sand. The underlying material is
brown sand.

Included with this soil in mapping are small areas of
the poorly drained Hanska and Biscay soils in the draws;
the somewhat poorly drained Linder soils on small flats;
and the well drained Estherville soils and the excessively
drained Chelsea soils, which are on the side slopes or
small hills. Also included are a few areas of steeper
soils. These inclusions make up 2 to 12 percent of the
map unit.

Permeability is moderately rapid in the surface layer
and subsoil and rapid in the underlying material. Surface
runoff is medium to rapid, and available water capacity is
moderate. Reaction of the surface layer is medium acid.
The content of organic matter is moderate, and natural
fertility is medium.

Most areas of this soil are used for row crops, but
some areas are in hay and pasture. This soil has fair to
good potential for cultivated crops, hay, pasture, and
windbreaks. It has poor potential for sanitary facilities,
but it has good potential for building site development,
most recreational use, and openland wildlife habitat.

This soil is fairly well suited to limited cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and conservation measures are used. Droughti-
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ness causes crop damage in years when rainfall is light.
The delay of tillage until spring helps to prevent erosion
caused by wind.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be controlled by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes mortality of
seedlings in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of poliuting
ground water. Septic systems function properly; but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building development. Except
for slope, most soil characteristics are favorable, and the
soil is easy to work. The limitation of slope can be
overcome by proper design. Caving or sloughing of exca-
vation walls is a hazard. This can be prevented by using
retaining walls or sloping the excavation banks.

This soil is in capability subclass IVe.

35—Blue Earth silt loam. This nearly level soil is very
poorly drained. It is on broad flats in areas of glacial lake
plains. Individual areas have plane slopes. They range in
size from 20 to 100 acres in size. This soil is subject to
flooding.

Typically, the surface layer is very dark gray, very
friable silt loam limnic material about 12 inches thick.
The next layer is dark gray and olive gray, mottled, very
friable silt loam. The underlying material is dark gray,
mottled, friable silty clay loam.

Included with this soil in mapping are small areas of
the very poorly drained organic Palms soil; the very
poorly drained Wacousta soils, which do not have the
carbonates in the surface layer; and the poorly drained
Fieldon soils, which do not have the concentration of
carbonates and which have greater content of minerals
in the surface and subsurface layers than the Blue Earth
soil has. These inclusions make up 5 to 15 percent of
the map unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. This soil has an
excessive amount of lime. Reaction of the surface layer
is moderately alkaline. The content of organic matter is
high, and natural fertility is high. This soil has an exces-
sive amount of lime. The seasonal high water table is at
surface level to a depth of 1 foot in the spring and during
wet periods, except in those areas that have been artifi-
cially drained.

Most areas of this soil are drained and used for vege-
table crops. Some of the speciality crops are asparagus,
potatoes, and onions. This soil has good potential for
growing vegetable crops. It has poor potential for wind-
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breaks and poor potential for building site development
and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. If crop growth is poor after adequate drain-
age has been provided, then liberal amounts of potas-
sium and phosphorus are needed in fertilizers. These
nutrients help correct the imbalance of fertility caused by
the high content of lime. The ground water, in some
places, contains enough iron oxide to seal tile lines. If
the soil is tilled in fall, freezing and thawing during winter
breaks clods and improves the tilth of the seedbed in
spring.

This soil is poorly suited to trees and shrubs used for
windbreaks. The combination of wetness and high lime
content reduces the number of species that grow weli.
The excessive lime in the soil interferes with the intake
of nutrients in many woody plants. Chlorosis, which in
this case is caused by a deficiency of available iron
occurs in many trees and shrubs. This condition is best
handled by planting trees and shrubs that are tolerant of
a high content of lime in the soil. Drainage lowers the
seasonal high water table and allows deeper rooting.
Site preparation should be completed during the fall
before planting, because in many years this soil is too
wet to work in early spring without causing clodding.
Weeds and grasses can be controlied in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

This soil has poor potential for building site develop-
ment because wetness, flooding, and low strength are
limitations. This soil is better suited to dwellings and
small buildings without basements than to those with
basements. Artificial drainage to control surface water is
needed. Foundations and footings need to be designed
to prevent structural damage caused by low strength.
Standard septic tank absorption fields are not recom-
mended because this soil has a seasonal high water table
and is subject to flooding. If local roads are to function
properly, this soil needs to be covered with a suitable base
material; in addition, surface water needs to be removed
by adequately designed road ditches.

This soil is in capability subclass lllw.

41—Estherville sandy loam, 0 to 2 percent slopes.
This nearly level soil is well drained. It is on broad flats
in areas of glacial outwash plains and stream terraces.
Individual areas have plane and convex slopes. They
range from 5 to 200 acres.

Typically, the surface soil is very dark brown and very
dark grayish brown, very friable sandy loam about 12
inches thick. The subsoil extends to a depth of 25
inches. The upper part is dark yellowish brown, very
friable coarse sandy loam; the lower part is dark yellow-
ish brown, very friable loamy coarse sand. The underly-
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ing material is grayish brown, calcareous gravelly coarse
sand. In a few areas the underlying material is sand.

Included with this soil in mapping are small areas of
the poorly drained Biscay and Hanska soils in drain-
ageways and depressions and the excessively drained
Salida soils on small rises and side slopes. These inclu-
sions make up 2 to 15 percent of the map unit.

Permeability is moderately rapid in the surface layer
and in the upper part of the subsoil and rapid in the
lower part of the subsoil and in the underlying material.
Surface runoff is slow, and available water capacity is
low. Reaction of the surface layer is slightly acid. The
content of organic matter is moderate, and natural fertil-
ity is medium.

Most areas of this soil are used for row crops or are in
hay. This soil is a good source of sand and gravel. it has
fair potential for crops, hay, pasture, and trees and
shrubs for windbreaks. It has good potential for building
site development and recreation and fair potential for
upland wildlife habitat. It has poor potential for sanitary
facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used.
Droughtiness causes crop damage in years when rainfall
is light, and supplemental irrigation improves yields. De-
laying tillage until spring helps to prevent erosion caused
by wind.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be controlled by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This scil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of polluting
ground water. Septic systems function properly, but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building site development.
Most soil characteristics are favorable, and the soil is
easy to work. Caving or sloughing of excavation walls,
however, is a hazard. This can be prevented by using
retaining walls or sloping the excavation banks.

This soil is in capability subclass llis.

41B—Estherville sandy loam, 2 to 6 percent
slopes. This gently sloping soil is well drained. It is on
side slopes and knolls of glacial outwash plains and
stream terraces. Individual areas have convex slopes.
They range from 3 to 30 acres.

Typically, the surface layer is very dark brown and very
dark grayish brown, very friable sandy loam about 12
inches thick. The subsoil extends to a depth of 25
inches. The upper part is dark yellowish brown, very
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friable coarse sandy loam; the lower part is dark yellow-
ish brown, very friable loamy coarse sand. The underly-
ing material is grayish brown, calcareous gravelly coarse
sand. In a few areas the underlying material is sand.

Included with this soil in mapping are small areas of
the poorly drained Biscay and Hanska soils in drain-
ageways and depressions; the somewhat poorly drained
Linder soils that are level; and the excessively drained
Salida soils, which are on small rises and side slopes.
These inclusions make up 2 to 15 percent of the map
unit.

Permeability is moderately rapid in the surface layer
and upper part of the subsoil and rapid in the lower part
of the subsoil and in the underlying material. Surface
runoff is medium, and available water capacity is low.
Reaction of surface layer is slightly acid. The content of
organic matter is moderate, and natural fertility is
medium.

Most areas of this soil are being used for row crops or
are in hay. This soil is a good source of sand and gravel.
It has fair potential for crops, hay, pasture, and trees and
shrubs for windbreaks. It has good potential for most
building site development and recreational use and fair
potential for upland wildlife habitat. It has poor potential
for sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used.
Droughtiness causes crop damage in years when rainfall
is light. Supplemental irrigation improves yields. Delaying
tilage until spring helps to prevent erosion caused by
wind.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be controlled by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building site development.
Most soil characteristics are favorable, and the soil is
easy to work. Caving or sloughing of excavation banks,
however, is a hazard. This can be prevented by using
retaining walls or sloping the excavation banks.

This soil is in capability subclass lils.

41C—Estherville sandy loam, 6 to 12 percent
slopes. This sloping soil is somewhat excessively
drained. It is on knolls and side slopes of glacial outwash
plains and stream terraces. Individual areas have convex
slopes. They range from 3 to 30 acres in size.
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Typically, the surface layer is very dark brown and very
dark grayish brown, very friable sandy loam about 10
inches thick. The subsoil extends to a depth of 20
inches. The upper part is dark yellowish brown, very
friable coarse sandy loam; the lower part is dark yellow-
ish brown, very friable loamy coarse sand. The underly-
ing material is grayish brown, calcareous gravelly coarse
sand.

Included with this soil in mapping are small areas of
the poorly drained Biscay and Hanska soils in drain-
ageways; the somewhat poorly drained Linder soils that
are level; and excessively drained Salida soils, which are
on small hills and side slopes. These inclusions make up
2 to 15 percent of the map unit.

Permeability is moderately rapid in the surface layer
and in the upper part of the subsoil and rapid in the
lower part of the subsoil and in the underlying material.
Surface runoff is medium to rapid, and available water
capacity is low. Reaction of the surface layer is slightly
acid. The content of organic matter is moderate, and
natural fertility is medium.

Most areas of this soil are used for crops or are in
hay. This soil is a good source for sand and gravel. It
has fair potential for crops, hay, pasture, and wind-
breaks. It has good potential for most building site devel-
opment. It has poor potential for sanitary facilities. It has
fair potential for most recreational uses and for upland
wildlife habitat.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to pre-
vent erosion. Droughtiness causes crop damage in most
years. Such management practices as minimum tillage,
which improve water intake and control erosion from
both wind and water, are needed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be controlled by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building site development.
Except for the slope, most soil characteristics are favora-
ble, and the soil is easy to work. The limitation of slope
can be overcome by proper design. Caving or sloughing
of excavation walls, however, is a hazard. This can be
prevented by using retaining walls or sloping the excava-
tion banks.

This soil is in capability subclass 1Vs.
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41D—Estherville sandy loam, 12 to 18 percent
slopes. This moderately steep soil is well drained. It is
on knolls and side slopes of glacial outwash plains and
stream terraces. Length of slope ranges from 50 to 150
feet. Individual areas have convex slopes. They range
from 3 to 20 acres.

Typically, the surface layer is very dark brown and very
dark grayish brown, very friable sandy loam about 10
inches thick. The subsoil extends to a depth of 18
inches. The upper part is dark yellowish brown, very
friable coarse sandy loam; the lower part is dark yellow-
ish brown, very friable loamy coarse sand. The underly-
ing material is grayish brown, calcareous, loose gravelly
coarse sand. In some areas the subsoil is loam, and in
some areas the underlying material is sand.

Included with this soil in mapping are small areas of
the excessively drained Salida soils intermingled with the
Estherville soil. These inclusions make up 2 to 10 per-
cent of the map unit.

Permeability is moderately rapid in the surface layer
and upper part of the subsoil and rapid in the lower part
of the subsoil and in the underlying material. Surface
runoff is rapid, and available water capacity is low. Reac-
tion of surface layer is slightly acid. The content of or-
ganic matter is moderate, and natural fertility is medium.

Most areas of this soil are in hay or pasture. A few
areas are cropped. This soil is a good source for sand
and gravel. It has fair potential for hay and pasture but
poor potential for cultivated crops and for windbreaks
and environmental plantings. It has fair potential for most
building site development and for most recreational uses.
It has poor potential for openland wildlife habitat.

This soil is mostly used for pasture and hay. The few
areas that have been cultivated are too droughty for
corn. Pasture can be improved by deferred and rotational
grazing. These practices increase grass growth and
reestablish a balance between cool and warm season
grasses. Brush and weed control and fertilization also
help improve growth of grass.

Windbreaks established on this soil provide livestock
shelter and wildlife habitat. This soil is too steep for field
windbreaks. Choice of trees and shrubs is limited to
drought-tolerant species. Seedlings of trees and shrubs
need to be watered and competing vegetation controlled
to obtain the best survival and growth rate.

This soil generally has poor potential for sanitary facili-
ties because of slope, seepage, and hazard of polluting
ground water. Septic systems function properly if they
are designed to fit the slope; but, because permeability is
rapid, poliution is a hazard. This soil has fair potential for
building site development. Except for slope most soil
characteristics are favorable, and the soil is easy to
work. The moderately steep slope is a limitation that can
be overcome by special design and proper location.
Caving or sloughing of excavation walls is a hazard. This
can be prevented by using retaining walls or sloping the
excavation banks.
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This soil is in capability subclass Vis.

42D—Salida soils, 12 to 25 percent slopes. These
hilly to steep soils are excessively drained. They are on
gravelly knolls, sharply convex knolls, and side slopes of
glacial outwash plains and stream terraces. Length of
slope ranges from 75 to 200 feet. Individual areas have
concave and convex slopes, which are simple and com-
plex. These areas range from 3 to 20 acres.

Typically, the surface layer is very dark grayish brown,
friable gravelly coarse sand to gravelly sandy loam about
10 inches thick. The underlying material is brown and
yellowish brown, loose, calcareous gravelly coarse sand.
In some areas there is a thin subsoil.

Included with these soils in mapping are small areas of
the well drained Lamont and Dickinson soils. These soils
are deeper to gravelly underlying material than the Salida
soils or they do not have gravel. These inclusions make
up 10 to 15 percent of the map unit.

Permeability is very rapid. Surface runoff is rapid to
very rapid, and available water capacity is very low. Re-
action of the surface layer is mildly alkaline. The content
of organic matter is moderately low, and natural fertility
is low.

Most areas of these soils are in hay or pasture. A few
areas are cropped. These soils are a good source for
sand and gravel. Potential is poor for crops, hay, pas-
ture, and windbreaks and environmental plantings. It is
poor for building site development and sanitary facilities.
It is poor for recreational uses and wildlife habitat.

These soils are generally not used for crops. Some
small areas are cropped along with other soils, because
it is not practical to manage them separately. These soils
are too droughty to grow corn because they have very
low available water capacity. They are better used as
pasture. Because many areas have been overgrazed,
native grasses have declined in vigor and abundance.
Proper grazing use, deferred grazing, and a planned
grazing system would improve production.

These soils are poorly suited to trees and shrubs used
for windbreaks. Droughtiness reduces the number of
species that grow well and causes seedling mortality in
new plantings. Trees and shrubs provide limited shelter
for livestock and wildlife, but these soils are too steep for
field windbreaks.

These soils generally have poor potential for sanitary
facilities because of slope, seepage, and hazard of pol-
luting ground water. Septic systems function properly if
designed to fit the slope; but, because permeability is
very rapid, pollution is a hazard. Potential is poor for
building site development. Most soil characteristics are
favorable, and the soils are easy to work, but steep
slopes are a limitation. Caving or sloughing of excavation
walls is also a hazard.

These soils are in capability subclass Vls.
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62—Barrington silt loam, 1 to 3 percent slopes.
This nearly level to gently sloping soil is moderately well
drained. It is on flats. Individual areas have both slightly
concave and slightly convex slopes. They range from 2
to 10 acres. .

Typically, the surface soil is very dark gray, friable silt
loam about 15 inches thick. The subsoil extends to a
depth of 44 inches. It is dark grayish brown and grayish
brown, mottled, friable silty clay loam. The underlying
material to a depth of 60 inches, is grayish brown siity
clay loam and loam.

Included with this soil in mapping are small areas of
the poorly drained Webster, Madelia, and Spicer soils.
The Webster and Madelia soils are wetter and in more
level areas, and the slightly calcareous Spicer soils are
on rises. Also included are areas of the well drained
Grays soils on slightly convex slopes. The inclusions
make up 2 to 10 percent of the map unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is medium acid. The content of organic matter is
high and natural fertility is high. The seasonal high water
table is at a depth of 3 to 6 feet in the spring and during
wet periods.

Most areas of this soil are used for row crops. This
soil has good potential for crops, hay, pasture, and trees
and shrubs. It also has good potential for upland and
woodland wildlife habitat and for most recreational uses.
It has fair potential for most building site development
and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately fertilized and if all crop residue is returned to
the surface. It has few limitations to use. Because of the
included soils and seasonal wetness, some drainage is
recommended.

This soil is well suited to trees and shrubs used for
windbreaks. Site preparation needs to be completed the
fall before planting to control weeds and to improve the
seedbed so that it can be worked in early spring without
causing clodding. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has only fair potential for building site devel-
opment because wetness and low strength are limita-
tions. Artificial drainage to control the water table is
needed. Foundations and footings need to be designed
to prevent structural damage caused by low strength.
Standard septic tank absorption fields are not recom-
mended on this soil because wetness is a limitation. In
some places, mound type absorption fields may be suit-
able.

This soil is in capability class |.

83—Maxcreek silty clay loam, swales. This nearly
level, very poorly drained soil is in low gradient drain-
ageways and depressions of silt-capped ground mor-
aines. Individual areas have slightly concave slopes.
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They range from 2 to 20 acres. This soil is subject to
flooding.

Typically, the surface soil is black, friable silty clay
loam about 20 inches thick. The subsoil extends to a
depth of 38 inches. |t is olive gray, mottled, friable silty
clay loam in the upper part and olive gray, mottled,
friable loam in the lower part. A thin, discontinuous,
coarse textured layer as much as 4 inches thick com-
monly separates the upper part of the subsoil from the
lower part. The underlying material is gray, mottled, fri-
able calcareous loam. In some areas free lime is at the
surface.

Included with this soil in mapping are small areas of
Havana and Madelia soils on slight rises and Okoboji
and Spicer soils in depressions. These inclusions make
up 2 to 15 percent of the unit.

Permeability is moderate. Surface runoff is slow to
very slow. Available water capacity is high. Reaction of
the surface layer is neutral. The content of organic
matter is high and natural fertility is high. A seasonal
high water table ranges from the surface to a depth of 1
foot in the spring and during wet periods, except in those
areas that have been artificially drained. During periods
of hard rains, the excess runoff collects in the swales
and can cause loss of crops.

Most areas of this soil are used for crops. Some areas
that need more drainage are used for grazing. This soil
has good potential for growing cultivated crops. It has
poor potential for windbreaks, sanitary facilities, and
building site development.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Tilling
needs to be properly timed and limited to that which is
essential to produce a crop and prevent damage of the
soil. If the soil is tilled in the fall, freezing and thawing
during winter breaks the clods and improves the tilth of
the seedbed in spring.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness reduces the number of species
that grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal water table and allows deeper rooting. The
soil needs to be prepared the fall before planting be-
cause it often is too wet to work in early spring without
clodding. Weeds and grasses can be controiled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment and sanitary facilities because wetness and flood-
ing are limitations. Artificial drainage and controlling sur-
face water are needed to prevent damage to buildings.
Foundations and footings need to be designed to pre-
vent structural damage caused by low strength. Standard
septic tank absorption fields are not recommended on
this soil, because it has a seasonal high water table. If
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local roads are to function properly, this soil needs to be
covered with a more suitable base material; in addition,
surface water needs to be removed by adequately de-
signed road ditches.

This soil is in capability subclass Itw.-

84—Brownton silty clay loam. This nearly level soil
is poorly drained. It is on broad flats of glacial lake
plains. Individual areas have plane and slightly concave
slopes. They range from 5 to 80 acres.

Typically, the surface soil is black and very dark gray,
friable, calcareous silty clay loam about 15 inches thick.
The subsoil extends to a depth of 24 inches. The upper
part is olive gray, friable silty clay loam; the lower part is
olive gray, firm silty clay. The underlying material is olive
gray, firm, calcareous silty clay. In some areas the sur-
face layer and subsoil are leached.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe and Okoboji soils in
depressions and the poorly drained Madelia, Webster,
and Waldorf soils. These inclusions make up 2 to 10
percent of the map unit.

Permeability is slow. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of the surface layer
is moderately alkaline. This soil contains an excessive
amount of lime. The content of organic matter is high,
and natural fertility is high. The seasonal high water table
is at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are used for crops, but some
areas that need more drainage are used for grazing. This
soil has good potential for cultivated crops. It has fair
potential for windbreaks and poor potential for building
site development and most sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime. If the soil is tilled in fall, freezing and thaw-
ing during winter breaks the clods and improves the tilth
of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant to a high content of lime in
the soil. Drainage lowers the seasonal water table and
favors deeper rootings. In many years this soil is too wet

-to work in early spring without causing clodding. Prepar-
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ing the site during the fall before planting avoids this
wetness. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment because wetness and low strength are limitations.
This soil is most suited to dwellings and small buildings
without basements. Artificial drainage to control the
water table is needed. Foundations and footings need to
be designed to prevent structural damage caused by low
strength. Standard septic tank absorption fields are not
recommended on this soil because it has a seasonal
high water table and slow permeability. In some places,
mound type absorption fields may be suitable. If local
roads are to function properly, this soil needs to be
covered with a more suitable base material; in addition,
surface water needs to be removed.

This soil is in capability subclass llw.

86—Canisteo clay loam. This nearly level soil is
poorly drained and calcareous. !t is on the floor of the
lowland plain. It is on the rims of depressions and in
other low, wet places. This soil has an accumulation of
lime in the surface layer, which becomes grayish when
dry. Slopes are plane or slightly convex. Most individual
areas are intermingled with other soils and range from 3
to several 100 acres in size.

Typically, the surface soil is black and very dark gray,
friable clay loam about 21 inches thick. The subsoil ex-
tends to a depth of 38 inches. It is olive gray, mottled,
friable clay loam. The underlying material is light olive
gray, friable loam. This soil is calcareous throughout. A
few included soils have been leached of free lime in the
surface layer and subsoil.

Included in mapping are small areas of Glencoe and
Nicollet soils. The very poorly drained Glencoe soils are
in shallow depressions. The moderately well drained and
somewhat poorly drained Nicollet soils are on islands
and knolls in areas of the Canisteo soil or on peninsulas
that extend into areas of Canisteo soil. These inclusions
make up 5 to 15 percent of the map unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of surface layer is
mildly alkaline. The content of organic matter is high,
and natural fertility is high. A seasonal high water table is
at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are used for crops; some areas
that need more drainage are used for grazing. This soil
has good potential for crops. It has fair potential for
windbreaks but poor potential for most building site de-
velopment and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
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in the spring. This soil needs subsurface drainage. If tile
is used, in some places, the ground water contains
enough iron oxide to seal tile lines. If crop growth is poor
after adequate drainage has been provided, then liberal
amounts of potassium and phosphorus are needed in
fertilizers. These nutrients help correct the imbalance of
fertility caused by the high content of lime. If the soil is
tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant of a high content of lime in
the soil. Drainage lowers the seasonal water table and
allows deeper rooting. In many years this soil is too wet
to work in early spring without causing clodding. Prepar-
ing the site during the fall before planting avoids this
wetness. Weeds and grasses can be controlied in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment and sanitary facilities because wetness is a limita-
tion. The soil is most suited to dwellings and small build-
ings without basements. Artificial drainage and control-
ling surface water are needed. The soil is poorly suited
to standard septic tank absorption fields because it has
a seasonal high water table. In some places, mound type
absorption fields may be suitable. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material; in addition, surface water
needs to be removed by adequately designed road
ditches.

This soil is in capability subclass llw.

87B—Chelsea loamy fine sand, 4 to 10 percent
slopes. This gently sloping to sloping soil is excessively
drained. It is on circular knolls and side slopes of the
glacial outwash plains and stream terraces. The length
of slope ranges from 75 to 150 feet. Individual areas
have convex slopes and range from 4 to 20 acres in
size.

Typically, the surface layer is very dark grayish brown,
friable loamy fine sand about 6 inches thick. The subsur-
face layer is brown, friable loamy fine sand about 10
inches thick. Below that, to a depth of 60 inches, is
yellowish brown, fine sand and brown fine sandy loam
lamellae. In some areas this layer includes loamy sand
and sand.

Included with this soil in mapping are small areas of
the Chelsea soil, where slope is less than 4 percent or
greater than 10 percent; the poorly drained Hanska soils
in draws and drainageways; the somewhat poorly
drained Linder soils that are nearly level and in low
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areas; and the well drained Lamont soils which have a
loamy surface layer. These inclusions make up 2 to 10
percent of the map unit.

Permeability is rapid. Surface runoff is moderate, and
available water capacity is very low. Reaction of the
surface layer is medium acid. The content of organic
matter is very low, and natural fertility is low.

Most areas of this soil are being used for row crops,
but some areas are in hay and pasture. This soil has fair
potential for cultivated crops, hay, pasture, woodland and
trees and shrubs for windbreaks. It has poor potential for
sanitary facilities and good potential for building site de-
velopment. It has fair potential for recreational use and
upland wildlife habitat.

This soil is fairly well suited to limited cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Droughtiness caused by very low available
water capacity causes crop damage in most years. Man-
agement practices, such as minimum tillage, that im-
prove water intake and control erosion from both wind
and water are needed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be avoided by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of poliuting
ground water. Septic systems function properly; but, be-
cause permeability is rapid, pollution is a hazard. This
soil has good potential for building site development.
Except for the limitation of slope, most soil characteris-
tics are favorable, and the soil is easy to work. The
limitation imposed by slope can be overcome by proper
design. Caving or sloughing of excavation walls is a
hazard. This can be prevented by using retaining walls or
sloping the excavation banks. Additions of loamy topsoil
to the sandy surface layer would benefit lawns, gardens,
and playgrounds.

This soil is in capability subclass IVs.

94B—Terril loam, 3 to 8 percent slopes. This gently
sloping to sloping, moderately well drained soil is on foot
slopes and in draws of upland till plains. Individual areas
have concave slopes and range from 3 to 18 acres in
size.

Typically, the surface soil is black, friable loam about
31 inches thick. The upper part of the subsoil, to a depth
of 40 inches, is dark brown loam and the lower part, to a
depth of 60 inches, is yellowish brown and brown, mot-
tied loam. In a few areas the subsoil is olive gray.
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Included with this soil in mapping are small areas of
the poorly drained Webster soils in drainageways; the
moderately well drained and somewhat poorly drained Le
Sueur and Nicollet soils on slight rises and small flats;
and Clarion soils on upper slopes. These inclusions
make up 2 to 15 percent of the map unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
high, and natural fertility is high.

Most areas of this soil are used for growing crops.
This soil has good potential for cultivated crops. It has
good potential for windbreaks and for most building site
development and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to prevent ero-
sion. Tiling in the fall allows rapid preparation of a
seedbed and improved tilth in spring.

This soil is well suited to trees and shrubs needed in
windbreaks. Preparing the site during the fall before
planting controls weeds and allows the seedbed to be
worked in early spring without causing clodding. Weeds
and grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has good potential for building site develop-
ment and most sanitary facilities. If roads are to function
properly, a more suitable base material is needed.

This soil is in capability subclass lle.

102B—Clarion loam, 2 to 6 percent slopes. This
gently undulating soil is well drained. It is on knolls,
hilltops, and side slopes of till plains in uplands. The
length of slope ranges from 75 to 150 feet. Individual
areas of the unit have both convex and concave slopes
and range from 5 to 30 acres in size.

Typically, the surface soil is black and very dark
brown, friable loam about 14 inches thick. The subsoil
extends to a depth of 36 inches. It is dark brown and
brown, friable loam about 22 inches thick. The underlying
material is light olive brown, friable, calcareous loam. In
some areas the subsoil is mottled.

Included with this soil in mapping are small areas of
Webster and Glencoe soils in shallow depressions and
drainageways and the calcareous Storden soils on the
more convex slopes. These inclusions make up 5 to 15
percent of the unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
high, and natural fertility is high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, and windbreaks. It
also has good potential for building site development
and sanitary facilities.
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This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. Because slopes are short and complex, minimum
tillage is more effective in controlling erosion than con-
touring and terracing.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting controls weeds and improves the seedbed so
that it can be worked in early spring without causing
clodding. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has good potential for building site develop-
ment and sanitary facilities. There are few limitations to
use; however, base material of greater strength is
needed if roads are to function properly. To prevent
seepage in sewage lagoons, compacting and sealing the
floor is needed.

This soil is in capability subclass lle.

102C—Clarion loam, 6 to 12 percent slopes. This
rolling soil is well drained. It is on knolls, hilltops, and
side slopes of till plains in uplands. The length of slope
ranges from 75 to 150 feet. Individual areas have both
concave and convex slopes and range from 5 to 30
acres in size.

Typically, the surface soil is black and very dark
brown, friable loam about 13 inches thick. The subsoil
extends to a depth of 35 inches. It is dark brown and
brown, friable loam. The underlying material is light olive
brown, friable, calcareous loam.

Included with this soil in mapping are small areas of
the poorly drained Webster soils in drainageways, the
moderately well drained Terril soils on foot slopes, and
the well drained Storden soils on the more convex
slopes. Also included are a few areas of eroded soils
that have a thinner surface layer. These inclusions make
up 5 to 15 percent of the map unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of surface
layer is neutral. The content of organic matter is high,
and natural fertility is high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, and windbreaks. It
has fair potential for building site development and sani-
tary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. Because the slopes are short and complex, mini-
mum tillage is more effective in controlling erosion than
contouring and terracing.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting controls weeds and improves the seedbed so
that it can be worked in early spring without causing
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clodding. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has fair potential for building site develop-
ment and most sanitary facilities because it is limited
primarily by slope. Roadfill of greater strength is needed
if roads are to function properly. Slope is a limitation for
septic tank absorption fields but can be overcome by
proper design and installation.

This soil is in capability subclass llle.

102D—Clarion loam, 12 to 18 percent slopes. This
hilly, well drained soil is on knolls and side slopes of
upland till plains. The slopes range from 75 to 150 feet
in length. Individual areas have both concave and
convex slopes and range from 5 to 20 acres in size.

Typically, the surface soil is black and very dark
brown, friable loam about 12 inches thick. The subsoil
extends to a depth of 34 inches. It is dark brown and
brown, friable loam. The underlying material is light olive
brown, friable, calcareous loam.

Included with this soil in mapping are small areas of
the poorly drained Webster soils in drainageways, the
moderately well drained Terril soils on the foot slopes,
and the well drained Storden soils on the more convex
slopes. Also included are a few areas of eroded soils
that have a thinner surface layer. These inclusions make
up 5 to 15 percent of the mapping unit.

Permeability is moderate. Surface runoff is rapid, and
available water capacity is high. Reaction of the surface
layer is neutral. The content of organic matter is high,
and natural fertility is high.

Most areas of this soil are used for crops or are in
pasture. This soil has fair potential for crops and wind-
breaks. It has good potential for pasture. It has fair
potential for building site development and sanitary facili-
ties.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Slopes are generally too short or irregular
for strip crops or terraces. Minimum tillage is a better
alternative to control erosion. These practices should be
used in combination with sod.

Trees and shrubs used in windbreaks grow well in this
soil. Field windbreaks are generally not planted on this
soil. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has fair potential for building site develop-
ment and most sanitary facilities, because it is limited
primarily by slope. Roadfill of greater strength is needed
if roads are to function properly. Standard septic tank
absorption fields need to be designed to fit the slope.
This soil has poor potential for sewage lagoons because
of the steep slope.

This soil is in capability subclass IVe.
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104B—Hayden loam, 2 to 6 percent slopes. This
undulating soil is well drained. it is on knolls, hilltops,
and side slopes of till plains in uplands. The length of
slope ranges from 80 to 150 feet. Individual areas have
both concave and convex slopes and range from 5 to 30
acres in size.

Typically, the surface layer is very dark gray, friable
loam about 3 inches thick. The subsurface layer is dark
grayish brown and grayish brown, friable loam about 11
inches thick. The subsoil extends to a depth of 53
inches. It is yellowish brown and brown, friable clay
loam. The underlying material is light olive brown, friable,
calcareous loam. In some areas the surface layer is
thicker.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in the depressions,
the poorly drained Dundas soils in drainageways, and the
moderately well drained and somewhat poorly drained Le
Sueur soils on small flats. The inclusions make up 5 to
15 percent of the map unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
low, and natural fertility is medium. The shrink-swell po-
tential is moderate.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, woodland, and
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. In some places, erosion, removal of trees, and
deep tillage have mixed material from the subsoil into
the surface layer. Tillage needs to be limited to that
which is essential to produce a crop and prevent
damage to the soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. In some years, working this
soil in early spring causes clodding. Preparing the site
during the fall before planting reduces plant competition
and avoids clodding. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow culti-
vation or use of approved herbicides.

This soil has only fair potential for building site devel-
opment because moderate shrink-swell potential and low
strength are limitations. Foundations and footings need
to be designed to prevent structural damage caused by
shrinking and swelling and low strength. The moderate
permeability is a limitation for septic tank absorption
fields. Increasing the size of septic tank absorption fields
has helped overcome the moderate permeability.

This soil is in capability subclass lle.

104C—Hayden loam, 6 to 12 percent slopes. This
rolling soil is well drained. It is on knolis and side slopes
of till plains in uplands. The length of slope ranges from

SOIL SURVEY

80 to 150 feet. Individual areas have both convex and
concave slopes and range from 5 to 20 acres in size.

Typically, the surface layer is very dark gray, friable
loam about 6 inches thick. The subsurface layer is dark
grayish brown, friable loam about 7 inches thick. The
subsoil extends to a depth of 51 inches. The upper part
is dark yellowish brown, friable loam; the lower part is
yellowish brown and brown, friable clay loam. The under-
lying material is light olive brown, friable, calcareous
loam. In some areas the surface layer is thicker and
darker colored.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in depressions, the
poorly drained Dundas soils in drainageways, and the
moderately well drained and somewhat poorly drained Le
Sueur soils on small flats. Also included are areas of
eroded soils where the surface layer is mixed into the
subsurface layer. These inclusions make up 5 to 15
percent of the mapping unit.

Permeability is moderate. Surface runoff is medium to
rapid, and available water capacity is high. Reaction of
the surface layer is neutral. The content of organic
matter is low, and natural fertility is medium. Shrink-swell
potential is moderate.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, woodland, and
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. In some places erosion, removal of trees, and deep
tilage have mixed material from the subsoil into the
surface layer. Tillage needs to be limited to that which is
essential to produce a crop and prevent damage to the
soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. In some years, this soil is
too wet in early spring to work without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because slope, moderate shrink-swell potential
and low strength are limitations. Foundations and foot-
ings need to be designed to prevent structural damage
caused by shrinking and swelling and low strength. The
moderate permeability and slope are limitations to septic
tank absorption fields. These can be overcome by
proper design and installation. Increasing the size of
absorption fields has helped overcome the moderate
permeability.

This soil is in capability subclass llle.
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104D—Hayden loam, 12 to 18 percent slopes. This
hilly soil is well drained. It is on knolls and side slopes of
till plains in uplands. The length of slope ranges from 80
to 150 feet. Individual areas have convex slopes and
range from 5 to 20 acres in size.

Typically, the surface layer is very dark gray, friable
loam about 6 inches thick. The subsurface layer is dark
grayish brown, friable loam about 5 inches thick. The
subsoil extends to a depth of 47 inches. The upper part
is dark yellowish brown, friable loam; the lower part is
yellowish brown and brown, friable clay loam. The under-
lying material is light olive brown, friable, calcareous
loam. In some areas the surface layer is thicker and dark
colored.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in the slight de-
pressions and drainageways. Also included are areas of
eroded soils where the surface layer has been mixed
with the subsurface layer. These inclusions make up 5 to
15 percent of the map unit.

Permeability is moderate. Surface runoff is rapid, and
available water capacity is high. Reaction of the surface
layer is neutral. The content of organic matter is moder-
ate, and natural fertility is medium.

Most areas of this soil are used for crops or are in
pasture. This soil has fair potential for crops. It has good
potential for pasture and woodland and poor potential for
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. In some places erosion, removal of trees,
and deep tillage have mixed material from the subsoil
into the surface layer. Tillage needs to be properly timed
and limited to that which is essential to produce a crop
and prevent damage to the soil.

This soil is well suited to woodland, but it is poorly
suited to trees and shrubs used for windbreaks. In some
years this soil is so wet in early spring that working it
causes clodding. Preparing the site during the fall before
planting avoids this wetness and reduces plant competi-
tion. Erosion of the soil and plant competition from
weeds and grasses need to be controlled to protect
newly established tree and shrub plantings.

This soil has only fair potential for building site devel-
opment because the slope, low strength, and moderate
shrink-swell potential are limitations. Excavation and
grading costs increase with increasing slope. Founda-
tions and footings need to be designed to prevent struc-
tural damage caused by shrinking and swelling and low
strength. Slope seriously limits the use of septic tank
absorption fields. Special design is needed to fit the
slope.

This soil is in capability subclass IVe.
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106B—Lester loam, 2 to 6 percent slopes. This un-
dulating soil is well drained. It is on low knolls and gently
sloping hilltops of till plains in uplands. Length of slope
ranges from 75 to 150 feet. Individual areas of this soil
have convex slopes and range from 2 to 30 acres in
size.

Typically, the surface layer is black, friable loam about
7 inches thick. The subsoil extends to a depth of 38
inches. It is dark brown, brown, and dark yellowish brown
loam that is friable. The underlying material is olive
brown, friable, calcareous loam. In some areas the sub-
soil is clay loam.

Included with this soil in mapping are a few small
areas of Lerdal and Shorewood soils on convex slopes
and Dundas and Webster soils in drainageways. Also
included are areas of soils that are eroded. These inclu-
sions make up 5 to 15 percent of the unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
high, and natural fertility is high. The shrink-swell poten-
tial is moderate.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, woodland, and
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. In some places erosion, removal of trees, and deep
tilage have mixed material from the subsoil into the
surface layer. Tillage needs to be limited to that which is
essential to produce a crop and prevent damage to the
soil.

This soil is well suited to woodland and to trees and
shrubs needed in windbreaks. In some years, this soil is
too wet in early spring to work without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cuiltivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because low strength and shrink-swell potential
are limitations. Foundations and footings need to be de-
signed to prevent structural damage caused by low
strength and shrinking and swelling. Moderate permeabil-
ity limits septic tank absorption fields but this can be
overcome by proper design and installation.

This soil is in capability subclass lle.

106C2—Lester loam, 6 to 12 percent slopes,
eroded. This rolling soil is well drained. It is on knolls,
hilitops, and side slopes of till plains in uplands. Length
of slope ranges from 75 to 150 feet. Individual areas of
this soil have convex slopes and range from 2 to 20
acres in size.
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Typically, the surface layer is very dark gray, friable
loam about 6 inches thick. The subsoil extends to a
depth of 35 inches. It is dark brown, brown, and dark
yellowish brown loam that is friable. The underlying ma-
terial is olive brown, friable, calcareous loam. In some
areas the subsoil is clay loam.

Included with this soil in mapping are a few small
areas of Kilkenny, Lerdal, Shorewood, and Storden soils
on convex slopes and Dundas, Hamel, and Webster
soils in drainageways. Also included are a few areas of
soils that are not eroded. These inclusions make up 5 to
15 percent of the unit.

Permeability is moderate. Surface runoff is medium to
rapid, and available water capacity is high. Reaction of
the surface layer is neutral. The content of organic
matter is high, and natural fertility is high. The shrink-
swell potential is moderate.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, woodland, and
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. Erosion, removal of trees, and deep tillage have
mixed material from the subsoil into the surface layer.
Tillage needs to be limited to that which is essential to
produce a crop and prevent damage to the soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. In some years, this soil is
too wet in early spring to work without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because slope, low strength, and shrink-swell
potential are limitations. Foundations and footings need
to be designed to prevent structural damage caused by
low strength and shrinking and swelling. Slope and mod-
erate permeability limit the use of septic tank absorption
fields but this can be overcome by proper design and
installation. Increasing the size of absorption fields has
helped overcome the moderate permeability.

This soil is in capability subclass llle.

106D2—Lester loam, 12 to 18 percent slopes,
eroded. This hilly soil is well drained. It is on knolls and
side slopes of hills of till plains and moraines in uplands.
Length of slope ranges from 75 to 130 feet. Individual
areas of this soil have mostly convex slopes and range
from 2 to 20 acres in size.

Typically, the surface layer is very dark grayish brown,
friable loam about 6 inches thick. The subsoil extends to
a depth of 33 inches. It is dark brown, brown, and dark
yellowish brown loam that is friable. The underlying ma-
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terial is olive brown, friable, calcareous loam. In some
areas the subsoil is clay loam.

Included with this soil in mapping are a few small
areas of Lerdal and Storden soils on the convex slopes
and Hamel, Terril, and Webster soils in drainageways.
Also included are a few areas of soils that are not
eroded. These inclusions make up 5 to 15 percent of the
unit.

Permeability is moderate. Surface runoff is rapid, and
available water capacity is high. Reaction of the surface
layer is neutral. The content of organic matter is high,
and natural fertility is high.

Most areas of this soil are used for crops or are in
pasture. This soil has fair potential for crops. It has good
potential for pasture and woodland and poor potential for
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Erosion, removal of trees, and deep tillage
has mixed material from the subsoil into the surface
layer. Tillage needs to be properly timed and limited to
that which is essential to produce a crop and prevent
damage to the soil.

This soil is well suited to woodland, but it is poorly
suited to trees and shrubs used for windbreaks. In some
years, this soil is too wet in early spring to work without
causing clodding. Preparing the site during the fall before
planting avoids this wetness and reduces plant competi-
tion. Erosion and weeds and grasses need to be con-
trolled to protect newly established tree and shrub plant-
ings.

This soil has only fair potential for building site devel-
opment because slope, shrink-swell potential and low
strength are limitations. Excavation and grading costs
increase with increasing slope. Foundations and footings
need to be designed to prevent structural damage
caused by shrinking and swelling and low strength.
Slope is a serious limitation for septic tank absorption
fields. Special design is needed to fit the slope.

This soil is in capability subclass IVe.

106E—Lester loam, 18 to 24 percent slopes. This
steep soil is well drained. It is on strongly convex knolls
and steep sides of hills of upland till plains and mor-
aines. Length of slope ranges from 70 to 120 feet. Indi-
vidual areas of this soil have mostly convex slopes and
range from 2 to 20 acres in size.

Typically, the surface layer is very dark gray, friable
loam about 6 inches thick. The subsoil extends to a
depth of 34 inches. The upper part is dark brown and
brown, friable loam; the lower part is dark yellowish
brown, friable loam. The underlying material is olive
brown, friable, calcareous loam. In some areas the sub-
soil is clay loam.
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Included with this soil in mapping are a few small
areas of Storden soils on the convex slopes and Hamel,
Terril, and Webster soils in drainageways. Also included
are areas of eroded soils. These inclusions make up 5 to
15 percent of the unit.

Permeability is moderate. Surface runoff is very rapid,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
high, and natural fertility is high.

Most areas of this soil are in pasture. This soil has
limited potential for crops. It has good to fair potential for
pasture, good potential for woodland and poor potential
for windbreaks. It has poor potential for building site
development and sanitary facilities.

This soil is poorly suited to cultivated crops because of
steep slopes. Operation of farm equipment is difficult,
and the hazard of erosion is high.

If fertilized and well managed, this soil provides good
pasture. Grazing must be controlled to maintain good
sod and to reduce erosion. Pastures are difficult to ren-
ovate and improve, because operating farm equipment
on the steep slopes is hard. In some places gullies
require engineering structures to stabilize the soil.

This soil is well suited to woodland. Many areas
remain in native hardwoods. Plant competition is moder-
ate to severe, seedling mortality is slight, and erosion
hazard and equipment limitations are moderate. Keeping
the surface covered with vegetation helps to reduce the
erosion. If trees are trench planted, rainfall is trapped
and does not run directly downslope. Operating large
equipment may be difficult or dangerous on the steeper
slopes.

This soil has poor potential for building site develop-
ment because of steep slopes. Excavation and grading
costs generally increase with increases in steepness and
length of slope. Designing buildings to fit the site can
preserve the natural landscape and reduce grading re-
quirements, erosion, and sedimentation. This soil needs
erosion control practices, both during and immediately
following construction. It has poor potential for septic
tank absorption fields, because seepage of effluent is a
hazard on steep side slopes.

This soil is in capability subclass Vie.

110—Marna silty clay loam. This nearly level soil is
poorly drained. It is on broad flats and in drainageways
of lake plains or clay-mantled ground moraines. Individu-
al areas are plane or have slightly concave slopes. They
range from 2 to 80 acres in size. In some areas this soil
is subject to rare flooding.

Typically, the surface soil is black, friable silty clay
loam and silty clay about 16 inches thick. The subsoil
extends to a depth of 28 inches. It is olive gray, mottied,
firm silty clay. The underlying material is grayish brown,
mottled, friable, calcareous clay loam.

Included with this soil in mapping are small areas of
Waldorf soils in depressions and Lerdal and Shorewood
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soils on slight rises. Also included are small areas of
Brownton and Webster soils. These inclusions make up
5 to 15 percent of the unit.

Permeability is slow. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of the surface layer
is neutral. The content of organic matter is high, and
natural fertility is high. The seasonal high water table is
at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained. Strength of the soil is low. Shrink-swell potential
is high in the surface layer and subsoil and moderate in
the underlying material.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, and hay. It has fair
potential for windbreaks and wetland wildlife habitat. |t
has poor potential for building site development and
sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained, and fertilized and if all crop residue
is returned to the surface. It dries out and warms up
slowly in the spring. Tilth is easily damaged if this soil is
cultivated when it is too wet. This soil needs subsurface
drainage. Tillage needs to be properly timed and limited
to that which is essential to produce a crop and prevent
damage of the soil. If the soil is tilled in the fall, freezing
and thawing during winter breaks the clods and improves
the tilth of the seedbed in spring.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. In many years this soil is too wet to work in early
spring. Plant competition can be reduced and this wet
ness can be avoided by preparing the site during fai:
before planting. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because wetness, low strength, and shrink-swell
potential are limitations. This soil is most suited to dwell-
ings and small buildings without basements. Artificial
drainage and controlling surface water are needed to
prevent damage to buildings. Foundations and footings
need to be designed to prevent structural damage
caused by shrinking and swelling. This soil is poorly
suited to standard septic tank absorption fields because
it has a seasonal high water table and slow permeability.
If local roads are to function properly, this soil needs to
be covered with a more suitable base material; in addi-
tion, surface water needs to be removed.

This soil is in capability subclass liw.

112—Harps clay loam. This nearly level soil is poorly
drained. It is on narrow rims surrounding depressions or
on slight rises of till plains in uplands. Individual areas
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are plane or have slightly convex slopes. They range
from 2 to 20 acres.

Typically, the surface soil is black and very dark gray,
friable, calcareous clay loam about 23 inches thick. The
subsoil extends to a depth of 33 inches. It is olive gray,
mottled, friable loam that is calcareous. The underlying
material also is olive gray, mottled friable loam that is
calcareous.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in depressions and
the poorly drained Webster soils, which are noncalcar-
eous, in draws and drainageways. These inclusions
make up 2 to 15 percent of the map unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of the surface layer
is moderately alkaline. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at a depth of 1 to 3 feet in the spring and during
wet periods, except in those areas that have been artifi-
cially drained.

Most areas of this soil are used for crops; some areas
that need more drainage are used for grazing. This soil
has good potential for growing cultivated crops. It has
fair potential for windbreaks and poor potential for build-
ing site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Tile
can be used, although in some places the ground water
contains enough iron oxide to seal tile lines. If crop
growth is poor after adequate drainage has been pro-
vided, then liberal amounts of potassium and phospho-
rus are needed in fertilizers. These nutrients help correct
the imbalance of fertility caused by the high content of
lime. If the soil is tilled in the fall, freezing and thawing
during winter breaks the clods and improves the tilth of
the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant to a high content of lime in
the soil. Drainage lowers the seasonal high water table
and allows deeper rootings. In many years this soil is too
wet to work in early spring without causing clodding.
Preparing the site during the fall before planting avoids
this wetness. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because wetness and low strength are limitations.
This soil is most suitable for dwellings and small build-
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ings without basements. Artificial drainage to control the
water table is needed. Foundations and footings need to
be designed to prevent structural damage caused by low
strength. This soil is poorly suited to standard septic tank
absorption fields, because it has a seasonal high water
table. In some places, mound type absorption fields may
be suitable. If local roads are to function properly, this
soil needs to be covered with a more suitable base
material; in addition, surface water needs to be removed
by adequately designed road ditches.
This soil is in capability subclass llw.

113—Webster clay loam. This nearly level soil is
poorly drained. It is on broad flats and in drainageways
of till plains in uplands. Individual areas have slightly
convex to slightly concave slopes. They range from 5 to
300 acres.

Typically, the surface soil is black and very dark gray,
friable clay loam about 20 inches thick. The subsoil ex-
tends to a depth of 34 inches. It is dark grayish brown,
mottled, friable clay loam. The underlying material is
olive, mottled, friable clay loam that is calcareous. In a
few areas the surface layer is calcareous. In some areas
it is thicker.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in depressions, the
poorly drained Biscay soils that have sandy underlying
material, the poorly drained Madelia and Marna soils that
contain more silt or clay, and the somewhat poorly
drained and moderately well drained Le Sueur and Nicol-
let soils on the small rises. These inclusions make up 2
to 15 percent of the map unit.

Permeability is moderate or moderately slow. Surface
runoff is slow, and available water capacity is high. Re-
action of surface layer is neutral. The content of organic
matter is high, and natural fertility is high. A seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for crops.
This soil has good potential for crops, pasture, and hay.
It has fair potential for windbreaks and good potential for
wildlife habitat. It has poor potential for building site
development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. If it is
tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. In many years this soil is too wet to work in early
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spring. Preparing the site during the fall before planting
avoids this wetness and reduces plant competition.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

This soil has poor potential for building site develop-
ment because wetness, low strength, and shrink-swell
potential are limitations. This soil is most suitable for
dwellings and small buildings without basements. Artifi-
cial drainage to control the water table is needed to
prevent damage to buildings. Foundations and footings
need to be designed to prevent structural damage
caused by low strength and shrinking and swelling. This
soil is poorly suited to standard septic tank absorption
fields because it has a seasonal high water table. In
some places, mound type absorption fields may be suit-
able. If local roads are to function properly, this soil
needs to be covered with a more suitable base material.

This soil is in capability subclass liw.

114—Glencoe clay loam. This nearly level soil is very
poorly drained. It is in depressions and low-lying, slug-
gish drainageways of upland till plains. It is subject to
flooding. Individual areas have concave slopes. They are
2 to 5 acres in depressions and 5 to 80 acres along
drainageways.

Typically, the surface soil is black and very dark gray,
friable clay loam about 26 inches thick. The subsoil ex-
tends to a depth of 36 inches. It is gray, mottled, friable
clay loam. The underlying material is grayish brown, mot-
tled, friable clay loam that is calcareous.

Included with this soil in mapping are areas of the
poorly drained Webster and Biscay soils, which are on
surrounding flats and in drainageways, and Canisteo
soils, which are calcareous and on rises and swales.
These inclusions make up from 2 to 10 percent of the
map unit.

Permeability is moderately slow. Surface runoff is siow
to very slow or the soil is ponded, and available water
capacity is high. Reaction of the surface layer is neutral.
The content of organic matter is high, and natural fertility
is high. A seasonal high water table ranges from surface
level to a depth of 1 foot in the spring and during wet
periods, except in those areas that have been artificially
drained. During periods of hard rains, the excess runoff
collects in the depressions and can cause loss of crops.

Most areas of this soil are used for crops; some areas
that need more drainage are used for grazing. This sail
has good potential for growing cultivated crops and for
wetland wildlife habitat. It has poor potential for wind-
breaks, building site development, and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. In
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some areas surface drainage is used to reduce the
hazard of water ponding on the surface. Tillage needs to
be properly timed and limited to that which is essential to
produce a crop and prevent damage to the soil.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness reduces the number of species
that grow well. This condition is best handied by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. Site preparation should be completed the fall
before planting. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment, because it is limited by wetness, flooding, and low
strength. This soil is most suitable for dwellings and
small buildings without basements. Artificial drainage and
control of surface water are needed to prevent damage
to buildings. Foundations and footings need to be de-
signed to prevent structural damage caused by low
strength. This soil is poorly suited to standard septic tank
absorption fields, because it has a seasonal high water
table. If local roads are to function properly, this soil
needs to be covered with a more suitable base material;
in addition, surface water needs to be removed by ade-
quately designed road ditches.

This soil is in capability subclass Iliw.

123—Dundas silt loam. This nearly level soil is some-
what poorly drained and poorly drained. It is on gentle
rises and in shallow drainageways of till plains in up-
lands. Individual areas have plane to slightly concave
slopes. They range from 2 to 20 acres in size.

Typically, the surface layer is black, friable silt loam
about 7 inches thick. The subsurface layer is dark gray,
friable silt loam about 3 inches thick. The subsoil ex-
tends to a depth of 38 inches. The upper part is dark
grayish brown, mottled, friable silt loam; the lower part is
dark grayish brown and dark brown, mottled, firm clay
loam. The underlying material is light olive brown, mot-
tled, friable loam that is calcareous.

Included with this soil in mapping are small areas of
the well drained Lester and Hayden soils on convex
slopes, the somewhat poorly drained and moderately
well drained Le Sueur soils on the gently sloping rises
and knolls, and the poorly drained Webster soils on
broad flats and in drainageways. These inclusions make
up from 5 to 15 percent of the map unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. Reaction of surface
layer is slightly acid. The content of organic matter is
moderate, and natural fertility is medium. A seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have

‘been artificially drained.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, woodland and
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wetland wildlife habitat. It has fair potential for wind-
breaks. It has poor potential for building site develop-
ment and sanitary facilities.

This soil is well suited to cropping if it is adequately
drained and fertilized and if all crop residue is returned to
the surface. The surface layer has a tendency to crust
and puddle after hard rains. This soil dries out and
warms up very slowly in the spring. The soil needs sub-
surface drainage. Because this soil has a high content of
clay and moderately slow permeability in the subsoil,
closer spacing of drainage lines is needed to prevent
crop damage from standing water in some areas. Onsite
investigation may be needed. If the soil is tilled in the
fall, freezing and thawing during winter breaks the clods
and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
content of clay in the subsoil reduces the number of
species that grow well. This condition is best handled by
planting trees and shrubs that are water-tolerant. Drain-
age lowers the seasonal high water table and allows
deeper rooting. In many years this soil is too wet to work
in early spring without causing clodding. Preparing the
site during the fall before planting avoids this wetness.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

This soil has poor potential for building site develop-
ment because wetness and low strength are limitations.
This soil is most suited to dwellings and small buildings
without basements. Foundations and footings need to be
designed to prevent structural damage caused by wet-
ness and low strength. This soil is poorly suited to stand-
ard septic tank absorption fields because it has a sea-
sonal high water table and moderately slow permeability.
In some places, mound type absorption fields may be
suitable. If local roads are to function properly, this soil
needs to be covered with a more suitable base material;
in addition, surface water needs to be removed.

This soil is in capability subclass llw.

129—Cylinder loam. This nearly level soil is some-
what poorly drained. It is on broad flats and slight rises
of glacial outwash plains and stream terraces. Individual
areas have plane to slightly concave slopes and range
from 3 to 80 acres.

Typically, the surface soil is black and very dark gray,
friable loam about 15 inches thick. The subsoil extends
to a depth of 33 inches. The upper part is dark brown,
mottled, friable loam; the lower part is dark brown, mot-
tled, friable sandy loam. The underlying material is dark
yellowish brown and brown, gravelly loamy coarse sand
and gravelly sand that is loose and calcareous.

Included with this soil in mapping are small areas of
the poorly drained Marshan and Biscay soils in shallow
depressions and drainageways, and the well drained
Dickinson, Estherville, and Fairhaven soils on slightly
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higher rises and convex slopes. These inclusions make
up 10 to 15 percent of the map unit. :

Permeability is moderate in the upper part of the pro-
file and rapid in the underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of the surface layer is slightly acid. The content of organ-
ic matter is high, and natural fertility is high. A seasonal
high water table is at a depth of 3 to 5 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are used for row crops and
small grain. This soil has fair to good potential for crops,
small grain, hay, pasture, and trees and shrubs for wind-
breaks. It has fair potential for building site development,
but poor potential for sanitary facilities. It has good po-
tential for openland wildlife habitat and for most recre-
ational uses.

This soil is well suited to cropping if it is adequately
fertilized and if all crop residue is returned to the surface.
Droughtiness and erosion caused by wind are limitations.
Droughtiness causes crop damage in years when rainfall
is light; supplemental irrigation could improve yields. In
some areas, this soil needs subsurface drainage. Delay-
ing tillage until spring helps to prevent erosion caused by
wind.

This soil is well suited to trees and shrubs used for
windbreaks. Droughtiness and plant competition are limi-
tations. Droughtiness in midsummer reduces the number
of species that grow well. This condition is best handled
by planting trees and shrubs that are tolerant to droughty
conditions. Drainage lowers the seasonal high water
table and allows deeper rootings. Plant competition can
be reduced by preparing the site before planting. Weeds
and grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because wetness and low strength are limita-
tions. This soil is most suitable for dwellings and small
buildings without basements. Artificial drainage to control
the water table is needed. Foundations and footings
need to be designed to prevent structural damage
caused by low strength. This soil is poorly suited to
standard septic tank absorption fields. Because it has a
seasonal high water table and rapidly permeable underly-
ing material, there is a hazard of contamination of under-
ground water. In some places, mound type absorption
fields may be suitable. If local roads are to function
properly, this soil needs to be covered with a suitable
base material. Caving or sloughing of excavation walls
during construction or in installation of drainage lines is a
limitation.

This soil is in capability subclass Ils.

130—Nicollet clay loam, 1 to 3 percent slopes. This
nearly level soil is moderately well drained and some-
what poorly drained. it is on low knolls, flat hilltops, and
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slight rises in areas of wet soils on upland till plains.
Length of slope ranges from about 75 to 300 feet. Indi-
vidual areas occupy convex or slightly concave slopes
and range from 2 to 30 acres in size.

Typically, the surface soil is black and very dark gray-
ish brown, friable clay loam about 17 inches thick. The
upper part of the subsoil, to a depth of 35 inches, is dark
grayish brown and grayish brown, mottled, friable clay
loam. The lower part of the subsoil and underlying mate-
rial is light olive brown, friable loam.

included with this soil in mapping are small areas of
Webster soils in shallow depressions and drainageways
and Clarion soils on the convex slopes. These inclusions
make up 5 to 15 percent of the unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of surface
layer is medium acid. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at depths of 2.5 to 5 feet in the spring and
during wet periods.

Most areas of this soil are used for growing crops.
This soil has good potential for cultivated crops and
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used. There
are few limitations to use; but, because of the included
soils and seasonal wetness in this soil, drainage is bene-
ficial in some areas. If the soil is tilled in the fall, freezing
and thawing during winter breaks the clods and improves
the tilth of the seedbed.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting reduces plant competition and improves the tilth
of the seedbed. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has only fair potential for building site devel-
opment because wetness and low strength are limita-
tions. Artificial drainage is needed to prevent damage to
buildings. Foundations and footings need to be designed
to prevent structural damage caused by low strength.
This soil is poorly suited to septic tank absorption fields
because wetness is a limitation. In some places, mound
type absorption fields may be suitable.

This soil is in capability class 1.

134—O0koboiji silty clay loam. This nearly level soil is
very poorly drained. It is in depressions and on broad
flats and in sluggish drainageways of glacial lake plains.
Individual areas have plane or concave slopes. They are
3 to 10 acres in the depressions and 5 to 100 acres on
the broad flats or in the drainageways. This soil is sub-
ject to flooding.

Typically, the surface soil is very dark gray and black,
friable silty clay loam about 26 inches thick. The subsoil
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extends to a depth of 48 inches. It is very dark gray and
dark gray, mottled, friable silty clay loam. The underlying
material is olive gray, mottled, friable siit loam that is
calcareous.

Included with this soil in mapping are small areas of
the poorly drained Hamel, Madelia, and Spicer soils. The
Spicer soils are calcareous throughout. These inclusions
make up 2 to 12 percent of the map unit.

Permeability is moderately slow. Surface runoff is slow
to very slow or the soil is ponded, and available water
capacity is high. Reaction of the surface layer is neutral.
The content of organic matter and natural fertility are
high. A seasonal high water table ranges from surface
level to a depth of 1 foot in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, and wetland
wildlife habitat. It has poor potential for windbreaks,
building site development, and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Sur-
face drainage is used in some areas to reduce the
hazard of ponding on the surface. If the soil is tilled in
fall, freezing and thawing during winter breaks the clods
and improves the tilth of the seedbed.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness reduces the number of species
that grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. In many years this soil is too wet to work in early
spring. Preparing the site during the fall before planting
avoids this wetness. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow culti-
vation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because wetness, flooding, high shrink-swell poten-
tial, and low strength are limitations. If dwellings and
small buildings are needed, they are best constructed
without basements. Artificial drainage and control of sur-
face water are needed to prevent damage to buildings.
Foundations and footings need to be designed to pre-
vent structural damage caused by the low strength and
shrinking and swelling of the soil. This soil is poorly
suited to standard septic tank absorption fields, because
it has a seasonal high water table and moderately slow
permeability. If local roads are to function properly, this
soil needs to be covered with a more suitable base
material.

This soil is in capability subclass lllw.

136—Madelia silty clay loam. This nearly level soil is
poorly drained. It is on broad flats and in drainageways
of glacial lake plains. Individual areas have plane to
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slightly concave slopes and range from 2 to 80 acres in
size.

Typically, the surface soil is black, friable silty clay
loam about 23 inches thick. The subsoil extends to a
depth of 36 inches. It is dark gray, mottled, friable silt
loam. The underlying material is olive gray, mottled, fri-
able silt loam that is calcareous. In some areas the
underlying material is loam.

Included with this soil in mapping are small areas of
Okoboiji soils in slight depressions and calcareous Spicer
soils. These inclusions make up 2 to 15 percent of the
unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is neutral. The content of organic matter is high,
and natural fertility is high. A seasonal high water table is
at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, and hay. It has fair
potential for windbreaks and good potential for wetland
wildlife habitat. it has poor potential for building site
development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. If the
soil is tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness reduces the number of species
that grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. In many years this soil is too wet to work in early
spring. Preparing the site during the fall before planting
avoids this wetness. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow culti-
vation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable for
dwellings and small buildings without basements. Artifi-
cial drainage is needed to prevent damage to buildings.
Foundations and footings need to be designed to pre-
vent structural damage caused by low strength. This soil
is poorly suited to standard septic tank absorption fields,
because it has a seasonal high water table. In some
places, mound type absorption fields may be suitable. If
local roads are to function properly, this soil needs to be
covered with a more suitable base material.

This soil is in capability subclass liw.

138B—Lerdal silty clay loam, 2 to 6 percent slopes.
This gently sloping soil is somewhat poorly drained. It is
on smooth rounded knolls and side slopes of upland
moraine. Length of slope ranges from 75 to 150 feet.

SOIL SURVEY

Individual areas of this soil have both convex and con-
cave slopes and range from 2 to 20 acres in size.

Typically, the surface layer is black, friable silty clay
loam about 7 inches thick. The subsurface layer is very
dark gray, friable silty clay loam about 2 inches thick.
The subsoil extends to a depth of 47 inches. The upper
part is very dark grayish brown and olive brown, mottled,
firm silty clay loam or silty clay; the lower part is grayish
brown or light olive brown, firm silty clay and clay loam.
The underlying material is light olive brown, firm, calcare-
ous clay loam. Pebble-size shale fragments are common
throughout the soil. In cultivated areas, the surface layer
is very dark gray.

Included with this soil in mapping are small areas of
Kilkenny, Lester, and Shorewood soils on convex slopes
and Minnetonka and Hamel soils on slightly concave
slopes and in drainageways. Also included are a few
areas of Lerdal soils that have slopes of less than 2
percent and a few areas of eroded soils that have some
material from the subsoil mixed into the surface layer.
These inclusions make up 5 to 15 percent of this unit.

Permeability is slow. Surface runoff is medium, and
available water capacity is high. Reaction of the surface
layer is slightly acid. The content of organic matter is
moderate, and natural fertility is medium. Shrink-swell
potential is high. The water table is perched and is at
depths of 1 to 3 feet during the spring.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, woodland,
and upland wildlife habitat. It has fair to good potential
for windbreaks. It has poor potential for building site
development and most sanitary facilities.

This soil is well suited to cropping if it is adequately
drained and fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. It dries out and warms up slowly in the
spring. Tillage needs to be properly timed and limited to
that which is essential to produce a crop and prevent
soil damage.

This soil has fair to good suitability for trees and
shrubs used for windbreaks. It is well suited to woodiand.
Plant competition and wetness are limitations. In some
years this soil is too wet to work in early spring without
causing clodding. This wetness can be avoided by pre-
paring the site during the fall before planting. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because wetness and high shrink-swell potential
are limitations. This soil is most suitable for dwellings
and small buildings without basements. Artificial drainage
around footings to control the water table is needed.
Foundations and footings need to be designed to com-
pensate for shrinking and swelling. This soil is poorly
suited to standard septic tank absorption fields because
it has a seasonal high water table and slow permeability.
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In some places, mound type absorption fields may be

suitable. If local roads are to function properly, this soil

needs to be covered with a more suitable base material.
This soil is in capability subclass lle.

138C2—Lerdal silty clay loam, 6 to 15 percent
slopes, eroded. This sloping soil is somewhat poorly
drained. It is on rounded knolls and smooth side slopes
of hills in the upland moraine. Length of slope ranges
from 70 to 120 feet. Individual areas of this soil have
mostly convex slopes and range from 2 to 15 acres in
size.

Typically, the surface layer is very dark gray, friable
silty clay loam about 7 inches thick. The subsoil extends
to a depth of 43 inches. The upper part is very dark
grayish brown, mottled, firm silty clay loam or silty clay;
the lower part is grayish brown, or light olive brown, firm
clay loam. The underlying material is light olive brown,
firm, calcareous clay loam. Pebble-sized shale fragments
are common throughout the soil.

Included with this soil in mapping are small areas of
Kilkenny, Lester, and Shorewood soils on convex slopes
and Minnetonka and Hamel soils in slightly concave
slopes and drainageways. Also included are a few areas
of Lerdal soils where slopes are more than 15 percent;
where erosion, removal of trees, and deep tillage have
mixed material from the subsoil into the surface layer; or
where they are not eroded. These inclusions make up 5
to 15 percent of the unit.

Permeability is slow. Surface runoff is medium to rapid,
and available water capacity is high. Reaction of surface
layer is slightly acid. The content of organic matter is
moderate, and natural fertility is medium. Shrink-swell
potential is high. The water table is perched and is at a
depth of 1 to 3 feet during the spring.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, woodland,
and upland wildlife habitat. It has fair to good potential
for windbreaks. It has poor potential for building site
development and most sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately drained and fertilized, if all crop residue is re-
turned to the surface, and if conservation measures are
used to control erosion. It dries out and warms up slowly
in the spring. A crop rotation system that includes le-
gumes helps maintain soil tilth. Tillage needs to be prop-
erly timed and limited to that which is essential to pro-
duce a crop and prevent soil damage.

This soil has fair to good suitability for trees and
shrubs used for windbreaks. It is well suited to woodland.
In many years this soil is too wet to work in early spring
without causing clodding. Preparing the site during the
fall before planting avoids this wetness. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.
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This soil has poor potential for building site develop-
ment because wetness and high shrink-swell potential
are limitations. This soil is most suitable for dwellings
and small buildings without basements. Artificial drainage
around footings to control surface water is needed.
Foundations and footings need to be designed to pre-
vent structural damage caused by shrinking and swelling.
This soil is poorly suited to standard septic tank absorp-
tion fields because it has a seasonal high water table
and slow permeability. In some places, mound type ab-
sorption fields may be suitable. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material.

This soil is in capability subclass llle.

140—Spicer silt loam. This nearly level soil is poorly
drained. It is on broad flats and in drainageways of
glacial lake plains. Individual areas have slightly convex
to slightly concave slopes. They range from 5 to 80
acres.

Typically, the surface soil is black and very dark gray,
very friable silt loam about 20 inches thick. The subsoil
extends to a depth of 28 inches. It is grayish brown,
mottled, very friable silt loam. The underlying material is
light olive gray, mottled, very friable silt loam that is
calcareous. In some areas this soil is over loamy glacial
till.

Included with this soil in mapping are small areas of
the poorly drained, noncalcareous Madelia, Marna, and
Waldorf soils and the poorly drained, calcareous Canis-
teo soils of glacial till materials. These inclusions make
up 2 to 10 percent of the map unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of surface layer is
moderately alkaline. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at a depth of 1 to 3 feet in the spring and during
wet periods, except in those areas that have been artifi-
cially drained.

Most areas of this soil are used for crops, but some
areas that need more drainage are used for grazing. This
soil has good potential for growing cultivated crops. It
has fair to poor potential for windbreaks, and poor poten-
tial for building site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up siowly
in the spring. This soil needs subsurface drainage. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizer. These nutrients help cor-
rect the imbalance of fertility caused by the high content
of lime. If the soil is tilled in the fall, freezing and thawing
during winter breaks the clods and improves the tilth of
the soil and seedbed.
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This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant of a high content of lime.
Drainage lowers the seasonal high water table and
allows deeper rootings. In many years this soil is too wet
to work in early spring without causing clodding. Prepar-
ing the site during the fall before planting avoids this
wetness. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment because it is limited by wetness. This soil is most
suitable for dwellings and small buildings without base-
ments. Artificial drainage is needed to prevent damage
to buildings. Foundations and footings need to be de-
signed to prevent structural damage caused by low
strength. This soil is poorly suited to standard septic tank
absorption fields because it has a seasonal high water
table. In some places, mound type absorption fields may
be suitable. If local roads are to function properly, this
soil needs to be covered with a more suitable base
material; in addition, surface water needs to be removed
by adequately designed road ditches.

This soil is in capability subclass llw.

154—Blue Earth muck. This nearly level soil is very
poorly drained. It is on broad, level flats of glacial lake
plains. Individual areas range from 20 to 150 acres. It is
subject to flooding.

Typically, the surface layer is black, very friable muck
(sapric material) about 16 inches thick. The subsoil ex-
tends to a depth of 32 inches. It is gray, very friable silt
loam (limnic material). The underlying material is light
olive gray, mottled, friable silt loam that is calcareous.

Included with this soil in mapping are small areas of
the very poorly drained, organic Palms soil, the very
poorly drained Wacousta soils that have a mineral sur-
face layer and do not have carbonates in the surface
layer, and the poorly drained Fieldon soils that do not
have limnic sediments. These inclusions make up 5 to
15 percent of the map unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of surface
layer is moderately alkaline. The content of organic
matter is very high, and natural fertility is high. A season-
al high water table ranges from the surface level to a
depth of 1 foot in the spring and during wet periods,
except in those areas that have been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some areas need more drainage. This soil
has good potential for growing vegetable crops and row
crops common to the county. Some of the specialty
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crops are asparagus, potatoes, and onions. This soil has
poor potential for windbreaks, building site development,
and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil has subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime. The very high organic matter content per-
mits intensive use of this soil for vegetable crops. This
soil produces high yields because of the high available
water capacity and high fertility of the muck surface
layer.

This soil is poorly suited to trees and shrubs used for
windbreaks. The combination of wetness and high lime
content reduces the number of species that grow well.
The excessive lime interferes with the uptake of nutrients
in many woody plants. Chlorosis caused by a deficiency
of available iron, occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant of a high content of lime. Drainage
lowers the seasonal high water table and allows deeper
rootings. In many years this soil is too wet to work in
early spring. Preparing the site during the fall before
planting reduces plant competition and avoids seasonal
wetness. Weeds and grasses can be controlled in newly
established windbreaks by shallow cuitivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment because it is limited by wetness, flooding, and low
strength. This soil is most suitable for dwellings and
small buildings without basements. Artificial drainage to
control the water table is needed. Foundations and foot-
ings need to be designed to prevent structural damage
caused by low strength. This soil is poorly suited to
standard septic tank absorption fields because it has a
seasonal high water table. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material; in addition, surface water needs
to be removed by adequately designed road ditches.

This soil is in capability subclass Iliw.

156—Fairhaven loam, 0 to 2 percent slopes. This
nearly level soil is well drained. It is on broad flats of
glacial outwash plains and terraces. Individual areas
have plane, convex, and concave slopes and range from
10 to 200 acres in size.

Typically, the surface soil is black and very dark gray-
ish brown, friable loam about 14 inches thick. The sub-
soil extends to a depth of 33 inches. The upper part is
dark yellowish brown, friable loam; the lower part is dark
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yellowish brown, friable coarse sandy loam. The underly-
ing material is brown, loose, gravelly coarse sand.

Included with this soil in mapping are small areas of
the poorly drained Biscay and Hanska soils in drain-
ageways and depressions, the somewhat poorly drained
Linder soils on slight rises, and the well drained Dickin-
son soils and the excessively drained Salida soils on
small rises and side slopes. These inclusions make up 5
to 15 percent of the map unit.

Permeability is moderate in the upper part of the pro-
file and rapid in the underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of the surface layer is slightly acid. The content of organ-
ic matter is high, and natural fertility is medium.

Most areas of this soil are used for row crops. This
soil has good potential for crops, hay, pasture, and trees
and shrubs for windbreaks. It has good potential for
building site development but poor potential for most
sanitary facilities. It has good potential for openland wild-
life habitat and recreation.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. Droughtiness
causes crop damage in years when rainfall is light; sup-
plemental irrigation could improve yields. Delaying tillage
until spring helps to prevent erosion caused by wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion caused by wind
can be controlled by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes mortality of
seedlings in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid in the underlying material,
pollution is a hazard. This soil has good potential for
building site development. Most soil characteristics are
favorable, and the soil is easy to work. Caving or slough-
ing of excavation walls is a hazard. This can be prevent-
ed by using retaining walls or sloping the excavation
banks.

This soil is in capability subclass lls.

156B—Fairhaven loam, 2 to 6 percent slopes. This
gently sloping soil is well drained. It is on knolls and
hilltops of glacial outwash plains and stream terraces.
Individual areas have convex slopes. They range from 5
to 80 acres.

Typically, the surface soil is black and very dark gray-
ish brown, friable loam about 14 inches thick. The sub-
soil extends to a depth of 33 inches. The upper part is
dark yellowish brown, friable loam; the lower part is dark

37

yellowish brown, friable coarse sandy loam. The underly-
ing material is brown, loose gravelly coarse sand.

Included with this soil in mapping are small areas of
the poorly drained Biscay and Hanska soils in drain-
ageways and depressions, the somewhat poorly drained
Linder soils on small flats, and the well drained Dickin-
son soils and the excessively drained Salida soils on
small knolls and side slopes. These inclusions make up
5 to 15 percent of the map unit.

Permeability is moderate in the upper part of the pro-
file and rapid in the underlying material. Surface runoff is
medium, and available water capacity is moderate. Reac-
tion of surface layer is slightly acid. The content of or-
ganic matter is high, and natural fertility is medium.

Most areas of this soil are used for row crops. This
soil has fair to good potential for crops, hay, pasture,
and windbreaks. It has good potential for building devel-
opment but poor potential for most sanitary facilities. It
has good potential for openland wildlife habitat and most
recreational uses.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. Droughtiness
causes crop damage in years when rainfall is light, and
supplemental irrigation could improve yields. Delaying til-
lage until spring is desirable to help prevent erosion
caused by wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion caused by wind
can be avoided by preparing the site in the spring before
planting. Droughtiness of this soil reduces the number of
species that grow well and causes mortality of seedlings
in new plantings. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil generally has poor potential for sanitary facili-
ties because of seepage and the hazard of polluting
ground water. Septic systems function properly; but, be-
cause permeability is rapid in the underlying material,
pollution is a hazard. This soil has good potential for
building site development. Most soil characteristics are
favorable, and the soil is easy to work. Caving and
sloughing of excavation walls is a hazard. This can be
prevented by using retaining walls or sloping the excava-
tion banks.

This soil is in capability subclass lle.

160—Fieldon loam. This nearly level soil is poorly
drained. It is in or adjacent to glacial lake plains. Individ-
ual areas have plane slopes. They are from 5 to 60
acres.

Typically, the surface soil is black and very dark gray,
friable loam about 23 inches thick. The subsoil extends
to a depth of 35 inches. It is olive gray, mottied, friable
loam. The underlying material is olive gray, mottled, fri-
able, stratified fine sand, fine sandy loam, and silt loam.
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In a few areas this soil is underlain by sand that does
not have the finer textured strata, or it is over loamy {ill.

Included with this soil in mapping are small areas of
the poorly drained Biscay soils and the very poorly
drained Dassel soils. The Dassel and Biscay soils are
noncalcareous. These inclusions make up 2 to 10 per-
cent of the map unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow, and availa-
ble water capacity is moderate. Reaction of the surface
layer is moderately alkaline. The content of organic
matter is high, and natural fertility is high. The seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some areas need more drainage. This soil
has good potential for growing vegetable crops and
other row crops common to the county. It has fair poten-
tial for windbreaks but poor potential for building site
development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned 1o the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime in the soil.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant to a high content of lime.
Drainage lowers the seasonal high water table and
allows deeper rootings. In many years this soil is too wet
to work in early spring. Preparing the site during the fall
before planting avoids this wetness and reduces plant
competition. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because it is limited by wetness. This soil is most
suitable for dwellings and small buildings without base-
ments, if they are needed. Artificial drainage to control
the water table is needed. This soil is poorly suited to
standard septic tank absorption fields because it has a
seasonal high water table. In some places, mound type
absorption fields may be suitable. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material to reduce frost action; in
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addition, surface water needs to be removed. Caving or
sloughing of excavation walls is a limitation.
This soil is in capability subclass liw.

183—Dassel loam. This nearly level soil is very poorly
drained. It is in areas in or adjacent to glacial lake plains.
Individual areas have plane and concave slopes. They
range from 5 to 60 acres.

Typically, the surface soil is black and very dark gray,
friable loam about 23 inches thick. The subsoil extends
to a depth of 34 inches. It is olive gray, mottled, friable
loam. The underlying material is olive gray, mottled, fri-
able, stratified sand to silt loam that is calcareous. In a
few areas the underlying material is coarse sand.

Included with this soil in mapping are small areas of
the poorly drained Fieldon, Hanska, Canisteo, and
Lemond soils, all of which are calcareous. These inclu-
sions make up 2 to 10 percent of the map unit.

Permeability is moderately rapid. Surface runoff is
slow, and available water capacity is moderate. Reaction
of the surface layer is neutral. The content of organic
matter is high, and natural fertility is high. The seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some areas need more drainage. This soil
has good potential for growing vegetable crops and
other row crops commonly grown in the county. It has
fair potential for windbreaks but poor potential for build-
ing site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. Til-
lage needs to be properly timed and limited to that which
is essential to produce a crop and prevent damage to
the soil.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
Plant competition can be reduced by preparing the site
during the fall before planting. Weeds and grasses can
be controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable for
dwellings and small buildings without basements, if they
are needed. Artificial drainage to control the water table
is needed. This soil is poorly suited to standard septic
tank absorption fields because it has a seasonal high
water table. In some places, mound type absorption
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fields may be suitable. If local roads are to function
properly, the surface soil needs to be removed; in addi-
tion, surface water needs to be removed to reduce frost
action. Caving or sloughing of excavation walls during
construction and in installations of drainage lines is a
limitation.

This soil is in capability subclass Hiw.

190—Hayfield silt loam, 1 to 3 percent slopes. This
nearly level and gently sloping soil is moderately well
drained and somewhat poorly drained. It is on slight rises
and small flats in areas of glacial outwash plains. Individ-
ual areas have slightly convex slopes and range from 2
to 40 acres in size.

Typically, the surface layer is black, very friable silt
loam about 9 inches thick. The subsurface layer is dark
grayish brown, very friable silty loam about 5 inches
thick. The subsoil extends to a depth of 25 inches. It is
brown and dark yellowish brown, mottled, friable silt
loam. The underlying material is grayish brown, mottled,
loose coarse sand.

Included with this soil in mapping are small areas of
the poorly drained Marshan soils in depressions and
drainageways and the somewhat poorly drained Udolpho
soils on small flats. These inclusions make up 5 to 15
percent of the map unit.

Permeability is moderate in the upper part of the pro-
file and rapid in underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of the surface layer is slightly acid. The content of organ-
ic matter is moderate, and natural fertility is medium. A
seasonal high water table is at a depth of 2.5 to 5 feet in
the spring and during wet periods, except in those areas
that have been artificially drained.

Most areas of this soil are used for row crops and
small grain. This soil has good potential for row crops,
small grain, hay, pasture, windbreaks, and woodland. It
has fair potential for building site development but poor
potential for sanitary facilities. it has good potential for
openland wildlife habitat and for most recreational activi-
ties.

This soil is well suited to cropping if it is adequately
fertilized and if all crop residue is returned to the surface.
Droughtiness causes crop damage in years when rainfall
is light; supplemental irrigation could improve yields. This
soil needs subsurface drainage in some areas. Delaying
tilage until spring helps to prevent erosion caused by
wind.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. Droughtiness, periodic wet-
ness, and plant competition are limitations. Droughtiness
in midsummer reduces the number of species that grow
well. This condition is best handled by planting trees and
shrubs that are tolerant of drought. Drainage lowers the
seasonal water table and allows deeper rootings in the
spring and during wet periods. Plant competition can be
reduced by preparing the site before planting. Weeds
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and grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because of wetness. This soil is most suitable
for dwellings and small buildings without basements. Arti-
ficial drainage to control the water table is needed to
prevent damage to buildings. This soil is poorly suited to
standard septic tank absorption fields because it has a
seasonal high water table. Because it has rapidly perme-
able underlying material, there is a hazard of contamina-
tion of underground water. In some places, mound type
absorption fields may be suitable. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material. Caving or sloughing of ex-
cavation walls during construction and during installation
of drainage lines is a limitation.

This soil is in capability subclass lls.

216B—Lamont fine sandy loam, 2 to 6 percent
slopes. This gently sloping soil is well drained. It is on
knolls and hilltops of outwash plains and stream terraces
or is on sandy knolls of glacial uplands. Length of siope
ranges from 75 to 150 feet. Slopes are mostly convex.
Individual areas range from 2 to 10 acres.

Typically, the surface layer is dark grayish brown, very
friable fine sandy loam about 10 inches thick. The sub-
surface layer is dark grayish brown, very friable fine
sandy loam about 4 inches thick. The subsoil extends to
a depth of 40 inches. It is brown and yellowish brown,
friable fine sandy loam and sandy clay loam. The under-
lying material is yellowish brown, loose sand or coarse
sand. In some areas the surface layer is thicker and
darker colored.

Included with this soil in mapping are small areas of
Chelsea, Dakota, and Hanska soils. Chelsea soils have
more convex slopes and Hanska soils are nearly level.
These inclusions make up 5 to 15 percent of the unit.

Permeability is moderately rapid in the upper part of
the profile and rapid in the underlying material. Surface
runoff is medium, and available water capacity is moder-
ate. Reaction of the surface layer is strongly acid. The
content of organic matter is low, and natural fertility is
medium.

Most areas of this soil are being used for row crops.
This soil has fair to good potential for growing cultivated
crops, hay, pasture, and trees and shrubs for wind-
breaks. It has good potential for building site develop-
ment but poor potential for sanitary facilities. It has good
potential for recreational use and for woodland and
openiand wildlife habitat.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used.
Droughtiness causes crop damage in years when rainfall
is light; supplemental irrigation could improve yields. De-
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laying tillage until spring helps to prevent erosion caused
by wind.

This soil is well suited to trees and shrubs used for
windbreaks. Erosion caused by wind, droughtiness, and
seedling mortality are limitations. Erosion caused by wind
can be avoided by preparing the site in the spring before
planting. Droughtiness of this soil reduces the number of
species that grow well and causes mortality of seedlings
in new plantings. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for sanitary facilities be-
cause of seepage and the hazard of polluting ground
water. Septic systems function properly; but, because
permeability is rapid in the underlying material, pollution
is a hazard. This soil has good potential for community
development. Most soil characteristics are favorable, and
the soil is easy to work. Caving or sloughing of excava-
tion walls is a hazard. This can be prevented by using
retaining walls or sloping the excavation banks.

This soil is in capability subclass ltle.

216C—Lamont fine sandy loam, 6 to 12 percent
slopes. This sloping soil is well drained. It is on knolls
and side slopes of escarpments on the outwash plains
or stream terraces, or it is on knolls in the uplands.
Length of slope ranges from 75 to 150 feet. Individual
areas of this soil have mostly convex slopes and range
from 3 to 15 acres in size.

Typically, the surface layer is dark grayish brown, very
friable fine sandy loam about 9 inches thick. The subsur-
face layer is dark grayish brown, very friable fine sandy
loam about 4 inches thick. The subsoil extends to a
depth of 43 inches. It is brown and yellowish brown,
friable fine sandy loam and sandy clay loam. The under-
lying material is yellowish brown, loose sand or coarse
sand. In some areas the surface layer is thicker and
darker colored.

Included with this soil in mapping are small areas of
the Chelsea, Dakota, and Hanska soils. Chelsea soils
have more convex slopes. Also included are a few areas
of the Lamont soil that have slopes of more than 12
percent. These inclusions make up 5 to 15 percent of
the unit.

Permeability is moderately rapid. Surface runoff is
medium to rapid, and available water capacity is moder-
ate. Reaction of the surface layer is strongly acid. The
content of organic matter is low, and natural fertility is
medium.

Most areas of this soil are being used for row crops,
but some areas are in hay and pasture. This soil has fair
to good potential for cultivated crops, hay, pasture, and
windbreaks. It has poor potential for sanitary facilities but
good potential for building site development. It has good
potential for recreational use and for woodland and
openland wildlife habitat.
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This soil is fairly well suited to limited cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used.
Droughtiness causes crop damage in years when rainfall
is light. Delaying tillage until spring helps to prevent ero-
sion caused by wind.

This soil has fair suitability for trees and shrubs used
for windbreaks. Erosion caused by wind, droughtiness,
and seedling mortality are limitations. Erosion caused by
wind can be avoided by preparing the site in the spring
before planting. Droughtiness of this soil reduces the
number of species that grow well and causes seedling
mortality in new plantings. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil has poor potential for sanitary facilities be-
cause of seepage and the hazard of polluting ground
water. Septic systems function properly; but, because
permeability is rapid, pollution is a hazard. This soil has
good potential for building site development. Except for a
limitation of slope, most soil characteristics are favora-
ble, and the soil is easy to work. Slope can be overcome
by proper design. Caving and sloughing of excavation
walls is a hazard. This can be prevented by using retain-
ing walls or sloping the excavation banks.

This soil is in capability subclass IVe.

227—Lemond loam. This nearly level soil is poorly
drained. It is on broad flats and in narrow draws of
glacial outwash plains. Individual areas have slightly con-
cave slopes and range from 3 to 20 acres in size. Some
areas are subject to rare flooding.

Typically, the surface soil is black and very dark gray,
friable loam about 17 inches thick. The subsoil extends
to a depth of 30 inches. The upper part is gray, mottled,
friable sandy loam; the lower part is olive gray, mottled,
loose loamy sand. The underlying material is olive gray,
loose sand. This soil is typically calcareous, but in some
areas it has been leached.

Included with this soil in mapping are small areas of
the very poorly drained Shandep and Dassel soils in
depressions and sluggish drainageways, and the some-
what poorly drained Linder soils on slightly convex
slopes. These inclusions make up 2 to 15 percent of the
map unit.

Permeability is moderately rapid in the upper part of
the profile and rapid in the underlying material. Surface
runoff is very slow, and available water capacity is mod-
erate. Reaction of surface layer is mildly alkaline. The
content of organic matter is high, and natural fertility is
medium. A seasonal high water table is at a depth of 1
to 3 feet in the spring and during wet periods, except in
those areas that have been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some areas need more drainage. This soil
has good potential for growing vegetable crops and
other row crops commonly grown in the county. It has
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fair potential for windbreaks and poor potential for most
building site development, and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. This soil needs subsurface drain-
age. Although tile can be used, in some places, the
ground water contains enough iron oxide to seal tile
lines. If crop growth is poor after adequate drainage has
been provided, then liberal amounts of potassium and
phosphorus are needed in fertilizers. These nutrients
help correct the imbalance of fertility. Tillage needs to be
properly timed and limited to that which is essential to
produce a crop and prevent damage to the soil.

This soil has fair suitability for trees and shrubs
needed in windbreaks. Wetness reduces the number of
species that grow well. This condition is best handled by
planting trees and shrubs that are water-tolerant. Drain-
age lowers the seasonal high water table and allows
deeper rootings. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable to
dwellings and small buildings without basements if they
are needed. Artificial drainage to control the water table
is needed to prevent damage to buildings. This soil is
poorly suited to standard septic tank absorption fields,
because it has a seasonal high water table. In some
places, mound type absorption fields may be suitable. If
local roads are to function properly, this soil needs to be
covered with a more suitable base material. Caving or
sloughing of excavation walls during construction and in
installation of drainage lines is a limitation.

This soil is in capability subclass liw.

229—Waldorf silty clay loam. This nearly level soil is
poorly drained. It is in depressions, on flats, and in low
gradient drainageways of glacial lake plains. Individual
areas have plane to slightly concave slopes and range
from 2 to 20 acres in size.

Typically, the surface soil is black and very dark gray,
firm silty clay loam and silty clay about 20 inches thick.
The subsoil extends to a depth of 46 inches. It is olive
gray and gray, mottled, firm silty clay. The underlying
material is gray, firm, calcareous silty clay. in some areas
the underlying material is loamy till.

Included with this soil in mapping are small areas of
the very poorly drained Okoboiji soils in depressions, the
poorly drained Hamel and Madelia soils, and the some-
what poorly drained Lerdal soils on slight rises. These
inclusions will make up 2 to 12 percent of the map unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at a depth of 1 to 3 feet in the spring and during
wet periods, except in those areas that have been artifi-
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cially drained. The strength of the soil is low, and shrink-
swell potential is high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, and openland
and wetland wildlife habitat. It has fair potential for wind-
breaks. It has poor potential for building site develop-
ment and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. Tilth is easily damaged if the soil is cultivat-
ed when it is too wet. This soil needs subsurface drain-
age. If this soil is tilled in the fall, freezing and thawing
during winter breaks the clods and improves the tilth of
the seedbed in spring.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
In many years this soil is too wet to work in early spring.
Seasonal wetness and plant competition can be reduced
by preparing the site during the fall before planting.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, low strength, and high shrink-
swell potential. This soil is most suitable for dwellings
and small buildings without basements, if they are
needed. Artificial drainage to control the water table is
needed to prevent damage to buildings. Foundations and
footings need to be designed to prevent structural
damage caused by shrinking and swelling of the soil.
The soil is poorly suited to standard septic tank absorp-
tion fields, because it has a seasonal high water table
and moderately slow permeability. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material; in addition, surface water
needs to be removed.

This soil is in capability subclass llw.

238B—Kilkenny clay loam, 2 to 6 percent slopes.
This gently sloping soil is well drained and moderately
well drained. It is on knolls and smooth side slopes of till
plains in uplands. Length of slope ranges from 75 to 150
feet. Individual areas of this soil have convex slopes and
are 2 to 20 acres in size.

Typically, the surface layer is very dark gray, friable
clay loam about 7 inches thick. The subsurface layer is
very dark gray, friable silt loam about 3 inches thick. The
subsoil extends to a depth of 38 inches. The upper part
is brown and dark yellowish brown, firm silty clay loam
and clay loam. The lower part is olive brown, firm clay
loam. The underlying material is yellowish brown and
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olive brown, clay loam and loam. In a few areas the soil
is mostly loam. Shale fragments are common throughout.

Included with this soil in mapping are small areas of
the somewhat poorly drained Lerdal soils and the poorly
drained Minnetonka and Hamel soils on concave slopes
and in small drainageways. These inclusions make up 10
to 15 percent of the unit.

Permeability is moderately slow. Surface runoff is
medium, and available water capacity is high. Reaction
of surface layer is medium acid. The content of organic
matter is moderate, and natural fertility is high.

Most areas of this soil are used for growing crops;
some areas are used for grazing. This soil has good
potential for cultivated crops. It has good potential for
windbreaks and woodland but fair potential for building
site development and most sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. In some places, erosion, removal of trees, and
deep tillage have mixed material from the subsoil into
the surface layer. This soil dries out and warms up
slowly in the spring. Tillage needs to be properly timed
and limited to that which is essential to produce a crop
and prevent damage to the soil.

This soil is well suited to woodland and trees and
shrubs used for windbreaks. In some years this soil is
too wet to work in early spring without causing clodding.
This wetness can be avoided by preparing the site during
the fall before planting. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow culti-
vation or use of approved herbicides.

This soil has only fair potential for building site devel-
opment because of moderate shrink-swell potential.
Foundations and footings need to be designed to pre-
vent structural damage caused by shrinking and swelling
of the soil. This soil is poorly suited to standard septic
tank absorption fields, because it has moderately slow
permeability. Increasing the size of absorption fields has
helped to overcome this limitation. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material.

This soil is in capability subclass lle.

238C2—Kilkenny clay loam, 6 to 12 percent slopes,
eroded. This sloping soil is well drained and moderately
well drained. It is on knolls, hilltops, and smooth side
slopes of till plains in uplands. Length of slope ranges
from 75 to 150 feet. Individual areas of this soil have
mostly convex slopes and are 2 to 20 acres in size.

Typically, the surface layer is dark grayish brown, fri-
able clay loam about 6 inches thick. The subsoil extends
to a depth of 38 inches. The upper part is brown, firm
heavy silty clay loam and clay loam; the lower part is
olive brown, firm clay loam. The underlying material is
yellowish brown and olive brown clay loam and loam. In
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a few areas this soil is mostly loam. Shale fragments are
common throughout.

Included with this soil in mapping are small areas of
the somewhat poorly drained Lerdal and the poorly
drained Minnetonka and Hamel soils on concave slopes
and in drainageways. These inclusions make up 10 to 15
percent of the unit.

Permeability is moderately slow. Surface runoff is
medium to rapid, and available water capacity is high.
Reaction of surface layer is medium acid. The content of
organic matter is moderate, and natural fertility is high.

Most areas of this soil are used for growing crops;
some areas are used for grazing. This soil has good
potential for cultivated crops and woodland. It has fair
potential for windbreaks and for building site develop-
ment and most sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Erosion, removal of trees, and deep tillage
have mixed material from the subsoil into the surface
layer. This soil dries out and warms up slowly in the
spring. Tillage needs to be properly timed and limited to
that which is essential to produce a crop and prevent
damage of the soil.

This soil has fair suitability for trees and shrubs used
for windbreaks. It is well suited to woodiand. Plant com-
petition and wetness are limitations. In some years this
soil is too wet to work in early spring without causing
clodding. Plant competition and this wetness can be
avoided by preparing the site during the fall before plant-
ing. Weeds and grasses can be controlled in newly es-
tablished windbreaks by shallow cultivation or use of
approved herbicides.

This soil has only fair potential for building site devel-
opment because slope and moderate shrink-swell poten-
tial are limitations. Foundations and footings need to be
designed to prevent structural damage caused by shrink-
ing and swelling of this soil. This soil is poorly suited to
standard septic tank absorption fields, because it has
moderately slow permeability. Increasing the size of ab-
sorption field has helped to overcome this limitation. If
local roads are to function properly, this soil needs to be
covered with a more suitable base material.

This soil is in capability subclass llle.

238D2—Kilkenny clay loam, 12 to 18 percent
slopes, eroded. This moderately steep soil is well
drained and moderately well drained. It is on knolls and
short side slopes of till plains in uplands. Length of slope
ranges from 70 to 125 feet. Individual areas of this soil
have convex slopes and are 2 to 15 acres in size.

Typically, the surface layer is dark grayish brown, fri-
able clay loam about 6 inches thick. The subsoil extends
to a depth of 36 inches. It is brown, firm clay loam. The
underlying material is yellowish brown and olive brown,
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clay loam or loam. in a few areas the soil is mostly loam.
Shale fragments are common throughout.

Included with this soil in mapping are small areas of
the somewhat poorly drained Lerdal and the poorly
drained Minnetonka and Hamel soils on concave slopes
and in drainageways. Also included are a few areas of
the Kilkenny soil that is not eroded.

Permeability is moderately slow. Surface runoff is
rapid, and available water capacity is high. Reaction of
surface layer is medium acid. The content of organic
matter is moderate, and natural fertility is high.

Some areas of this soil are used for growing crops, but
other areas are used for grazing. This soil has fair poten-
tial for cultivated crops and good potential for woodland.
It has fair potential for windbreaks but poor potential for
building site development and sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation practices are applied to con-
trol erosion. Erosion, removal of trees, and deep tillage
have mixed material from the subsoil into the surface
layer. This soil dries out and warms up slowly in the
spring. Tillage needs to be fimited to that which is essen-
tial to produce a crop and prevent damage to the soil.

This soil is well suited to woodland, but it has fair
suitability for trees and shrubs used for windbreaks. Wet-
ness and plant competition are limitations. In some years
this soil is too wet to work in early spring without causing
clodding. This wetness and plant competition can be
avoided by preparing the site during the fall before plant-
ing. Weeds and grasses can be controlled in newly es-
tablished windbreaks by shallow cultivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment because slope is a limitation. Foundations and
footings need to be designed to prevent structural
damage caused by moderate shrink-swell potential. This
soil is poorly suited to standard septic tank absorption
fields because it is limited by slope and moderately slow
permeability. The limitation of slope can be overcome by
proper design. If local roads are to function properly, this
soil needs to be covered with a more suitable base
material.

This soil is in capability subclass 1Ve.

238E—Kilkenny clay loam, 18 to 24 percent slopes.
This steep soil is well drained and moderately well
drained. It is on short, steep side slopes of till plains in
uplands. Length of slope ranges from 60 to 110 feet.
Individual areas of this soil have convex slopes and are
2 to 15 acres in size.

Typically, the surface layer is very dark gray, friable
clay loam about 6 inches thick. The subsurface layer is
very dark gray, friable silt loam about 2 inches thick. The
subsoil extends to a depth of 34 inches. The upper part
is brown, firm silty clay loam and clay loam. The lower
part is olive brown, firm clay loam. The underlying materi-
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al is yellowish brown and olive brown, clay loam or loam.
In some areas the subsoil has been mixed into the
surface layer. In a few areas the soil is mostly loam.
Shale fragments are common throughout.

Included with this soil in mapping are-small areas of
the somewhat poorly drained Lerdal and the poorly
drained Minnetonka and Hamel soils in the concave
slopes and drainageways. Also included are areas of
eroded soils.

Permeability is moderately slow. Surface runoff is
rapid, and available water capacity is high. Reaction of
the surface layer is medium acid. The content of organic
matter is moderate, and natural fertility is high.

Most areas of this soil are grazed or are used for hay.
This soil has good potential for woodland. It has poor
potential for cultivated crops, windbreaks, building site
development, and sanitary facilities.

This soil is poorly suited to cultivated crops because of
steep slopes. Operation of equipment is difficult, and the
hazard of erosion is severe. If fertilized and well man-
aged, this soil provides good pasture. Grazing needs to
be controlled to maintain good sod and reduce erosion.
Tillage needs to be properly timed and limited to that
which is essential for hay and pasture renovation and to
prevent damage to the soil.

This soil has good suitability for woodland. It is poorly
suited to trees for windbreaks and environmental plant-
ings. Some areas remain in native hardwoods. Plant
competition is moderate to severe, seedling mortality is
slight, and erosion hazard and equipment limitations are
moderate. Erosion can be reduced by keeping the sur-
face covered with vegetation. It is a good practice to
plant trees in trenches so that rainfall is trapped and
does not run directly downslope. Operating large equip-
ment may be difficult or dangerous on the steeper
slopes.

This soil has poor potential for building site develop-
ment because slope is a limitation. Excavation and grad-
ing costs increase with increasing slope. Designing build-
ings to fit the site can preserve the natural landscape
and reduce grading requirements, erosion, and sedimen-
tation. Erosion control is needed during and following
any construction. This soil is poorly suited to septic tank
absorption fields because it is limited by slope and mod-
erately slow permeability. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material. in addition the limitation of slope
needs to be overcome by proper design.

This soil is in capability subclass Vle.

239—Le Sueur loam, 1 to 3 percent slopes. This
nearly level soil is moderately well drained and some-
what poorly drained. It is on low knolls, flat hilltops, and
slight rises of till plains in uplands. Length of slope
ranges from about 70 to 100 feet. Individual areas have
plane, convex or slightly concave slopes and range from
2 to 20 acres in size.
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Typically, the surface layer is black, friable loam and
clay loam about 12 inches thick. The subsoil extends to
a depth of 29 inches. The upper part is very dark grayish
brown, friable clay loam; the lower part is brown and
olive brown, mottled, friable clay loam. The underlying
material is grayish brown, mottled, friable loam that is
calcareous.

Included with this soil in mapping are small areas of
Dundas, Cordova, and Webster soils in drainageways
and Lester and Lerdal soils on convex slopes. These
inclusions make up 5 to 15 percent of the unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is medium acid. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at a depth of 2 to 5 feet in the spring and during
wet periods.

Most areas of this soil are used for crops. This soil
has good potential for crops. It has good potential for
windbreaks and woodland. It has fair potential for build-
ing site development but poor potential for most sanitary
facilities.

This soil is well suited to intensive cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used. There
are few limitations to use. Because of the included soils
and seasonal wetness, drainage is beneficial in some
areas. If the soil is tilled in the fall, freezing and thawing
during winter breaks the clods and improves the tilth of
the seedbed.

This soil is well suited to trees and shrubs needed in
windbreaks and to woodland. Preparing the site during
the fall before planting reduces plant competition and
improves tilth of seedbed. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil has only fair potential for building site devel-
opment because of wetness, low strength, and moderate
shrink-swell potential. Artificial drainage is needed to pre-
vent damage to buildings. Foundations and footings
need to be designed to prevent structural damage
caused by low strength and shrinking and swelling. This
soil is poorly suited to septic tank absorption fields, be-
cause it is limited by wetness. In some places, mound
type absorption fields may be suitable.

This soil is in capability class |.

247—Linder sandy loam, 0 to 3 percent slopes.
This nearly level soil is somewhat poorly drained. It is on
broad flats and slight rises of glacial outwash plains and
terraces. Length of slope ranges from about 80 to 100
feet. Individual areas have slightly convex to slightly con-
cave slopes and range from 2 to 80 acres in size.

Typically, the surface layer is black and very dark
brown, friable sandy loam about 12 inches thick. The
subsoil extends to a depth of 38 inches. It is dark grayish
brown, mottled sandy loam and loamy coarse sand in
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the upper part, and gravelly loamy coarse sand in the
lower part. The underlying material is dark grayish brown,
mottled, loose gravelly loamy sand that is calcareous. In
some areas the subsoil is loam.

Included with this soil in mapping are small areas of
Biscay and Hanska soils in shallow depressions and
drainageways and Dickinson and Estherville soils on the
highest part of the convex slopes. These inclusions
make up 5 to 15 percent of the unit.

Permeability is moderately rapid in the subsoil and
rapid in the underlying material. Surface runoff is slow,
and available water capacity is low. Reaction of surface
layer is neutral. The content of organic matter is moder-
ate, and natural fertility is medium. A seasonal high
water table is at depths of 2 to 4 feet in the spring and
during wet periods, except in those areas that have been
artificially drained.

Most areas of this soil are used for row crops and
small grain. This soil has fair to good potential for crops,
small grain, hay, pasture, and trees and shrubs for wind-
breaks. It has fair potential for building site development
and poor potential for sanitary facilities. It has good po-
tential for openland wildlife habitat and for most recre-
ational uses.

This soil is well suited to cropping if it is adequately
fertilized and if all crop residue is returned to the surface.
Droughtiness causes crop damage in years when rainfall
is light; supplemental irrigation could improve yields. This
soil needs subsurface drainage in some areas. Delaying
tilage until spring helps to prevent erosion caused by
wind.

This soil is well suited to trees and shrubs used for
windbreaks. Droughtiness in midsummer reduces the
number of species that grow well. This condition is best
handled by planting trees and shrubs that are tolerant to
droughty conditions. Drainage lowers the seasonal high
water table and allows deeper rooting. Preparing the site
before planting reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because of wetness. This soil is most suitable
for dwellings and small buildings without basements. Arti-
ficial drainage is needed to prevent damage to buildings.
This soil is poorly suited to standard septic tank absorp-
tion fields, because it has a seasonal high water table.
Because of the rapid permeability in the underlying mate-
rial there is a hazard of contamination of underground
water. In some places, mound type absorption fields may
be suitable. The high potential frost action is a limitation
for local roads, but this can be overcome by proper
design. Caving or sloughing of excavation walls during
construction and in installation of drainage lines is a
limitation.

This soil is in capability subclass lis.
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252—Marshan silt loam. This nearly level soil is
poorly drained. It is on broad flats and in drainageways
of outwash plains. Individual areas have plane to slightly
concave slopes. They range from 2 to 100 acres.

Typically, the surface soil is black and very dark gray,
friable silt loam about 15 inches thick. The subsoil ex-
tends to a depth of 32 inches. It is dark gray, mottled,
friable silty clay loam, silt loam, and loam. The underlying
material is dark grayish brown, mottled, gravelly coarse
sand.

Included with this soil in mapping are small areas of
Shandep soils in small depressions and Hayfield and
Udolpho soils on slight rises. Also included in mapping
are small areas of Maxcreek and Mayer soils. These
inclusions make up 2 to 10 percent of the unit.

Permeability is moderate in the upper part of the pro-
file and rapid in underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of surface layer is slightly acid. The content of organic
matter is high, and natural fertility is high. A seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for row
crops. Some areas need more drainage. This soil has
good potential for crops, hay, and pasture. It has fair
potential for windbreaks, and poor potential for building
site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used in some places, the ground
water contains enough iron oxide to seal tile lines. If the
soil is tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and . shrubs
needed in windbreaks. Wetness and plant competition
are limitations. Wetness reduces the number of species
that grow well. This condition is best handied by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
In many years this soil is too wet to work in early spring.
Preparing the site during the fall before planting reduces
plant competition. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable for
dwellings and small buildings without basements. Artifi-
cial drainage is needed to prevent damage to buildings.
Foundations and footings need to be designed to pre-
vent structural damage caused by low strength. This soil
is poorly suited to standard septic tank absorption fields,
because it has a seasonal high water table. Polluting
ground water is also a hazard because of the rapid
permeability of the underlying material. In some places,
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mound type absorption fields may be suitable. If local
roads are to function properly, this soil needs to be
covered with a more suitable base material. Caving or
sloughing of excavation walls during construction and in
installation of drainage lines is a limitation.

This soil is in capability subclass llw.

253—Maxcreek silty clay loam. This nearly level soil
is poorly drained. It is on broad flats and in drainageways
of silt-mantled ground moraines. Individual areas have
plane to slightly concave slopes. They range from 2 to
60 acres in size.

Typically, the surface soil is black and very dark gray,
friable silty clay loam about 21 inches thick. The subsoil
extends to a depth of 41 inches. The upper part is dark
gray, friable silt loam; the lower part is olive gray, mot-
tled, friable loam. A thin, discontinuous coarse textured
layer as much as 5 inches thick commonly separates the
upper part of the lower subsoil from the lowest part of
the subsoil. The underlying material is olive gray, mot-
tled, friable loam that is calcareous. In some areas the
lower part of the subsoil is coarse textured and as much
as 10 inches thick.

Included with this soil in mapping are small areas of
Barbert, Canisteo, and Okoboiji soils in small depressions
and Havana, Merton, and Newry soils on the slight rises.
Also included are small areas of Canisteo, Madelia, and
Webster soils. These inclusions make up 2 to 15 percent
of the unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is neutral. The content of organic matter is high,
and natural fertility is high. A seasonal high water table is
at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, and wetland
wildlife habitat. It has fair potential for windbreaks. It has
poor potential for building site development and sanitary
facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. If the
soil is tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
In many years this soil is too wet to work in early spring.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
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breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness, low strength, and high to
moderate shrink-swell potential. This soil is most suitable
for dwellings and small buildings without basements. Arti-
ficial drainage is needed to prevent damage to buildings.
Foundations and footings need to be designed to pre-
vent structural damage caused by low strength and
shrinking and swelling. This soil is poorly suited to stand-
ard septic tank absorption fields because it has a sea-
sonal high water table. In some places, mound type
absorption fields may be suitable. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material.

This soil is in capability subclass llw.

255—Mayer loam. This nearly level soil is poorly
drained. It is on broad flats and on the rims of depres-
sions of glacial outwash plains and terraces. Individual
areas have plane to slightly concave slopes and range
from 2 to 100 acres in size.

Typically, the surface layer is black and very dark gray,
friable loam about 22 inches thick. The subsoil extends
to a depth of 38 inches. It is olive gray, mottled, friable
loam in the upper part and olive gray fine sandy loam in
the lower part. The underlying material is olive gray, dark
gray, and gray loamy sand or coarse sand. This soil is
generally calcareous but in a few areas it is leached.

Included in mapping are small areas of Shandep soils
in small depressions and Cylinder and Linder soils on
slight rises. These inclusions make up 5 to 15 percent of
the unit.

This soil contains an excessive amount of lime. Per-
meability is moderate in the upper part of the profile and
rapid in the underlying material. Surface runoff is slow,
and available water capacity is moderate. Reaction of
the surface layer is mildly alkaline. The content of organ-
ic matter is high, and natural fertility is high. A seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for row
crops. Some areas need more drainage. This soil has
good potential for crops, hay, and pasture. It has fair
potential for windbreaks but poor potential for building
site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
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tent of lime. If this soil is tilled in the fall, freezing and
thawing during winter breaks the clods and improves the
tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant of high content of lime in
the soil. Drainage lowers the seasonal high water table
and allows deeper rooting. In many years this soil is too
wet to work in early spring without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable for
dwellings and small buildings without basements. Artifi-
cial drainage is needed to prevent damage to buildings.
This soil is poorly suited to standard septic tank absorp-
tion fields, because it has a seasonal high water table.
Polluting ground water is also a hazard because of the
rapid permeability of the underlying material. In some
places, mound type absorption fields may be suitable.
The high potential frost action and wetness are limita-
tions of local roads, but they can be overcome by proper
design. Caving or sloughing of excavation walls during
construction and in installation of drainage lines is a
limitation.

This soil is in capability subclass liw.

259B—Grays silt loam, 1 to 6 percent slopes. This
gently sloping soil is well drained. It is on knolls and side
slopes. The slopes range from 80 to 150 feet in length.
Individual areas have both convex and concave slopes
and range from 3 to 25 acres in size.

Typically, the surface layer is black, very friable silt
loam about 8 inches thick. The subsurface layer is dark
grayish brown, very friable silt loam about 4 inches thick.
The subsoil extends to a depth of 47 inches. The upper
part is dark brown, friable silt loam, and the lower part is
yellowish brown, mottled, friable silt loam. The underlying
material is yellowish brown, mottled, friable silt loam that
is calcareous.

Included with this soil in mapping are small areas of
the poorly drained Webster and Madelia soils in drain-
ageways and on concave slopes, the moderately well
drained Barrington soils on concave slopes, and the well
drained Lester soils on convex slopes that have till near
the surface. These inclusions make up 5 to 15 percent
of the unit. ‘

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of the
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surface layer is slightly acid. The content of organic
matter is high, and natural fertility is high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, and windbreaks. It
has fair potential for building site development and sani-
tary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. Tillage needs to be limited to that which is essential
to produce a crop and prevent damage to the soil.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting reduces plant competition. In some years, this
soil is too wet to work in early spring without causing
clodding. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has only fair potential for building site devel-
opment because of low strength and moderate shrink-
swell potential. Foundations and footings need to be
designed to prevent structural damage caused by shrink-
swell. If this soil is used for landfills, compaction and
sealing of the floor is needed to prevent seepage. This
soil is limited by wetness for lagoons.

This soil is in capability subclass lle.

259C—Grays silt loam, 6 to 12 percent slopes. This
sloping and strongly sloping soil is well drained. It is on
knolls and side slopes. The slopes range from 80 to 150
feet in length. Individual areas have both piane and
convex slopes and range from 3 to 18 acres in size.

Typically, the surface layer is black, very friable silt
loam about 5 inches thick. The subsurface layer is dark
grayish brown, very friable silt loam about 6 inches thick.
The subsoil extends to a depth of 45 inches. The upper
part is dark brown, very friable silt loam; the lower part is
yellowish brown, mottled, friable silt loam. The underlying
material is yellowish brown, mottled, friable silt loam that
is calcareous.

Included with this soil in mapping are small areas of
the poorly drained Webster and Madelia soils in drain-
ageways and on concave slopes, the moderately well
drained Barrington soils on concave slopes, and the well
drained Lester soils on convex slopes that have till near
the surface. Also included are areas of the Grays soil
that has slopes steeper than 12 percent. These inclu-
sions make up 5 to 15 percent of the unit.

Permeability is moderate. Surface runoff is medium to
rapid, and available water capacity is high. Reaction of
the surface layer is slightly acid. The content of organic
matter is high, and natural fertility is high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, and windbreaks. It
has fair potential for building site development and sani-
tary facilities. ~
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This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. In places erosion, removal of trees, and deep til-
lage have mixed material from the subsoil into the sur-
face layer. Tillage needs to be limited to that which is
essential to produce a crop and prevent damage to the
soil.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting reduces plant competition. In some years, this
soil is too wet to be worked in early spring without
causing clodding. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has only fair potential for building site devel-
opment because of slope and moderate shrink-swell po-
tential. Controlling surface water is needed to prevent
damage to buildings from runoff. Foundations and foot-
ings need to be designed to prevent structural damage
caused by shrinking and swelling. Slope is a limitation for
septic tank absorption fields but can be overcome by
proper design and installation.

This soil is in capability subclass lile.

282—Hanska loam. This nearly level soil is poorly
drained. It is on broad flats and in narrow draws of
glacial outwash plains in uplands. Individual areas have
plane to slightly concave slopes. They range from 3 to
20 acres.

Typically, the surface soil is black and very dark gray,
friable loam about 19 inches thick. The subsoil extends
to a depth of 38 inches. The upper part is dark grayish
brown, mottled, very friable sandy loam; the lower part is
dark grayish brown, mottied, very friable loamy sand.
The underlying material is grayish brown and very dark
grayish brown, mottled, loose sand.

Included with this soil in mapping are small areas of
the very poorly drained Shandep soils in depressions,
the poorly drained Biscay and Fieldon soils, the some-
what poorly drained Linder soils on slight rises, and the
well drained Fairhaven and Dickinson soils on small
knolls and side slopes. These inclusions make up 2 to
12 percent of the map unit.

Permeability is moderately rapid in the surface layer
and upper part of the subsoil and rapid in the lower part
of the subsoil and in the underlying material. Surface
runoff is very slow, and available water capacity is mod-
erate. Reaction of the surface layer is neutral. The con-
tent of organic matter is high, and natural fertility is high.
A seasonal high water table is at a depth of 1 to 3 feet
in the spring and during wet periods, except in those
areas that have been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some areas need more drainage. This soil
has good potential for growing vegetable crops and
other row crops common to the county. It has fair poten-
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tial for windbreaks but poor potential for building site
development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. Til-
lage needs to be properly timed and limited to that which
is essential to produce a crop and prevent damage to
the soil.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. Preparing the site during the fall before planting
reduces plant competition. Weeds and grasses can be
controlled in newly established windbreaks by shaliow
cultivation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable for
dwellings and small buildings without basements, if they
are needed. Artificial drainage is needed to control the
water table. This soil is poorly suited to standard septic
tank absorption fields. It has a seasonal high water table,
and there is a hazard of polluting the ground water. In
some places, mound type absorption fields may be suit-
able. If local roads are to function properly, this soil
needs to be covered with a more suitable base material.
Caving or sloughing of excavation walls during construc-
tion and in installation of drainage lines is a limitation.

This soil is in capability subclass liw.

286B—Shorewood silty clay loam, 1 to 6 percent
slopes. This nearly level and gently sloping soil is mod-
erately well drained. it is on knolls and rises in areas of
glacial lake plains and moraines. Length of slope ranges
from 75 to 300 feet. Individual areas have convex and
concave slopes and range from 3 to 20 acres in size.

Typically, the surface layer is black, friable silty clay
loam about 8 inches thick. The subsoil extends to a
depth of 40 inches. It is very dark grayish brown and
dark grayish brown silty clay loam that is mottled in the
lower part. The underlying material is grayish brown,
mottled, calcareous silty clay loam. In a few areas this
soil is mostly clay loam.

Included with this soil in mapping are small areas of
the poorly drained Minnetonka soils in the small depres-
sions and drainageways, the somewhat poorly drained
Lerdal soils at the lower elevations, and the moderately
well drained and well drained Kilkenny soils and the well
drained Lester soils in areas where glacial till is at shal-
lower depths. Also included are areas of the eroded
Shorewood soils. These inclusions make up 5 to 15
percent of the mapping unit.
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Permeability is moderately slow. Surface runoff is
medium, and available water capacity is high. Reaction
of surface layer is slightly acid. The content of organic
matter is high, and natural fertility is high. Shrink-swell
potential is high, and strength of the soil is low. A sea-
sonal high water table is perched at depths of 3 to 5 feet
in the spring and during wet periods.

Most areas of this soil are used as crops. This soil has
fair potential for crops, pasture, and hay. It has good

_potential for woodland, windbreaks, and upland wildlife

habitat. It has poor potential for building site develop-
ment and most sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if erosion is controlled. It has a tendency to
puddle and crust after hard rains. It dries out and warms
up slowly in the spring. Tillage needs to be limited to that
which is essential to produce a crop and prevent
damage to the soil.

This soil is well suited to woodland and trees and
shrubs used for windbreaks. In many years this soil is
too wet to work in early spring without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of high shrink-swell potential and low
strength. This soil is most suitable for dwellings and
small buildings without basements. Artificial drainage is
needed to prevent damage to buildings. Foundations and
footings need to be designed to prevent structural
damage caused by shrink-swell and low strength. This
soil is poorly suited to standard septic tank absorption
fields, because it is limited by wetness and moderately
slow permeability. In some places, mound type absorp-
tion fields may be suitable. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material.

This soil is in capability subclass le.

286C2—Shorewood silty clay loam, 6 to 12 percent
slopes, eroded. This sloping soil is moderately well
drained. It is on smooth side slopes and knolis in areas
of clay-capped glacial moraines. Length of slope ranges
from 75 to 150 feet. Individual areas have plane and
convex slopes and range from 3 to 12 acres in size.

Typically, the surface layer is very dark grayish brown,
friable silty clay loam about 7 inches thick. The subsoil
extends to a depth of 37 inches. It is very dark grayish
brown and dark grayish brown silty clay loam that is
mottled in the lower part. The underlying material is
grayish brown, mottled, firm silty clay loam that is calcar-
eous. In a few areas, the soil is mostly clay loam.

Included with this soil in mapping are small areas of
the poorly drained Minnetonka soils in the small depres-
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sions and drainageways, the somewhat poorly drained
Lerdal soils and the Le Sueur soils at the lower eleva-
tions, and the moderately well drained and well drained
Kilkenny soils and the well drained Lester soils in areas
where glacial till is at shallower depths. These inclusions
make up 5 to 15 percent of the map unit. Also included
are a few areas of the noneroded Shorewood soil.

Permeability is moderately slow. Surface runoff is
medium to rapid, and available water capacity is high.
Reaction of surface layer is slightly acid. The content of
organic matter is high, and natural fertility is high. Shrink-
swell potential is high, and strength of the soil is low. A
seasonal high water table is perched and is at depths of
3 to 5 feet in the spring and during wet periods.

Most areas of this soil are used as crops. This soil has
fair potential for crops, pasture, and hay. It has good
potential for woodland, windbreaks, and upland wildlife
habitat. It has poor potential for building site develop-
ment and sanitary facilities.

This soil is fairly well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if erosion is controlled. It has a tendency to
puddie and crust after hard rains. It dries out and warms
up slowly in the spring. Tillage needs to be limited to that
which is essential to produce a crop and prevent
damage to the soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. In many years this soil is
too wet to work in early spring without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of high shrink-swell potential and low
strength. This soil is most suitable for dwellings and
small buildings without basements. Artificial drainage is
needed to control the water table. Foundations and foot-
ings need to be designed to prevent structural damage
caused by shrink-swell potential and low strength. This
soil is poorly suited to standard septic tank absorption
fields, because it is limited by wetness and moderately
slow permeability. In some places, mound type absorp-
tion fields may be suitable. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material.

This soil is in capability subclass llle.

287—Minnetonka silty clay loam. This nearly level
soil is poorly drained. It is on flats and drainageways in
the uplands. Individual areas have plane to slightly con-
cave slopes and range from 2 to 20 acres in size.

Typically, the surface layer is black, friable silty clay
loam about 12 inches thick. The subsurface layer is very
dark gray, friable silty clay loam about 4 inches thick.
The subsoil extends to a depth of 44 inches. It is very
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dark grayish brown, dark grayish brown, and olive gray
silty clay and silty clay loam that is mottled and firm. The
underlying material is olive gray, mottled, firm silty clay
loam that is calcareous.

Included with this soil in mapping are small areas of
Waldorf soils in depressions and Lerdal and Shorewood
soils on slight rises. Included are a few small areas of
Marna soils. These inclusions make up 5 to 15 percent
of the unit.

Permeability is slow. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of surface layer is
slightly acid. The content of organic matter is high, and
natural fertility is high. A seasonal high water table is at a
depth of 1 to 3 feet in the spring and during wet periods,
except in those areas that have been artificially drained.
Strength of the soil is low, and shrink-swell potential is
high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, and wetland
wildlife habitat. It has fair potential for woodland and
windbreaks, but it has poor potential for building site
development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. Tilth of the soil is easily damaged if culti-
vated when the soil is too wet. This soil needs subsur-
face drainage. Tillage needs to be properly timed and
limited to that which is essential to produce a crop and
prevent damage to the soil. If this soil is tilled in the fall,
freezing and thawing during winter breaks the clods and
improves the tilth of the seedbed in the spring.

This soil has fair suitability for trees and shrubs used
for windbreaks and for woodland. Wetness and plant
competition are limitations. Wetness reduces the number
of species that grow well. This condition is best handled
by planting trees and shrubs that are water-tolerant.
Drainage lowers the seasonal high water table and
allows deeper rooting. In many years this soil is too wet
to work in early spring. Preparing the site during the fall
before planting avoids this wetness and reduces plant
competition. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, low strength, and shrink-swell
potential. This soil is most suitable for dwellings and
small buildings without basements, if they are needed.
Artificial drainage is needed to prevent damage to build-
ings. Foundations and footings need to be designed to
prevent structural damage caused by low strength and
shrinking and swelling. This soil is poorly suited to septic
tank absorption fields, because it has a seasonal high
water table and slow permeability. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material.

This soil is in capability subclass liw.
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300—Dassel mucky loam. This nearly level soil is
very poorly drained. It is in areas in and adjacent to
glacial lake plains. Individual areas range from 5 to 60
acres. This soil is subject to flooding.

Typically, the surface soil is about 21 inches thick. The
upper part is black, very friable mucky loam; the lower
part is black, friable silty clay loam and loam. The subsoil
extends to a depth of 36 inches. It is olive gray, mottled,
friable sandy loam. The underlying material is light olive
gray and pale olive, loose, calcareous fine sands.

Included with this soil in mapping are small areas of
the poorly drained Fieldon, Hanska, Canisteo, and
Lemond soils, which are calcareous. These inclusions
make up 2 to 10 percent of the map unit.

Permeability is moderately rapid. Surface runoff is very
slow, and available water capacity is high. Reaction of
the surface layer is neutral. The content of organic
matter is very high, and natural fertility is high. A season-
al high water table ranges from the surface to a depth of
1 foot in the spring and during wet periods, except in
those areas that have been artificially drained.

Most areas of this soil are drained and are used for
vegetable crops. Some areas need more drainage. This
soil has good potential for growing vegetable crops and
other row crops commonly grown in the county. The very
high organic matter content permits intensive use of this
soil for vegetable crops. This soil produces high yields
because of the high available water capacity and high
natural fertility of the mucky surface soil. The soil has
poor potential for windbreaks and for building site devel-
opment and sanitary facilities.

This soil is fairly well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. Delaying tillage until spring is
desirable to prevent erosion caused by wind. This soil
dries out and warms up slowly in the spring. It needs
subsurface drainage. Subsidence of the mucky surface
layer interferes with adequate performance of subsurface
drainage systems in some areas. Also in some places,
the ground water contains enough iron oxide to seal tile
lines. Tillage needs to be properly timed and limited to
that which is essential to produce a crop and prevent
damage to the soil.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness and plant competition are limita-
tions. Wetness reduces the number of species that grow
well. This condition is best handled by planting trees and
shrubs that are water-tolerant. Drainage lowers the sea-
sonal high water table and allows deeper rootings. Plant
competition can be reduced by preparing the site during
the fall before planting. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow culti-
vation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness and flooding. This soil is most
suitable for dwellings and small buildings without base-
ments, if they are needed. Artificial drainage is needed to
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control the water table. This soil is poorly suited to
standard septic tank absorption fields, because it has a
seasonal high water table. If local roads are to function
properly, the mucky surface layer needs to be removed;
in addition, surface water needs to be removed to
reduce frost action. Caving or sloughing of excavation
banks during construction and in installation of drainage
lines is a limitation.
This soil is in capability subclass Iliw.

318—Mayer loam, swales. This nearly level soil is
very poorly drained. It is in depressions and long, low
gradient, sluggish drainageways of glacial outwash plains
and stream terraces. Individual areas are 2 to 5 acres in
the depressions and are 5 to 80 acres along the drain-
ageways. This soil is subject to flooding.

Typically, the surface soil is black, friable loam about
21 inches thick. The subsoil extends to a depth of 43
inches. It is olive gray, mottled, friable loam in the upper
part and coarse sandy loam in the lower part. The under-
lying material is olive gray, mottled coarse sand or grav-
elly coarse sand. The surface soil is thicker and has
been leached in a few areas.

Included with this soil in mapping are small areas of
Cylinder, Hanska, Lemond, and Linder soils on slight
rises. Also included are small areas of Adrian soils and
Blue Earth Variant. These inclusions make up 5 to 15
percent of the unit.

This soil contains an excessive amount of lime. Per-
meability is moderate in the upper part of the profile and
rapid in underlying material. Surface runoff is slow to
very slow or the soil is ponded, and available water
capacity is high. Reaction of surface layer is mildly alka-
line. The content of organic matter is medium, and natu-
ral fertility is high. A seasonal high water table ranges
from the surface to a depth of 1 foot in the spring and
during wet periods, except in those areas that have been
artificially drained. During periods of hard rains, the
excess runoff collects in the swales and causes loss of
crops.

Most areas of this soil are drained and used for crops,
but some areas that need more drainage are used for
grazing. This has good potential for growing cultivated
crops. It has poor potential for windbreaks and for build-
ing site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though file can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime. If the soil is tilled in the fall, freezing and
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thawing during winter breaks the clods and improves the
tilth of the seedbed.

This soil is poorly suited to trees and shrubs used for
windbreaks. The combination of wetness and high lime
content reduces the number of species that grow well.
The excessive lime interferes with the intake of nutrients
in many woody plants. Chlorosis, caused by a deficiency
of available iron occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant to a high content of lime in the soil.
Drainage lowers the seasonal high water table and
allows deeper rooting. In many years this soil is too wet
to work in early spring without causing clodding. Prepar-
ing the site during the fall before planting avoids this
wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness and flooding. This soil is most
suitable for dwellings and small buildings without base-
ments, if they are needed. Artificial drainage is needed to
control the water table. This soil is poorly suited to
standard septic tank absorption fields, because it has a
seasonal high water table. The high potential frost action
and wetness are limitations for local roads but can be
overcome by proper design. Caving or sloughing of exca-
vation walls during construction and in installation of
drainage lines are limitations.

This soil is in capability subclass Iliw.

350—Canisteo clay loam, depressional. This nearly
level soil is very poorly drained. It is in depressions and
long, winding, low gradient drainageways. Individual
areas have plane to slightly concave slopes. They are 2
to 5 acres in depressions and 5 to 30 acres along
drainageways. This soil is subject to flooding.

Typically, the surface soil is black and very dark gray,
friable clay loam about 21 inches thick. The subsoil ex-
tends to a depth of 38 inches. It is olive gray, mottled,
friable clay loam. The underlying material is light olive
gray, friable clay loam.

Included with this soil in mapping are small areas of
the very poorly drained, noncalcareous Glencoe soils in
depressions, and a soil that has a thin organic surface
layer. The latter soil is either too thin or too small to be
mapped separately as an organic soil. These inclusions
make up 5 to 10 percent of the mapping unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow to very slow
or the soil is ponded, and available water capacity is
high. Reaction of surface layer is mildly alkaline. The
content of organic matter is high, and natural fertility is
high. A seasonal high water table ranges from surface
level to a depth of 1 foot in the spring and during wet
periods, except in those areas that have been artificially
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drained. During periods of hard rains, the excess runoff
collects in the depressions and causes loss of crops.

Most areas of this soil are drained and used for grow-
ing crops, but some areas that need more drainage are
used for grazing. This soil has good potential for growing
cultivated crops. It has fair to poor potential for wind-
breaks and poor potential for building site development
and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime in the soil. If the soil is tilled in the fall,
freezing and thawing during winter breaks the clods and
improves the tilth of the seedbed.

This soil has fair to poor suitability for trees and shrubs
used for windbreaks. The combination of wetness and
high lime content reduces the number of species that
grow well. The excessive lime interferes with the intake
of nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that have a high tolerance to lime. Drainage
lowers the seasonal high water table and allows deeper
rooting. In many years this soil is too wet to work in early
spring without causing clodding. Preparing the site during
the fall before planting avoids this wetness and reduces
plant competition. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness and flooding. This soil is most
suitable for dwellings and small buildings without base-
ments, if they are needed. Artificial drainage is needed to
control the water table. Foundations and footings need
to be designed to prevent structural damage caused by
low strength. This soil is poorly suited to standard septic
tank absorption fields, because it has a seasonal high
water table. If local roads are to function properly, this
soil needs to be covered with a more suitable base
material; in addition, surface water needs to be removed
from the depressions.

This soil is in capability subclass Illw.

376B—Moland silt loam, 2 to 6 percent slopes. This
gently sloping soil is well drained. It is on knolls of
ground moraines. Length of slope ranges from about 100
to 200 feet. Individual areas have convex slopes and
range from 2 to 30 acres in size.

Typically, the surface soil is black and very dark gray-
ish brown, friable silty loam about 13 inches thick. The
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subsoil extends to a depth of 52 inches. The upper part
is brown, friable silt loam; the lower part is light olive
brown and olive brown, friable loam and sandy loam. A
thin, coarse textured layer as much as 6 inches thick
commonly separates the upper part of the subsoil from
the lower part. The underlying material is light olive
brown, friable, calcareous loam.

Included with this soil in mapping are small areas of
Merton soils on more gentle slopes; Maxcreek soils in
shallow depressions and drainageways; and a few small
areas of Clarion soils on the more convex slopes. These
inclusions make up 5 to 15 percent of the unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of surface
layer is slightly acid. The content of organic matter is
high, and natural fertility is high.

Most areas of this soil are used for row crops. This
soil has good potential for growing crops. It has good
potential for windbreaks, for building site development
and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. It has a tenden-
cy to crust and puddle after hard rains. Tillage needs to
be limited to that which is essential to produce a crop
and prevent damage to the soil.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting reduces plant competition. In some years this
soil is too wet to work in early spring without causing
clodding. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has good potential for building site develop-
ment. It has few limitations to use. Roads need to be
designed to prevent structural damage caused by low
strength and frost action. If this soil is used for sewage
lagoons, seepage is a hazard unless the floor is com-
pacted and sealed.

This soil is in capability subclass lle.

377—Merton siit loam, 1 to 3 percent slopes. This
nearly level soil is moderately well drained to somewhat
poorly drained. It is on low knolls and slight rises of silty-
mantled ground moraines. Length of slope ranges from
about 80 to 200 feet. Individual areas have slightly
convex slopes and range from 2 to 40 acres in size.

Typically, the surface soil is black and very dark gray,
friable silt loam about 14 inches thick. The subsoil ex-
tends to a depth of 47 inches. it is dark grayish brown,
mottled, friable silt loam in the upper part and brown,
mottled, friable loam in the lower part. A thin, coarse
textured layer as much as 6 inches thick commonly sep-
arates the upper part of the subsoil from the lower part.
The underlying material is olive brown, mottled, friable
loam that is calcareous.
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Included with this soil in mapping are small areas of
Havana and Maxcreek soils in shallow depressions and
drainageways and Moland and Blooming soils on convex
slopes. Also included are a few small areas of Barrington
soils. These inclusions make up 5 to 15 percent of the
unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is medium acid. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at a depth of 2 to 5 feet in the spring and during
wet periods.

Most areas of this soil are used for crops. This soil
has good potential for crops. It has good potential for
windbreaks and fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used. It has a
tendency to puddle and crust after hard rains. Because
of the included soils and seasonal wetness, drainage is
beneficial in some areas. Tillage needs to be limited to
that which is essential to produce a crop and prevent
damage to the soil.

This soil is well suited to trees and shrubs used for
windbreaks. Preparing the site during the fall before
planting reduces plant competition. In some years this
soil is too wet to work in early spring without causing
clodding. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has only fair potential for building site devel-
opment because of wetness. Artificial drainage is needed
to prevent damage to buildings. Roads need to be de-
signed to prevent structural damage caused by low
strength and frost action. This soil is limited by wetness
for septic tank absorption fields. In some places, mound
type absorption fields may be suitabie.

This soil is in capability class .

378—Maxfield silty clay loam. This nearly level soil is
poorly drained. It is on broad flats and in drainageways
of silty-mantled ground moraines. Individual areas are
plane to slightly concave and range from 2 to 80 acres
in size.

Typically, the surface soil is black, friable silty clay
loam about 18 inches thick. The subsoil extends to a
depth of 42 inches. It is dark gray, friable silty clay loam
in the upper part and olive gray and yellowish brown,
mottled loam in the lower part. A thin, coarse textured
layer as much as 6 inches thick commonly separates the
upper part of the subsoil from the lower part. The under-
lying material is yeliowish brown, mottled, firm loam that
is calcareous. In a few areas the underlying material is
friable.

Included with this soil in mapping are small areas of
Okoboiji soils in the small depressions and Kasson and
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Skyberg soils on slight rises. These inclusions make up 2
to 15 percent of the unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter
and natural fertility are high. A seasonal high water table
is at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, and wetiand
wildlife habitat. It has fair potential for windbreaks. It has
poor potential for building site development and sanitary
facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs. subsurface drainage. If the
soil is tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper root-
ings. In many years this soil is too wet to work in early
spring. Preparing the site during the fall before pianting
avoids this wetness and reduces plant competition.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or approved her-
bicides.

This soil has poor potential for building site develop-
ment because of wetness, low strength and high shrink-
swell potential. This soil is most suitable for dwellings
and small buildings without basements. Artificial drainage
is needed to prevent damage to buildings. Foundations
and footings need to be designed to prevent structural
damage caused by low strength and shrinking and swell-
ing. This soil is poorly suited to septic tank absorption
fields, because it has a seasonal high water table. In
some places, mound type absorption fields may be suit-
able. If local roads are to function properly, this soil
needs to be covered with a more suitable base material.

This soil is in capability subclass llw.

380—Havana silt loam. This nearly level soil is some-
what poorly drained and poorly drained. It is on rises of
till plains in uplands. Individual areas have convex to
slightly concave slopes. They range from 3 to 100 acres.

Typically, the surface layer is black, friable silt loam
about 8 inches thick. The subsurface layer is dark gray-
ish brown, mottled, friable silt loam about 4 inches thick.
The subsoil extends to a depth of 42 inches. The upper
part is grayish brown, mottled, friable silt loam and silty
clay loam; the lower part is grayish brown and gray,
mottled, friable loam. The underlying material is grayish
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brown, mottled, friable foam. In a few areas the surface
layer is thicker and the subsurface layer is not evident.

Included with this soil in mapping are small areas of
the moderately well drained Newry soils on small flats
and slight rises and the well drained Blooming soils on
convex knolls and side slopes. These inclusions make
up 5 to 15 percent of the map unit.

Permeability is moderately siow. Surface runoff is slow,
and available water capacity is high. Reaction of the
surface layer is medium acid. The content of organic
matter and natural fertility are high. A seasonal high
water table is at a depth of 1 to 3 feet in the spring and
during wet periods.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hay, and wetland
wildlife habitat. It has fair potential for windbreaks and
woodland and poor potential for building site develop-
ment and sanitary facilities.

This soil has fair suitability for woodland and for crop-
ping if it is adequately fertilized, if all crop residue is
returned to the surface, and if conservation measures
are used. It has a tendency to puddle and crust after
hard rains. If the soil is tilled in the fall, freezing and
thawing during winter breaks the clods and improves the
tilth of the seedbed. Because of the included soils and
seasonal wetness, drainage is needed for best produc-
tion.

This soil has fair suitability for woodland and for trees
and shrubs used for windbreaks. Preparing the site
during the fall before planting reduces plant competition.
This soil is too wet in some years to work in early spring
without causing clodding. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness. Arificial drainage is needed
to prevent damage to buildings. This soil is poorly suited
to septic tank absorption fields, because it is limited by
wetness and moderately slow permeability. In some
places, mound type absorption fields may be suitable.
Low strength and frost action are limitations for roads,
but they can be overcome by proper design.

This soil is in capability subclass liw.

381—Newry silt loam, 1 to 3 percent slopes. This
nearly level soil is moderately well drained. It is on low
knolls and slight rises of silty-mantled ground moraines.
Length of slope ranges from about 80 to 200 feet. Indi-
vidual areas are slightly convex and range from 2 to 40
acres in size.

Typically, the surface layer is black, friable silt loam
about 8 inches thick. The subsurface layer is dark gray-
ish brown, friable silt loam about 4 inches thick. The
subsoil extends to a depth of 50 inches. The upper part
is dark brown, mottled, friable silt loam and silty clay
loam; the lower part is light olive brown, mottied, friable
clay loam and loam. A thin, coarse textured layer com-
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monly separates the upper part of the subsoil from the
lower part. The underlying material is light olive brown,
mottled, friable loam that is calcareous.

Included with this soil in mapping are small areas of
Havana and Maxcreek soils in shallow depressions and
drainageways and Blooming soils on convex slopes. Also
included are a few small areas of Barrington and Le
Sueur soils. These inclusions make up 5 to 15 percent of
the unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is slightly acid. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table is at a depth of 2 to 5 feet in the spring and during
wet periods.

Most areas of this soil are used for row crops. This
soil has good potential for crops. It has good potential
for windbreaks and woodiand and fair potential for build-
ing site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used. It has a
tendency to puddle and crust after hard rains. Tillage
needs to be limited to that which is essential to produce
a crop and prevent damage to the soil. Because of the
included soils and seasonal wetness, drainage is benefi-
cial in some areas.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. Preparing the site during the
fall before planting reduces plant competition. This soil is
too wet in some years to work in early spring without
causing clodding. Weeds and grasses can be controlled
in newly established windbreaks by shailow cultivation or
use of approved herbicides.

This soil has only fair potential for building site devel-
opment and most engineering uses because of wetness.
Artificial drainage is needed to control the water table.
Roads need to be designed to prevent structural
damage caused by low strength and frost action. This
soil is limited by wetness for septic tank absorption
fields. In some places, mound type absorption fields may
be suitable.

This soil is in capability class .

382B—Blooming silt loam, 2 to 6 percent slopes.
This gently sloping soil is well drained. It is on knolls of
loess-covered till plains in uplands. Length of slope
ranges from 50 to 150 feet. Individual areas of this unit
have convex slopes and range from 3 to 30 acres in
size.

Typically, the surface layer is very dark gray, friable silt
loam about 7 inches thick. The subsurface layer is dark
grayish brown, friable silt loam about 3 inches thick. The
subsoil extends to a depth of 50 inches. The upper part
is brown, friable silty clay loam; the lower part is dark
yellowish brown, and light olive brown, friable loam. The
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underlying material is light olive brown, friable, calcare-
ous loam.

Included with this soil in mapping are small areas of
poorly drained Maxcreek soils on the lower lying broad
flats and in drainageways; the somewhat poorly drained
and poorly drained Havana soils on slight rises, which
are above the Maxcreek soils; and the moderately well
drained Newry soils. These inclusions make up 2 to 10
percent of the map unit.

Permeability is moderate. Surface runoff is medium,
and available water capacity is high. Reaction of the
surface layer is medium acid. The content of organic
matter is moderate, and natural fertility is high.

Most areas of this soil are used for row crops. This
soil has good potential for crops. It has good potential
for woodland and windbreaks and for building site devel-
opment and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used. It has a tenden-
cy to crust and puddle after hard rains. Tillage needs to
be limited to that which is essential to produce a crop
and prevent damage to the soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. Preparing the site during the
fall before planting reduces plant competition. In some
years working this soil in early spring causes clodding.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

This soil has good potential for building site develop-
ment; it is limited primarily by moderate shrink-swell po-
tential and low strength. Local roads need to be de-
signed to prevent structural damage caused by low
strength and frost action.

This soil is in capability subclass lle.

382C—Blooming silt loam, 6 to 12 percent slopes.
This sloping soil is well drained. It is on knolls of loess-
covered till plains in uplands. The length of slope ranges
from 50 to 150 feet. Individual areas of this unit have
plane and convex slopes and are from 3 to 30 acres in
size.

Typically, the surface layer is very dark brown, friable
silt loam about 7 inches thick. The subsurface layer is
dark brown, friable silt loam about 3 inches thick. The
subsoil extends to a depth of 45 inches. The upper part
is brown, friabie silty clay loam and clay loam; the lower
part is brown, yellowish brown, and light olive brown that
is friable loam. The underlying material is light olive
brown and grayish brown, friable loam which is calcare-
ous. In some areas the dark colored surface layer is
thicker.

Included with this soil in mapping are small areas of
the poorly drained Maxcreek soils in drainageways and
draws and the moderately well drained, nearly level
Newry soils on small flats. Also included are a few areas
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of the Bloomington soil that is eroded and has a thinner
surface layer. These inclusions make up 2 to 10 percent
of the mapping unit.

Permeability is moderate. Surface runoff is medium to
rapid, and available water capacity is high. Reaction of
the surface layer is medium acid. The content of organic
matter is moderate, and natural fertility is high.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, woodland, and
windbreaks. It has fair potential for building site develop-
ment and sanitary facilities.

This soil is well suited to cropping if it is adequately
fertilized, if all crop residue is returned to the surface,
and if conservation measures are used to control ero-
sion. It has a tendency to crust and puddle after hard
rains. Tillage needs to be limited to that which is essen-
tial to produce a crop and prevent damage to the soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. Preparing the site during the
fall before planting reduces plant competition. Weeds
and grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has only fair potential for building site devel-
opment because of slope. Controlling surface water to
prevent erosion is needed. Local roads should be de-
signed to prevent structural damage caused by low
strength. Slope is a limitation for septic tank absorption
fields but can be overcome by proper design and instal-
lation.

This soil is in capability subclass llle.

386—Wacousta mucky silt loam. This nearly level
soil is very poorly drained. It is in depressions, on broad
flats, and in low gradient, sluggish drainageways of gla-
cial lake plains. Individual areas have plane or slightly
concave slopes. They range from 5 to 40 acres. This sail
is subject to flooding.

Typically, the surface soil is black, very friable and
friable, mucky silt loam and silty clay loam about 20
inches thick. The subsoil extends to a depth of 33
inches. It is greenish gray, mottled, friable silty clay loam.
The underlying material is olive gray and gray, mottled,
friable silt loam.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in the same posi-
tions on the landscape as the Wacousta soil. Also in-
cluded are the poorly drained Hamel and Spicer soils on
slight rises. These inclusions make up 2 to 12 percent of
the map unit.

Permeability is moderately slow. Surface runoff is slow
to very slow or the soil is ponded, and available water
capacity is very high. Reaction of surface layer is neutral.
The content of organic matter is very high, and natural
fertility is high. A seasonal high water table ranges from
the surface to a depth of 1 foot in the spring and during
wet periods, except in those areas that have been artifi-
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cially drained. During periods of hard rains, the excess
runoff collects in depressions and causes loss of crops.

Most areas of this soil are drained and used for crops,
but some areas that need more drainage are used for
grazing. This soil has good potential for cultivated crops.
It has poor potential for windbreaks and for building site
development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness and plant competition are limita-
tions. Wetness reduces the number of species that grow
well. This condition is best handled by planting trees and
shrubs that are water-tolerant. Drainage lowers the sea-
sonal high water table and allows deeper rootings. In
many years this soil is too wet to work in early spring
without causing clodding. Preparing the site during the
fall before planting avoids this wetness and reduces
plant competition. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, high shrink-swell potential and
flooding. This soil is most suitable for dwellings and
small buildings without basements, if they are needed.
Artificial drainage and control of surface water are
needed to prevent damage to buildings. Foundations and
footings need to be designed to prevent structural
damage caused by shrinking and swelling. This soil is
poorly suited to septic tank absorption fields, because it
has a seasonal high water table. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material.

This soil is in capability subclass liw.

391—Spicer silt loam, depressional. This nearly
level soil is very poorly drained. It is in depressions and
on broad flats and in long, low gradient, sluggish drain-
ageways. Individual areas have concave slopes. They
range from 3 to 10 acres in depressions and 5 to 100
acres on flats and in drainageways. This soil is subject to
flooding.

Typically, the surface soil is black and very dark gray,
very friable silt loam about 20 inches thick. The subsoil
extends to a depth of 28 inches. It is grayish brown,
mottled, very friable silt loam. The underlying material is
light olive gray, mottled, very friable, silt loam that is
calcareous. A few slight rises are mostly loamy till.

Included with this soil in mapping are small areas of
the poorly drained, noncalcareous Madelia, Marna, and
Waldorf soils and the poorly drained, calcareous Canis-
teo soils. All of the included soils are on slight rises.
These inclusions make up 2 to 10 percent of the map
unit.
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This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow to very slow
or the soil is ponded, and available water capacity is
high. Reaction of the surface layer is mildly alkaline. The
content of organic matter is high, and natural fertility is
high. A seasonal high water table ranges from the sur-
face to a depth of 1" foot in the spring and during wet
periods, except in those areas that have been artificially
drained. During periods of hard rains, the excess runoff
collects in the depressions and causes loss of crops.

Most areas of this soil are drained and used for grow-
ing crops, but some areas that need more drainage are
used for grazing. This soil has good potential for cultivat-
ed crops. It has poor potential for windbreaks, building
site development, and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime in the soil.

This soil is poorly suited to trees and shrubs used for
windbreaks. The combination of wetness and high lime
content reduces the number of species that grow well.
The excessive lime interferes with the intake of nutrients
in many woody plants. Chlorosis caused by a deficiency
of available iron occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant of a high content of lime in the soil.
Drainage lowers the seasonal high water table and
allows deeper rootings. In many years this soil is too wet
to work in early spring without causing clodding. Prepara-
tion of the site during the fall before planting avoids this
wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness and flooding. This soil is most
suitable for dwellings and small buildings without base-
ments, if they are needed. Artificial drainage and control-
ling surface water are needed. This soil is poorly suited
to standard septic tank absorption fields, because it has
a seasonal high water table. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material; in addition, surface water needs
to be removed from the depressions.

This soil is in capability subclass liw.

392—Biscay loam. This nearly level soil is poorly
drained. It is on broad flats, in areas of glacial outwash
and in small, upland draws. Individual areas have plane
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and slightly convex slopes. They range from 2 to 100
acres.

Typically, the surface soil is black, friable loam about
22 inches thick. The subsoil extends to a depth of 40
inches. The upper part is dark grayish brown and olive
gray, mottled, friable loam; the lower part is grayish
brown, mottled sandy loam. The underlying material is
olive gray, loose, calcareous coarse sand.

Included with this soil in mapping are small areas of
very poorly drained Shandep soils occupying the shallow
depressions and poorly drained Mayer, Lemond, and
Webster soils. The calcareous Mayer and Lemond soils
are on rises and the Webster soils are in the upland till
areas. These inclusions make up 5 to 10 percent of the
map unit.

Permeability is moderate in the upper part of the pro-
fle and rapid in underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of the surface layer is neutral. The content of organic
matter is high, and natural fertility is high. A seasonal
high water table is at depths of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for row
crops, but some areas need more drainage. This soil has
good potential for crops. It has fair potential for wind-
breaks and poor potential for building site development
and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. The soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If the
soil is tilled in fall, freezing and thawing in winter breaks
the clods and improves the tilth of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. Wetness and plant competition are limi-
tations. Wetness reduces the number of species that
grow well, but water-tolerant trees and shrubs can be
planted. Drainage lowers the seasonal high water table
and allows deeper rooting. In many years this soil is too
wet to work in early spring. Plant competition can be
reduced and wetness can be avoided by preparing the
site in the fall before planting. Weeds and grasses can
be controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

This soil has poor potential for building site develop-
ment because wetness is a limitation. It is more suitable
for dwellings and small buildings without basements than
for those with basements. Artificial drainage is needed to
control the water table. This soil is poorly suited to septic
tank absorption fields because it has a seasonal high
water table. Also, polluting ground water is a hazard
because of the rapid permeability in the underlying mate-
rial. In some places, mound type absorption fields may
be suitable. If local roads are to function properly, this
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soil needs to be covered with a more suitable base
material and surface water needs to be removed. Caving
or sloughing of excavation walls during construction or
tile installation is a limitation.

This soil is in capability subclass llw.

393—Udolpho silt loam. This nearly level soil is
somewhat poorly drained. It is on flats of glacial outwash
plains. Individual areas have plane or slightly concave
slopes. They range from 2 to 60 acres.

Typically, the surface layer is black, very friable silt
loam about 9 inches thick. The subsurface layer is dark
grayish brown, very friable silt loam about 5 inches thick.
The subsoil extends to a depth of 27 inches. The upper
part is grayish brown, mottled, friable silt loam; the lower
part is grayish brown, mottled, friable loam. The underly-
ing material is grayish brown, mottled, loose coarse
sand.

Included with this soil in mapping are small areas of
the poorly drained Marshan soils and the well drained
Fairhaven soils on the small knolls and side slopes.
These inclusions make up 2 to 12 percent of the map
unit.

Permeability is moderate in the upper part of the pro-
file and rapid in underlying material. Surface runoff is
slow, and available water capacity is moderate. Reaction
of surface layer is slightly acid. The content of organic
matter is moderate, and natural fertility is medium. A
seasonal high water table is at a depth of 1 to 3 feet in
the spring and during wet periods, except in those areas
that have been artificially drained.

Most areas of this soil are used for row crops and
small grain. This soil has good potential for row crops,
small grain, hay, pasture, windbreaks, and woodland. It
has fair potential for building site development and poor
potential for sanitary facilities. It has good potential for
openland wildlife habitat and for most recreational activi-
ties.

This soil is well suited to cropping if it is adequately
fertilized and if all crop residue is returned to the surface.
It has a tendency to puddle and crust after hard rains.
This soil needs subsurface drainage in many areas. Til-
lage needs to be limited to that which is essential to
produce a crop and prevent damage to the soil.

This soil is well suited to woodland and to trees and
shrubs used for windbreaks. Drainage lowers the sea-
sonal high water table and allows deeper rooting in the
spring and during wet periods. Preparing the site before
planting reduces plant competition. Weeds and grasses
can be controlled in newly established windbreaks by
shallow cultivation or use of approved herbicides.

This soil has only fair potential for building site devel-
opment because of wetness. This soil is most suitable
for dwellings and small buildings without basements. Arti-
ficial drainage is needed to prevent damage to buildings.
This soil is poorly suited to septic tank absorption fields,
because it has a seasonal high water table and because
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the rapid permeability of the underlying material causes a
hazard of pollution to underground water. In some
places, mound type absorption fields may be suitable. If
local roads are to function properly, this soil needs to be
covered with a more suitable base material. Caving or
sloughing of excavation walls during contruction and in
installation of drainage lines is a limitation.
This soil is in capability subclass liw.

400—Wacousta silt loam. This nearly level soil is
very poorly drained. It is on broad flat areas of glacial
lake plains. Individual areas have plane and slightly con-
cave slopes. They range from 10 to 100 acres. This soil
is subject to flooding.

Typically, the surface layer is black, very friable silt
loam about 12 inches thick. The subsoil extends to a
depth of 26 inches. It is gray, mottled, friable silt loam.
The underlying material is gray, mottled, friable silty clay
loam that is calcareous.

Included with this soil in mapping are small areas of
the very poorly drained Dassel, Okoboji, and Blue Earth
soils. Dassel soils are coarser textured, Okoboji are finer
textured, and the Blue Earth soils are calcareous. Also
included are the poorly drained Fieldon, Hanska, Spicer,
Marna, and Waldorf soils on slight rises. These inclu-
sions make up 2 to 15 percent of the map unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. Reaction of the
surface layer is neutral. The content of organic matter is
high, and natural fertility is high. A seasonal high water
table ranges from the surface to a depth of 1 foot in the
spring and during wet periods, except in those areas that
have been artificially drained.

Most areas of this soil are drained and used for grow-
ing crops, but some areas that need more drainage are
used for grazing. This soil has good potential for cultivat-
ed crops. It has poor potential for windbreaks, and build-
ing site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage.

This soil has fair to poor suitability for trees and shrubs
used for windbreaks. Wetness and plant competition are
limitations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
In many years this soil is too wet to work in early spring.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cuitivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness, moderate to high shrink-swell
potential, and flooding. This soil is most suitable for
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dwellings and small buildings without basements, if they
are needed. Artificial drainage is needed to prevent
damage to buildings. Foundations and footings need to
be designed to prevent structural damage caused by
shrinking and swelling. This soil is poorly suited to septic
tank absorption fields, because it has a seasonal high
water table. If local roads are to function properly, this
soil needs to be covered with a more suitable base
material.
This soil is in capability subclass lliw.

414—Hamel loam. This nearly level soil is poorly
drained. It is along short drainageways, on side slopes,
in long, narrow drainageways, and on foot slopes. These
soils are on till plain below steeper uplands. Individual
areas have concave slopes. They range from 3 to 10
acres in the short drainageways and from 5 to 80 acres
in the long drainageways and on foot slopes.

Typically, the surface soil is black, friable loam and
clay loam about 22 inches thick. The subsoil extends to
a depth of 45 inches. The upper part is black, mottled
clay loam; the lower part is olive gray, mottled clay loam.
The underlying material is olive gray loam.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in lower lying,
sluggish drainageways and depressions, the poorly
drained Webster and Madelia soils on broader flats, and
the moderately well drained Terril soils on toe slopes.
These inclusions make up 5 to 15 percent of the map
unit.

Permeability is moderately slow. Surface runoff is slow,
and available water capacity is high. Reaction of the
surface layer is medium acid. The content of organic
matter is high, and natural fertility is high. A seasonal
high water table is at a depth of 1 to 3 feet in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hayland, and wet-
land wildlife habitat. It has fair potential for windbreaks
and woodland. It has poor potential for building site de-
velopment and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. If the
soil is tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

The suitability of this soil for woodland and for trees
and shrubs needed in windbreaks is fair. Wetness re-
duces the number of species that grow well. This condi-
tion is best handled by planting trees and shrubs that are
water-tolerant. Drainage lowers the seasonal high water
table and allows deeper rooting. in many years this soil
is too wet to work in early spring. Preparing the site
during the fall before planting avoids this wetness.
Weeds and grasses can be controlled in newly estab-
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lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

This soil has poor potential for building site develop-
ment because of wetness and low strength. This soil is
most suitable for dwellings and small buildings without
basements. Artificial drainage and controlling of surface
water are needed to prevent damage to buildings. Foun-
dations and footings need to be designed to prevent
structural damage caused by low strength. This soil is
poorly suited to standard septic tank absorption fields,
because it has a seasonal high water table and moder-
ately slow permeability. In some places, mound type
absorption fields may be suitable. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material.

This soil is in capability subclass llw.

444—Canisteo silty clay loam. This nearly level soil
is poorly drained. It is on the rims of depressions and on
slight rises. Individual areas have plane to slightly con-
cave slopes. They range from 2 to 10 acres.

Typically, the surface soil is black and very dark gray,
friable silty clay loam and silt loam about 20 inches thick.
The subsoil extends to a depth of 33 inches. The upper
part is olive gray, friable silt loam; the lower part is olive
gray, mottled, friable sandy loam. The underlying material
is olive gray, mottled, friable loam. In some areas the
lower part of the subsoil has a sandy layer as much as
10 inches thick. The soil is typically calcareous, but in
some areas it is leached.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of surface layer is
mildly alkaline. The content of organic matter is high,
and natural fertility is high. A seasonal high water table is
at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are drained and used for grow-
ing crops, but some areas that need more drainage are
used for grazing. This soil has good potential for cultivat-
ed crops. It has fair to poor potential for windbreaks and
poor potential for building site development and sanitary
facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some areas where the soil
has a sandy subsoil, the ground water contains enough
iron oxide to seal tile lines. If crop growth is poor after
adequate drainage has been provided, then liberal
amounts of potassium and phosphorus are needed in
fertilizers. These nutrients help correct the imbalance of
fertility caused by the high content of lime. If the soil is
tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.
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This soil has fair to poor suitability for trees and shrubs
used for windbreaks. The combination of wetness and
high lime content reduces the number of species that
grow well. The excessive lime interferes with the intake
of nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant to a high content of lime in
the soil. Drainage lowers the seasonal high water table
and allows deeper rootings. In many years this soil is too
wet to work in early spring without causing clodding.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness. This soil is most suitable for
dwellings and small buildings without basements. Artifi-
cial drainage is needed to control the water table. Foun-
dations and footings need to be designed to prevent
structural damage caused by low strength. This soil is
poorly suited to septic tank absorption fields, because it
has a seasonal high water table. In some places, mound
type absorption fields may be suitable. If local roads are
to function properly, this soil needs to be covered with a
more suitable base material; in addition, surface water
needs to be removed by adequately designed road
ditches.

This soil is in capability subclass liw.

447—Harpster silty clay loam. This nearly level soil
is poorly drained. It is on broad flats of glacial lake
plains. Individual areas have plane and slightly concave
slopes. They range from 10 to 100 acres.

Typically, the surface layer is black, friable silty clay
loam about 10 inches thick. The subsoil extends to a
depth of 24 inches. It is gray, mottled, friable silty clay
loam and silt loam. The underlying material is gray, light
olive gray and olive gray, mottled, friable silt loam that is
calcareous.

Included with this soil in mapping are small areas of
the very poorly drained Dassel, Okoboji, and Blue Earth
soils in shallow depressions and the poorly drained non-
calcareous Marna and Waldorf soils that are in the same
positions on the landscape as the Harpster soil. These
inclusions make up 2 to 12 percent of the map unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of the surface layer
is mildly alkaline. The content of organic matter is high,
and natural fertility is high. A seasonal high water table is
at a depth of 1 to 3 feet in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are drained and used for grow-
ing crops; some areas that need more drainage are used
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for grazing. This soil has good potential for cultivated
crops. It has fair potential for windbreaks but poor poten-
tial for building site development and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime. If the soil is tilled in the fall, freezing and
thawing during winter breaks clods and improves the tilth
of the seedbed.

This soil has fair suitability for trees and shrubs used
for windbreaks. The combination of wetness and high
lime content reduces the number of species that grow
well. The excessive lime interferes with the intake of
nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs on this soil. This condition is prevented generally
by planting species that are tolerant to high contents of
lime in the soil. Drainage lowers the seasonal high water
table and allows deeper rootings. In many years this soil
is too wet to work in early spring without causing clod-
ding. Preparing the site during the fall before planting
avoids this wetness and plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness and low strength. This soil is
most suitable for dwellings and small buildings without
basements. Artificial drainage is needed to prevent
damage to buildings. Foundations and footings need to
be designed to prevent structural damage caused by low
strength. This soil is poorly suited to standard septic tank
absorption fields, because it has a seasonal high water
table and moderately slow permeability. In some places,
mound type absorption fields may be suitable. If local
roads are to function properly, this soil needs to be
covered with a more suitable base material; in addition,
surface water needs to be removed by adequately de-
signed road ditches.

This soil is in capability subclass liw.

465—Kalmarville loam, frequently flooded. This
nearly level soil is poorly drained to very poorly drained.
It is on bottom lands adjacent to major streams and
drainageways. Individual areas range from 3 to 50 acres.
This soil is subject to frequent flooding and in some
areas it is ponded throughout the year.

Typically, the surface soil is black loam stratified with
dark gray sandy loam and fine sand loam about 39
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inches thick. The underlying material is gray stratified
sand and coarse sand.

Included are small areas of Aquents and Histosols in
depressions, the poorly drained Biscay and Mayer soils
and the very poorly drained Shandep soils on low ter-
races, and Udipsamments on slight rises.

Permeability is moderate. Surface runoff is slow, and
available water capacity is variable. Reaction of the sur-
face layer is neutral. The content of organic matter is
variable, and natural fertility is variable. A seasonal high
water table ranges from the surface to a depth of 1 foot
in the spring and during wet periods.

Most of these areas are idle but provide food and
cover for wildlife. Some areas are in pasture. The poten-
tial for crops, woodland, and most engineering and rec-
reational uses is poor. The hazard of flooding prevents
urbanization in these areas.

This soil has poor potential for community develop-
ment. Most soil characteristics are unfavorable. This soil
has poor potential for sanitary facilities because of fre-
quent flooding, seepage, and the hazard of polluting
ground water. Septic systems do not function properly
because of the flooding and wetness. Onsite investiga-
tion is needed before suggestions can be given on suit-
ability for a specific use.

This soil is in capability subclass Vw.

517—Shandep loam. This nearly level soil is very
poorly drained. It is in depressions of glacial outwash
plains. Individual areas have concave slopes. They range
from 2 to 80 acres. This soil is subject to flooding.

Typically, the surface soil is black, friable loam about
38 inches thick. The subsoil extends to a depth of 54
inches. The upper part is olive gray, mottled friable loam;
the lower part is olive gray, mottled, friable fine sandy
loam. The underlying material is grayish brown, mottled,
loose fine sand. In some areas the surface soil is thin-
ner.

Included with this soil in mapping are small areas of
the poorly drained Webster soils on non depressional
areas and the calcareous Mayer soils on rises and
swales. These inclusions make up from 1 to 5 percent of
the map unit.

Permeability is moderate in the upper part of the pro-
file and rapid in underlying material. Surface runoff is
slow to very slow or the soil is ponded, and available
water capacity is moderate. Reaction of surface layer is
neutral. The content of organic matter is high, and natu-
ral fertility is high. A seasonal high water table ranges
from the surface to a depth of 1 foot in the spring and
during wet periods, except in those areas that have been
artificially drained.

Most areas of this soil are drained and used for row
crops. Some areas need more drainage. This soil has
good potential for growing crops. It has poor potential for
windbreaks, building site development, and sanitary facil-
ities.
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This soil is fairly well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If the
soil is tilled in the fall, freezing and thawing during winter
breaks the clods and improves the tilth of the seedbed.

This soil has fair to poor suitability for trees and shrubs
used for windbreaks. Wetness and plant competition are
limitations. Wetness reduces the number of species that
grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
In many years this soil is too wet to work in early spring.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness and flooding. This soil is most
suitable for dwellings and small buildings without base-
ments, if they are needed. Artificial drainage and control-
ling surface water are needed. This soil is poorly suited
to standard septic tank absorption fields, because it has
a seasonal high water table. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material or the upper part of soil could be
removed; in addition, surface water needs to be re-
moved. Caving or sloughing of excavation walls during
construction and in installation of drainage lines are limi-
tations.

This soil is in capability subclass liw.

518—Kalmarville loam, occasionally flooded. This
nearly level soil is poorly and very poorly drained. It is on
bottom lands adjacent to major streams and drain-
ageways. Individual areas range from 3 to 30 acres. This
soil is subject to occasional flooding.

Typically, the surface soil is black loam stratified with
dark gray sandy loam and fine sandy loam about 39
inches thick. The underlying material is gray stratified
sand and coarse sand.

Included are small areas of the poorly drained Biscay
and Mayer soils and the very poorly drained Shandep
soils on low terraces.

Permeability is moderate. Surface runoff is slow, and
available water capacity is variable. Reaction of surface
layer is neutral. The content of organic matter is variable,
and natural fertility is variable. A seasonal high water
table ranges from the surface to a depth of 1 foot in the
spring and during wet periods, except in those areas that
have been artificially drained.

Most areas are being used for row crops, but many
areas are in hay and pasture. The potential for crops,
hay, pasture, and trees is fair because of occasional
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flooding. The potential is good for wetland wildlife habi-
tat, but it is poor for recreational use. It also is poor for
engineering uses, except for ponds or water impound-
ment.

The hazard of wetness and flooding are the major
limitations for cropping this soil. Spring planting should
be delayed to avoid crop damage from flooding. Drainage
outlets for pipelines are not adequate because of the
fluctuating water table.

This soil has poor potential for sanitary facilities and
building site development because of occasional flooding
and wetness. Contamination of nearby streams is a
danger if septic or sewage systems are placed in this
soil.

This soil is in capability subclass liw.

519—Palms muck, calcareous. This nearly level, or-
ganic soil is very poorly drained. It is in depressions of
outwash and upland till plains. Individual areas have
plane to concave slopes and range from 5 to 100 acres
in size. This soil is subject to flooding.

Typically, the surface soil is very dark brown, very
friable muck (sapric material), about 15 inches thick.
Below this, to a depth of 36 inches, is very dark grayish
brown and very dark brown, very friable muck (sapric
material). The underlying material is very dark gray and
greenish gray, friable, calcareous silt loam.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe, Maxcreek, Muskego,
and Caron soils. These inclusions make up 5 to 15
percent of the map unit.

This soil contains an excessive amount of lime. Per-
meability is moderate. Surface runoff is very slow or the
soil is ponded, and available water capacity is very high.
Reaction of the surface layer is moderately alkaline. The
content of organic matter is very high, and natural fertility
is high. A seasonal high water table ranges from the
surface to a depth of 1 foot in the spring and during wet
periods, except in those areas that have been artificially
drained.

Many areas of this soil are drained and used for vege-
table crops and other crops, and some areas are in
natural habitat. Specialty crops grown include potatoes,
onions, asparagus, and sweet corn. Some areas need
more drainage. This soil has good potential for growing
vegetable crops and row crops. It has poor potential for
windbreaks, building site development, and sanitary facil-
ities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. This soil dries out and warms up
slowly in the spring. This soil needs subsurface drainage.
Although tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
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correct the imbalance of fertility caused by the high con-
tent of lime. Delaying tillage until spring is desirable to
reduce erosion caused by wind. The very high organic-
matter content permits intensive use of this soil for vege-
table crops. This soil produces high yields because of
the very high available water capacity and natural high
fertility of the muck surface soil.

This soil is poorly suited to trees and shrubs used for
windbreaks. The combination of wetness and high lime
content reduces the number of species that grow well.
The excessive lime interferes with the intake of nutrients
in many woody plants. Chlorosis caused by a deficiency
of available iron occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant to a high content of lime in the soil.
Drainage lowers the seasonal high water table and
allows deeper rooting. Preparing the site in the spring
before planting reduces plant competition and erosion
caused by wind. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, flooding, and low strength.
This soil is poorly suited to septic tank absorption fields,
because it has a seasonal high water table. If local roads
are to function properly, this soil must be removed and
replaced with a more suitable base material; in addition,
surface water needs to be removed.

This soil is in capability subclass lliw.

521—Adrian muck. This nearly level organic soil is
very poorly drained. It is in former lake basins that are
on uplands and glacial outwash plains. Individual areas
range from 5 to 20 acres in size. This soil is subject to
flooding.

Typically, the surface soil is black and very dari
brown, very friable muck (sapric material) about 18
inches thick. Below this, to a depth of 21 inches, is
grayish brown, very friable coprogenous earth. The un-
derlying material is gray, gravelly sand and gravelly
coarse sand that is calcareous.

Included with this soil in mapping are small areas of
very poorly drained Dassel and Biscay soils that are on
small mineral islands and around the edge of the lake
basin. Also included are very poorly drained Palms and
Caron soils that do not have the sandy underlying mate-
rial that Adrian Muck has.

Permeability is moderately rapid, surface runoff is slow,
and available water capacity is high. Reaction in the
surface layer is slightly acid. The content of organic
matter is very high, and natural fertility is high. A season-
al high water table ranges from the surface to a depth of
1 foot in the spring and during wet periods, except in
those areas that have been artificially drained.

Most areas of this soil are drained and are used for
vegetable crops. Some areas need more drainage. This
soil has good potential for growing vegetable crops and
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other crops common to the county. Some of the special-
ty crops are potatoes, onions, and asparagus. This soil
has fair to poor potential for windbreaks and poor poten-
tial for building site development and sanitary facilities.

This soil is well suited to intensive cropping, if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. Because organic-matter content
is very high, this soil can be intensively cropped to vege-
tables. This soil produces higher yields because the high
organic-matter content provides it with high available
water capacity and high fertility. This soil dries out and
warms up slowly in the spring. Subsurface drainage is
needed. Although tile can be used, in some places the
ground water contains enough iron oxide to seal tile
lines.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness and plant competition are limita-
tions. Wetness reduces the number of species that grow
well, but wetness-tolerant trees and shrubs can be plant-
ed. Drainage lowers the seasonal water table and allows
deeper rooting. In many years this soil is too wet to work
in early spring. Plant competition can be reduced and
wetness can be avoided by preparing the soil in the
spring before planting. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow culti-
vation or use of approved herbicides.

This soil has poor potential for building site develop-
ments because it is limited by wetness, low strength, and
flooding. It is very poorly suited to septic tank absorption
fields because it has a seasonal high water table. If local
roads are to function properly, this soil needs to be
covered with a more suitable base material or the muck
needs to be removed. In addition, surface water needs
to be removed. Caving and sloughing of excavation
banks during construction and in tile installation are limi-
tations.

This soil is in capability subclass IVw.

524—Caron muck. This nearly level, organic soil is
very poorly drained. It is in former lakes and depressions
of glacial moraines and lacustrine and outwash plains.
individual areas have plane slopes and range from 10 to
100 acres in size. This soil is subject to flooding.

Typically, the surface soil is very dark brown, very
friable muck, (sapric material) about 10 inches thick.
Below this, to a depth of 29 inches, is very dark brown
and very dark grayish brown, very friable, mucky peat
(hemic material). The underlying material is black and
very dark gray, very friable, mildly alkaline coprogenous
earth. In a few areas the soil consists of mostly muck
over coprogenous earth.

Included with this soil in mapping are small areas of
the very poorly drained Palms and Muskego soils. These
inclusions make up 5 to 15 percent of the map unit.

Permeability is moderately rapid in the upper part of
the profile and moderately slow in the underlying materi-
al. Surface runoff is very slow, and available water ca-
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pacity is very high. Reaction of the surface layer is neu-
tral. The content of organic matter is very high, and
natural fertility is high. A seasonal high water table
ranges from the surface to a depth of 1 foot in the spring
and during wet periods, except in those areas that have
been artificially drained.

Most areas of this soil are drained and used for vege-
table and other crops, and some areas are in natural
habitat. Some specialty crops are potatoes, onions, as-
paragus, and sweet corn. Some areas need more drain-
age. This soil has good potential for growing vegetable
crops and row crops. It has poor potential for wind-
breaks, building site development, and sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface (fig. 8). The very high organic-
matter content permits intensive use of this soil for vege-
table crops. This soil produces high yields because of
the very high available water capacity and high natural
fertility in the muck surface soil. This soil dries out and
warms up slowly in the spring. The soil needs subsurface
drainage. Although tile can be used, in some places, the
Iground water contains enough iron oxide to seal tile
ines.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness and plant competition are limita-
tions. Wetness reduces the number of species that grow
well. This condition is best handled by planting trees and
shrubs that are water-tolerant. Drainage lowers the sea-
sonal high water table and allows deeper rooting. In
many years this soil is too wet to work in early spring.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potentia! for building site develop-
ment because of wetness, low strength, and flooding.
This soil is very poorly suited to septic tank absorption
fields, because it has a seasonal high water table. If
local roads are to function properly, this soil must be
removed and replaced with a more suitable base materi-
al; in addition, surface water needs to be removed.

This soil is in capability subclass lliw.

525—Muskego muck. This nearly level organic soil is
very poorly drained. It is in lake basins and depressions
on upland and outwash plains. Individual areas have
plane and concave slopes and range from 5 to 20 acres
in size. This soil is subject to flooding.

Typically, the surface soil is black, very friable muck
(sapric material) about 22 inches thick. The underlying
material is very dark grayish brown and gray, very friable,
neutral to moderately alkaline coprogenous earth. In
some areas this soil has mucky peat layers.

Included with this soil in mapping are small areas of
the very poorly drained Palms and Glencoe soils. These
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Figure 8.—Potatoes have been harvested on Caron muck. Because crop residues have not been returned to the soil, erosion caused by wind
is a hazard.

inclusions make up 5 to 15 percent of the map unit.

Permeability is moderate in the upper part of the pro-
file and slow in underlying material. Surface runoff is very
slow or the soil is ponded, and available water capacity
is very high. Reaction of the surface layer is neutral. The
content of organic matter is very high, and natural fertility
is high. A seasonal high water table ranges from the
surface to a depth of 1 foot in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are drained and used for vege-
table crops and other crops, and some areas are in
natural habitat. Some specialty crops are potatoes,
onions, asparagus, and sweet corn. This soil has good
potential for vegetable crops and row crops. It has fair to
poor potential for windbreaks and poor potential for
building site development and sanitary facilities.

This soil is suited to intensive cropping if it is ade-
quately drained and fertilized and if all crop residue is
returned to the surface. The very high organic-matter
content permits intensive use of this soil for vegetable
crops. This soil produces high yields because of the very
high available water capacity and high natural fertility in
the muck surface soil. It dries out and warms up slowly
in the spring. This soil needs subsurface drainage. Al-

though tile can be used in some places, the ground
water contains enough iron oxide to seal tile lines. Delay-
ing tillage until spring is desirable to reduce erosion
caused by wind.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness, plant competition, and erosion
caused by winds are limitations. Wetness reduces the
number of species that grow well. This condition is best
handled by planting trees and shrubs that are water-
tolerant. Drainage lowers the seasonal high water table
and allows deeper rooting. Plant competition can be re-
duced and erosion caused by wind can be avoided by
preparing the site in the spring before planting. Weeds
and grasses can be controlled in newly established wind-
bygaks by shallow cultivation or use of approved herbi-
cides.

This scil has poor potential for building site develop-
ment because of wetness, flooding, and low strength.
This soil is poorly suited to septic tank absorption fields,
because it has a seasonal high water table and slow
permeability. If local roads are to function properly, this
soil must be removed and replaced with a more suitable

- base material; in addition, surface water needs to be

removed.
This soil is in capability subclass Illw.
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539—Palms muck. This nearly level organic soil is
very poorly drained. It is in depressions of upland and
outwash plains. Individual areas have plane to concave
slopes and range from 5 to 100 acres in size. This soil is
subject to flooding.

Typically, the surface soil is black, very friable muck
(sapric material) about 19 inches thick. The next layer is
black, mottled, friable silt loam about 5 inches thick. The
subsoil extends to a depth of 40 inches. The upper part
is olive gray, friable loam; the lower part is olive gray,
mottled, friable silt loam. The underlying material is dark
gray, mottled, friable silty clay loam that is calcareous.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe, Maxcreek, Muskego,
and Caron soils. The inclusions make up 5 to 15 percent
of the map unit.

Permeability is moderate. Surface runoff is very slow
or the soil is ponded, and available water capacity is
very high. Reaction of the surface layer is neutral. The
content of organic matter is very high, and natural fertility
is high. A seasonal high water table ranges from the
surface to a depth of 1 foot in the spring and during wet
periods, except in those areas that have been artificially
drained.

Most areas of this soil are drained and used for vege-
table crops and other crops, and some areas are in
natural habitat. Some of the specialty crops are pota-
toes, onions, asparagus, and sweet corn. Some areas
need more drainage. This soil has good potential for
vegetable crops and row crops. It has poor potential for
windbreaks, building site development, and sanitary facil-
ities.

This soil is suited to intensive cropping if it is ade-
quately drained and fertilized and if all crop residue is
returned to the surface. The very high organic-matter
content permits intensive use of this soil for vegetable
crops. This soil produces high yields because of the very
high available water capacity and high natural fertility in
the muck surface soil. This soil needs subsurface drain-
age. Although tile can be used, in some places, the
ground water contains enough iron oxide to seal tile
lines. Delaying tillage until spring is desirable to reduce
erosion caused by wind.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness, plant competition, and erosion
caused by wind are limitations. Wetness reduces the
number of species that grow well. This condition is best
handled by planting trees and shrubs that are water-
tolerant. Drainage lowers the seasonal high water table
and allows deeper rooting. Plant competition can be re-
duced and erosion caused by wind can be avoided by
preparing the site in the spring before planting. Weeds
and grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.

This soil has poor potential for building site develop-
ment because of wetness, flooding, and low strength.
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This soil is poorly suited to septic tank absorption fields,
because it has a seasonal high water table. If local roads
are to function properly, this soil must be removed and
replaced with a more suitable base material; in addition,
surface water needs to be removed.

This soil is in capability subclass lliw.

920B—Clarion-Estherville-Storden complex, 2 to 6
percent slopes. This map unit consists of gently undu-
lating soils that are well drained. These soils are on
knolls, hilltops, and side slopes of till plains and mor-
aines in uplands. The length of the slope ranges from 80
to 150 feet. Individual areas of the unit have both con-
cave and convex slopes and range from 2 to 25 acres in
size. They contain about 50 percent Clarion loam, 25
percent Estherville sandy loam, and 15 percent Storden
loam.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable loam about 14 inches thick.
The subsoil extends to a depth of 36 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable, calcareous loam.

Typically, the Estherville soil has a surface soil of very
dark brown and very dark grayish brown, very friable
sandy loam about 12 inches thick. The subsoil extends
to a depth of 21 inches. The upper part is dark yellowish
brown, very friable coarse sandy loam; the lower part is
dark yellowish brown, very friable gravelly loamy coarse
sand. The underlying material is grayish brown, loose,
calcareous gravelly coarse sand.

Typically, the Storden soil has a surface layer of dark
grayish brown, friable loam about 12 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.

Included are small areas of Glencoe soils in depres-
sions, Webster and Biscay soils on flats and in drain-
ageways, nearly level Nicollet and Cylinder soils on flats;
and the moderately well drained Terril soils at the base
of slopes. Also included are a few areas of eroded soils
that have a thinner surface layer. These inclusions make
up 5 to 15 percent of the map unit.

Permeability of Clarion and Storden soils is moderate.
In both soils surface runoff is medium, and available
water capacity is high. Reaction of surface layer is neu-
tral in the Clarion soil and is mildly alkaline in the Stor-
den soil. The content of organic matter is high in the
Clarion soil and is moderate in the Storden soil. Natural
fertility is high in both soils. In the Estherville soils per-
meability is moderately rapid in the upper part and rapid
in underlying material; surface runoff is medium; and
available water capacity is low. Estherville soils have a
reaction of slightly acid in the surface layer. The content
of organic matter is moderate, and natural fertility is
medium.

Most areas of this complex are used for crops. These
soils have fair potential for cultivated crops but good
potential for growing hay, pasture, and windbreaks. They
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have fair potential for sanitary facilities but good potential
for building site development. They also have good po-
tential for most recreational uses and for upland wildlife
habitat.

The soils in this complex are fairly well suited to crop-
ping if they are adequately fertilized, if all crop residue is
returned to the surface, and if conservation measures
are used to control erosion. Minimum tillage is more
effective in controlling erosion than contouring and ter-
racing because of the complex slopes. Droughtiness in
the Estherville soil causes crop damage in years when
rainfall is light.

These soils are well suited to trees and shrubs used
for windbreaks. The combination of droughtiness in the
Estherville soil and high lime content in the Storden soil
reduces the number of species that grow well. The ex-
cessive lime interferes with the intake of nutrients in
many woody plants. Chlorosis caused by a deficiency of
available iron occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant to a high content of lime. Droughtiness
causes seedling mortality in new plantings. Preparing the
site during the fall before planting reduces plant competi-
tion. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

These soils are well suited to building site develop-
ment. There are few limitations to use. Sloughing or
caving of excavation walls is a hazard in the Estherville
soils, but this is easily overcome by installing retaining
walls. If the Estherville soil is used for septic tank ab-
sorption fields, the rapid permeability in the underlying
material causes a hazard of pollution. Because of the
variability of soil materials and permeability, onsite inves-
tigation is needed to determine the suitability of these
soils for sanitary landfill areas and sewage lagoons.

These soils are in capability subclass llle.

920C—Clarion-Storden-Estherville complex, 6 to 12
percent slopes. This map unit consists of rolling soils
that are well drained. They are on knolls, hilltops, and
side slopes of till plains and moraines in uplands. The
length of the slope ranges from 80 to 150 feet. Individual
areas of the unit have both concave and convex slopes;
they range from 2 to 25 acres in size. They are made up
of about 50 percent Clarion loam, 25 percent Storden
loam, and 15 percent Estherville sandy loam.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable loam about 14 inches thick.
The subsoil extends to a depth of 36 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable calcareous loam.

Typically, the Storden soil has a surface layer of dark
grayish brown friable loam about 12 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.
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Typically, the Estherville soil has a surface layer of
very dark brown and very dark grayish brown, very fri-
able sandy loam about 12 inches thick. The subsoil ex-
tends to a depth of 21 inches. The upper part is dark
yellowish brown, very friable coarse sandy loam; the
lower part is dark yellowish brown, very friable gravelly
loamy coarse sand. The underlying material is grayish
brown, loose, calcareous gravelly coarse sand.

Included with these soils in mapping are small areas of
Glencoe soils in depressions, Webster and Biscay soils
on flats and in drainageways, nearly level Nicollet and
Cylinder soils on flats, and the moderately well drained
Terril soils at the base of slopes. Also included are a few
areas of eroded soils that have a thinner surface layer.
These inclusions make up 5 to 15 percent of the map-
ping unit.

Permeability of Clarion and Storden soils is moderate.
In both soils, surface runoff is medium to rapid, and
available water capacity is high. Reaction of the surface
layer is neutral in the Clarion soil and is mildly alkaline in
the Storden soil. The content of organic matter is high in
the Clarion soil and is moderate in the Storden soil.
Natural fertility is high in both soils. in the Estherville
soils permeability is moderately rapid in the upper part of
the profile and rapid in underlying material, surface runoff
is medium to rapid, and available water capacity is low.
The Estherville soils have a reaction of slightly acid in
the surface layer. The content of organic matter is mod-
erate, and natural fertility is medium.

Most areas of this complex are used for crops, hay,
and pasture. These soils have fair potential for growing
cultivated crops and good potential for hay and pasture
and for windbreaks. They have fair potential for sanitary
facilities and building site development. They have fair
potential for most recreational uses and good potential
for upland wildlife habitat.

The soils in this complex are fairly well suited to crop-
ping if they are adequately fertilized, if all crop residue is
returned to the surface, and if conservation measures
are used to control erosion. Minimum tillage, managing
crop residue, using a crop rotation system that includes
grasses and legumes, stripcropping, or constructing di-
versions help reduce the severe hazard of erosion. The
Estherville soil is droughty in years when rainfall is aver-
age or below average.

These soils are well suited to trees and shrubs used
for windbreaks. Droughtiness, excessive lime, and plant
competition are limitations. The combination of droughti-
ness in the Estherville soil and high lime content in the
Storden soil reduces the number of species that grow
well. Droughtiness causes seedling mortality in new
plantings. The excessive lime interferes with the intake
of nutrients in many woody plants. Chlorosis caused by a
deficiency of available iron occurs in many trees and
shrubs. This condition is best handled by planting trees
and shrubs that are tolerant to a high content of lime.
Plant competition can be reduced by preparing the site
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during the fall before planting. Weeds and grasses can
be controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

These soils are primarily limited for building site devel-
opment by slope. Roadfill of greater stength is preferred.
These soils are limited by slope for septic tank absorp-
tion fields but this can be overcome by proper design
and installation. Because of the rapid permeability of the
underlying material of the Estherville soil, side slope
seepage of effluent from septic tank absorption systems
occurs between the Estherville soil and Clarion and Stor-
den soils in some places. The Estherville soil also is
severely limited for sewage lagoons by the rapid perme-
ability and slope. Because of the variability of soil materi-
als and permeability, onsite investigation is needed to
determine suitability for sanitary landfill areas.

This soil is in capability subclass [Ve.

920D—Storden-Clarion-Estherville complex, 12 to
18 percent slopes. This map unit consists of hilly soils
that are well drained. It is on knolls and side slopes of till
plains and moraines in uplands. The length of slope
ranges from 70 to 160 feet in length. Individual areas
have both concave and convex slopes, and range from 2
to 30 acres in size. They are made up of about 45
percent Storden loam, 30 percent Clarion loam, and 15
percent Estherville sandy loam.

Typically, the Storden soil has a surface soil of dark
grayish brown, friable loam about 11 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable loam about 12 inches thick.
The subsoil extends to a depth of 34 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable, calcareous loam.

Typically, the Estherville soil has a surface soil of very
dark brown and very dark grayish brown sandy loam
about 12 inches thick. The subsoil extends to a depth of
21 inches. The upper part is dark yellowish brown, very
friable coarse sandy loam; the fower part is dark yellow-
ish brown, very friable gravelly loamy coarse sand. The
underlying material is grayish brown, loose, calcareous
gravelly coarse sand.

Included with these soils in mapping are small areas of
Webster and Biscay soils in drainageways, the nearly
level Nicollet soil on flats, and the moderately well
drained Terril soils at the base of slopes. Also included
are a few areas of eroded soils that have a thinner
surface layer. These inclusions make up 5 to 15 percent
of the map unit.

In the Clarion and Storden soils permeability is moder-
ate, surface runoff is rapid, and available water capacity
is high. Reaction of the surface layer is neutral in the
Clarion soil and is mildly alkaline in the Storden soil. The
content of organic matter is high in the Clarion soil and
is moderate in the Storden soil. In both soils natural
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fertility is high. In the Estherville soil permeability is mod-
erately rapid in the upper part of the profile and rapid in
underlying material. Surface runoff is medium to rapid,
and available water capacity is low. The Estherville soil
has a reaction of slightly acid in the surface layer. The
content of organic matter is moderate, and natural fertil-
ity is medium.

Most areas of this complex are used for crops or are
in pasture. These soils have fair potential for growing
cultivated crops and good potential for hay and pasture
and for windbreaks. They have poor potential for sanitary
facilities but fair potential for building site development.
They also have fair potential for most recreational uses
and for upland wildlife habitat.

These soils are fairly well suited to cropping if they are
adequately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Minimum tillage, managing crop residue,
using a crop rotation system that includes grasses and
legumes, contour stripcropping, or constructing diver-
sions help reduce the severe hazard of erosion. The
Estherville soils are droughty in years when rainfall is
average or below average.

These soils are well suited to trees and shrubs used
for windbreaks, except for small areas of the Estherville
soil. Windbreaks are usually not planted, however, be-
cause of the hazard of erosion from melting snow.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

The soils in this complex have fair potential for build-
ing site development. They are limited primarily by slope.
Surface runoff needs to be controlled to prevent erosion
and damage to buildings. If roads are to function proper-
ly, more suitable base material is needed. Designing
buildings and roads to fit the site can preserve the natu-
ral landscape and reduce grading requirements, erosion,
and sedimentation. Because of the rapid permeability of
the underlying material of the Estherville soil, side slope
seepage of effluent from septic tank absorption systems
occurs in some areas between the Estherville soil and
the Clarion and Storden soils. The Estherville soil is
severely limited by rapid permeability and slope for
sewage lagoons. Because of the variability of soil materi-
als and permeability, onsite investigation is needed to
determine suitability for sanitary landfill areas.

This complex is in capability subclass Vie.

921B—Clarion-Storden loams, 2 to 6 percent
slopes. This map unit consists of gently undulating soils
that are well drained. These soils are on knolls and side
slopes of till plains in uplands. Individual areas of this
unit range from 2 to 15 acres in size. They are made up
of about 60 percent Clarion soils and 30 percent Storden
soils. The Storden soil is on the upper part of the convex
knolls and is above areas of the Clarion soil; the Clarion
soil is on the side slopes or slightly concave slopes. The
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length of the slope ranges from 60 to 125 feet. These
two soils are so intermixed or so small in size that it is
not practical to separate them in mapping.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable ioam about 14 inches thick.
The subsoil extends to a depth of 36 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable, calcareous loam.

Typically, the Storden soil has a surface soil of dark
grayish brown, friable loam about 12 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.

Included with these soils in mapping are small areas of
the moderately well drained and somewhat poorly
drained Nicollet soils that are nearly level, the moderate-
ly well drained Terril soils in drainageways between the
more convex slopes, and the well drained Lester soils on
side slopes where hardwood trees have invaded. These
inclusions make up 10 to 20 percent of the map unit.

In both soils, permeability is moderate, surface runoff
is medium, and available water capacity is high. Reaction
of the surface layer is neutral in the Clarion soil and
mildly alkaline in the Storden soil. The content of organic
matter is high in the Clarion soil and moderate in the
Storden soil. Natural fertility is high in both soils.

Most areas of this complex are used for crops. These
soils have good potential for cultivated crops, hay, pas-
ture, and trees and shrubs for windbreaks. They also
have good potential for building site development and
sanitary facilities.

These soils are well suited to cropping if it is ade-
quately fertilized, if all crop residue is returned to the
surface, and if conservation measures are used to con-
trol erosion. Minimum tillage is more effective in control-
ling erosion than contouring and terracing because of
the complex slopes. On the Storden soil, if crop growth
is poor, liberal amounts of potassium and phosphorus
are needed in fertilizers. These nutrients help correct the
imbalance of fertility caused by the high content of lime.

These soils are well suited to trees and shrubs used
for windbreaks. The high lime content in the Storden soil
reduces the number of species that grow well. The ex-
cessive lime interferes with the intake of nutrients in
many woody plants. Chlorosis caused by a deficiency of
available iron occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant to high content of lime. Preparing the
site should be completed during the fall before planting
to reduce plant competition. Weeds and grasses can be
controlled in newly established windbreaks by shallow
cultivation or use of approved herbicides.

These soils have good potential for building site devel-
opment. There are few limitations to use. If roads are to
function properly, more suitable base material is needed.
If the soils are used for sewage lagoons, compaction
and sealing of the floor is needed to prevent seepage.

This complex is in capability subclass lle.
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921C—Clarion-Storden loams, 6 to 12 percent
slopes. This map unit consists of rolling soils that are
well drained. These soils are on knolls, rises, and side
slopes of till plains in uplands. Individual areas of this
unit range from 2 to 40 acres in size. They are made up
of about 60 percent Clarion soils and 30 percent Storden
soils. The Storden soil is on the upper part of the convex
knolls and is above areas of the Clarion soil; the Clarion
soil is on the side slopes or slightly concave slopes.
Length of the slope ranges from 60 to 150 feet. These
two soils are so intermixed or are so small in size that it
is not practical to separate them in mapping.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable loam about 13 inches thick.
The subsoil extends to a depth of 35 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable, calcareous loam.

Typically, the Storden soil has a surface layer of dark
grayish brown, friable loam about 12 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.

Included with these soils in mapping are small, nearly
level areas of the moderately well drained and somethat
poorly drained Nicollet soils, the moderately well drained
Terril soils in the drainageways between the more
convex slopes, and the well drained Lester soils on side
slopes where hardwood trees have invaded. Also includ-
ed are a few areas of eroded soil that have a thinner
surface layer. These inclusions make up 10 to 20 per-
cent of the map unit.

In both soils permeability is moderate, surface runoff is
medium to rapid, and available water capacity is high.
Reaction of surface layer is neutral in the Clarion soil
and mildly alkaline in the Storden soil. The content of
organic matter is high in the Clarion soil and moderate in
the Storden soil. Natural fertility is high in both soils.

Most areas of these soils are used for growing crops.
Some areas are used for grazing. These soils have good
potential for cultivated crops and windbreaks. They have
fair potential for building site development and sanitary
facilities.

These soils are well suited to cropping if they are
adequately fertilized, if all crop residue is returned to the
surface, and if conservation practices are applied to con-
trol erosion. Minimum tillage is more effective in control-
ling erosion than contouring and terracing because
slopes are complex and short. If crop growth is poor,
then liberal amounts of potassium and phosphorus fertil-
izer are needed on the Storden soil. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime.

These soils are well suited to trees and shrubs used
for windbreaks. The high lime content in the Storden
soils reduces the number of species that grow well. The
excessive lime interferes with the intake of nutrients in
many woody plants. Chlorosis caused by a deficiency of
available iron occurs in many trees and shrubs. This
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condition is best handled by planting trees and shrubs
that are tolerant to high content of lime. Preparing the
site during the fall before planting reduces plant competi-
tion. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

These soils have fair potential for building site devel-
opment. They are limited primarily by slope. If roads are
to function properly, more suitable base material is
needed. Slope limits septic tank absorption fields but this
limitation can be overcome by proper design and instal-
lation.

This complex is in capability subclass llle.

921D—Clarion-Storden loams, 12 to 18 percent
slopes. This map unit consists of hilly soils that are well
drained. These soils are on knolls and side slopes of till
plains in uplands. Individual areas of this unit range from
2 to 40 acres in size. They are made up of about 60
percent Clarion soils and 30 percent Storden soils. The
Storden soil is on the upper part of the convex knolls
above areas of the Clarion soil; the Clarion soil is on side
slopes or in slightly concave slopes. Length of slope
ranges from 75 to 150 feet. These two soils are inter-
mixed or so small in size that it is not practical to sepa-
rate them in mapping.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable loam about 12 inches thick.
The subsoil extends to a depth of 34 inches. It is dark
brown and brown, friable loam. The underlying material
is light olive brown, friable, caicareous loam.

Typically, the Storden soil has a surface layer of dark
grayish brown, friable loam about 11 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.

Included with these soils in mapping are small areas of
the moderately well drained Terril soils in drainageways
between the more convex slopes and the well drained
Lester soils on side slopes where the hardwood trees
have invaded. Also included are a few areas of eroded
soils that have a thinner surface layer. These inclusions
make up 10 to 15 percent of the map unit.

In both soils, permeability is moderate, surface runoff
is rapid, and available water capacity is high. Reaction of
surface layer is neutral in the Clarion soil and mildly
alkaline in the Storden soil. The content of organic
matter is high in the Clarion soil and moderate in the
Storden soil. Natural fertility is high in both soils.

Most areas of these soils are used for growing crops,
but some areas are used for grazing. These soils have
fair potential for cultivated crops, windbreaks, building
site development, and sanitary facilities.

These soils are fairly well suited to cropping if they are
adequately fertilized, if all crop residue is returned to the
surface, and if conservation practices are applied to con-
trol erosion. Slopes are generally too irregular for strip-
cropping or terraces. Minimum tillage practices are better
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alternatives. These practices should be used in combina-
tion with a cropping system that includes sod. If crop
growth is poor, then liberal amounts of potassium and
phosphorus fertilizer are needed on the Storden soil.
These nutrients help correct the imbalance of fertility
caused by high content of lime.

Trees and shrubs used for windbreaks grow well on
these soils. Field windbreaks, however, are generally not
planted on this soil because of the hazard of erosion
from melting snow. Weeds and grasses can be con-
trolled in newly established windbreaks by shallow cuiti-
vation or use of approved herbicides.

These soils have fair potential for building site devel-
opment. They are limited primarily by slope. If roads are
to function properly, more suitable base material is
needed. Designing roads and buildings to fit the site can
preserve the natural landscape and reduce grading re-
quirements, erosion, and sedimentation. Septic tank ab-
sorption fields need to be designed to fit the slope.
Slope severely limits use for sewage lagoons.

This complex is in capability subclass |Ve.

921E—Clarion-Storden loams, 18 to 25 percent
slopes. This map unit consists of steep soils that are
well drained. These soils are on knolls and side slopes
of till plains in uplands. Individual areas of this unit range
from 2 to 40 acres. They are made up of about 60
percent Clarion soils and 30 percent Storden soils. The
Storden soil is on the upper part of the convex knolls
above areas of the Clarion soils; the Clarion soil is on
the side slopes or in slightly concave slopes. Length of
slope ranges from 75 to 150 feet. These two soils are
intermixed or so small in size that it is not practical to
separate them in mapping.

Typically, the Clarion soil has a surface soil of black
and very dark brown, friable loam about 12 inches thick.
The subsoil is dark brown and brown, friable loam about
20 inches thick. The underlying material is light olive
brown, friable, calcareous loam.

Typically, the Storden soil has a surface layer of dark
grayish brown, friable loam about 10 inches thick. The
underlying material is light olive brown, friable, calcare-
ous loam.

Included with these soils in mapping are small areas of
the moderately well drained Terril soils in drainageways
between the more convex slopes and the well drained
Lester soils on side slopes where the hardwood trees
have invaded. Also included are a few areas of eroded
soils that have a thinner surface layer. These inclusions
make up 10 to 15 percent of the map unit.

In both soils, permeability is moderate, surface runoff
is very rapid, and available water capacity is high. Reac-
tion of surface layer is neutral in the Clarion soil and
mildly alkaline in the Storden soil. The content of organic
matter is high in the Clarion soil and moderate in the
Storden soil. Natural fertility is high in both soils.



FREEBORN COUNTY, MINNESOTA

Most areas of this complex are used for hay; some
areas are used for grazing. The soils of this complex
have poor potential for cultivated crops but have fair
potential for hay and pasture and for windbreaks. They
have poor potential for windbreaks, building site develop-
ment, and sanitary facilities.

These soils have poor suitability for cultivated crops
because of steep slopes. Operation of farm equipment is
difficult. The hazard of erosion is high. If fertilized and
well managed, this soil provides good pasture. Grazing
must be controlled to maintain good sod and reduce
erosion. Pastures are difficult to renovate and improve
because operating farm equipment on the steep slopes
is hard. In some places gullies require engineering struc-
tures to stabilize the soils.

These soils are well suited to trees and shrubs used
for windbreaks. Windbreaks, however, are generally not
planted on these soils because of the hazard of erosion.

These soils have poor potential for building site devel-
opment because of steep slopes. Excavation and grad-
ing costs usually increase with increases in steepness
and length of slope. Designing buildings to fit the site
can preserve the natural landscape and reduce grading
requirements, erosion, and sedimentation. Erosion con-
trol practices, both during and immediately following con-
struction, are needed on these soils. These soils have
poor potential for septic tank absorption fields because
of steep slopes. Side slope seepage of effluent is a
hazard.

This complex is in capability subclass Vle.

925—Cordova-Barbert complex. This map unit con-
sists of nearly level soils that are poorly drained and very
poorly drained. These soils are on flat hilitops, in the
upper part of drainageways, and in depressions of glacial
uplands. Individual areas of the map unit have concave
slopes. They range from 3 to 60 acres in size. This
complex is about 70 percent Cordova loam on broad
flats or in drainageways and 20 percent Barbert silt loam
in shallow depressions. The Barbert soil is subject to
flooding.

Typically, the Cordova soil has a surface layer of
biack, friable loam about 9 inches thick. The subsoil
extends to a depth of 30 inches. The upper part is very
dark gray, firm silty clay loam; the lower part is dark
grayish brown and grayish brown, mottied clay loam. The
underlying material is grayish brown, mottled loam that is
friable and calcareous.

Typically, the Barbert soil has a surface layer of very
dark gray, friable silt loam about 8 inches thick. The
subsurface layer is very dark gray and dark grayish
brown, mottled, friable silt loam and silty clay loam about
10 inches thick. The subsoil extends to a depth of 40
inches. The upper part is grayish brown, mottled, firm
silty clay loam; the lower part is grayish brown, mottied,
firm silty clay. The underlying material is light olive gray,
mottled, firm silty clay loam.
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Included with these soils in mapping are small areas of
very poorly drained Glencoe and Okoboiji soils in depres-
sions; poorly drained Hamel, Webster, and Marna soils
on flats; and moderately well drained and somewhat
poorly drained Nicollet and Le Sueur soils on slight rises.
These inclusions make up 5 to 15 percent of the map
unit.

Permeability is moderately slow in the Cordova soils
and slow in the Barbert soil. In both soils, surface runoff
is very slow or the soils are ponded, and available water
capacity is high. Reaction of surface layer is slightly acid
in the Cordova soil and strongly acid in the Barbert soil.
The content of organic matter is high in both Cordova
and Barbert soils. Natural fertility is high in the Cordova
soil and medium in the Barbert soil. A seasonal high
water table is at depths of 1 to 3 feet in the Cordova soil
in the spring and during wet periods and ranges from the
surface to a depth of 1 foot in the Barbert soil, except in
those areas that have been artificially drained.

Most areas of this complex are drained and used for
crops. Some areas need more drainage. This soil has
good potential for crops. It has fair potential for wind-
breaks and woodland and poor potential for building site
development and most sanitary facilities.

This complex is well suited to intensive cropping, if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. The soils dry out and warm up
slowly in the spring. Tile provides adequate subsurface
drainage in most areas. Because the Barbert soil has
very slow permeability, French drains and surface in-
takes are used to improve drainage efficiency and pre-
vent crop damage from water standing after hard rains.
Fall tillage allows freezing and thawing during winter.
This breaks the soils into clods and provides a seedbed
of improved tilth.

The soils in this complex have fair suitability for trees
and shrubs used in windbreaks and for woodland. Wet-
ness and plant competition are limitations. The wetness
reduces the number of species that grow well, but water-
tolerant trees and shrubs can be planted. Drainage
lowers the seasonal water table and allows deeper root-
ing. Plant competition can be reduced by preparing the
site in the fall before planting. In many years, these soils
are too wet to work in early spring without causing clod-
ding. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

The soils have poor potential for building site develop-
ment because they are limited by wetness and moderate
to high shrink-swell potential. They are more suited to
dwellings and small buildings without basements than
those with basements. Artificial drainage and controlling
surface water are needed. Foundations and footings
need to be designed to prevent structural damage
caused by shrinking and swelling of the soils. These
soils are poorly suited to septic tank absorption fields
because they are limited by the seasonal high water
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table and the moderately slow or slow permeability. If
local roads are to function properly, the soils need to be
covered with a more suitable base material and surface
water needs to be removed.

The Cordova soil is in capability subclass llw, and the
Barbert soil is in capability subclass Illw.

940—Maxcreek-Barbert complex. This map unit con-
sists of poorly drained and very poorly drained soils that
are nearly level. These soils are on broad flats, in slug-
gish drainageways, and in depressions of glacial up-
lands. Individual areas have slightly concave to plane
slopes and range from 3 to 60 acres in size. They are
made up of about 90 percent Maxcreek silty clay loam
and 20 percent Barbert silt loam. The Barbert soil is in
depressions and is subject to flooding.

Typically, the Maxcreek soil has a surface soil of
black, friable silty clay loam about 21 inches thick. The
subsoil extends to a depth of 41 inches. The upper part
is very dark gray, friable silty clay loam; the lower part is
dark gray and olive gray, mottled, friable silt loam and
loam. The underlying material is olive gray, mottled, fri-
able loam that is calcareous.

Typically, the Barbert soil has a surface layer of very
dark gray, friable silt loam about 8 inches thick. The
subsurface layer is very dark gray and dark grayish
brown, mottled, friable silt loam and silty clay loam about
10 inches thick. The subsoil extends to a depth of 40
inches. The upper part is grayish brown, mottled, firm
silty clay loam; the lower part is grayish brown, mottied,
firm silty clay. The underlying material is light olive gray,
mottled, firm silty clay loam.

Included with these soils in mapping are small areas of
the poorly drained Madelia soils on flats and the some-
what poorly drained and poorly drained Havana soils and
the moderately well drained or somewhat poorly drained
Merton and Newry soils on slight rises. These inclusions
make up 5 to 15 percent of the map unit.

Permeability is moderate in the Maxcreek and slow in
the Barbert soil. In both soils, surface runoff is very slow
or the soils are ponded, and available water capacity is
high. Reaction of surface layer is neutral in the Maxcreek
soil and strongly acid in the Barbert soil. The content of
organic matter is high in both Maxcreek and Barbert
soils. Natural fertility is high in the Maxcreek soil and
medium in the Barbert soil. A seasonal high water table
is at a depth of 1 to 3 feet in Maxcreek soils in the
spring and during wet periods and ranges from the sur-
face to a depth of 1 foot in the Barbert soil, except those
in areas that have been artificially drained.

Most areas of this complex are drained and used for
crops. Some areas need more drainage. These soils
have good potential for crops. They have fair potential
for windbreaks but poor potential for building site devel-
opment and sanitary facilities.

The soils of this complex are well suited to intensive
cropping if they are adequately drained and fertilized and
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if all crop residue is returned to the surface. They dry out
and warm up slowly in the spring. These soils need
subsurface drainage in most areas. Because the Barbert
soil has very slow permeability, French drains and sur-
face intakes are used to improve efficiency and prevent
crop damage from water standing after hard rains. If the
soils are tilled in the fall, freezing and thawing during
winter breaks the clods and improves the tilth of the
seedbed.

These soils have fair suitability for trees and shrubs
used for windbreaks. Wetness and plant competition are
limitations. The wetness reduces the number of species
that grow well. This condition is best handled by planting
trees and shrubs that are water-tolerant. Drainage lowers
the seasonal high water table and allows deeper rooting.
In many years this soil is too wet to work in early spring
without causing clodding. Preparing the site during the
fall before planting avoids this wetness and reduces
plant competition. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

These soils have poor potential for building site devel-
opment because of wetness and moderate to high
shrink-swell potential. These soils are most suitable for
dwellings and small buildings without basements, if they
are needed. Artificial drainage and controlling surface
water are needed to prevent damage to buildings. Foun-
dations and footings need to be designed to prevent
structural damage caused by shrinking and swelling.
These soils are poorly suited to septic tank absorption
fileds because they have a seasonal high water table
and because the Barbert soil has slow permeability. If
local roads are to function properly, this soil needs to be
covered with a more suitable base material; in addition,
surface water needs to be removed.

The Maxcreek soil is in subclass liw, and the Barbert
soil is in capability subclass Hiw.

944B—Lester-Estherville complex, 2 to 6 percent
slopes. This map unit consists of gently undulating soils
that are well drained. These soils are on knolls and
hilltops of till plains and moraines in uplands. Length of
slope ranges from 75 to 150 feet. Individual areas of this
unit have mostly convex slopes. They are 2 to 30 acres
in size. They are made up of about 65 percent Lester
loam and 25 percent Estherville sandy loam.

Typically, the Lester soil has a surface layer of black,
friable loam about 7 inches thick. The subsoil extends to
a depth of 38 inches. The upper part is dark brown and
brown, friable loam; the lower part is dark yellowish
brown, friable loam. The underlying material is olive
brown, friable, calcareous loam.

Typically, the Estherville soil has a surface layer of
very dark brown and very dark grayish brown, very fri-
able sandy loam about 8 inches thick. The subsoil ex-
tends to a depth of 21 inches. The upper part is dark
yellowish brown, very friable coarse sandy loam; the
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lower part is dark yellowish brown, very friable gravelly
loamy coarse sand. The underlying material is grayish
brown, calcareous, loose gravelly coarse sand.

Included with this soil in mapping are small areas of
Le Sueur, Dundas, and Webster soils in drainageways.
Also included are areas of eroded soils where material
from the subsoil have been mixed into the surface layer.
These inclusions make up 5 to 15 percent of the unit.

In the Lester soil, permeability is moderate, surface
runoff is medium to rapid, and available water capacity is
high. Reaction of surface layer is neutral. The content of
organic matter and natural fertility are high. In the Esth-
erville soil, permeability is moderately rapid in the upper
part of the profile and rapid in underlying material, sur-
face runoff is medium to rapid, and available water ca-
pacity is low. Reaction of the surface layer is slightly
acid. The content of organic matter is moderate, and
natural fertility is medium.

Most areas of this complex are used for crops. These
soils have fair potential for cultivated crops and good
potential for hay, pasture, woodland, and windbreaks.
They have fair potential for sanitary facilities and good
potential for building site development, most recreational
uses, and upland wildlife habitat.

The soils in this complex are fairly well suited to crop-
ping if they are adequately fertilized, if all crop residue is
returned to the surface, and if conservation measures
are used to control erosion. Grasses or legumes help to
control erosion. Minimum tillage, managing crop residue,
a crop rotation system that includes grasses and le-
gumes, or contour stripcropping help reduce the hazard
of erosion. The Estherville soil is droughty in years when
rainfall is average or below average.

These soils are well suited to woodland and trees and
shrubs used for windbreaks. Preparing the site during the
fall before planting reduces plant competition. Seedling
mortality is a hazard on the droughty Estherville soil.
Weeds and grasses can be controlled in newly estab-
lished windbreaks by shallow cultivation or use of ap-
proved herbicides.

These soils are well suited to building development.
There are few limitations to use. In the Estherville soil,
excavation walls cave or slough, but this is easily over-
come by installing retaining walls. Because of the rapid
permeability of the underlying material, pollution is a
hazard in areas of Estherville soils. The moderate per-
meability of the Lester soil is a limitation for septic tank
absorption fields, but this can be overcome by design
and installation. Because of variability of soil materials
and permeability, onsite investigations are needed to de-
termine suitability for sanitary landfili areas and sewage
lagoons.

This complex is in capability subclass llle.

944C2—Lester-Estherville complex, 6 to 12 percent
slopes, eroded. This map unit consists of rolling soils
that are well drained. These soils are on knolls, hilltops,
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and side slopes of till plains and moraines in uplands.
Length of slope ranges from 75 to 150 feet. Individual
areas of this unit have mostly convex slopes and range
from 2 to 20 acres in size. They are made up of about
65 percent Lester loam and 25 percent Estherville sandy
loam. ’

Typically, the Lester soil has a surface layer of very
dark gray, friable loam about 6 inches thick. The subsoil
extends to a depth of 35 inches. The upper part is dark
brown and brown, friable loam; the lower part is dark
yellowish brown, friable loam. The underlying material is
olive brown, friable, calcareous loam.

Typically, the Estherville soil has a surface layer of
very dark brown or very dark grayish brown, very friable
sandy loam about 6 inches thick. The subsoil extends to
a depth of 18 inches. The upper part is dark yellowish
brown, very friable, coarse sandy loam; the lower part is
dark yellowish brown, very friable, gravelly loamy coarse
sand. The underlying material is grayish brown, calcare-
ous, loose gravelly coarse sand.

Included with this soil complex in mapping are small
areas of the very poorly drained Glencoe soils in depres-
sions; the poorly drained Hamel, Webster, and Biscay
soils in drainageways; the somewhat poorly drained and
moderately well drained, nearly level Le Sueur soils on
flats; and the moderately well drained Terril soils at the
base of slopes. Also included are a few areas of soils
that are not eroded. These inclusions make up 5 to 15
percent of the map unit.

In the Lester soils, permeability is moderate, surface
runoff is medium to rapid, and available water capacity is
high. Reaction of the surface layer is neutral. The con-
tent of organic matter is moderate, and natural fertility is
high. In the Estherville soils permeability is moderately
rapid in the upper part and rapid in the underlying materi-
al, surface runoff is medium to rapid, and available water
capacity is low. Reaction of surface layer is slightly acid.
The content of organic matter is moderate, and natural
fertility is medium.

Most areas of this complex are used for crops, hay,
and pasture. These soils have fair potential for cultivated
crops and good potential for hay, pasture, woodland, and
windbreaks. They have poor potential for sanitary facili-
ties but fair potential for building site development. They
have fair potential for most recreational uses and good
potential for upland wildlife habitat.

The soils of this complex are fairly well suitec to crop-
ping if they are adequately fertilized, if all crop residue is
returned to the surface, and if conservation measures
are used to control erosion. Minimum tillage, managing
crop residue, using a crop rotation system that includes
grasses and legumes, contour stripcropping, or installing
diversions helps reduce the hazard of erosion. The Esth-
erville soil is droughty in years when rainfall is average or
below average.

These soils are well suited to woodland and trees and
shrubs used for windbreaks. Plant competition is a limita-
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tion. Seedling mortality is a hazard on Estherville soils
because of droughtiness. Site preparation needs to be
completed the fall before planting to reduce plant com-
petition. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

These soils are limited primarily by slope for building
site development. Surface runoff needs to be controlled
to prevent damage to buildings. Soil material of greater
strength is preferred for roadfill. Because of the rapid
permeability of the underlying material of the Estherville
soils, side slope seepage of effluent from septic tank
absorption systems occurs in some areas between the
Estherville soil and Lester soil. Also, in the Estherville
soil, the rapid permeability and slope severely limit use
for sewage lagoon sites. Because of the variability of soil
materials and the permeability, onsite investigations are
needed to determine suitability for sanitary landfill areas.

This complex is in capability subclass IVe.

944D2—Lester-Estherville complex, 12 to 18 per-
cent slopes, eroded. This map unit consists of hilly
soils that are well drained. These soils are on knolls and
side slopes of hills in the moraines. Length of slope
ranges from 70 to 150 feet. Individual areas have mostly
convex slopes and range from 2 to 20 acres in size.
They are made up of about 65 percent Lester loam and
25 percent Estherville sandy loam.

Typically, the Lester soil has a surface layer of very
dark grayish brown, friable loam about 6 inches thick.
The subsoil extends to a depth of 33 inches. The upper
part is dark brown and brown, friable loam; the lower
part is dark yellowish brown, friable loam. The underlying
material is olive brown, friable, calcareous loam.

Typically, the Estherville soil has a surface layer of
very dark brown or very dark grayish brown, very friable
sandy loam about 6 inches thick. The subsoil extends to
a depth of 16 inches. The upper part is dark yellowish
brown, very friable coarse sandy loam; the lower part is
dark yellowish brown, very friable gravelly loamy coarse
sand. The underlying material is grayish brown, calcare-
ous, loose gravelly coarse sand.

Included with this soil complex in mapping are small
areas of the very poorly drained Glencoe soils in depres-
sions; the poorly drained Hamel, Webster, and Biscay
soils in drainageways; the somewhat poorly drained to
moderately well drained, nearly level Le Sueur soils on
flats; and the moderately well drained Terril soils at the
base of slopes. Also included are a few areas of noner-
oded soils. These inclusions make up 5 to 15 percent of
the map unit.

In the Lester soil, permeability is moderate, surface
runoff is rapid, and available water capacity is high. Re-
action of surface layer is neutral. The content of organic
matter is moderate, and natural fertility is high. In the
Estherville soil, permeability is moderately rapid in the
upper part of the profile and rapid in underlying material,
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surface runoff is medium to rapid, and available water
capacity is low. Reaction of surface layer is slightly acid.
The content of organic matter is moderate, and natural
fertility is medium.

Most areas are used for hay and pasture, but some
are still used for row crops. These soils have poor poten-
tial for row crops and small grain. They have fair poten-
tial for grasses and legumes and for woodland. They
have poor potential for sanitary facilities and most recre-
ational uses but fair potential for building site develop-
ment and upland wildlife habitat.

If cropped, these soils need to be adequately fertilized,
to have all crop residue returned to the surface, and
have conservation measures used to control erosion.
Minimum tillage, managing crop residue, using a crop
rotation system that includes grasses and legumes, con-
tour stripcropping, or installing diversions help reduce the
severe hazard of erosion. The Estherville soil is droughty
in years when rainfall is average or below average.

Trees grow well in these soils excepting small areas of
Estherville soils. Windbreaks are usually not planted,
however, because of the hazard of erosion. Seedling
mortality can be severe on Estherville soil in years when
rainfall is light. Weeds and grasses can be controlled in
newly established windbreaks by shallow cultivation or
use of approved herbicides.

The soils of this complex have fair potential for build-
ing site development. They are limited primarily by slope.
Surface runoff needs to be controlled to prevent erosion
and damage to buildings. If roads are to function proper-
ly, more suitable base material is needed. Designing
buildings and roads to fit the site can preserve the natu-
ral landscape and reduce grading requirements, erosion,
and sedimentation. Because of the rapid permeability of
the underlying material of the Estherville soil, side slope
seepage of effluent from septic tank absorption systems
occurs in some areas between the Estherville soil and
the Lester soil. Steepness of slope severely limits use
for sewage lagoons. Because of the variability of soil
materials and permeability, onsite investigations are
needed to determine suitability for sanitary landfill areas.

This soil is in capability subclass Vle.

944E—Lester-Estherville complex, 18 to 24 percent
slopes. This map unit consists of steep soils that are
well drained. These soils are on knolls and side slopes
of hills in moraines. Length of slope ranges from 70 to
130 feet. Individual areas have mostly convex slopes and
range from 2 to 20 acres in size. They are made up of
about 60 percent Lester ioam and 30 percent Estherville
sandy loam.

Typically, the Lester soil has a surface layer of very
dark grayish brown, friable loam about 6 inches thick.
The subsoil extends to a depth of 35 inches. The upper
part is dark brown and brown, friable loam; the lower
part is dark yellowish brown, friable loam. The underlying
material is olive brown, friable, calcareous loam.
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Typically, the Estherville soil has a surface layer of
very dark and very dark grayish brown, very friable sandy
loam about 8 inches thick. The subsoil extends to a
depth of 18 inches. The upper part is dark yellowish
brown, very friable coarse sandy loam; the lower part is
dark yellowish brown, very friable gravelly loamy coarse
sand. The underlying material is grayish brown, calcare-
ous, loose gravelly coarse sand.

Included with these soils in mapping are small areas of
Hamel, Terril, and Webster soils in drainageways and
concave foot slopes. Also included are areas of eroded
soils. These inclusions make up 5 to 15 percent of the
unit.

In the Lester soil, permeability is moderate, surface
runoff is rapid, and available water capacity is high. Re-
action of the surface layer is neutral. The content of
organic matter is high, and natural fertility is high. In the
Estherville soil, permeability is moderately rapid in the upper
part of the profile and rapid in the underlying material,
surface runoff is medium to rapid, and available water
capacity is low. Reaction of the surface layer is slightly
acid. The content of organic matter is moderate, and
natural fertility is medium.

Most areas are used for hay and pasture, but some
are still used for row crops. These soils have poor poten-
tial for row crops and small grain. They have fair poten-
tial for growing grasses and legumes and for woodland.
They have poor potential for sanitary facilities and for
building site development. They have poor potential for
most recreational uses and fair potential for upland wild-
life habitat.

These soils have poor suitability for cultivated crops
because of steep slopes. Operation of farm equipment is
difficult. The hazard of erosion is high. If fertilized and
well managed, these soils provide good pasture. Grazing
must be controlled to maintain good sod and reduce
erosion. Pastures are difficult to renovate and improve
because farm equipment is hard to operate on the steep
slopes. In some places gullies require engineering struc-
tures to stabilize the soils.

Trees grow well on these soils. Windbreaks are usually
not planted on these soils, however, because of the
hazard of erosion.

These soils have poor potential for building site devel-
opment because of steep slopes. Excavation and grad-
ing costs generally increase with increases in steepness
and length of slope. Designing buildings to fit the site
can preserve the natural landscape and reduce grading
requirements, erosion, and sedimentation. Erosion con-
trol practices, both during and immediately following con-
struction, are needed on these soils. These soils have
poor potential for septic tank absorption fields. Side
slopes seepage of effluent is a hazard.

This complex is in capability subclass Vle.

1027—Udorthents, wet substratum. This unit con-
sists of soil material that has been used to fill in depres-
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sions. Areas range from about t acre to 20 acres in size.
The fill material is about 2 feet to more than 5 feet thick.

The fill material consists of loamy or sandy material
and refuse, such as asphalt, concrete, and rubber. The
underlying material is mainly poorly drained and very
poorly drained, buried soils. In many areas of this unit
the fill material is underlain by organic soils.

The areas underlain by organic soils are subject to
continual settling. Where feasible, organic material needs
to be completely removed before fill is added. Large
buildings have been built on pilings that are set on solid
material to insure a stable foundation. Even so, settling
of the fill may occur around the buildings, which causes
sidewalks and access roads to deteriorate rapidly. Sewer
lines and water lines are easily broken when settling of
fill occurs.

In places, this unit has been developed for building
sites. In areas where the fill material is loamy, manipula-
tion has destroyed the natural soil structure. This materi-
al has slow permeability; therefore, it is poorly suited to
septic tank absorption fields. The ease of establishing
vegetation depends on whether or not sandy soils are
present. Except in the sandy fill areas, such vegetation
as lawns, trees, and shrubs is fairly easy to establish.
Because of the variable nature of the soil material, onsite
investigations is needed for most changes in land use or
before any construction.

This unit is not placed in a capability subclass.

1029—Pits, gravel. This map unit consists of open
pits where sand and gravel have been excavated. Indi-
vidual areas are irregular in shape and 3 to 45 acres in
size. The pits are 10 to 100 feet deep. Most large pits
are in areas of Estherville soils; most small pits are in
areas of Salida soils.

Typically, the soils in these areas have been removed
or altered. The pits generally contain piles of rocks and
boulders. Open water is contained in pits that are below
the water table or in pits that are underlain by relatively
impervious material. These pits are surrounded by areas
where soils have been altered or partially removed,
where they have been intermixed, or where soil material
from the pit has been stockpiled.

Most pits are used as a source of sand, gravel, and
topsoil. They are fairly well suited to well suited for this
use. Some pits have been abandoned and naturally re-
vegetated by grass and a few trees. These areas are
used for pasture or left idle. A few pits have been lev-
eled and farmed with adjoining soils. They are low in
fertility and content of organic matter. Potential for grow-
ing crops and pasture and use for wildlife habitat vary
within the site.

Pits, gravel, require onsite investigation to determine
suitability for most uses.

This unit is not placed in a capability subclass.
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1033—Udipsamments. These nearly level soils are
excessively drained. The unit consists of beaches and
sand bars adjacent to lakes and ponds or former lakes.
Most areas are very narrow and follow the contour of the
lake. Many areas of the unit are subject to flooding.

The soils are mostly sand but range from loamy sand
to gravelly loam. In some areas, the sandy material is 20
to 40 inches deep to finer textured material. In a few
places, the surface is stony. Included are small areas of
short, steep escarpments next to lakes and ponds.
Some of these escarpments are loamy till. Also included
are areas of poorly drained Fluvaquents.

The properties of these soils are variable because
they range broadly in texture and are in different posi-
tions on the landscape. In most areas available water
capacity and fertility are low and permeability is rapid.

Many areas around former lakes are farmed with adja-
cent soils. Others are in natural habitat or used as
beaches. These soils have poor potential for cultivated
crops but fair potential for-pasture and openland wildlife
habitat. They also have fair potential for building site
development but poor potential for sanitary facilities.

This unit is in capability subclass IVs.

1034—Fluvaquents. This unit consists of beaches by
lakes, ponds, and former lakes. Small areas of short,
steep escarpments next to lakes and ponds are included
in mapping.

Soil materials are mostly loamy but range from loamy
sand to gravelly loam. Typically, the loamy material is 20
to 40 inches deep to finer textured material. The escarp-
ments usually are loamy till. Natural drainage is poor, but
there are a few areas of excessively drained, sandy
soils. Wetness is a hazard. In a few places the surface is
stony.

Individual areas are often farmed with adjacent soils
because they are too narrow to be managed separately.
Most areas have poor potential for cultivated crops, fair
potential for pasture, and good potential for wetland wild-
life habitat. Wetness is a limitation.

Fluvaquents is in capability subclass IVw.

1055—Aquents and Histosols, ponded. This unit
consists of undrained, closed depressions and ponds
that are covered by 1 to 3 feet of water, except in dry
years. Vegetation consists of cattails, reeds, sedges, and
other water-tolerant plants. There are scattered areas of
open water. Individual areas of this unit are irregular to
circular in shape and range from 3 acres to several
hundred acres in size.

The soils in this unit have not been identified; but in
most places, they would make up a complex of the very
poorly drained Glencoe, Palms, Muskego, and Caron
soils. Included with this unit in mapping are small areas
of poorly drained Webster, Canisteo, or Hamel soils
along the edges of the area or on islands within the
area.
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Most areas of this unit are used for wetland wildlife
habitat. The extreme wetness limits other uses.
This unit is in capability subclass Vlliw.

1078—Udorthents. This unit consists mainly of nearly
level areas where the natural soil either has been cov-
ered over or removed. Individual areas of this unit range
from 3 to 45 acres in size.

The largest areas are in and around the city of Albert
Lea where much cutting or filling has occurred. The fill
material is mostly loam. The underlying material is gener-
ally either alluvium or glacial till. These areas have been
used for building site development.

Udorthents are commonly along roads, highways, and
railroads where soil material has been removed and
used for roadfil. Some of these areas have steep
slopes. Most of these areas are farmed with adjoining
soils. They are low in fertility and need additions of
organic matter. These places are more suitable for crops
if the surface soil is stockpiled and replaced.

This unit also includes filled in and leveled dumps and
landfills. The dumps and landfills have been filled with
trash, rocks, and other debris, then covered with soil
material and leveled. Most dumps included in this unit
have been leveled. These areas are used for crops,
grazing, wildlife, and recreational development. They
have good to poor potential for these uses.

The soil materials in Udorthents generally have a wide
range of characteristics and qualities. Onsite investiga-
tion is needed to determine suitability for a specific use.

This unit is not placed in a capability subclass.

1805—Blue Earth Variant silt loam. This nearly
level soil is very poorly drained. It is on broad flats of
glacial lake plains and outwash plains. Individual areas
have plane slopes and range from 20 to 150 acres in
size. This soil is subject to flooding.

Typically the surface layer is very dark gray, very fri-
able silt loam about 8 inches thick. Below this, to a
depth of 25 inches, is olive gray, mottled, very friable silt
loam and very fine sandy loam (coprogenous earth). The
upper part of the underlying material, to a depth of 47
inches, is olive gray, loose loamy very fine sand and
loamy fine sand. Below this is olive gray silty clay loam.

Included with this soil in mapping are small areas of
the very poorly drained Adrian, Palms, and Wacousta
soils in the same position on the landscape as the Blue
Earth Variant and the poorly drained Spicer and Fieldon
soils on slight rises. These inclusions make up 5 to 15
percent of the map unit.

Permeability is moderate. Surface runoff is slow, and
available water capacity is high. Reaction of the surface
layer is moderately alkaline. The content of organic
matter and natural fertility are high. A seasonal high
water table ranges from the surface to 1 foot in the
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spring and during wet periods, except in those areas that
have been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some of the speciality crops are asparagus,
potatoes, and onions. Some areas need more drainage.
This soil has good potential for vegetable crops and
other row crops common to the county. It has poor
potential for windbreaks, building site development, and
sanitary facilities.

This soil is well suited to intensive cropping if it is
adequately drained and fertilized and if all crop residue is
returned to the surface. It dries out and warms up slowly
in the spring. The soil needs subsurface drainage. Al-
though tile can be used, in some places, the ground
water contains enough iron oxide to seal tile lines. If
crop growth is poor after adequate drainage has been
provided, then liberal amounts of potassium and phos-
phorus are needed in fertilizers. These nutrients help
correct the imbalance of fertility caused by the high con-
tent of lime.

This soil is poorly suited to trees and shrubs used for
windbreaks. The combination of wetness and high lime
content reduces the number of species that grow well.
The excessive lime interferes with intake of nutrients in
many woody plants. Cholorosis caused by a deficiency
of available iron occurs in many trees and shrubs. This
condition is best handled by planting trees and shrubs
that are tolerant to a high content of lime. Drainage
lowers the seasonal high water table and allows deeper
rooting. In many years this soil is too wet to work in early
spring without causing clodding. Preparing the site during
the fall avoids this wetness and reduces plant competi-
tion. Weeds and grasses can be controlled in newly
established windbreaks by shallow cultivation or use of
approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, low strength, and flooding.
This soil is most suitable for dwellings and small build-
ings without basements, if they are needed. Artificial
drainage and controlling surface water are needed.
Foundations and footings need to be designed to pre-
vent structural damage caused by low strength. This soil
is poorly suited to septic tank absorption fields, because
it has a seasonal high water table. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material; in addition, surface water
needs to be removed. Caving and sloughing of excava-
tion walls during construction and in installation of drain-
age lines are limitations.

This soil is in a capability subclass lliw.

1806—Lerdal silty clay loam, silty substratum, 0 to
2 percent slopes. This nearly level soil is somewhat
poorly drained. It is on broad flats in uplands. Individual
areas of this soil have plane or slightly convex slopes
and range from 2 to 80 acres in size.
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Typically, the surface layer is very dark gray, friable
silty clay loam about 7 inches thick. The subsurface layer
is dark grayish brown, mottled, friable silty clay loam
about 4 inches thick. The subsoil extends to a depth of
45 inches. The upper part is dark grayish brown and
grayish brown, mottled, firm silty clay; the lower part is
grayish brown, mottled, firm silty clay loam. The underly-
ing material is olive gray, firm, calcareous silty clay loam.

Included with this soil in mapping are small areas of
Le Sueur soils on convex rises and Waldorf soils in small
depressions or concave drainageways. These inclusions
make up 5 to 15 percent of the unit.

Permeability is slow. Surface runoff is slow, and availa-
ble water capacity is high. Reaction of the surface layer
is slightly acid. The content of organic matter is moder-
ate, and natural fertility is medium. Shrink-swell potential
is high, and strength of the soil is low. The water table is
perched and is at a depth of 1 to 3 feet during spring.

Most areas of this soil are used for crops. This soil
has good potential for crops, pasture, hayland, wind-
breaks, woodland, and upland wildlife habitat. It has poor
potential for building site development and most sanitary
facilities.

This soil is well suited to cropping if it is adequately
drained and fertilized and if all crop residue is returned to
the surface. It dries out and warms up slowly in the
spring. This soil needs subsurface drainage. Lateral
spacing of drainage lines needs to be closer than for
most wet soils because of the slow permeability. Tillage
needs to be properly timed and limited to that which is
essential to produce a crop and prevent damage to the
soil.

This soil is well suited to woodland and trees and
shrubs used for windbreaks. Preparing the site during the
fall before planting reduces plant competition. In some
years this soil is too wet to work in early spring without
causing clodding. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, low strength, and high shrink-
swell potential. This soil is most suitable for dwellings
and small buildings without basements. Artificial drainage
and controlling surface water are needed. Foundations
and footings need to be designed to compensate for
shrinking and swelling of the soil and the low strength of
the underlying silty substratum. This soil is poorly suited
to septic tank absorption fields, because it has a season-
al high water table and slow permeability. In some
places, mound type absorption fields may be suitable. If
local roads are to function properly, this soil needs to be
covered with a more suitable base material.

This soil is in capability subclass llw.

1806B—Lerdal silty clay loam, silty substratum, 2
to 10 percent slopes. This gently sloping soil is some-
what poorly drained. It is on smooth, rounded knolls and
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side slopes of glacial moraine. Length of slope ranges
from 75 to 200 feet. Individual areas of this soil have
mostly convex slopes and range from 2 to 30 acres in
size.

Typically, the surface layer is very dark gray, friable
silty clay loam about 7 inches thick. The subsurface layer
is dark grayish brown, friable silty clay loam about 4
inches thick. The subsoil extends to a depth of 28
inches. The upper part is dark grayish brown and grayish
brown, mottled, firm silty clay; the lower part is grayish
brown, mottled, firm silty clay loam. The underlying mate-
rial is olive gray, firm, calcareous silty clay loam.

Included with this soil in mapping are small areas of
Kilkenny and Le Sueur soils on convex siopes and Wal-
dorf soils in small depressions or drainageways. Also
included are a few areas of eroded soils that have some
material from the subsoil mixed into the surface layer.
These inclusions make up 5 to 15 percent of the unit.

Permeability is slow. Surface runoff is medium, and
available water capacity is high. Reaction of surface
layer is slightly acid. The content of organic matter is
moderate, and natural fertility is medium. Shrink-swell
potential is high, and the strength of the soil is low. The
water table is perched and is at a depth of 1 to 3 feet
during the spring.

Most areas of this soil are used for crops. This soil has
good potential for crops, pasture, hay, windbreaks,
woodland, and upland wildlife habitat. It has poor poten-
tial for building site development and most sanitary facili-
ties.

This soil is well suited to cropping if it is adequately
drained and fertilized, and if all crop residue is returned
to the surface and conservation measures are used to
control erosion. It dries out and warms up slowly in the
spring. This soil needs subsurface drainage. Lateral
spacing of drainage lines needs to be closer than for
most wet soils because of the slow permeability. Tillage
needs to be properly timed and limited to that which is
essential to produce a crop and prevent soil damage and
erosion.

This soil is well suited to woodland and trees and
shrubs used for windbreaks. Preparing the site during the
fall before planting reduces plant competition. In some
years this soil is too wet to work in early spring without
causing clodding. Weeds and grasses can be controlled
in newly established windbreaks by shallow cultivation or
use of approved herbicides.

This soil has poor potential for building site develop-
ment because of wetness, low strength, and high shrink-
swell potential. This soil is most suitable for dwellings
and small buildings without basements. Artificial drainage
is needed. Foundations and footings need to be de-
signed to compensate for shrinking and swelling of the
soil and the low strength of the underlying silty substra-
tum. This soil is poorly suited to septic tank absorption
fields, because it has a seasonal high water table and
slow permeability. In some places, mound type absorp-
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tion fields may be suitable. If local roads are to function
properly, this soil needs to be covered with a more
suitable base material.

This soil is in capability subclass lie.

1818—Adrian muck, deep, This nearly level organic
soil is very poorly drained. It is in former lake basins of
glacial outwash plains and upland till plains. Individual
areas have plane to concave slopes and range from 5 to
100 acres in size. This soil is subject to flooding.

Typically, the surface soil is-black, very friable muck
(sapric material) about 30 inches thick. Below this, to a
depth- of 37 inches, is black, friable mucky loam. The
underlying material is olive gray, mottied sand.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe and Maxcreek soils on
the fringes of the lake basin and Muskego and Caron
soils that do not have underlying sandy material. These
inclusions make up 5 to 15 percent of the map unit.

Permeability is moderately rapid. Surface runoff is
slow, and available water capacity is very high. Reaction
of the surface layer is neutral. The content of organic
matter is very high, and natural fertility is high. A season-
al high water table ranges from the surface to a depth of
1 foot in the spring and during wet periods, except in
those areas that have been artificially drained.

Most areas of this soil are drained and used for vege-
table crops. Some of the specialty crops are potatoes,
onions, and asparagus. Some areas need more drain-
age. This soil has good potential for vegetabie crops and
other row crops common to the county. It has poor
potential for windbreaks, building site development, and
sanitary facilities.

This soil is suited to intensive cropping if it is ade-
quately drained and fertilized and if all crop residue is
returned to the surface. The very high organic-matter
content permits intensive use of this soil for vegetable
crops. This soil produces high yields because of the very
high available water capacity and high natural fertility of
the thick muck surface soil. This soil dries out and
warms up slowly in the spring. This soil needs subsur-
face drainage. Although tile can be used, in some
places, the ground water contains enough iron oxide to
seal tile lines.

This soil is poorly suited to trees and shrubs used for
windbreaks. Wetness and plant competition are limita-
tions. Wetness reduces the number of species that grow
well. This condition is best handled by planting trees and
shrubs that are water-tolerant. Drainage lowers the sea-
sonal high water table and allows deeper rooting. In
many years this soil is too wet to work in early spring.
Preparing the site during the fall before planting avoids
this wetness and reduces plant competition. Weeds and
grasses can be controlled in newly established wind-
breaks by shallow cultivation or use of approved herbi-
cides.
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This soil has poor potential for building site develop-
ment because of wetness, low strength, and flooding. It
is poorly suited to septic tank absorption fields, because
it has a seasonal high water table. If local roads are to
function properly, this soil needs to be covered with a
more suitable base material or the muck needs to be
removed; in addition, surface water needs to be re-
moved. Caving or sloughing of excavation walls during
construction and in installation of drainage lines are limi-
tations.

This soil is in capability subclass Iliw.

Use and management of the soils

This soil survey is an inventory and evaluation of the
soils in the survey area. It can be used to adjust land
uses to the limitations and potentials of natural re-
sources and the environment. Also, it can help avoid
soil-related failures in land uses.

In preparing a soil survey, soil scientists, conservation-
ists, engineers, and others collect extensive field data
about the nature and behavior characteristics of the
soils. They collect data on erosion, droughtiness, flood-
ing, and other factors that affect various soil uses and
management. Field experience and collected data on
soil properties and performance are used as a basis in
predicting soil behavior.

Information in this section can be used to plan the use
and management of soils for crops, pasture, windbreaks,
and woodland; as sites for buildings, sanitary facilities,
highways and other transportation systems, and parks
and other recreation facilities; and for wildlife habitat. It
can be used to identify the potentials and limitations of
each soil for specific land uses and to help prevent
construction failures caused by unfavorable soil proper-
ties. ,

Planners and others using soil survey information can
evaluate the effect of specific land uses on productivity
and on the environment in all or part of the survey area.
The survey can help planners to maintain- or create a
land use pattern in harmony with the natural soil.

Contractors can use this survey to locate sources of
sand and gravel, roadfill, and topsoil. They can use it to
identify areas where bedrock, wetness, or very firm soil
layers can cause difficulty in excavation.

Health officials, highway officials, engineers, and
others may also find this survey useful. The survey can
help them plan the safe disposal of wastes and locate
sites for pavements, sidewalks, campgrounds, play-
grounds, lawns, and trees and shrubs.

Crops and pasture

The major management concerns when using the soils
for crops and pasture are described in this section. In
addition, the crops or pasture plants best adapted to the
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soil, including some not commonly grown in the survey
area, are discussed; the system of land capability classi-
fication used by the Soil Conservation Service is ex-
plained; and the predicted yields of the main crops, hay,
and pasture are presented for each soil.

This section provides information about the overall ag-
ricultural potential and needed practices in the survey
area for those in the agribusiness sector—equipment
dealers, drainage contractors, fertilizer companies, proc-
essing companies, planners, conservationists, and
others. For each kind of soil, information about manage-
ment is presented in the section “Soil maps for detailed
planning.” When making plans for management systems
for individual fields or farms, check the detailed informa-
tion given in the description of each soil.

More than 390,900 acres in the survey area was used
for crops and pasture in 1967, according to the Conser-
vation Needs Inventory of Minnesota. Of this total,
18,500 acres was used for permanent pasture; 310,000
acres for row crops, mainly corn and soybeans; 20,000
acres for close-grown crops, mainly wheat and oats;
31,500 acres for rotation hay and pasture; the rest was
idle cropland.

The potential of the soils in Freeborn County for in-
creased production of food is good. About 9,300 acres
of potentially good cropland is currently used as wood-
land and about 16,000 acres is used as pasture. In
addition to the reserve productive capacity represented
by this land, food producton could also be increased
considerably by extending the latest crop production
technology to all cropland in the county. This soil survey
can greatly facilitate the application of such technology.

Acreage in crops and pasture has gradually been de-
creasing as more and more land is used for urban devel-
opment. It was estimated in 1967 that about 18,000
acres in the county was used as urban and built-up land.
The use of this soil survey to help make land use deci-
sions that will influence the future role of farming in the
county is discussed in the section “Soil map for general
planning.”

Soil erosion is a concern on about 10 percent of the
cropland and pasture in Freeborn County. Lerdal,
Shorewood, and Kilkenny soils, for example, have slopes
of 6 to 12 percent and an additional problem of wetness.

Loss of the surface layer through erosion is damaging.
Productivity is reduced as the surface layer is lost and
part of the subsoil is incorporated into the plow layer.
Loss of the surface layer is especially damaging on soils
with a clayey subsoil, such as the Kilkenny, Shorewood,
and Lerdal soils, and on soils that have a layer in or
below the subsoil that limits the depth of the root zone.
Erosion also reduces productivity on soils that tend to be
droughty, such as Estherville, Dickinson, and Dakota
soils.

Erosion control practices provide protective surface
cover, reduce runoff, and increase infiltration. A cropping
system that keeps vegetative cover on the soil for ex-
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tended periods can hold soil erosion losses to amounts
that do not reduce the productive capacity of the soils.
On livestock farms, which require pasture and hay, the
legume and grass forage crops in the cropping system
reduce erosion on sloping land and also provide nitrogen
and improve tilth for the following crop. Minimizing tillage
and leaving crop residues on the surface help to in-
crease infiltration and reduce the hazards of runoff and
erosion. These practices can be adapted to most soils in
the survey area, but are more difficult to use successfully
on the eroded soils and on the soils that have a clayey
surface layer, such as Lerdal, Shorewood, and Kilkenny
soils.

Terraces and diversions reduce the length of siope
and reduce runoff and erosion. They are most practical
on well drained soils that have regular slopes. Clarion
soils and some of the Lester soils in the northwest part
of the county are suitable for terraces. The other soils
are less suitable for terracing and diversions because of
irregular slopes; excessive wetness in the terrace chan-
nels; or a clayey subsoil, which would be exposed in
terrace channels.

Contouring and contour stripcropping are widespread
erosion control practices in the survey area. They are
best adapted to soils where slopes are smooth and
uniform, -including most areas of the sloping Clarion and
Lester soils in the northwest part of the county and
Blooming and Moland soils in the eastern part of the
county.

Erosion caused by wind is a hazard on the Estherville,
Dickinson, and Lamont soils and on the muck soils—
Adrian, Caron, Muskego, Blue Earth, and Palms soils.
This erosion can damage these soils in a few hours if
winds are strong and the soils are dry and bare of
vegetation or surface mulch. Maintaining vegetative
cover, surface mulch, or rough surfaces through proper
tillage minimizes erosion caused by wind on these soils.
Windbreaks of adapted shrubs, such as Tatarian honey-
suckle or autumn-olive, are effective in reducing wind
erosion on the muck soils.

information for the design of erosion control practices
for each kind of soil is contained in the Technical Guide,
available in local offices of the Soil Conservation Serv-
ice.

Soil drainage is the major management need on about
one-half of the acreage used for crops and pasture in
the survey area. Some soils are naturally so wet that
unless they are artificially drained the production of
crops common to the area is generally not possible.
These are the poorly drained and very poorly drained
Webster, Glencoe, Hamel, Marna, Biscay, Madelia, and
Maxcreek soils, which make up about 190,000 acres in
the survey area. Also in this category are the organic
soils—Adrian, Caron, Muskego, Blue Earth, and Palms
soils—which make up about 20,000 acres.

Unless artificially drained, the somewhat poorly
drained soils are so wet that crops are damaged during
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most years. In this category are the Dundas, Havana,
Lerdal, Skyberg, and Udolpho soils, which make up
about 5,000 acres of the county.

Kilkenny soils have good natural drainage most of the
year, but they tend to dry out slowly after rains. Small
areas of wetter soils along drainageways and in swales
are commonly included in areas of the moderately well
drained Nicollet, Shorewood, Le Sueur, Barrington,
Kasson, and Newry soils, especially those that have
slopes of 1 to 6 percent. Artificial drainage is needed in
some of these wetter areas.

The design of both surface and subsurface drainage
systems varies with the kind of soil. A combination of
surface drainage and subsurface drainage is needed in
most areas of the poorly drained and very poorly drained
soils used for intensive row cropping. Drains have to be
more closely spaced in soils that are slowly permeable
than in the more permeable soils. Tile drainage is very
slow in Skyberg, Dundas, Havana, Minnetonka, and Wal-
dorf soils. Finding adequate outlets for tile drainage sys-
tems is difficult in many areas of Glencoe, Wacousta,
Mayer, Biscay, and Canisteo soils.

Organic soils oxidize and subside when the pore
space is filled with air; therefore, special drainage sys-
tems are needed to control the depth and the period of
drainage. Keeping the water table at the level required
by crops during the growing season and raising it to the
surface during other parts of the year minimize the oxida-
tion and subsidence of organic soils. Information on
drainage design for each kind of soil is contained in the
Technical Guide, available in local offices of the Soil
Conservation Service.

Solil fertility is variable in the survey area.

Soil reaction of many upland soils is naturally acid. If
they have never been limed, the acid soils require appli-
cations of ground limestone to raise the pH level suffi-
ciently for good growth of alfalfa and other crops that
grow only on nearly neutral soils. On all soils, additions
of lime and fertilizer need to be based on the results of
soil tests, on the need of the crop, and on the expected
level of yields. The Cooperative Extension Service can
help in determining the kinds and amounts of fertilizer
and lime to apply.

Soil tith is an important factor in the germination of
seeds and in the infiltration of water into the soil. Soils
that are porous have good tilth.

Some soils used for crops in the survey area have
weak structure. These soils have a silt loam surface
layer that is light in color and low in content of organic
matter. Intense rainfall causes the formation of crust on
the surface. The crust is hard when it is dry; once the
crust forms, it reduces infiltration and increases runoff.
Minimum tillage and regular additions of crop residues,
manure, and other organic material help to improve soil
structure and to reduce crust formation.

Fall plowing is a good practice on the county’s soils.
After spring plowing, many of the soils are nearly as
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dense and hard at planting time as they had been before
they were plowed. The dark colored Minnetonka, Hamel,
Barbert, and Waldorf soils are clayey. Tilth is a concern,
because these soils often stay wet until late in spring. If
they are wet when plowed, they tend to be very cloddy
when dry, and good seedbeds are difficult to prepare.
Fall plowing generally results in good tilth in the spring.

Wheat and oats are the common close-growing crops.
Rye, barley, and flax could be grown, and grass seed
could be produced from bromegrass, fescue, redtop, and
bluegrass.

Special crops grown commercially in the survey area
are vegetable and nursery plants. Sweet corn, potatoes,
sugar beets, carrots, and onions are grown in the large
areas of organic soils. Apples are the most important
tree fruits grown in the county.

When adequately drained, the muck soils in the county
are well suited to a wide range of vegetable crops. Blue
Earth, Adrian, Caron, Muskego, and Palms muck soils
make up about 20,000 acres in the survey area.

Latest information and suggestions for growing special
crops can be obtained from local offices of the Coopera-
tive Extension Service and the Soil Conservation Serv-
ice.

Yields per acre

The average yields per acre that can be expected of
the principal crops under a high level of management
are shown in table 4. In any given year, yields may be
higher or lower than those indicated in the table because
of variations in rainfall and other climatic factors.

The yields are based mainly on the experience and
records of farmers, conservationists, and extension
agents. Available yield data from nearby counties and
results of field trials and demonstrations are also consid-
ered.

The management needed to obtain the indicated
yields of the various crops depends on the kind of soil
and the crop. Management can include drainage, erosion
control, and protection from flooding; the proper planting
and seeding rates; suitable high-yielding crop varieties;
appropriate and timely tillage; control of weeds, plant
diseases, and harmful insects; favorable soil reaction
and optimum levels of nitrogen, phosphorus, potassium,
and trace elements for each crop; effective use of crop
residue, barnyard manure, and green-manure crops; and
harvesting that insures the smallest possible loss.

For yields of irrigated crops, it is assumed that the
irrigation system is adapted to the soils and to the crops
grown, that good quality irrigation water is uniformly ap-
plied as needed, and that tillage is kept to a minimum.

The estimated yields reflect the productive capacity of
each soil for each of the principal crops. Yields are likely
to increase as new production technology is developed.
The productivity of a given soil compared with that of
other soils, however, is not likely to change.
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Crops other than those shown in table 4 are grown in
the survey area, but estimated yields are not listed be-
cause the acreage of such crops is small. The local
office of the Soil Conservation Service or of the Cooper-
ative Extension Service can provide information about
the management and productivity of the soils.

Land capability classification

Land capability classification shows, in a general way,
the suitability of soils for most kinds of field crops. Crops
that require special management are excluded. The soils
are grouped according to their limitations for field crops,
the risk of damage if they are used for crops, and the
way they respond to management. The grouping does
not take into account major and generally expensive
landforming that would change slope, depth, or other
characteristics of the soils, nor does it consider possible
but unlikely major reclamation projects. Capability classi-
fication is not a substitute for interpretations designed to
show suitability and limitations of groups of soils for
woodland and for engineering purposes.

In the capability system, soils are generally grouped at
three levels: capability class, subclass, and unit. Only
class and subclass are used in this survey. These levels
are defined in the following paragraphs.

Capability classes, the broadest groups, are designat-
ed by Roman numerals | through VIl. The numerals
indicate progressively greater limitations and narrower
choices for practical use. The classes are defined as
follows:

Class | soils have slight limitations that restrict their
use.

Class Il soils have moderate limitations that reduce the
choice of plants or that require moderate conservation
practices.

Class lll soils have severe limitations that reduce the
choice of plants or that require special conservation
practices, or both.

Class IV soils have very severe limitations that reduce
the choice of plants or that 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.

Class VI soils have severe limitations that make them
generally unsuitable for cultivation.

Class VIl soils have very severe limitations that make
them unsuitable for cultivation.

Class VIll soils and miscellaneous areas have limita-
tions that nearly preclude their use for commercial crop
production.

Capability subclasses are soil groups within one class.
They are designated by adding a small letter, ¢, w, s, or
¢, to the class numeral, for example, lle. The letter e
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
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cultivation (in some soils the wetness can be partly cor-
rected by artificial drainage); and s shows that the soil is
limited mainly because it is shallow, droughty, or stony.

In class | there are no subclasses because the soils of
this class have few limitations. Class V contains only the
subclasses indicated by w because the soils in class V
are subject to little or no erosion. They have other limita-
tions that restrict their use to pasture, rangeland, wood-
land, wildlife habitat, or recreation.

The capability classification of each map unit is given
in the section “Soil maps for detailed planning.”

Woodland management and productivity

John Hultgren, woodland conservationist, Soil Conservation Service,
helped prepare this section.

The woodland in Freeborn County is mostly small
woodlots that are along streams. Wood production is a
minor enterprise. Many wooded areas are grazed. A few
tracts of maple trees produce syrup. Many windbreaks
have been planted, mainly around farmsteads.

Table 5 can be used by woodland owners or forest
managers in planning the use of soils for wood crops.
Only those soils suitable for wood crops are listed. The
table lists the ordination (woodland suitability) symbol for
each soil. Soils assigned the same ordination symbol
require the same general management and have about
the same potential productivity.

The first part of the ordination symbol, a number, indi-
cates the potential productivity of the soils for important
trees. The number 1 indicates very high productivity; 2,
high; 3, moderately high; 4, moderate; and 5, low. The
second part of the symbol, a letter, indicates the major
kind of soil limitation. The letter w indicates excessive
water in or on the soil; d, restricted root depth; ¢, clay in
the upper part of the soil; s, sandy texture; 7, high con-
tent of coarse fragments in the soil profile; and r, steep
slopes. The letter o indicates that limitations or restric-
tions are insignificant. If a soil has more than one limita-
tion, the priority is as follows: w, t, d, ¢, s, f, and r.

In table 5, slight, moderate, and severe indicate the
degree of the major soil limitations to be considered in
management.

Ratings of the erosion hazard indicate the risk of loss
of soil in well managed woodland. The risk is siight if the
expected soil loss is small, moderate if measures are
needed to control erosion during logging and road con-
struction, and severe if intensive management or special
equipment and methods are needed to prevent exces-
sive loss of soil.

Ratings of equipment limitation reflect the characteris-
tics and conditions of the soil that restrict use of the
equipment generally needed in woodland management
or harvesting. A rating of sfight indicates that use of
equipment is not limited to a particular kind of equipment
or time of year; moderate indicates a short seasonal
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limitation or a need for some modification in manage-
ment or in equipment; and severe indicates a seasonal
limitation, a need for special equipment or management,
or a hazard in the use of equipment.

Seedling mortality ratings indicate the degree to which
the soil affects the mortality of tree seedlings. Plant
competition is not considered in the ratings. The ratings
apply to seedlings from good stock that are properly
planted during a period of sufficient rainfall. A rating of
slight indicates that the expected mortality is less than
25 percent; moderate, 25 to 50 percent; and severe,
more than 50 percent.

Ratings of plant competition indicate the degree to
which undesirable plants are expected to invade where
there are openings in the tree canopy. The invading
plants compete with native plants or planted seedlings. A
rating of slight indicates little or no competition from
other plants; moderate indicates that plant competition is
expected to hinder the development of a fully stocked
stand of desirable trees; severe indicates that plant com-
petition is expected to prevent the establishment of a
desirable stand unless the site is intensively prepared,
weeded, or otherwise managed to control undesirable
plants.

The potential productivity of merchantable or common
frees on a soil is expressed as a site index. This index is
the average height, in feet, that dominant and codomin-
ant trees of a given species attain in a specified number
of years. The site index applies to fully stocked, even-
aged, unmanaged stands. Commonly grown trees are
those that woodland managers generally favor in inter-
mediate or improvement cuttings. They are selected on
the basis of growth rate, quality, value, and marketability.

Trees to plant are those that are suited to the soils
and to commercial wood production.

Windbreaks and environmental plantings

Windbreaks protect livestock, buildings, and yards
from wind and snow. They also protect fruit trees and
gardens, and they furnish habitat for wildlife. Several
rows of low- and high-growing broadleaf and coniferous
trees and shrubs provide the most protection.

Field windbreaks are narrow plantings made at right
angles to the prevailing wind and at specific intervals
across the field. The interval depends on the erodibility
of the soil. Field windbreaks protect cropland and crops
from wind, hold snow on the fields, and provide food and
cover for wildlife.

Environmental plantings help to beautify and screen
houses and other buildings and to abate noise. The
plants, mostly evergreen shrubs and trees, are closely
spaced. To insure plant survival, a healthy planting stock
of suitable species should be planted properly on a well
prepared site and maintained in good condition.

Table 6 shows the height that locally grown trees and
shrubs are expected to reach in 20 years on various
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soils. The estimates in table 6 are based on measure-
ments and observation of established plantings that have
been given adequate care. They can be used as a guide
in planning windbreaks and screens. Additional informa-
tion on planning windbreaks and screens and planting
and caring for trees and shrubs can be obtained from
local offices of the Soil Conservation Service or the
Cooperative Extension Service or from a nursery.

Engineering

Theodore Thorson, engineer, Soil Conservation Service, helped pre-
pare this section.

This section provides information for planning land
uses related to urban development and to water man-
agement. Soils are rated for various uses, and the most
limiting features are identified. The ratings are given in
the following tables: Building site development, Sanitary
facilities, Construction materials, and Water manage-
ment. The ratings are based on observed performance
of the soils and on the estimated data and test data in
the “Soil properties” section.

Information in this section is intended for land use
planning, for evaluating land use alternatives, and for
planning site investigations prior to design and construc-
tion. The information, however, has limitations. For ex-
ample, estimates and other data generally apply only to
that part of the soil within a depth of 5 or 6 feet. Be-
cause of the map scale, small areas of different soils
may be included within the mapped areas of a specific
soil.

The information is not site specific and does not elimi-
nate the need for onsite investigation of the soils or for
testing and analysis by personnel experienced in the
design and construction of engineering works.

Government ordinances and regulations that restrict
certain land uses or impose specific design criteria were
not considered in preparing the information in this sec-
tion. Local ordinances and regulations need to be con-
sidered in planning, in site selection, and in design.

Soil properties, site features, and observed perform-
ance were considered in determining the ratings in this
section. During the fieldwork for this soil survey, determi-
nations were made about grain-size distribution, liquid
limit, plasticity index, soil reaction, depth to bedrock,
hardness of bedrock within 5 to 6 feet of the surface,
soil wetness, depth to a seasonal high water table,
slope, likelihood of flooding, natural soil structure aggre-
gation, and soil density. Data were collected about kinds
of clay minerals, mineralogy of the sand and silt frac-
tions, and the kind of adsorbed cations. Estimates were
made for erodibility, permeability, corrosivity, shrink-swell
potential, available water capacity, and other behavioral
characteristics affecting engineering uses.

This information can be used to (1) evaluate the po-
tential of areas for residential, commercial, industrial, and

81

recreation uses; (2) make preliminary estimates of con-
struction conditions; (3) evaluate alternative routes for
roads, streets, highways, pipelines, and underground
cables; (4) evaluate alternative sites for sanitary landfills,
septic tank absorption fields, and sewage lagoons; (5)
plan detailed onsite investigations of soils and geology;
(6) locate potential sources of gravel, sand, earthfill, and
topsoil; (7) plan drainage systems, irrigation systems,
ponds, terraces, and other structures for soil and water
conservation; and (8) predict performance of proposed
small structures and pavements by comparing the per-
formance of existing similar structures on the same or
similar soils.

The information in the tables, along with the soil maps,
the soil descriptions, and other data provided in this
survey can be used to make additional interpretations.

Some of the terms used in this soil survey have a
special meaning in soil science and are defined in the
Glossary.

Building site development

Table 7 shows the degree and kind of soil limitations
that affect shallow excavations, dwellings with and with-
out basements, small commercial buildings, local roads
and streets, and lawns and landscaping. The limitations
are considered slight if soil properties and site features
are generally favorable for the indicated use and limita-
tions are minor and easily overcome; moderate if soil
properties or site features are not favorable for the indi-
cated use and special planning, design, or maintenance
is needed to overcome or minimize the limitations; and
severe if soil properties or site features are so unfavor-
able or so difficult to overcome that special design, sig-
nificant increases in construction costs, and possibly in-
creased maintenance are required. Special feasibility
studies may be required where the soil limitations are
severe.

Shallow excavations are trenches or holes dug to a
maximum depth of 5 or 6 feet for basements, graves,
utility lines, open ditches, and other purposes. The rat-
ings are based on soil properties, site features, and ob-
served performance of the soils. The ease of digging,
filling, and compacting is affected by the depth to bed-
rock, a cemented pan, or a very firm dense layer; stone
content; soil texture; and slope. The time of the year that
excavations can be made is affected by the depth to a
seasonal high water table and the susceptibility of the
soil to flooding. The resistance of the excavation walls or
banks to sloughing or caving is affected by soil texture
and the depth to the water table.

Dwellings and small commercial buildings are struc-
tures built on shallow foundations on undisturbed sail.
The load limit is the same as that for single-family dwell-
ings no higher than three stories. Ratings are made for
small commercial buildings without basements, for dwell-
ings with basements, and for dwellings without base-
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ments. The ratings are based on soil properties, site
features, and observed performance of the soils. A high
water table, flooding, shrink-swell potential, and organic
layers can cause the movement of footings. A high water
table, depth to bedrock or to a cemented pan, large
stones, and flooding affect the ease of excavation and
construction. Landscaping and grading that require cuts
and fills of more than 5 to 6 feet are not considered.

Local roads and streets have an all-weather surface
and carry automobile and light truck traffic all year. They
have a subgrade of cut or fill soil material, a base of
gravel, crushed rock, or stabilized soil material, and a
flexible or rigid surface. Cuts and fills are generally limit-
ed to less than 6 feet. The ratings are based on soil
properties, site features, and observed performance of
the soils. Depth to bedrock or to a cemented pan, a high
water table, flooding, large stones, and slope affect the
ease of excavating and grading. Soil strength (as in-
ferred from the engineering classification of the soil),
shrink-swell potential, frost action potential, and depth to
a high water table affect the traffic supporting capacity.

Sanitary facilities

Table 8 shows the degree and the kind of soil limita-
tions that affect septic tank absorption fields, sewage
lagoons, and sanitary landfills. The limitations are consid-
ered slight if soil properties and site features are gener-
ally favorable for the indicated use and limitations are
minor and easily overcome; moderate if soil properties or
site features are not favorable for the indicated use and
special planning, design, or maintenance is needed to
overcome or minimize the limitations; and severe if soil
properties or site features are so unfavorable or so diffi-
cult to overcome that special design, significant in-
creases in construction costs, and possibly increased
maintenance are required.

Table 8 also shows the suitability of the soils for use
as daily cover for landfills. A rating of good indicates that
soil properties and site features are favorable for the use
and good performance and low maintenance can be
expected; fair indicates that soil properties and site fea-
tures are moderately favorable for the use and one or
more soil properties or site features make the soil less
desirable than the soils rated good; and poor indicates
that one or more soil properties or site features are
unfavorable for the use and overcoming the unfavorable
properties requires special design, extra maintenance, or
costly alteration.

Septic tank absorption fields are areas in which efflu-
ent from a septic tank is distributed into the soil through
subsurface tiles or perforated pipe. Only that part of the
soil between depths of 24 and 72 inches is evaluated.
The ratings are based on soil properties, site features,
and observed performance of the soils. Permeability, a
high water table, depth to bedrock or to a cemented
pan, and flooding affect absorption of the effluent. Large
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stones and bedrock or a cemented pan interfere with
installation.

Unsatisfactory performance of septic tank absorption
fields, including excessively siow absorption of effluent,
surfacing of effluent, and hillside seepage, can affect
public health. Ground water can be polluted if highly
permeable sand and gravel or fractured bedrock is less
than 4 feet below the base of the absorption field, if
slope is excessive, or if the water table is near the
surface. There must be unsaturated soil material beneath
the absorption field to effectively filter the effluent. Many
local ordinances require that this material be of a certain
thickness.

Sewage lagoons are shallow ponds constructed to
hold sewage while aerobic bacteria decompose the solid
and liquid wastes. Lagoons should have a nearly level
floor surrounded by cut slopes or embankments of com-
pacted soil. Lagoons generally are designed to hold the
sewage within a depth of 2 to 5 feet. Nearly impervious
soil material for the lagoon floor and sides is required to
minimize seepage and contamination of ground water.

Table 8 gives ratings for the natural soil that makes up
the lagoon floor. The surface layer and, generally, 1 or 2
feet of soil material below the surface layer are excavat-
ed to provide material for the embankments. The ratings
are based on soil properties, site features, and observed
performance of the soils. Considered in the ratings are
slope, permeability, a high water table, depth to bedrock
or to a cemented pan, flooding, large stones, and con-
tent of organic matter.

Excessive seepage due to rapid permeability of the
soil or a water table that is high enough to raise the level
of sewage in the lagoon causes a lagoon to function
unsatisfactorily. Pollution results if seepage is excessive
or if floodwater overtops the lagoon. A high content of
organic matter is detrimental to proper functioning of the
lagoon because it inhibits aerobic activity. Slope, bed-
rock, and cemented pans can cause construction prob-
lems, and large stones can hinder compaction of the
lagoon floor.

Sanitary landfills are areas where solid waste is dis-
posed of by burying it in soil. There are two types of
landfill—trench and area. In a trench landfill, the waste is
placed in a trench. It is spread, compacted, and covered
daily with a thin layer of soil excavated at the site. In an
area landfill, the waste is placed in successive layers on
the surface of the soil. The waste is spread, compacted,
and covered daily with a thin layer of soil from a source
away from the site.

Both types of landfill must be able to bear heavy
vehicular traffic. Both types involve a risk of ground
water pollution. Ease of excavation and revegetation
needs to be considered. '

The ratings in table 8 are based on soil properties, site
features, and observed performance of the soils. Perme-
ability, depth to bedrock or to a cemented pan, a high
water table, slope, and flooding affect both types of
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landfill. Texture, stones and boulders, highly organic
layers, soil reaction, and content of salts and sodium
affect trench type landfills. Unless otherwise stated, the
ratings apply only to that part of the soil within a depth
of about 6 feet. For deeper trenches, a limitation rated
slight or moderate may not be valid. Onsite investigation
is needed.

Daily cover for landfill is the soil material that is used
to cover compacted solid waste in an area type sanitary
landfill. The soil material is obtained offsite, transported
to the landfill, and spread over the waste.

Soil texture, wetness, coarse fragments, and slope
affect the ease of removing and spreading the material
during wet and dry periods. Loamy or silty soils that are
free of large stones or excess gravel are the best cover
for a landfill. Clayey soils are sticky or cloddy and are
difficult to spread; sandy soils are subject to erosion
caused by wind.

After soil material has been removed, the soil material
remaining in the borrow area must be thick enough over
bedrock, a cemented pan, or the water table to permit
revegation. The soil material used as final cover for a
landfill should be suitable for plants. The surface layer
generally has the best workability, more organic matter,
and the best potential for plants. Material from the sur-
face layer should be stockpiled for use as the final
cover.

Construction materials

Table 9 gives information about the soils as a source
of roadfill, sand, gravel, and topsoil. The soils are rated
good, fair, or poor as a source of roadfill, topsoil, sand,
and gravel. The ratings are based on soil properties and
site features that affect the removal of the soil and its
use as construction material. Normal compaction, minor
processing, and other standard construction practices
are assumed. Each soil is evaluated to a depth of 5 or 6
feet.

Roadfill is soil material that is excavated in one place
and used in road embankments in another place. In this
table, the soils are rated as a source of roadfill for low
embankments, generally less than 6 feet high and less
exacting in design than higher embankments.

The ratings are for the soil material below the surface
layer to a depth of 5 or 6 feet. It is assumed that soil
layers will be mixed during excavating and spreading.
Many soils have layers of contrasting suitability within
their profile. The table showing engineering index proper-
ties provides detailed information about each soil layer.
This information can help determine the suitability of
each layer for use as roadfill. The performance of soil
after it is stabilized with lime or cement is not considered
in the ratings.

The ratings are based on soil properties, site features,
and observed performance of the soils. The thickness of
suitable material is a major consideration. The ease of
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excavation is affected by large stones, a high water
table, and slope. How well the soil performs in place
after it has been compacted and drained is determined
by its strength (as inferred from the engineering classifi-
cation of the soil) and shrink-swell potential.

Soils rated good contain significant amounts of sand
or gravel or both. They have at least 5 feet of suitable
material, low shrink-swell potential, few cobbles and
stones, and slopes of 15 percent or less. Depth to the
water table is more than 3 feet. Soils rated fair are more
than 35 percent silt- and clay-sized particles and have a
plasticity index of less than 10. They have moderate
shrink-swell potential, slopes of 15 to 25 percent, or
many stones. Depth to the water table is 1 to 3 feet.
Soils rated poor have a plasticity index of more than 10,
a high shrink-swell potential, many stones, or slopes of
more than 25 percent. They are wet, and the depth to
the water table is less than 1 foot. They may have layers
of suitable material, but the material is less than 3 feet
thick.

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 9 provide guid-
ance as to where to look for probable sources and are
based on the probability that soils in a given area con-
tain sizable quantities of sand or gravel. A soil rated
good or fair has a layer of suitable material at least 3
feet thick, the top of which is within a depth of 6 feet.
Coarse fragments of soft bedrock material, such as
shale and siltstone, are not considered to be sand and
gravel. Fine-grained soils are not suitable sources of
sand and gravel.

The ratings do not take into account depth to the
water table or other factors that affect excavation of the
material. Descriptions of grain size, kinds of minerals,
reaction, and stratification are given in the soil series
descriptions and in table 13.

Topsoil is used to cover an area so that vegetation
can be established and maintained. The upper 40 inches
of a soil is evaluated for use as topsoil. Also evaluated is
the reclamation potential of the borrow area.

Plant growth is affected by toxic material and by such
properties as soil reaction, available water capacity, and
fertility. The ease of excavating, loading, and spreading
is affected by rock fragments, slope, a water table, soil
texture, and thickness of suitable material. Reclamation
of the borrow area is affected by slope, a water table,
rock fragments, bedrock, and toxic material.

Soils rated good have friable loamy material to a depth
of at least 40 inches. They are free of stones and cob-
bles, have little or no gravel, and have slopes of less
than 8 percent. They are low in content of soluble salts,
are naturally fertile or respond well to fertilizer, and are
not so wet that excavation is difficult.

Soils rated fair are sandy soils, loamy soils that have a
relatively high content of clay, soils that have only 20 to
40 inches of suitable material, soils that have an appre-
ciable amount of gravel, stones, or soluble salts, or soils
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that have slopes of 8 to 15 percent. The soils are not so
wet that excavation is difficult.

Soils rated poor are very sandy or clayey, have less
than 20 inches of suitable material, have a large amount
of gravel, stones, or soluble salts, have slopes of more
than 15 percent, or have a seasonal water table at or
near the surface.

The surface layer of most soils is generally preferred
for topsoil because of its organic matter content. Organic
matter greatly increases the absorption and retention of
moisture and nutrients for plant growth.

Water management

Table 10 gives information on the soil properties and
site features that affect water management. The kind of
soil limitations are given for pond reservoir areas; em-
bankments, dikes, and levees; and aquifer-fed ponds.
This table also gives for each soil the restrictive features
that affect drainage, terraces and diversions, and
grassed waterways.

Pond reservoir areas hold water behind a dam or em-
bankment. Soils best suited to this use have low seep-
age potential in the upper 60 inches. The seepage po-
tential is determined by the permeability of the soil and
the depth to fractured bedrock or other permeable mate-
rial. Excessive slope can affect the storage capacity of
the reservoir area.

Embankments, dikes, and levees are raised structures
of soil material, generally less than 20 feet high, con-
structed to impound water or to protect land against
overflow. In this table, the soils are rated as a source of
material for embankment fill. The ratings apply to the soil
material below the surface layer to a depth of about 5
feet. It is assumed that soil layers will be uniformly mixed
and compacted during construction.

The ratings do not indicate the ability of the naturai
soil to support an embankment. Soil properties to a
depth even greater than the height of the embankment
can affect performance and safety of the embankment.
Generally, deeper onsite investigation is needed to de-
termine these properties.

Soil material in embankments must be resistant to
seepage, piping, and erosion and have favorable com-
paction characteristics. Unfavorable features include less
than 5 feet of suitable material and a high content of
stones or boulders, organic matter, or salts or sodium. A
high water table affects the amount of usable material. It
also affects trafficability.

Aquifer-fed excavated ponds are pits or dugouts that
extend to a ground-water aquifer or to a depth below a
permanent water table. Excluded are ponds that are fed
only by surface runoff and embankment ponds that im-
pound water 3 feet or more above the original surface.
Excavated ponds are affected by depth to a permanent
water table, permeability of the aquifer, and quality of the
water as inferred from the salinity of the soil. Depth to
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bedrock and the content of large stones affect the ease
of excavation.

Drainage is the removal of excess surface and subsur-
face water from the soil. How easily and effectively the
soil is drained depends on the depth to bedrock, to a
cemented pan, or to other layers that affect the rate of
water movement; permeability; depth to a high water
table or depth of standing water if the soil is subject to
ponding; slope; susceptibility to flooding; subsidence of
organic layers; and potential frost action. Excavating and
grading and the stability of ditchbanks are affected by
depth to bedrock or to a cemented pan, large stones,
slope, and the hazard of cutbanks. The productivity of
the soil after drainage is adversely affected by extreme
acidity or by toxic substances in the root zone, such as
salts, sodium, or sulfur. Availability of drainage outlets is
not considered in the ratings.

Terraces and diversions are embankments or a combi-
nation of channels and ridges constructed across a
slope to reduce erosion and conserve moisture by inter-
cepting runoff. Slope, wetness, large stones, and depth
to bedrock or to a cemented pan affect the construction
of terraces and diversions. A restricted rooting depth, a
severe hazard of wind or water erosion, an excessively
coarse texture, and restricted permeability adversely
affect maintenance.

Grassed waterways are natural or constructed chan-
nels, generally broad and shallow, that conduct surface
water to outlets at a nonerosive velocity. Large stones,
wetness, slope, and depth to bedrock or to a cemented
pan affect the construction of grassed waterways. A
hazard of wind erosion, low available water capacity,
restricted rooting depth, toxic substances such as salts
or sodium, and restricted permeability adversely affect
the growth and maintenance of the grass after construc-
tion.

Recreation

The soils of the survey area are rated in table 11
according to limitations that affect their suitability for
recreation. The ratings are based on restrictive soil fea-
tures, such as wetness, slope, and texture of the surface
layer. Susceptibility to flooding is considered. Not consid-
ered in the ratings, but important in evaluating a site, are
the location and accessibility of the area, the size and
shape of the area and its scenic quality, vegetation,
access to water, potential water impoundment sites, and
access to public sewerlines. The capacity of the soil to
absorb septic tank effluent and the ability of the soil to
support vegetation are also important. Soils subject to
flooding are limited for recreation use by the duration
and intensity of flooding and the season when flooding
occurs. In planning recreation facilities, onsite assess-
ment of the height, duration, intensity, and frequency of
flooding is essential.
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In table 11, the degree of soil limitation is expressed
as slight, moderate, or severe. Slight means that soil
properties are generally favorable and that limitations are
minor and easily overcome. Moderate means that limita-
tions can be overcome or alleviated by planning, design,
or special maintenance. Severe means that soil proper-
ties are unfavorable and that limitations can be offset
only by costly soil reclamation, special design, intensive
maintenance, limited use, or by a combination of these
measures.

The information in table 11 can be supplemented by
other information in this survey, for example, interpreta-
tions for septic tank absorption fields in table 8 and
interpretations for dwellings without basements and for
local roads and streets in table 7.

Camp areas require site preparation such as shaping
and leveling the tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary facili-
ties and utility lines. Camp areas are subject to heavy
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foot traffic and some vehicular traffic. The best soils
have mild slopes and are not wet or subject to flooding
during the period of use. The surface has few or no
stones or boulders, absorbs rainfall readily but remains
firm, and is not dusty when dry. Strong slopes and
stones or boulders can greatly increase the cost of con-
structing campsites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for picnic areas are firm when wet,
are not dusty when dry, are not subject to flooding
during the period of use, and do not have slopes or
stones or boulders that increase the cost of shaping
sites or of building access roads and parking areas (fig.
9).

Playgrounds require soils that can withstand intensive
foot traffic. The best soils are almost level and are not
wet or subject to flooding during the season of use. The
surface is free of stones and boulders, is firm after rains,

Figure 9.—A picnic area developed on a landscape of Kilkenny clay loam and Lerdal silty clay loam.
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and is not dusty when dry. If grading is needed, the
depth of the soil over bedrock or a hardpan should be
considered.

Paths and trails for hiking, horseback riding, and bicy-
cling should require little or no cutting and filling. The
best soils are not wet, are firm after rains, are not dusty
when dry, and are not subject to flooding more than
once a year during the period of use. They have moder-
ate slopes and few or no stones or boulders on the
surface.

Wildlife habitat

Soils affect the kind and amount of vegetation that is
available to wildlife as food and cover. They also affect
the construction of water impoundments. The kind and
abundance of wildlife depend largely on the amount and
distribution of food, cover, and water. Wildlife habitat can
be created or improved by planting appropriate vegeta-
tion, by maintaining the existing plant cover, or by pro-
moting the natural establishment of desirable plants.

In table 12, the soils in the survey area are rated
according to their potential for providing habitat for var-
ious kinds of wildlife. This information can be used in
planning parks, wildlife refuges, nature study areas, and
other developments for wildlife; in selecting soils that are
suitable for establishing, improving, or maintaining specif-
ic elements of wildlife habitat; and in determining the
intensity of management needed for each element of the
habitat.

The potential of the soil is rated good, fair, poor, or
very poor. A rating of good indicates that the element or
kind of habitat is easily established, improved, or main-
tained. Few or no limitations affect management, and
satisfactory results can be expected. A rating of fair
indicates that the element or kind of habitat can be
established, improved, or maintained in most places.
Moderately intensive management is required for satis-
factory results. A rating of poor indicates that limitations
are severe for the designated element or kind of habitat.
Habitat can be created, improved, or maintained in most
places, but management is difficult and must be inten-
sive. A rating of very poor indicates that restrictions for
the element or kind of habitat are very severe and that
unsatisfactory results can be expected. Creating, improv-
ing, or maintaining habitat is impractical or impossible.

The elements of wildlife habitat are described in the
following paragraphs.

Grain and seed crops are domestic grains and seed-
producing herbaceous plants. Soil properties and fea-
tures that affect the growth of grain and seed crops are
depth of the root zone, texture of the surface layer,
available water capacity, wetness, slope, surface stoni-
ness, and flood hazard. Soil temperature and soil mois-
ture are also considerations. Examples of grain and seed
crops are corn, wheat, oats, and barley.
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Grasses and legumes are domestic perennial grasses
and herbaceous legumes. Soil properties and features
that affect the growth of grasses and legumes are depth
of the root zone, texture of the surface layer, available
water capacity, wetness, surface stoniness, flood hazard,
and slope. Soil temperature and soil moisture are also
considerations. Examples of grasses and legumes are
fescue, bromegrass, clover, and alfalfa.

Wild herbaceous plants are native or naturally estab-
lished grasses and forbs, including weeds. Soil proper-
ties and features that affect the growth of these plants
are depth of the root zone, texture of the surface layer,
available water capacity, wetness, surface stoniness, and
flood hazard. Soil temperature and soil moisture are also
considerations. Examples of wild herbaceous plants are
bluestem, goldenrod, wheatgrass, and grama.

Harawood trees and woody understory produce nuts
or other fruit, buds, catkins, twigs, bark, and foliage. Soil
properties and features that affect the growth of hard-
wood trees and shrubs are depth of the root zone, the
available water capacity, and wetness. Examples of
these plants are oak, poplar, cherry, apple, hawthorn,
dogwood, hickory, blackberry, and blueberry. Examples
of fruit-producing shrubs that are suitable for planting on
soils rated good are Russian-olive, autumn-olive, and
crabapple.

Coniferous plants furnish browse, seeds, and cones.
Soil properties and features that affect the growth of
coniferous trees, shrubs, and ground cover are depth of
the root zone, available water capacity, and wetness.
Examples of coniferous plants are pine, spruce, fir,
cedar, and juniper.

Wetland plants are annual and perennial wild herba-
ceous plants that grow on moist or wet sites. Submerged
or floating aquatic plants are excluded. Soil properties
and features affecting wetland plants are texture of the
surface layer, wetness, reaction, salinity, slope, and sur-
face stoniness. Examples of wetland plants are
smartweed, wild millet, wildrice, saltgrass, cordgrass,
rushes, sedges, and reeds.

Shallow water areas have an average depth of less
than 5 feet. Some are naturally wet areas. Others are
created by dams, levees, or other water-control struc-
tures. Soil properties and features affecting shallow
water areas are depth to bedrock, wetness, surface
stoniness, slope, and permeability. Examples of shallow
water areas are marshes, waterfowl feeding areas, and
ponds.

The habitat for various kinds of wildlife is described in
the following paragraphs.

Habitat for openland wildlife consists of cropland, pas-
ture, meadows, and areas that are overgrown with
grasses, herbs, shrubs, and vines. These areas produce
grain and seed crops, grasses and legumes, and wild
herbaceous plants. The wildlife attracted to these areas
include bobwhite quail, pheasant, meadowlark, field spar-
row, cottontail, and red fox.
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Habitat for woodland wildlife consists of areas of de-
ciduous plants or coniferous plants or both and associat-
ed grasses, legumes, and wild herbaceous plants. Wild-
life atiracted to these areas include wild turkey, ruffed
grouse, woodcock, thrushes, woodpeckers, squirrels,
gray fox, raccoon, and deer.

Habitat for wetland wildlife consists of open, marshy or
swampy shallow water areas (fig. 10). Some of the wild-
life attracted to such areas are ducks, geese, herons,
shore birds, muskrat, mink, and beaver.

Soil properties

Data relating to soil properties are collected during the
course of the soil survey. The data and the estimates of
soil and water features, listed in tables, are explained on
the following pages.

Soil properties are determined by field examination of
the soils and by laboratory index testing of some bench-
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mark soils. Established standard procedures are fol-
lowed. During the survey, many shallow borings are
made and examined to identify and classify the soils and
to delineate them on the soil maps. Samples are taken
from some typical profiles and tested in the laboratory to
determine grain-size distribution, plasticity, and compac-
tion characteristics. These results are reported in table
16.

Estimates of soil properties are based on field exami-
nations, on laboratory tests of samples from the survey
area, and on laboratory tests of samples of similar soils
in nearby areas. Tests verify field observations, verify
properties that cannot be estimated accurately by field
observation, and help characterize key soils.

The estimates of soil properties shown in the tables
include the range of grain-size distribution and Atterberg
limits, the engineering classifications, and the physical
and chemical properties of the major layers of each soil.
Pertinent soil and water features also are given.
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Engineering properties

Table 13 gives estimates of the engineering classifica-
tion and of the range of index properties for the major
layers of each soil in the survey area. Most soils have
layers of contrasting properties within the upper 5 or 6
feet.

Depth to the upper and lower boundaries of each layer
is indicated. The range in depth and information on other
properties of each layer are given for each soil series
under “Soil series and morphology.”

Texture is given in the standard terms used by the
U.S. Department of Agriculture. These terms are defined
according to percentages of sand, silt, and clay in the
fraction of the soil that is less than 2 millimeters in
diameter. “Loam,” for example, is soil that is 7 to 27
percent clay, 28 to 50 percent silt, and less than 52
percent sand. If a soil contains particles coarser than
sand, an appropriate modifier is added, for example,
“gravelly.” Textural terms are defined in the Glossary.

Classification of the soils is determined according to
the Unified soil classification system (2) and the system
adopted by the American Association of State Highway
and Transportation Officials (7).

The Unified system classifies soils according to prop-
erties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 3 inches in diameter and according to
plasticity index, liquid limit, and organic matter content.
Sandy and gravelly soils are identified as GW, GP, GM,
GC, SW, SP, SM, and SC,; silty and clayey soils as ML,
CL, OL, MH, CH, and OH; and highly organic soils as Pt.
Soils exhibiting engineering properties of two groups can
have a dual classification, for example, SP-SM.

The AASHTO system classifies soils according to
those properties that affect roadway construction and
maintenance. In this system, the fraction of a mineral soil
that is less than 3 inches in diameter is classified in one
of seven groups from A-1 through A-7 on the basis of
grain-size distribution, liquid limit, and plasticity index.
Soils in group A-1 are coarse grained and low in content
of fines (silt and clay). At the other extreme, soils in
group A-7 are fine grained. Highly organic soils are clas-
sified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7
groups are further classified as A-1-a, A-1-b, A-2-4, A-2-
5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional refine-
ment, the suitability of a soil as subgrade material can be
indicated by a group index number. Group index num-
bers range from O for the best subgrade material to 20
or higher for the poorest. The AASHTO classification for
soils tested, with group index numbers in parentheses, is
given in table 16.

Rock fragments larger than 3 inches in diameter are
indicated as a percentage of the total soil on a dry-
weight basis. The percentages are estimates determined
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mainly by converting volume percentage in the field to
weight percentage.

Percentage (of soil particles) passing designated
sieves is the percentage of the soil fraction less than 3
inches in diameter based on an oven-dry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard
Series), have openings of 4.76, 2.00, 0.420, and 0.074
millimeters, respectively. Estimates are based on labora-
tory tests of soils sampled in the survey area and in
nearby areas and on estimates made in the field.

Liquid limit and plasticity index (Atterberg limits) indi-
cate the plasticity characteristics of a soil. The estimates
are based on test data from the survey area or from
nearby areas and on field examination.

The estimates of liquid limit and plasticity index are
rounded to the nearest 5 percent. Thus, if the ranges of
gradation and Atterberg limits extend a marginal amount
(1 or 2 percentage points) across classification bound-
aries, the classification in the marginal zone is omitted in
the table.

Physical and chemical properties

Table 14 shows estimates of some characteristics and
features that affect soil behavior. These estimates are
given for the major layers of each soil in the survey area.
The estimates are based on field observations and on
test data for these and similar soils.

Permeability refers to the ability of a soil to transmit
water or air. The estimates indicate the rate of downward
movement of water when the soil is saturated. They are
based on soil characteristics observed in the field, par-
ticularly structure, porosity, and texture. Permeability is
considered in the design of soil drainage systems, septic
tank absorption fields, and construction where the rate of
water movement under saturated conditions affects be-
havior.

Available water capacily refers to the quantity of water
that the soil is capable of storing for use by plants. The
capacity for water storage is given in inches of water per
inch of soil for each major soil layer. The capacity varies,
depending on soil properties that affect the retention of
water and the depth of the root zone. The most impor-
tant properties are the content of organic matter, soil
texture, bulk density, and soil structure. Available water
capacity is an important factor in the choice of plants or
crops to be grown and in the design and management of
irrigation systems. Available water capacity is not an
estimate of the quantity of water actually available to
plants at any given time. It is commonly expressed as
inches of water per inch of soil.

Soil reaction is a measure of acidity or alkalinity and is
expressed as a range in pH values. The range in pH of
each major horizon is based on many field tests. For
many soils, values have been verified by laboratory anal-
yses. Soil reaction is important in selecting crops and
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other plants, in evaluating soil amendments for fertility
and stabilization, and in determining the risk of corrosion.

Shrink-swell potential is the potential for volume
change in a soil with a loss or gain in moisture. Volume
change occurs mainly because of the interaction of clay
minerals with water and varies with the amount and type
of clay minerals in the soil. The size of the load on the
soil and the magnitude of the change in soil moisture
content influence the amount of swelling of soils in
place. Laboratory measurements of swelling of undis-
turbed clods were made for many soils. For others,
swelling was estimated on the basis of the kind and
amount of clay minerals in the soil and on measure-
ments of similar soils.

If the shrink-swell potential is rated moderate to very
high, shrinking and swelling can cause damage to build-
ings, roads, and other structures. Special design is often
needed.

Shrink-swell potential classes are based on the
change in length of an unconfined clod as moisture con-
tent is increased from air-dry to field capacity. The
change is based on the soil fraction less than 2 millime-
ters in diameter. The classes are /ow, a change of less
than 3 percent; moderate, 3 to 6 percent; and high, more
than 6 percent. Very high, greater than 9 percent, is
sometimes used.

Risk of corrosion pertains to potential soil-induced
chemical action that dissolves or weakens uncoated
steel or concrete. The rate of corrosion of uncoated
steel is related to soil moisture, particle-size distribution,
total acidity, and electrical conductivity of the soil materi-
al, the rate of corrosion of concrete is based mainly on
the sulfate content, texture, and acidity of the soil. Pro-
tective measures for steel or more resistant concrete
help to avoid or minimize damage resulting from the
corrosion. Uncoated steel intersecting soil boundaries or
soil horizons is more susceptible to corrosion than an
installation that is entirely within one kind of soil or within
one soil horizon.

Erosion factor K indicates the susceptibility of a soil to
sheet and rill erosion by water. Factor K is one of six
factors used in the Universal Soil Loss Equation (USLE)
to predict the average annual rate of soil loss by sheet
and rill erosion in tons per acre per year. The estimates
are based primarily on percentage of silt, sand, and
organic matter (up to 4 percent) and on soil structure
and permeability. Values of K range from 0.05 to 0.69.
The higher the value the more susceptible the soil is to
sheet and rill erosion by water.

Erosion factor T is an estimate of the maximum aver-
age annual rate of soil erosion by wind or water that can
occur without affecting crop productivity over a sustained
period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have
similar properties affecting their resistance to wind ero-
sion in cultivated areas. The groups indicate the suscep-
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tibility of soil to wind erosion and the amount of soil lost.
Soils are grouped according to the following distinctions:

1. Sands, coarse sands, fine sands, and very fine
sands. These soils are generally not suitable for crops.
They are extremely erodible, and vegetation is difficult to
establish.

2. Loamy sands, loamy fine sands, and loamy very
fine sands. These soils are very highly erodible. Crops
can be grown if intensive measures to control wind ero-
sion are used.

3. Sandy loams, coarse sandy loams, fine sandy
loams, and very fine sandy loams. These soils are highly
erodible. Crops can be grown if intensive measures to
control wind erosion are used.

4L. Calcareous loamy soils that are less than 35 per-
cent clay and more than 5 percent finely divided calcium
carbonate. These soils are erodible. Crops can be grown
if intensive measures to control wind erosion are used.

4. Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible. Crops can be grown if measures to

control wind erosion are used.

5. Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided calcium carbonate and
sandy clay loams and sandy clays that are less than 5
percent finely divided calcium carbonate. These soils are
slightly erodible. Crops can be grown if measures to
control wind erosion are used.

6. Loamy soils that are 18 to 35 percent clay and
less than 5 percent finely divided calcium carbonate,
except silty clay loams. These soils are very slightly
erodible. Crops can easily be grown.

7. Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calcium carbonate.
These soils are very slightly erodible. Crops can easily
be grown.

8. Stony or gravelly soils and other soils not subject
to wind erosion.

Soil and water features

Table 15 gives estimates of various soil and water
features. The estimates are used in land use planning
that invoives engineering considerations.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
assigned to one of four groups. They are grouped ac-
cording to the intake of water when the soils are thor-
oughly wet and receive precipitation from long-duration
storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff
potential) when thoroughly wet. These consist mainly of
deep, well drained to excessively drained sands or grav-
elly sands. These soils have a high rate of water trans-
mission.
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Group B. Soils having a moderate infiltration rate when
thoroughly wet. These consist chiefly of moderately deep
or deep, moderately well drained or well drained soils
that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water trans-
mission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils having a
layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These
soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high
runoff potential) when thoroughly wet. These consist
chiefly of clays that have a high shrink-swell potential,
soils that have a permanent high water table, soils that
have a claypan or clay layer at or near the surface, and
soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

Flooding, the temporary inundation of an area, is
caused by overflowing streams, by runoff from adjacent
slopes, or by tides. Water standing for short periods after
rainfall or snowmelt and water in swamps and marshes
is not considered flooding.

Table 15 gives the frequency and duration of flooding
and the time of year when flooding is most likely.

Frequency, duration, and probable dates of occurrence
are estimated. Frequency is expressed as none, rare,
common, occasional, and frequent. None means that
flooding is not probable; rare that it is unlikely but possi-
ble under unusual weather conditions; common that it is
likely under normal conditions; occasional that it occurs
on an average of once or less in 2 years; and frequent
that it occurs on an average of more than once in 2
years. Duration is expressed as very brief if less than 2
days, brief if 2 to 7 days, and /ong if more than 7 days.
Probable dates are expressed in months; November-
May, for example, means that flooding can occur during
the period November through May.

The information is based on evidence in the soil pro-
file, namely thin strata of gravel, sand, silt, or clay depos-
ited by floodwater; irregular decrease in organic matter
content with increasing depth; and absence of distinctive
horizons that form in soils that are not subject to flood-
ing.

%\Iso considered is local information about the extent
and levels of flooding and the relation of each soil on
the landscape to historic floods. Information on the
extent of flooding based on soil data is less specific than
that provided by detailed engineering surveys that delin-
eate flood-prone areas at specific flood frequency levels.

High water table (seasonal) is the highest level of a
saturated zone in the soil in most years. The depth to a
seasonal high water table applies to undrained soils. The
estimates are based mainly on the evidence of a saturat-
ed zone, namely grayish colors or mottles in the soil.
Indicated in table 15 are the depth to the seasonal high
water table; the kind of water table—that is, perched,
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artesian, or apparent; and the months of the year that
the water table commonly is high. A water table that is
seasonally high for less than 1 month is not indicated in
table 15.

An apparent water table is a thick zone of free water
in the soil. It is indicated by the level at which water
stands in an uncased borehole after adequate time is
allowed for adjustment in the surrounding soil. An arte-
sian water table is under hydrostatic head, generally be-
neath an impermeable layer. When this layer is penetrat-
ed, the water level rises in an uncased borehole. A
perched water table is water standing above an unsatu-
rated zone. In places an upper, or perched, water table
is separated from a lower one by a dry zone.

Only saturated zones within a depth of about 6 feet
are indicated. A plus sign preceding the range in depth
indicates that the water table is above the surface of the
soil. The first numeral in the range indicates how high
the water rises above the surface. The second numeral
indicates the depth below the surface.

Potential frost action is the likelihood of upward or
lateral expansion of the soil caused by the formation of
segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing.
Frost action occurs when moisture moves into the freez-
ing zone of the soil. Temperature, texture, density, per-
meability, content of organic matter, and depth to the
water table are the most important factors considered in
evaluating the potential for frost action. It is assumed
that the soil is not insulated by vegetation or snow and is
not artificially drained. Silty and highly structured clayey
soils that have a high water table in winter are most
susceptible to frost action. Well drained, very gravelly, or
very sandy soils are the least susceptible. Frost heave
and low soil strength during thawing cause damage
mainly to pavements and other rigid structures.

Engineering test data

Table 16 shows laboratory test data for several
pedons sampled at carefully selected sites in the survey
area. The pedons are typical of the series and are de-
scribed in the section “Soil series and morphology.” The
soil samples were tested by Minnesota Department of
Highways.

The testing methods generally are those of the Ameri-
can Association of State Highway and Transportation
Officials (AASHTO) or the American Society for Testing
and Materials (ASTM).

The tests and methods are: AASHTO classification—M
145 (AASHTO), D 3282 (ASTM); Unified classification—
D 2487-69 (ASTM); Grain-size distribution—T 88
(AASHTO), D2217 (ASTM); Liquid limit—T 89 (AASHTO),
D 423 (ASTM); Plasticity index—T 90 (AASHTO), D 424
(ASTM); Moisture density, Method A—T 99 (AASHTO), D
698 (ASTM).
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Classification of the soils

The system of soil classification used by the National
Cooperative Soil Survey has six categories (79). Begin-
ning with the broadest, these categories are the order,
suborder, great group, subgroup, family, and series. Clas-
sification is based on soil properties observed in the field
or inferred from those observations or from laboratory
measurements. In table 17, the soils of the survey area
are classified according to the system. The categories
are defined in the following paragraphs.

ORDER. Ten soil orders are recognized. The differ-
ences among orders reflect the dominant soil-forming
processes and the degree of soil formation. Each order
is identified by a word ending in so/. An example is
Mollisol.

SUBORDER. Each order is divided into suborders pri-
marily on the basis of properties that influence soil gen-
esis and are important to plant growth or properties that
reflect the most important variables within the orders.
The last syllable in the name of a suborder indicates the
order. An example is Aquoll (Aqu, meaning water, plus
oll, from Mollisol).

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind, arrange-
ment, and degree of development of pedogenic hori-
zons; soil moisture and temperature regimes; and base
status. Each great group is identified by the name of a
suborder and by a prefix that indicates a property of the
soil. An example is Haplaquolls (Hap/, meaning minimal
horizonation, plus aquoll, the suborder of the Mollisols
that have an aquic moisture regime).

SUBGROUP. Each great group has a typic subgroup.
Other subgroups are intergrades or extragrades. The
typic is the central concept of the great group; it is not
necessarily the most extensive. Intergrades are transi-
tions to other orders, suborders, or great groups. Extra-
grades have some properties that are not representative
of the great group but do not indicate transitions to any
other known kind of soil. Each subgroup is identified by
one or more adjectives preceding the name of the great
group. The adjective Typic identifies the subgroup that
typifies the great group. An example is Typic Hapla-
quolls.

FAMILY. Families are established within a subgroup on
the basis of physical and chemical properties and other
characteristics that affect management. Mostly the prop-
erties are those of horizons below plow depth where
there is much biological activity. Among the properties
and characteristics considered are particle-size class,
mineral content, temperature regime, depth of the root
zone, consistence, moisture equivalent, slope, and per-
manent cracks. A family name consists of the name of a
subgroup preceded by terms that indicate soil properties.
An example is fine-loamy, mixed, mesic Typic Hapla-
quolls.
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SERIES. The series consists of soils that have similar
horizons in their profile. The horizons are similar in color,
texture, structure, reaction, consistence, mineral and
chemical composition, and arrangement in the profile.
The texture of the surface layer or of the substratum can
differ within a series.

Soil series and morphology

In this section, each soil series recognized in the
survey area is described. The descriptions are arranged
in alphabetic order.

Characteristics of the soil and the material in which it
formed are identified for each series. The soil is com-
pared with similar soils and with nearby soils of other
series. A pedon, a small three-dimensional area of soil,
that is typical of the series in the survey area is de-
scribed. The detailed description of each soil horizon
follows standards in the Soil Survey Manual (78). Many
of the technical terms used in the descriptions are de-
fined in Soil Taxonomy (79). Unless otherwise stated,
colors in the descriptions are for moist soil. Following the
pedon description is the range of important characteris-
tics of the soils in the series.

The map units of each soil series are described in the
section “Soil maps for detailed planning.” Each map unit
is identified by a numerical symbol on the detailed soil
maps. The map units are in numerical order by sumbol in
the “Index to map units” and “Soil maps for detailed
planning.”

Adrian series

The Adrian series consists of very poorly drained soils
that are moderately rapidly permeable. These soils
formed in organic and limnic material that is over sandy
glacial outwash. They are in former lake basins and
depressions of uplands and outwash plains. Slopes
range from 0 to 2 percent. The native vegetation was
reeds and sedges.

The Adrian soils in this county are outside the defined
range of the Adrian series because they have a layer of
coprogenous earth and have more mineral material in
the organic soil material. These differences do not alter
their usefuiness and behavior.

Adrian soils are similar to Muskego soils and are com-
monly adjacent to Canisteo, Glencoe, Marshan, and
Mayer soils in the landscape. The very poorly drained
Muskego soils have a thick layer of limnic material. Can-
isteo soils and the very poorly drained Glencoe soils are
loamy. Canisteo soils are on the rims of depressions.
Glencoe soils are in depressions and swales. The poorly
drained Marshan soils and the poorly and very poorly
drained Mayer soils are loamy and have a sandy and
gravelly IIC horizon. The Marshan soils are on broad
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flats. The Mayer soils are on broad flats and the rims of
depressions.

Typical pedon of Adrian muck in Moscow Township,
1,000 feet south and 200 feet west of the northeast
corner of sec. 7, T. 103 N., R. 19 W.

Oa1—0 to 8 inches; black (10YR 2/1) sapric material,
about 10 percent fiber; less than 5 percent rubbed;
moderate medium granular structure; very friable;
herbaceous fibers; about 60 percent mineral; slightly
acid; abrupt wavy boundary.

Oa2—8 to 18 inches; very dark brown (10YR 2/2) sapric
material, about 15 percent fiber; less than 5 percent
rubbed; weak medium subangular blocky structure;
very friable; herbaceous fibers; about 60 percent
mineral; slightly acid; gradual wavy boundary.

Lco1—18 to 21 inches; grayish brown (5Y 5/2) copro-
geneous earth, about 10 percent fiber; less than 2
percent rubbed; weak very fine subangular blocky
structure; very friable; strongly effervescent; mildly
alkaline; abrupt smooth boundary.

IC1g—21 to 24 inches; gray (10YR 5/1) gravelly coarse
sand, single grained; loose; about 25 percent coarse
fragements; slightly effervescent: mildly alkaline;
abrupt smooth boundary.

lIC2g—24 to 33 inches; gray (10YR 5/1) gravelly sand,
single grain; loose; about 25 percent coarse frag-
ments; slightly effervescent; mildly alkaline; abrupt
smooth boundary.

IIC3g—33 to 60 inches; gray (10YR 5/1) gravelly coarse
sand, single grain; loose; about 30 percent coarse
fragments; slightly effervescent; mildly alkaline.

The depth to the sandy IIC horizon is commonly 16 to
40 inches. The sapric material has chroma of 0 to 2. It is
50 to 70 percent mineral material and slightly acid to
mildly alkaline. In a few pedons the fiber has hue of
10YR or 7.5YR, value of 3, and chroma of 2 or 3. The
coprogenous earth is neutral to mildly alkaline. The IIC
horizon has a value of 2 through 5. It is a coarse sand,
sand, fine sand, loamy coarse sand, loamy sand, or
loamy fine sand that ranges from O to 40 percent coarse
fragments. It is neutral to moderately alkaline.

Barbert series

The Barbert series consists of very poorly drained
soils that are slowly permeable. These soils formed in
glacial lacustrine sediments. They are in depressions of
uplands. Slopes range from O to 2 percent. The native
vegetation was prairie grass.

The Barbert soils in this county are outside the range
of the Barbert series because they have less clay in the
argillic horizon and do not have an abrupt textural
change between the albic and the argillic horizon. This
difference does not alter their usefulness and behavior.
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Barbert soils are similar to Minnetonka soils and are
commonly adjacent to Cordova and Maxcreek soils in
the landscape. The Minnetonka soils are poorly drained
and either do not have an A2 horizon or have a thin A2
horizon. The poorly drained Cordova soils formed in
loam glacial till and have less clay and more sand in the
argillic horizon than the Barbert soils do. They are on
nearly level, slight rises and on flats. The poorly drained
and very poorly drained Maxcreek soils formed in a
mantle of silty material and the underlying loamy glacial
til. They are on flats and in- depressions and drain-
ageways.

Typical pedon of Barbert silt loam in an area of Cordo-
va-Barbert complex in Albert Lea Township, 1,000 feet
east and 900 feet north of southwest corner of sec. 25,
T.102 N, R. 21 W.

Ap—O0 to 8 inches; very dark gray (10YR 3/1) silt loam,
dark grayish brown (10YR 4/2) dry; weak fine and
medium subangular blocky structure; friable; strongly
acid; abrupt smooth boundary.

A21—8 to 11 inches; very dark gray (10YR 3/1) silt
loam, dark grayish brown (10YR 4/2) dry; weak thin
platy structure; friable; strongly acid; abrupt smooth
boundary.

A22g—11 to 15 inches; dark grayish brown (10YR 4/2)
silty clay loam; common fine distinct dark brown
(7.5YR 3/2) mottles; moderate thin platy structure;
friable; very strongly acid; abrupt smooth boundary.

A23g—15 to 18 inches; dark grayish brown (10YR 4/2)
silty clay loam; common fine distinct dark brown
(10YR 3/4) mottles; moderate fine and medium su-
bangular blocky structure; friable; very strongly acid;
abrupt smooth boundary.

B21t—18 to 22 inches; gray brown (2.5Y 5/2) silty clay
loam; few fine distinct dark yellowish brown (10YR
3/4) mottles; moderate fine and medium subangular
and angular blocky structure; firm; common thin dark
grayish brown (2.5Y 4/2) clay fims on faces of
peds; very strongly acid; abrupt wavy boundary.

B22tg—22 to 25 inches; grayish brown (2.5Y 5/2) silty
clay loam; few fine distinct light olive brown (2.5Y
5/4) motties; moderate medium and coarse prismat-
ic structure parting to moderate fine and medium
subangular and angular blocky; firm; continuous thin
dark grayish brown (2.5Y 4/2) clay films on faces of
peds; strongly acid; clear wavy boundary.

B23tg—25 to 33 inches; grayish brown (2.5Y 5/2) silty
clay; common medium distinct light olive brown
(2.5Y 5/4) mottles; moderate medium and coarse
prismatic structure parting to moderate fine and
medium subangular and angular blocky structure;
firm; continuous thin and thick dark grayish brown
(2.5Y 4/2) clay films on faces of peds; strongly acid;
clear wavy boundary.

B3tg—33 to 40 inches; grayish brown (2.5Y 5/2) silty
clay; common medium distinct light olive brown
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(2.5Y 5/4) motties; moderate medium and coarse
prismatic structure parting to moderate fine and
medium angular and subangular blocky; firm; con-
tinuous thin dark grayish brown (2.5Y 4/2) clay films
on faces of peds; medium acid; clear wavy bound-
ary.

Cg—40 to 60 inches; light olive gray (5Y 6/2) silty clay
loam; common coarse prominent light olive brown
(2.5Y 5/4) mottles; massive; firm; slightly acid.

The thickness of the solum and depth to free carbon-
ate range from 40 to 75 inches. Thickness of the mollic
epipedon is 10 to 16 inches and in places includes parts
of the argillic horizon.

The A1 and Ap horizons have value of 2 or 3. They
are silt loam or silty clay loam that is medium or strongly
acid. The A2 horizon has value of 3 or 4, and chroma of
1 or 2. It is silt loam and silty clay loam that is medium
acid to very strongly acid. The B horizon has value of 4
or 5 and chroma of 1 or 2. In some pedons the B21
horizon has value of 2 or 3. The C horizon has hue of
2.5Y or 5Y, value of 4 to 6, and chroma of 2 or 3. It is
silty clay loam or silty clay that is slightly acid to mildly
alkaline.

Barrington series

The Barrington soils consist of moderately well drained
soils that are moderately permeable. These soils formed
in glacial, lacustrine sediments. They are on flats or
slight rises of uplands. Slopes range from 1 to 3 percent.
The native vegetation was deciduous trees and prairie

rass.
] Barrington soils are outside the defined range of the
Barrington series because they have lower chroma in the
upper part of the B horizon than the defined range. This
difference does not alter the usefuiness or behavior of
these soils.

Barrington soils are similar to Newry soils and com-
monly adjacent to Grays, Madelia, and Spicer soils in the
landscape. Newry soils are moderately well drained to
somewhat poorly drained and formed in a mantle of
loess and the underlying loamy till. Grays, Madelia, and
Spicer soils formed in materials similar to those of the
Barrington soils. The well drained Grays are more slop-
ing than the Barrington soils are. The poorly drained
Madelia and the poorly drained and very poorly drained
Spicer soils are on flats.

Typical pedon of Barrington silt loam, 1 to 3 percent
slopes, in Riceland Township, 200 feet east and 300 feet
north of SW corner of sec. 32, T. 103 N.,, R. 20 W.

Ap—oO0 to 10 inches; very dark gray (10YR 3/1) silt loam,
dark gray (10YR 4/1) dry; weak fine and medium
subangular blocky structure; friable; medium acid;
abrupt smooth boundary.
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A12—10 to 15 inches; very dark gray (10YR 3/1) silt
loam, grayish brown (10YR 5/2) dry; weak fine and
medium subangular structure; friable; medium acid;
abrupt smooth boundary.

B1—15 to 21 inches; dark grayish brown (10YR 4/2)
silty clay loam; moderate fine and very fine subangu-
lar blocky structure; friable; few thin light brownish
gray (10YR 6/2 dry) coatings of clean sand and silt
particles on faces of peds; strongly acid; clear wavy
boundary.

B22t—21 to 25 inches; dark grayish brown (10YR 4/2)
silty clay loam; few fine faint grayish brown (2.5Y
5/2) mottles; moderate fine and very fine subangular
and angular blocky structure; friable; few thin dark
gray (10YR 4/1) clay films on faces of peds; few
thin gray (10YR 5/1 dry) coatings of clean sand and
silt particles on faces of peds; strongly acid; clear
wavy boundary.

B23tg—25 to 29 inches; grayish brown (2.5Y 5/2) silty
clay loam; few fine faint grayish brown (2.5Y 5/2)
mottles and few fine distinct dark yellowish brown
(10YR 4/4) mottles; moderate fine and very fine
subangular and angular blocky structure; friable; few
thin dark grayish brown (2.5Y 4/2) clay films on
faces of peds; few thin gray (10YR 5/1 dry) coatings
of sand and silt particles on faces of peds; medium
acid; abrupt wavy boundary.

B24tg—29 to 38 inches; grayish brown (2.5Y 5/2) silty
clay loam; few fine distinct dark yellowish brown
(10YR 4/4) mottles; moderate fine and medium su-
bangular and angular blocky structure; friable; few
thin grayish brown (2.5Y 4/2) clay films on faces of
peds; few thin gray (10YR 5/1 dry) coatings of clean
sand and silt particles on faces of peds; medium
acid; abrupt wavy boundary.

B3t—38 to 44 inches; grayish brown (2.5Y 5/2) silty clay
loam; weak medium and coarse prismatic structure;
friable; continuous thin and thick very dark gray
(10YR 3/1) clay films on faces of peds; neutral;
abrupt wavy boundary.

C1—44 to 48 inches; grayish brown (2.5Y 5/2) silty clay
loam; massive; friable; few black (10YR 2/1) fillings
in root channels; neutral; clear wavy boundary.

1IC2—48 to 60 inches; grayish brown (2.5Y 5/2) loam;
massive; friable; strongly effervescent; mildly alka-
line.

The thickness of the solum ranges from 36 to 50
inches. Thickness of the mollic epipedon is 10 to 16
inches.

The A horizon has color value of 2 or 3 and chroma of
1 or 2. It is slightly or medium acid. The B horizon has a
color value of 4 or 5 and chroma of 2 through 4. It has
few to common mottles in some parts. It is silt loam or
silty clay loam. The C1 horizon has color value of 4 or 5
and chroma of 2 through 6. It is dominantly silt loam or
silty clay loam but includes textures of sandy loam and
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very fine sandy loam. In some pedons the IIC horizon
begins at a depth as shallow as 40 inches and in others
it begins at a depth of 60 inches or more.

Biscay series

The Biscay series consists of poorly drained soils that

are moderately permeable in the upper part and rapidly
permeable in the lower part. These soils formed in a
mantle of loamy glacial outwash and the underlying
sandy and gravelly sediments. They are on broad flats
and in draws of glacial outwash plains. Slopes range
from O to 2 percent. The native vegetation was tall grass
on prairie.
- The Biscay soils are similar to Hanska soils and are
adjacent to Dakota, Estherville, Linder, and Mayer soils
in the landscape. Hanska soils are poorly drained and
have less clay in the solum than the Biscay soils. The
well drained Dakota soils have an argillic horizon. The
somewhat excessively drained Estherville soils have less
clay in the solum. The Dakota and Estherville soils are
more sloping or in higher lying areas than the Biscay
soils. The Linder soils are somewhat poorly drained,
have less clay in the solum, and are on slight rises. The
Mayer soils formed in similar materials to the Biscay soils.
They are poorly and very poorly drained but have a
calcareous solum.

Typical pedon of Biscay loam, in Mansfield Township,
600 feet east and 500 feet south of NW corner of sec.
24, T.101 N,, R. 23 W.

Ap—o0 to 11 inches; black (N 2/0) loam, very dark gray
(10YR 3/1) dry; weak fine subangular blocky struc-
ture parting to weak fine granular; friable; about 2
percent coarse fragments; neutral; clear smooth
boundary.

A12—11 to 18 inches; black (N 2/0) loam; weak fine
subangular blocky structure parting to weak fine
granular; friable; about 2 percent coarse fragments;
neutral; clear wavy boundary.

A3—18 to 22 inches; black (10YR 2/1) loam; many fine
distinct dark grayish brown (10YR 4/2) mottles;
weak fine subangular blocky structure parting to
weak fine granular; friable; about 8 percent coarse
fragments; neutral; clear wavy boundary.

B21g—22 to 28 inches; dark grayish brown (10YR 4/2)
loam; few thin tongues of very dark grayish brown
(10YR 3/2) loam; common fine faint dark yellowish
brown (10YR 4/4) and common medium distinct
light olive brown (2.5Y 5/4) mottles; weak fine su-
bangular blocky structure; friable; about 7 percent
coarse fragments; neutral; clear wavy boundary.

B22g—28 to 36 inches; olive gray (5Y 5/2) loam; few
discontinuous 1- to 3-inch layers of olive brown
(2.5Y 4/4) loam; few fine distinct dark yellowish
brown (10YR 4/4) mottles; weak fine and medium
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subangular blocky structure; friable; about 9 percent
coarse fragments; neutral; clear wavy boundary.

1IB3g—36 to 40 inches; grayish brown (2.5Y 5/2) sandy
loam; common fine faint olive brown (2.5Y 4/4) mot-
tles; single grained; loose; about 6 percent coarse
fragments; slight effervescence; mildly alkaline; clear
wavy boundary.

IICg—40 to 60 inches; olive gray (5Y 5/2) coarse sand;
many fine faint dark grayish brown (2.5Y 4/2) and
dark yellowish brown (10YR 4/4) mottles; single
grained; loose; about 5 percent gravel; slight ef-
fervescence; mildly alkaline.

The loamy mantle ranges from 24 to 40 inches in
thickness. The mollic epipedon is 14 to 24 inches thick.

The A horizon has a color value of 2 or 3 and chroma
of 0 to 1. It is dominantly loam and clay loam but the
texture ranges to silty clay loam. The B horizon has a
color value of 4 or 5 and chroma of 1 or 2. It is loam and
clay loam in the upper part and gravelly sandy loam or
sandy loam in the lower part. It has few to many mottles.
The IIC horizon has a color value of 5 or 6. It is coarse
sand or sand and 5 to 35 percent gravel.

Blooming series

The Blooming series consists of well drained soils that
are moderately permeable. These soils formed in a
mantle of loess and in the friable loamy glacial till. They
are on summits and side slopes of uplands. Slopes
range from 2 to 12 percent. The native vegetation was
deciduous trees and prairie grass.

The Blooming soils are similar to Moland soils and are
adjacent to Havana, Maxcreek, and Newry soils in the
landscape. The Moland soils are well drained and have a
mollic epipedon but do not have an argillic horizon. The
Havana soils have an ochric horizon and are somewhat
poorly drained. The Maxcreek soils are poorly drained
and have a mollic epipedon. The Newry soils are moder-
ately well drained and have mottles. All of these soils
formed in materials similar to those of Blooming soils.

Typical pedon of Blooming silt loam, 2 to 6 percent
slopes, in Moscow Township, 100 feet south and 100
feet west of NE corner of sec. 13, T. 103 N, R. 19 W.

Ap—0 to 7 inches; very dark gray (10YR 3/1) silt loam;
grayish brown (10YR 5/2) dry; weak fine granular
structure; friable; medium acid; abrupt smooth
boundary.

A2—7 to 10 inches; dark grayish brown (10YR 4/2) silt
loam; weak thin platy structure; friable; medium acid;
abrupt wavy boundary.

B21t—10 to 16 inches; brown (10YR 4/3) silty clay loam;
moderate fine subangular blocky structure; friable;
few thin clay films on faces of peds; medium acid;
abrupt wavy boundary.
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B22t—16 to 22 inches; brown (10YR 4/3) silty clay loam;
strong subangular blocky structure; friable; few thin
clay films on faces of peds; medium acid; clear wavy
boundary.

1IB23t—22 to 28 inches; dark yellowish brown (10YR
4/4) loam; moderate medium platy structure parting
to weak medium subangular blocky; friable; common
thin clay films on faces of peds; about 5 percent
coarse fragments; medium acid; clear wavy bound-

ary.

IIB24t—28 to 35 inches; dark yellowish brown (10YR
4/4) loam; moderate medium prismatic structure; fri-
able; few thin to thick clay films on faces of peds
and in pores; about 5 percent coarse fragments;
medium acid; abrupt wavy boundary.

1IB31—35 to 45 inches; dark yellowish brown (10YR 4/4)
loam; massive; friable; about 5 percent coarse frag-
ments; medium acid; clear wavy boundary.

IIB32—45 to 50 inches; light olive brown (2.5Y 5/4)
loam; massive; friable; about 5 percent coarse frag-
ments; neutral; clear wavy boundary.

IIC—50 to 60 inches; light olive brown (2.5Y 5/4) loam;
massive; friable; slight effervescence; mildly alkaline.

The thickness of the solum and depth to free carbon-
ates range from 40 to 60 inches. The thickness of the
silty mantle ranges from 14 to 24 inches. The thickness
of the Al horizon ranges from 6 to 10 inches.

The Al horizon has a color value of 2 or 3 and chroma
of 1 or 2. The A2 horizon has a color value of 3 or 4.
The part of the B horizon that is in the silty mantle, has a
color value of 4 or 5 and chroma of 3 or 4. It is silty clay
loam or silt loam. The IIB horizon is mostly clay loam or
loam. In some pedons the upper part of the 1IB horizon
has a sandy loam or coarser textured subhorizon, as
much as 5 inches thick. The IIC horizon has a chroma of
4 through 6.

Blue Earth series

The Blue Earth series consists of very poorly drained,
muck soils that are moderately permeable and moder-
ately slowly permeable. These soils formed in coprogen-
ous earth over glacial, facustrine sediments or till. They
are in former lake basins and backwater areas adjacent
to lakes. Slopes range from 0 to 2 percent. The native
vegetation was reeds and sedges.

Blue Earth soils are similar to Spicer soils and com-
monly adjacent to Canisteo and Okoboji soils in the
landscape. All of the soils formed in glacial sediments
and do not have limnic sediments. The Canisteo and
Spicer soils are poorly drained and very poorly drained
and are in depressions and on the rims of depressions.
The very poorly drained Okoboiji soils are in depressions.

Typical pedon of Blue Earth silt loam in Riceland
Township, 1,800 feet east and 500 feet south of NW
corner of sec. 11, T. 103 N, R. 20 W.
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Lcop—0 to 12 inches; very dark gray (10YR 3/1) silt
loam coprogenous earth, gray (10YR 6/1) dry; weak
fine subangular blocky structure; very friable; moder-
ately alkaline; violently effervescent; abrupt smooth
boundary.

Lco2—12 to 30 inches; dark gray (10YR 4/1) silt loam
(coprogenous earth); weak medium platy structure;
very friable; many fine prominent yellowish brown
(10YR 5/8) coatings and fillings in root channels;
violently effervescent; moderately alkaline; clear
wavy boundary.

Lco3—30 to 38 inches; olive gray (5Y 5