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Consult *‘Contents’ for parts of the publication that will meet your specific needs.
This survey contains useful information for farmers or ranchers, foresters or
7 . agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or students;
for specialists in wildlife mahégement, waste disposal, or pollution control.



This soil survey is a publication of the National Cooperative Soil Survey. The
U.S. Department of Agriculture, Soil Conservation Service, administers the
federal part of this national program. This soil survey is a joint effort of the Soil
Conservation Service and the Minnesota Agricultural Experiment Station in
cooperation with the Agricultural Extension Service, the Minnesota Board of
Water and Soil Resources, and the Martin County Soil and Water Conservation
District. The survey was partly funded by the Legislative Commission for
Minnesota Resources and by Martin County. In line with Department of
Agriculture policies, benefits of this program are available to all, regardless of
race, color, national origin, sex, religion, marital status, handicap, or age.

Major fieldwork for this soil survey was completed in 1983. Soil names and
descriptions were approved in 1984. Unless otherwise indicated, statements in
this publication refer to conditions in the survey area in 1983. 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 Martin County Soil and Water Conservation District.

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 could
have been shown at a larger scale.

Cover: Farmstead windbreaks and trees along a stream channel in an area of Canisteo
and Clarion soils.
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Foreword

This soil survey contains information that can be used in land-planning
programs in Martin 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
selected land uses on the environment.

This soil survey is designed for many different users. Farmers, 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 ensure proper performance. Conservationists, teachers,
students, and specialists in recreation, wildlife management, waste disposal,
and pollution control can use the survey to help them understand, protect, and
enhance 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
installations.

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.

Gary R. Nordstrom
State Conservationist
Soil Conservation Service

vii
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MARTIN COUNTY is in the south-central part of
Minnesota, along the lowa border. Fairmont, the county
seat, is about 100 miles east of the South Dakota border
and about 10 miles north of the lowa border. The total
area of the county is approximately 449,920 acres.

Martin County was established in 1856. It was named
after Henry Martin of Wallinford, Connecticut, who owned
land in the area. Many settlers moved out of the county
in 1862, when Indian uprisings resulted from insensitivity
to the native occupants. The Homestead Act of 1864
attracted many people to the county. The population was
5,259 in 1880; 16,936 in 1900; and 24,656 in 1940. It
reached a high of 26,986 in 1960 and then declined to
24,687 by 1980.

General Nature of the County

This section gives general information concerning the
county. It describes transportation facilities and markets;
farming; physiography, relief, and drainage; and climate.

Transportation Facilities and Markets

The major thoroughfare crossing Martin County is
Interstate 90. Other thoroughfares are County Highways
8, 26, 27, 38, 44, 50, 52, and 54 and Minnesota
Highways 4, 15, and 263. One railroad serves the
county.

Livestock generally are trucked to Estherville, Austin,
Worthington, or South St. Paul. Grain elevators are
located in most of the towns in the county. Soybeans are

processed at Mankato or sold out of state. Corn
generally is sold to the elevators, but some is used as
feed for livestock. Grain is transported by truck or rail.

Farming

About 96 percent of the acreage in Martin County is
farmland. The farms are decreasing in number and
increasing in size. The number decreased from a high of
2,557 in 1939 to 1,500 in 1980. The size increased from
175 acres in 1939 to 300 acres in 1980 (6).

Corn and soybeans are the major crops. The major
kind of livestock is hogs. Some beef cattle and a few
dairy cows are raised on the farms.

Physiography, Relief, and Drainage

The landscape of Martin County was strongly affected
by the last glacial period, which is known as the New
Ulm phase of the Des Moines lobe. The topography is
characterized by gently undulating slopes. Small hills or
ridges are interspersed with broad lowland areas that
have many depressions.

The northeastern part of the county is a lacustrine
plain, which formed when the area was covered by
Glacial Lake Minnesota (5). Sandy outwash plains and
terraces are along present and old stream channels
throughout the county and in a small area in the east-
central part. The rest of the county is a glacial till plain
characterized by nearly circutar hills that have nearly
tevel tops. The hills range from a few to several hundred



acres in size. Most are in the northwestern and central
parts of the county.

Elevation is highest, 1,410 feet above sea level, in the
southwest corner of the county. It is 1,120 feet above
sea level in the southeast corner and 1,270 feet above
sea level in the northwest corner. The lowest elevation,
1,050 feet above sea level, is in an area in the
northeastern part where a drainage ditch leaves the
county.

The southwestern part of Martin County is drained by
the East Fork of the Des Moines River, which flows in a
southeast direction in the county. The other major
drainage system centers around Elm Creek, which flows
through the county from west to east. This creek and
several smaller streams drain into the Blue Earth River,
in Faribault County.

A notable feature in Martin County is three chains of
lakes thought to be part of a major drainage system that
flowed south before the last glacial period. As the last
glacier melted, soil material partially filled this valley,
forming the present chains of lakes (72). The central
chain, made up of 20 lakes in Martin County, was the
main channel. The east and west chains probably were
tributaries of the main channel.

Climate

Prepared by the National Climatic Center, Asheville, North Carolina.

Martin County is cold in winter. Summers are quite hot
but are characterized by occasional cool spells.

Precipitation frequently occurs as snow during the winter.

It occurs chiefly as showers during the warmer months,
when warm, moist air moves in from the south. The
showers commonly are heavy. The total annual rainfall
generally is adequate for corn, soybeans, and small
grain.

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Fairmont in the period
1951 to 1980. Table 2 shows probable dates of the first
freeze in fall and the last freeze in spring. Table 3
provides data on length of the growing season.

In winter the average temperature is 17 degrees F,
and the average daily minimum temperature is 8
degrees. The lowest temperature on record, which
occurred at Fairmont on January 21, 1970, is -33
degrees. In summer the average temperature is 71
degrees, and the average daily maximum temperature is
82 degrees. The highest recorded temperature, which
occurred at Fairmont on July 28, 1955, is 101 degrees.

Growing degree days are shown in table 1. They are
equivalent to “heat units.” During the month, growing
degree days accumulate by the amount that the average
temperature each day exceeds a base temperature (50
degrees F). The normal monthly accumulation is used to
schedule single or successive plantings of a crop
between the last freeze in spring and the first freeze in
fall.

Soil Survey

The total annual precipitation is about 29 inches. Of
this, nearly 22 inches, or about 75 percent, usually falls
in April through September. The growing season for
most crops falls within this period. In 2 years out of 10,
the rainfall in April through September is less than 18
inches. The heaviest 1-day rainfall during the period of
record was 4.79 inches at Fairmont on July 19, 1963.
Thunderstorms occur on about 38 days each year.
Tornadoes and severe thunderstorms strike occasionally.
They are local in extent and of short duration and cause
sparse damage in scattered areas. Hail falls in scattered
small areas during the warmer part of the year.

The average seasonal snowfall is nearly 42 inches.
The greatest snow depth at any one time during the
period of record was 33 inches. On the average, 54 days
of the year have at least 1 inch of snow on the ground.
The number of such days varies greatly from year to
year.

The average relative humidity in midafternoon is about
60 percent. Humidity is higher at night, and the average
at dawn is about 80 percent. The sun shines 65 percent
of the time possible in summer and 40 percent in winter.
The prevailing wind is from the northwest. Average
windspeed is highest, 12 miles per hour, in spring.

How This Survey Was Made

This survey was made to provide information about the
soils in the survey area. The information includes a
description of the soils and their location and a
discussion of the suitability, limitations, and management
of the soils for specified uses. Soil scientists observed
the steepness, length, and shape of slopes; the general
pattern of drainage; the kinds of crops and native plants
growing on the soils; and the kinds of bedrock. They dug
many holes to study the soil profile, which is the
sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the
unconsolidated material in which the soil formed. The
unconsolidated material is devoid of roots and other
living organisms and has not been changed by other
biologic activity.

The soils in the survey area occur in an orderly pattern
that is related to the geology, the landforms, relief,
climate, and the natural vegetation of the area. Each
kind of soil is associated with a particular kind of
landscape or with a segment of the landscape. By
observing the soils in the survey area and relating their
position to specific segments of the landscape, a soil
scientist develops a concept, or model, of how the soils
were formed. Thus, during mapping, this model enables
the soil scientist to predict with considerable accuracy
the kind of soil at a specific location on the landscape.

Commonly, individual soils on the landscape merge
into one another as their characteristics gradually
change. To construct an accurate soil map, however, soil



Martin County, Minnesota

scientists must determine the boundaries between the
soils. They can observe only a limited number of soil
profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-landscape relationship,
are sufficient to verify predictions of the kinds of soil in
an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil
profiles that they studied. They noted soil color, texture,
size and shape of soil aggregates, kind and amount of
rock fragments, distribution of plant roots, acidity, and
other features that enable them to identify soils. After
describing the soils in the survey area and determining
their properties, the soil scientists assigned the soils to
taxonomic classes (units). Taxonomic classes are
concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes
are used as a basis for comparison to classify soils
systematically. The system of taxonomic classification
used in the United States is based mainly on the kind
and character of soil properties and the arrangement of
horizons within the profile. After the soil scientists
classified and named the soils in the survey area, they
compared the individual soils with similar soils in the
same taxonomic class in other areas so that they could
confirm data and assemble additional data based on
experience and research.

While a soil survey is in progress, samples of some of
the soils in the area generally are collected for laboratory
analyses and for engineering tests. Soil scientists
interpreted the data from these analyses and tests as
well as the field-observed characteristics and the soil
properties in terms of expected behavior of the soils
under different uses. Interpretations for all of the soils
were field tested through observation of the soils in
different uses under different levels of management.
Some interpretations are modified to fit local conditions,
and new interpretations sometimes are developed to
meet local needs. Data were assembled from other
sources, such as research information, production
records, and field experience of specialists. For example,
data on crop yields under defined levels of management
were assembled from farm records and from field or piot
experiments on the same kinds of soil.

Predictions about soil behavior are based not only on
soil properties but also on such variables as climate and
biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from
year to year. For example, soil scientists can state with a
fairly high degree of probability that a given soil will have
a high water table within certain depths in most years,
but they cannot assure that a high water table will
always be at a specific level in the soil on a specific
date.

After soil scientists located and identified the
significant natural bodies of soil in the survey area, they
drew the boundaries of these bodies on aerial
photographs and identified each as a specific map unit.
Aerial photographs show trees, buildings, fields, roads,
and rivers, all of which help in locating boundaries
accurately.

Map Unit Composition

A map unit delineation on a soil map represents an
area dominated by one major kind of soil or an area
dominated by several kinds of soil. A map unit is
identified and named according to the taxonomic
classification of the dominant soil or soils. Within a
taxonomic class there are precisely defined limits for the
properties of the soils. On the landscape, however, the
soils are natural objects. In common with other natural
objects, they have a characteristic variability in their
properties. Thus, the range of some observed properties
may extend beyond the limits defined for a taxonomic
class. Areas of soils of a single taxonomic class rarely, if
ever, can be mapped without including areas of soils of
other taxonomic classes. Consequently, every map unit
is made up of the soil or soils for which it is named and
some soils that belong to other taxonomic classes.
These latter soils are called inclusions or included soils.

Most inclusions have properties and behavioral
patterns similar to those of the dominant soil or soils in
the map unit, and thus they do not affect use and
management. These are called noncontrasting (simitar)
inclusions. They may or may not be mentioned in the
map unit descriptions. Other inclusions, however, have
properties and behavior divergent enough to affect use
or require different management. These are contrasting
(dissimilar) inciusions. They generally occupy small areas
and cannot be shown separately on the soil maps
because of the scale used in mapping. The inclusions of
contrasting soils are mentioned in the map unit
descriptions. A few inclusions may not have been
observed and consequently are not mentioned in the
descriptions, especially where the soil pattern was so
complex that it was impractical to make enough
observations to identify all of the kinds of soil on the
landscape.

The presence of inclusions in a map unit in no way
diminishes the usefulness or accuracy of the soil data.
The objective of soil mapping is not to delineate pure
taxonomic classes of soils but rather to separate the
landscape into segments that have simitar use and
management requirements. The delineation of such
landscape segments on the map provides sufficient
information for the development of resource plans, but
onsite investigation is needed to plan for intensive uses
in smali areas.






General Soil Map Units

The general soil map at the back of this publication
shows the soil associations in this survey area. Each
association has a distinctive pattern of soils, relief, and
drainage. Each is a unique natural landscape. Typically,
an association consists of one or more major soils and
some minor soils. It is named for the major soils. The
soils making up one association can occur in another but
in a different pattern.

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
selecting a site for a road or building or other structure.
The soils in any one association differ from place to
place in slope, depth, drainage, and other characteristics
that affect management.

Soil Descriptions

1. Canisteo-Clarion Association

Nearly level to rolling, poorly drained and well drained,
loamy soils on till plains

This association is on till plains that have short,
irregular slopes and circular, flat-topped hills. Drainage
tile has been installed in most areas of the Canisteo
soils. Slopes range from O to 12 percent.

This association makes up about 51 percent of the
county. It is about 38 percent Canisteo soils, 27 percent
Clarion sails, and 35 percent minor soils.

Canisteo soils are nearly level and are on the rims of
depressions and on lowlands. They are poorly drained
and calcareous. Typically, they have a surface soil of
black clay loam about 23 inches thick. The subsoil is
dark grayish brown, mottled clay loam about 13 inches
thick. The underlying material to a depth of about 60
inches is grayish brown, mottied loam.

Clarion soils are undulating and rolling and are on
convex summits, back slopes, and shoulder slopes. They
are well drained. Typically, they have a surface soil of
black loam about 14 inches thick. The subsoil is dark
brown and dark yellowish brown loam about 19 inches
thick. The underlying material to depth of about 60
inches is yellowish brown, mottled loam.

Minor in this association are the Glencoe, Okoboji,
Webster, Delft, Nicollet, Swanlake, and Storden soils.

The very poorly drained Glencoe and Okoboji soils are in
depressions. The poorly drained Webster soils are in the
slightly higher landscape positions. The poorly drained
Delft soils are in drainageways and on foot slopes. The
moderately well drained or somewhat poorly drained
Nicollet soils are on back slopes. The well drained
Swanlake and Storden soils are on shoulder slopes.

About 95 percent of this association is used for
cultivated crops. The main crops are corn and soybeans.
A minor acreage is used for small grain or alfalfa. A few
areas are used for specialty crops, such as sweet corn,
peas, and sunflowers. If drained, the association is well
suited to crop production. Wetness is the main limitation
in areas of the poorly drained Canisteo soils, and erosion
is a hazard in the uplands. The Canisteo soils have a
high content of lime, which may cause a fertility
imbalance.

2. Canisteo-Glencoe Association

Nearly level, poorly drained and very poorly drained,
loamy soils on till plains and moraines

This association is on lowlands that have nearly
circular or elongated depressions. Most areas are
drained by tile lines, which empty into drainage ditches.
Slopes range from 0 to 2 percent.

This association makes up about 21 percent of the
county. It is about 35 percent Canisteo soils, 30 percent
Glencoe soils, and 35 percent minor soils.

Canisteo soils are on the rims of depressions and on
the lowlands between the depressions. They are poorly
drained and calcareous. Typically, they have a surface
soil of black clay loam about 23 inches thick. The subsoil
is dark grayish brown, mottled clay loam about 13 inches
thick. The underlying material to a depth of about 60
inches is grayish brown, mottled loam.

Glencoe soils are mainly in the depressions but also
are in drainageways. They are frequently ponded. They
are very poorly drained and noncalcareous. Typically, the
surface layer is black clay loam about 15 inches thick.
The subsurface layer is black and very dark gray,
mottled clay loam about 26 inches thick. The subsoil to a
depth of about 60 inches is gray and olive gray, mottled
silty clay loam.

Minor in this association are the Webster, Harps,
Nicollet, Clarion, and Swanlake soils. The poorly drained
Webster soils are in drainageways. The poorly drained



Harps soils are on the rims of depressions. The
moderately well drained or somewhat poorly drained
Nicollet soils are on back slopes. The well drained
Clarion and Swanlake soils are on uplands.

About 92 percent of this association is drained and is
used for cultivated crops. Corn and soybeans are the
principal crops. A minor acreage is used for small grain
or alfalfa. A few areas are used for specialty crops, such
as sweet corn, peas, and sunflowers. If drained, the
association is well suited to cropland. Wetness is the
main limitation, and soil blowing is a hazard. The
Glencoe soils are frequently ponded for brief or long
periods in the spring or after heavy rainfall. The Canisteo
soils become powdery if overworked and are subject to
soil blowing. They have a high content of lime, which
may cause a fertility imbalance.

Field or farmstead windbreaks are effective in
controlling soil blowing. The trees that are suited to wet
sites and are tolerant of a high content of lime grow
best. Weed control is needed when seedlings are
becoming established.

3. Clarion-Delft-Storden Association

Nearly level to steep, well drained and poorly drained,

Clarion and Storden

Soil Survey

loamy soils on till plains and moraines

This association is on uplands interspersed with
drainageways. The uplands consist of eroded ridges.
Colluvial and alluvial material is deposited in the
drainageways and on foot slopes. Slopes typically are 6
to 18 percent but range from 1 to 25 percent.

This association makes up about 15 percent of the
county. It is about 27 percent Clarion soils, 22 percent
Delft soils, 16 percent Storden soils, and 35 percent
minor soils (fig. 1).

Clarion soils are gently sloping to steep and are on
summits and on some back slopes. They are well
drained. Typically, they have a surface soil of black loam
about 14 inches thick. The subsoil is dark brown and
dark yellowish brown loam about 19 inches thick. The
underlying material to a depth of about 60 inches is
yellowish brown, mottled loam.

Delft soils are nearly level and are on foot slopes and
in drainageways. They are poorly drained. Typically, they
have a surface layer of black loam about 9 inches thick.
The subsurface layer is black and very dark gray loam
about 35 inches thick. The subsoil is dark grayish brown,
mottled, friable loam about 10 inches thick. The

’ Delft

//

Canisteo

Figure 1.—Pattern of soils and parent material in the Clarion-Delft-Storden association.
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underlying material to a depth of about 60 inches is
grayish brown, mottled, calcareous loam.

Storden soils are gently sloping to steep and are on
shoulder sIopeséThey are well drained. Typically, they
have a surface layer of dark brown and brown,
calcareous loam about 8 inches thick. The underlying
material to a depth of about 60 inches is yellowish brown
loam.

Minor in this association are the Glencoe, Canisteo,
Webster, Terril, Nicollet, Dickinson, and Estherville soils.
The very poorly drained Glencoe soils are in
depressions. The poorly drained Canisteo and Webster
soils are on low flats. The moderately well drained or
somewhat poorly drained Terril and Nicollet soils are on
back slopes. The somewhat excessively drained or well
drained Dickinson and Estherville soils are on ridges.

About 80 percent of this association is used for
cultivated crops. The rest is used for permanent pasture
or supports trees or native vegetation. The principal
crops are corn and soybeans. A minor acreage is used
for small grain. The association is fairly well suited to

cropland. The Clarion and Storden soils are subject to
water erosion. Wetness is the main fimitation in areas of
the Delft soils.

4. Spicer-Truman-Kingston Association

Nearly level to moderately steep, poorly drained. to well
drained, silty soils on lake plains and moraines

This association generally occurs as irregularly
shaped, gently sloping areas on lake plains and
moraines. Some areas are nearly level, and moderately
steep areas are adjacent to the major drainageways and
streams. Most low areas are drained by tile. Slopes
range from 0 to 18 percent.

This association makes up about 2 percent of the
county. It is about 30 percent Spicer soils, 23 percent
Truman soils, 13 percent Kingston soils, and 34 percent
minor soils (fig. 2).

Spicer soils are nearly level and are on lowlands and
the rims of depressions. They are poorly drained and
calcareous. Typically, they have a surface layer of black
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Figure 2.—Pattern of solls and parent material in the Spicer-Truman-Kingston association.



silty clay loam about 10 inches thick. The subsurface
layer is very dark gray silty clay loam about 14 inches
thick. The subsoil is grayish brown silty clay loam about
10 inches thick. The underlying material to a depth of
about 60 inches is brownish gray and olive gray silty clay
loam.

Truman soils are gently sloping to moderately steep
and are on shoulder slopes and summits. They are well
drained. Typically, they have a surface layer of black silt
loam about 9 inches thick. The subsurface layer is very
dark brown silt loam about 8 inches thick. The subsoil is
dark yellowish brown and brown silt loam about 16
inches thick. The underlying material to a depth of about
60 inches is brownish yellow, calcareous silt loam.

Kingston soils are nearly level and are on back slopes
and the lower summits. They are moderately well drained
or somewhat poorly drained. Typically, they have a
surface layer of black silt loam about 11 inches thick.
The subsurface layer is black silty clay loam about 7
inches thick. The subsoil is dark grayish brown and
yellowish brown silty clay loam about 20 inches thick.
The underlying material to a depth of about 60 inches is
light olive brown, calcareous silt loam.

Minor in this association are the very poorly drained
Okoboji soils in depressions, the poorly drained Madelia
soils on the lower back slopes and in drainageways, and
the well drained Ocheyedan soils on summits and
shoulder slopes.

About 95 percent of this association is cropland. A
minor acreage is used for pasture or hay. The principal
crops are corn, soybeans, and small grain. The
association is well suited to cropland. The poorly drained
soils are drained by tile. Soil blowing and water erosion
are hazards on the Truman soils.

5. Waldorf-Fostoria-Ocheyedan Association

Nearly level and gently sloping, poorly drained,
somewhat poorly drained, and well drained, silty and
loamy soils on lake plains, till plains, and uplands

This association is on glacial lake plains and on till
plains and uplands mantled with loamy material. Most
areas of the poorly drained Waldorf soils are drained by
tile. Slopes range from 0 to & percent.

This association makes up about 2 percent of the
county. It is about 35 percent Waldorf soils, 20 percent
Fostoria soils, 15 percent Ocheyedan soils, and 30
percent minor soils.

Waldorf soils are nearly level and are on lowlands and
in drainageways. They are poorly drained. Typically, they
have a surface soil of black silty clay loam about 24
inches thick. The subsoil is dark gray, mottled silty clay
about 12 inches thick. The underlying material to a depth
of about 60 inches is light brownish gray, mottled,
calcareous silty clay loam.

Fostoria soils are nearly level and are on the lower
summits and on gentle rises. They are somewhat poorly
drained. Typically, they have a surface soil of black and

Soil Survey

very dark grayish brown clay loam about 19 inches thick.
The subsoil is about 21 inches of dark grayish brown
clay loam and grayish brown silt loam. The underlying
material to a depth of about 60 inches is light olive
brown, mottled, calcareous silt loam.

Ocheyedan soils are gently sloping and are on
summits and back slopes. They are well drained.
Typically, they have a surface soil of black, very dark
gray, and brown loam about 22 inches thick. The subsoil
is brown silt loam about 8 inches thick. The underlying
material to a depth of about 60 inches is yeliowish
brown, calcareous silt loam.

Minor in this association are the Brownton, Okoboji,
Collinwood, Truman, and Clarion soils. The very poorly
drained Brownton soils are on the rims of depressions
and in low areas. The very poorly drained Okoboji soils
are in the depressions. The moderately well drained
Collinwood soils are on the lower summits. The well
drained Truman and Clarion soils are on moraines and
till plains.

About 95 percent of this association is used for
cultivated crops. Corn and soybeans are the principal
crops. A minor acreage is used for small grain or alfalfa.
The association is well suited to cropland. Wetness and
erosion are the main management concerns. Because of
restricted permeability, the interval between tile drains in
poorly drained areas should be as little as 50 feet.

6. Lemond-Litchfield-Estherville Association

Nearly level to moderately steep, poorly drained to
somewhat excessively drained, loamy soils on outwash
plains, terraces, and moraines

This association is in broad areas of glacial outwash.
Most of the lowlands are drained by tile. Slopes range
from O to 18 percent.

This association makes up about 2 percent of the
county. It is about 35 percent Lemond soils, 20 percent
Litchfield soils, 15 percent Estherville soils, and 30
percent minor soils (fig. 3).

Lemond soils are nearly level and are on lowlands and
the rims of depressions. They are poorly drained and
calcareous. Typically, they have a surface layer of black
sandy loam about 10 inches thick. The subsurface layer
is black and very dark gray sandy loam about 10 inches
thick. The subsoil is dark gray sandy loam about 10
inches thick. The underlying material to a depth of about
60 inches is olive gray and grayish brown, mottled sand.

Litchfield soils are nearly level and are on low summits
and on back slopes. They are moderately well drained or
somewhat poorly drained. Typically, they have a surface
layer of very dark gray sandy loam about 12 inches thick.
The subsurface layer is very dark grayish brown sandy
loam about 4 inches thick. The subsoil is about 21
inches of dark grayish brown very fine sandy loam and
yellowish brown, mottled loamy sand. The underlying
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Figure 3.—Pattern of soils and parent material in the Lemond-Litchfield-Estherville association.

material to a depth of about 60 inches is grayish brown
sand.

Estherville soils are gently sloping to moderately steep
and are in elongated areas on uplands. They are well
drained or somewhat excessively drained. Typically, they
have a surface layer of black sandy loam about 9 inches
thick. The subsurface layer is very dark brown sandy
loam about 4 inches thick. The subsoil is about 9 inches
of brown sandy loam and dark yellowish brown loamy
sand. The underlying material to a depth of about 60
inches is yellowish brown, calcareous gravelly coarse
sand.

Minor in this association are the Sparta, Clarion,
Dickinson, Hanska, and Biscay soils. The excessively
drained Sparta soils are on uplands. The well drained
Clarion soils are in areas on shoulder slopes where
glacial till is exposed. The well drained or somewhat
excessively drained Dickinson soils are in convex areas
on outwash plains and some stream terraces. The poorly
drained Hanska and Biscay soils are on foot slopes and
in drainageways and depressions.

About 90 percent of this association is farmed. The
main crops are small grain, but corn and soybeans also
are grown. The association is fairly well suited to
cropland. The main management concerns are soil
blowing on all the major soils, droughtiness in the
Litchfield and Estherville soils, and wetness in the
Lemond soils. The poorly drained Lemond soils are
generally drained by tile.

7. Coland-Clarion-Delft Association

Nearly level to steep, poorly drained and well drained,
loamy soils on flood plains and till plains

This association is on flood plains, on the adjacent
uplands along streams, and in upland drainageways. The
flood plains are either occasionally or frequently flooded.
In areas where streams have been straightened or dikes
have been constructed, the hazard of flooding is
reduced. Drainage tile has been installed, but suitable
outlets are not available in all areas. Slopes range from
0 to 25 percent.

This association makes up about 7 percent of the
county. It is about 33 percent Coland soils, 18 percent
Clarion soils, 14 percent Delft soils, and 35 percent
minor soils (fig. 4).

Coland soils are nearly level and are on flood plains.
They are poorly drained. Typically, they have a surface
layer of black loam about 8 inches thick. The next 36
inches is black clay loam. The underlying material to a
depth of about 60 inches is dark gray, mottled clay loam.

Clarion soils are gently sloping to steep and are on till
plains. They are well drained. Typically, they have a
surface soil of black loam about 14 inches thick. The
subsoil is dark brown and dark yellowish brown loam
about 19 inches thick. The underlying material to a depth
of about 60 inches is yellowish brown loam.

Delft soils are nearly level and are on foot slopes and
in drainageways on till plains. They are poorly drained.
Typically, they have a surface soil of black and very dark
gray loam about 44 inches thick. The subsoil is dark
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Figure 4.—Pattern of soils and parent material in the Coland-Clarion-Delft association.

grayish brown, mottled loam about 10 inches thick. The
underlying material to a depth of about 60 inches is
grayish brown, mottled, calcareous loam.

Minor in this association are the Spillville, Terril,
Storden, Linder, Millington, and Estherville soils. The
moderately well drained or somewhat poorly drained
Spillville soils are on slight rises on the flood plains. The
moderately well drained Terril soils are on foot slopes.
The well drained Storden soils are on shoulder slopes.

The somewhat poorly drained Linder soils are on
terraces. The poorly drained Millington soils are on flood
plains. The well drained or somewhat excessively
drained Estherville soils are on the higher terraces.

About 75 percent of this association is cultivated. The
rest is used for permanent pasture, for hay, or for trees
or is idle land. The main crops are corn, soybeans, and
small grain. Erosion is a hazard on uplands, and flooding
is a hazard on bottom land.
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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
potential 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.

A symbol identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil and gives the principal
hazards and limitations to be considered in planning for
specific uses.

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
composition, 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, Coland loam, frequently
flooded, is a phase of the Coland series.

Some map units are made up of two or more major
soils. The$e map units are called soil complexes or
undifferentiated groups.

A soil complex consists of two or more soils, or one or
more soils and a miscellaneous area, in such an intricate
pattern or in such small areas that they cannot be shown
separately on the soil maps. The pattern and proportion
of the soils are somewhat similar in all areas. Clarion-
Estherville-Storden complex, 6 to 12 percent slopes,
eroded, is an example.

An undifferentiated group is made up of two or more
soils that could be mapped individually but are mapped
as one unit because similar interpretations can be made
for use and management. The pattern and proportion of
the soils in the mapped areas are not uniform. An area
can be made up of only one of the major soils, or it can

be made up of ali of them. Palms and Okoboiji soils,
ponded, is an undifferentiated group in this survey area.

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
substantially from those of the major soil or soils. Such
differences could significantly affect use and
management 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 4 gives the acreage and proportionate extent of
each map unit. Other tables (see ‘“Summary of Tables")
give properties of the soils and the limitations,
capabilities, and potentials for many uses. The Glossary
defines many of the terms used in describing the soils:

Soil Descriptions

8B—Sparta loamy fine sand, 1 to 6 percent slopes.
This gently sloping, excessively drained soil is in slightly
convex and nearly plane areas on outwash plains and
stream terraces. Individual areas are narrow and
elongated and range from 5 to 20 acres in size.

Typically, the surface layer is black loamy fine sand
about 10 inches thick. The subsurface layer is very dark
gray and very dark grayish brown loamy fine sand about
4 inches thick. The subsoil is dark brown and dark
yellowish brown loamy fine sand about 16 inches thick.
The underlying material to a depth of about 60 inches is
dark brown fine sand. In places the surface layer is fine
sandy loam. In a few areas the soil is coarser textured
throughout.

Included with this soil in mapping are small areas of
the well drained Farrar soils on shoulder slopes. These
soils contain less sand than the Sparta soil. Also
included are the moderately well drained or somewhat
poorly drained Litchfield and poorly drained Hanska soils
in the lower areas. Included soils make up 5 to 15
percent of the map unit.
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Permeability is rapid in the Sparta soil, and the
available water capacity is low. Organic matter content
and natural fertility also are low. Surface runoff is slow.
The surface layer is strongly acid to neutral.

Most areas are used as cropland. This soil is poorly
suited to small grain, grasses, and legumes. If cultivated
crops are grown, drought and soil blowing are hazards.
Winter cover crops and a system of conservation tillage
that leaves crop residue on the surface help to control
erosion and conserve moisture. Short-season crops are
less likely to be damaged by drought than other crops.
Returning crop residue to the soil or adding other
organic material improves fertility.

A cover of pasture plants or hay is effective in
controlling soil blowing. Pasture rotation and restricted
use during dry periods help to keep the pasture in good
condition.

This soil is poorly suited to the trees grown as field
and farmstead windbreaks. Droughtiness is a limitation,
but it can be overcome by planting trees that are
adapted to dry conditions. Weed control and periodic
watering help to establish seedlings.

The land capability classification is IVs.

27B—Dickinson fine sandy loam, 1 to 6 percent
slopes. This gently sloping, well drained or somewhat
excessively drained sail is in convex areas on outwash
plains and some stream terraces. Individual areas are
elongated or irregularly shaped and range from 5 to 25
acres in size.

Typically, the surface layer is black fine sandy loam
about 14 inches thick. The subsurface layer is black and
very dark grayish brown fine sandy loam about 5 inches
thick. The subsoil is brown sandy loam about 15 inches
thick. The underlying material to a depth of about 60
inches is dark yellowish brown fine sand. In some places
the depth to loamy fine sand or coarser textured material
is less than 20 inches. In other places coarse fragments
are below a depth of 40 inches.

Included with this soil in mapping are small areas of
the well drained Clarion soils on shoulder slopes and
back slopes and the poorly drained Hanska soils in
drainageways. Clarion soils contain less sand than the
Dickinson soil. Included soils make up 3 to 10 percent of
the map unit.

Permeability is moderately rapid in the upper part of
the Dickinson soil and rapid in the lower part. The
available water capacity is moderate. Organic matter
content is low, and natural fertility is medium. Surface
runoff also is medium. The surface layer is medium acid
to neutral.

Most areas are used as cropland. This soil is well
suited to all of the crops commonly grown in the county.
If cultivated crops are grown, drought and soil blowing
are hazards (fig. 5). A system of conservation tillage that
leaves crop residue on the surface helps to control soil
blowing. Short-season varieties of row crops, small grain,
and legumes are less likely to be damaged by drought
than other varieties.

Soil Survey

A cover of pasture plants or hay is effective in
controliing soil blowing. Restricted use during dry periods
and pasture rotation help to keep the pasture in good
condition.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for pianting
should be those that are adapted to dry sites. Watering
during dry periods and weed control help to establish
seedlings.

The land capability classification is lle.

35—Blue Earth mucky silty clay loam. This nearly
level, very poorly drained soil is in drained depressions
on glacial lakebeds. It is subject to ponding. It also is
subject to rare flooding, which lasts for brief periods in
the spring. Individual areas are circular and range from
25 to 200 acres in size.

Typically, the surface layer is black mucky silty clay
loam about 10 inches thick. The underlying material to a
depth of about 60 inches is very dark gray and dark olive
gray, mottled mucky silty clay loam and clay loam. The
soil is calcareous throughout. In some areas the surface
layer contains more organic matter.

Included with this soil in mapping are small areas of
the poorly drained Lemond and somewhat poorly drained
Linder soils. These soils are on the edges of the
depressions. They make up 2 to 5 percent of the map
unit.

Permeability is moderate in the Blue Earth soil, and
the available water capacity is high. Organic matter
content also is high, and natural fertility is medium.
Surface runoff is ponded or very slow. A seasconal high
water table is 2 feet above to 1 foot below the surface.
The surface layer is mildly alkaline or moderately
alkaline.

Most areas are used as cropland. If drained, this soil is
fairly well suited to corn, soybeans, grasses, and alfalfa.
The high water table and a fertility imbalance caused by
the high content of lime are the main limitations. Tile
drains can lower the water table, but ditches commonly
are needed to provide suitable outlets for tile lines. A
good fertility program that includes applications of
phosphorus and potassium is needed. The high content
of lime and organic matter reduces the effectiveness of
preemergence herbicides. Soil blowing is a hazard
unless the fields are protected. A system of conservation
tillage that leaves crop residue on the surface reduces
this hazard.

If this soil is used for pasture or hay, the wetness is a
problem. Grazing during wet periods can result in
compaction and poor tilth. Restricted use during these
periods helps to keep the pasture in good condition.

This soil is poorly suited to field and farmstead
windbreaks. Trees and shrubs established in or around
these lakebeds are effective in controlling soit blowing.
The species selected for planting should be those that
can withstand the wetness and the high content of lime.
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Figure 5.—Soil blowing in an area of Dickinson fine sandy loam, 1 to 6 percent slopes.

Controlling weeds by applications of herbicide or by
cultivation increases the rate of seedling survival.
The land capability classification is llw.

37B—Farrar fine sandy loam, 1 to 6 percent
slopes. This gently sloping, well drained soil is in convex
areas on glacial uplands. Individual areas are narrow and
elongated and range from 5 to 20 acres in size.

Typically, the surface layer is black fine sandy loam
about 10 inches thick. The subsurface layer is black and
very dark brown fine sandy loam about 4 inches thick.
The subsoil is about 16 inches thick. The upper part is
very dark grayish brown fine sandy loam, and the lower

part is dark yellowish brown loam. The underlying
material to a depth of about 60 inches is light olive
brown and yellowish brown, mottled, calcareous loam. In
places sandy loam is at a depth of more than 40 inches.
In a few places glacial till is within 18 inches of the
surface. In some areas the loamy mantle is underlain by
silty sediments.

Included with this soil in mapping are small areas of
the well drained or somewhat excessively drained
Estherville and moderately well drained or somewhat
poorly drained Nicollet and Litchfield soils. Estherville
soils contain more sand than Farrar soil. They are in
landscape positions similar to those of the Farrar soil.
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Nicollet and Litchfield soils are in the lower positions.
Included soils make up 5 to 10 percent of the map unit.
Permeability is moderately rapid in the upper part of

the Farrar soil and moderate in the lower part. The
available water capacity is high. Organic matter content
is low, and natural fertility is medium. Surface runoff also
is medium. The surface layer is medium acid to neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion and soil blowing are
hazards. They can be controlled by a system of
conservation tillage that leaves crop residue on the
surface.

This soil is well suited to field and farmstead
windbreaks. Droughtiness may be a limitation until the
tree roots reach the underlying material. The trees and
shrubs selected for planting should be those that are
suited to dry sites. Weed control and periodic watering
help to establish seedlings.

The land capability classification is lle.

39B—Wadena loam, 1 to 6 percent slopes. This
gently sloping, well drained soil is in convex areas on
outwash plains. Individual areas are irregular in shape
and range from 5 to 40 acres in size.

Typically, the surface layer is black loam about 13
inches thick. The 'subsurface layer is very dark brown
loam about 7 inches thick. The subsoil is about 18
inches thick. It is dark yellowish brown. The upper part is
loam, and the lower part is sandy loam. The underlying
material to a depth of about 60 inches is grayish brown
and dark yellowish brown, calcareous sand. In some
areas the loamy mantle has more sand. In other areas
glacial till is within 40 inches of the surface.

Included with this soil in mapping are small areas of
the somewhat excessively drained or well drained
Dickinson soils. These soils are in landscape positions
similar to those of the Wadena soil. They have less clay
in the surface layer than the Wadena soil. Also included
are the poorly drained Hanska and Biscay soils in the
lower areas. Included soils make up 10 to 15 percent of
the map unit.

Permeability is moderate in the upper part of the
Wadena soil and very rapid in the lower part. The
available water capacity is low or moderate. Organic
matter content is moderate or high, and natural fertility is
medium. Surface runoff also is medium. The surface
layer is slightly acid or neutral.

Most areas are used as cropland. This soil is well
suited to all of the crops commonly grown in the county.
If cultivated crops are grown, drought and erosion are
hazards. Short-season crops are less likely to be
damaged by drought than other crops. A system of
conservation tillage that leaves crop residue on the
surface helps to control erosion and runoff and
conserves moisture.

Soil Survey

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand occasional periods of
drought in late summer and in fall. Weed control helps to
establish seedlings.

The land capability classification is lle.

41B—Estherville sandy loam, 1 to 6 percent
slopes. This gently sloping, well drained or somewhat
excessively drained soil is in convex and nearly plane
areas on outwash plains. Individual areas are irregular in
shape and range from 5 to 40 acres in size.

Typically, the surface layer is black sandy loam about
9 inches thick. The subsurface layer is very dark brown
sandy loam about 4 inches thick. The subsoil is about 9
inches of brown sandy loam and dark yellowish brown
loamy sand. The underlying material to a depth of about
60 inches is yellowish brown, calcareous gravelly coarse
sand. In some areas glacial till is within 40 inches of the
surface. In a few areas the soil has no coarse fragments.

Included with this soil in mapping are small areas of
the well drained or somewhat excessively drained
Dickinson soils. These soils are in landscape positions
similar to those of the Estherville soil. They have few or
no coarse fragments and contain less sand than the
Estherville soil. Also included are small areas of the well
drained Clarion and Storden soils on the higher parts of
the landscape. Included soils make up 10 to 15 percent
of the map unit.

Permeability is moderately rapid in the upper part of
the Estherville soil and rapid in the lower part. The
available water capacity is low. Organic matter content is
moderate, and natural fertility is medium. Surface runoff
is slow. The surface layer is medium acid to neutral.

Most areas are used for small grain, legumes, or
grasses. Some are used for corn or soybeans. This soil
is only fairly well suited to cultivated crops because of
the low available water capacity and the hazard of
erosion. Winter cover crops and a system of
conservation tillage that leaves crop residue on the
surface help to control erosion. Returning crop residue to
the soil or adding other organic material improves fertility
and increases the available water capacity.

A cover of pasture plants or hay is effective in
controlling erosion. Pasture rotation and restricted use
during dry periods help to keep the pasture in good
condition.

This soil is poorly suited to the trees grown as field
and farmstead windbreaks. Droughtiness is a limitation,
but it can be overcome by planting trees that are suited
to dry sites. Weed control and periodic watering help to
establish seedlings. Once established, windbreaks are
effective in controlling soil blowing.

The land capability classification is llIs.

41C—Estherville sandy loam, 6 to 12 percent
slopes. This sloping, well drained or somewhat
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excessively drained soil is in convex areas on outwash
plains. Individual areas are long and narrow and range
from 5 to 20 acres in size.

Typically, the surface layer is black sandy loam about
9 inches thick. The subsurface layer is very dark gray
sandy loam about 5 inches thick. The subsoil is about 8
inches of dark yellowish brown sandy loam and loamy
sand. The underlying material to a depth of about 60
inches is dark yellowish brown, calcareous gravelly
coarse sand. In some areas the gravelly material is at or
near the surface. In a few places the soil has no coarse
fragments.

Included with this soil in mapping are small areas of
the well drained or somewhat excessively drained
Dickinson soils. These soils are in landscape positions
similar to those of the Estherville soil. They have little or
no gravel and contain less sand than the Estherville soil.
Also included are small areas of the well drained Clarion
and Swanlake soils on the higher parts of the landscape.
Included soils make up 5 to 15 percent of the map unit.

Permeability is moderately rapid in the upper part of
the Estherville soil and rapid in the lower part. The
available water capacity is low. Organic matter content is
moderate, and natural fertility is low. Surface runoff is
medium. The surface layer is medium acid to neutral.

Most areas are used for small grain, grasses, or
legumes. This soil is poorly suited to cultivated crops
because of the low available water capacity and the
hazard of erosion. A system of conservation tillage that
leaves crop residue on the surface helps to control
runoff and erosion and conserves moisture. Growing
winter cover crops, returning crop residue to the soil, and
adding manure improve fertility.

A cover of pasture plants or hay is effective in
controlling erosion. Pasture rotation and restricted use
during dry periods help to keep the pasture in good
condition.

This soil is poorly suited to many of the trees grown as
field and farmstead windbreaks. Droughtiness is a
limitation, but it can be overcome by planting trees and
shrubs that are suited to dry sites. Weed control and
periodic watering help to establish seedlings. Once
established, windbreaks are effective in controlling soil
blowing.

The land capability classification is IVs.

84—Brownton silty clay. This nearly level, poorly
drained soil is in slightly convex and nearly plane areas
on glacial lake plains. Individual areas are irregular in
shape and range from 10 to 75 acres in size.

Typically, the surface layer is black silty clay about 10
inches thick. The subsurface layer also is black silty clay
about 10 inches thick. The subsoil is mottled clay about
20 inches thick. The upper part is dark gray, and the
lower part is olive gray. The underlying material to a
depth of about 60 inches is olive gray, mottled silty clay
loam. The soil is calcareous throughout. In some places
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the dark surface soil is more than 24 inches thick. In
other places the subsoil contains less clay. In a few
areas gypsum crystals are at or near the surface.

Included with this soil in mapping are small areas of
the very poorly drained Okoboji soils in depressions and
the poorly drained Waldorf soils in drainageways. The
included soils are not calcareous throughout. They make
up 2 to 12 percent of the map unit.

Permeability is slow in the Brownton soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium. Surface
runoff is slow. The depth to a seasonal high water table
is 1.0 to 2.5 feet. The surface layer is mildly alkaline or
moderately alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to all of the crops commonly grown in the
county. The wetness and the slow permeability are
limitations. Tile drains lower the water table. A good
fertility program is needed because a high content of
lime restricts the availability of phosphorus, iron, and
some other plant nutrients. Soybeans may exhibit iron
chlorosis, or “yellowing.” Fall tillage allows the soil to
warm up more rapidly in the spring, but it increases the
hazard of erosion. Ridge planting reduces this hazard.
Excessive tillage can break down soil structure and thus
increase the susceptibility to soil blowing. Field
windbreaks and a system of conservation tillage that
leaves crop residue on the surface help to control soil
blowing.

This soil is fairty well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand the wetness and the
high content of lime. Controlling weeds by applications of
herbicide or by cultivation increases the seedling survival
rate.

The land capability classification is Ilw.

86—Canisteo clay loam. This nearly level, poorly
drained soil is on the convex rims of depressions and in
slightly convex to slightly concave areas on till plains.
Individual areas are irregular in shape and range from 10
to 100 acres in size.

Typically, the surface layer is black clay loam about 9
inches thick. The subsurface layer also is black clay
loam. It is about 14 inches thick. The subsoil is dark
grayish brown, mottled clay loam about 13 inches thick.
The underlying material to a depth of about 60 inches is
grayish brown, mottled loam. The soil is calcareous
throughout. In some areas the dark surface soil is more
than 24 inches thick. In other areas there is a buildup of
carbonates near the surface. In some places gypsum
crystals are at or near the surface. In other places the
soil has sandy or silty sediments.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe soils in depressions and
the poorly drained Webster soils in drainageways. The
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included soils are not calcareous throughout. They make
up 10 to 15 percent of the map unit.

Permeability is moderate in the Canisteo soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium. Surface
runoff is slow. The depth to a seasonal high water table
is 1 to 3 feet. The surface layer is mildly alkaline or
moderately alkaline.

Most areas are used as cropiand. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains help to lower the
water table. Soybeans often exhibit iron chlorosis, or
“yellowing,” (fig. 6). A good fertility program is needed
because the high content of lime restricts the availability
of phosphorus, iron, and other plant nutrients. Fall tillage
allows the soil to warm up more rapidly in the spring, but
it increases the erosion hazard. Ridge planting reduces
this hazard.

Soil Survey

This soil is fairly well suited to field and farmstead
windbreaks. Excessive tillage during site preparation can
break down soil structure and increase the susceptibility
to soil blowing. The trees and shrubs selected for
planting should be those that can withstand the wetnhess
and the high content of lime. Controlling weeds by
applications of herbicide or by cultivation increases the
seedling survival rate. Once established, windbreaks are
effective in controlling soil blowing.

The land capability classification is llw.

94B—Terril loam, 2 to 6 percent slopes. This gently
sloping, moderately well drained soil is on foot slopes
and alluvial fans in the uplands. Individual areas are long
and narrow and range from 5 to 25 acres in size.

Typically, the surface layer is black loam about 15
inches thick. The subsurface layer is very dark brown
clay loam about 21 inches thick. The subsoil to a depth
of about 60 inches is very dark grayish brown, brown,

Figure 6.—Iron chlorosis, or “yellowing,” in an area of Canisteo clay loam used for soybeans.
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dark brown, and dark yellowish brown loam. It is mottled
in the lower part. In some areas the soil has more sand,
and in other areas it has more silt. In a few places
calcareous glacial till is within 40 inches of the surface.

Included with this soil in mapping are small areas of
the well drained Clarion and Swanlake soils in the higher
landscape positions and the poorly drained Webster soils
in drainageways. Included soils make up 2 to 10 percent
of the map unit.

Permeability is moderate in the Terril soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is
medium. The surface layer is slightly acid or neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. It can be
controlled by a system of conservation tillage that leaves
crop residue on the surface.

This soil is well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are adapted to moderately wet
sites. Seedlings survive and grow best if weeds are
controlled by applications of herbicide or by cuitivation.
Once established, windbreaks are effective in controlling
s0il blowing.

The land capability classification is lle.

96—Collinwood silty clay. This nearly level,
moderately well drained or somewhat poorly drained soil
is in slightly convex and nearly plane areas on glacial
lake plains. Individual areas are irregular in shape and
range from 10 to 100 acres in size.

Typically, the surface layer is black silty clay about 9
inches thick. The subsurface layer is very dark grayish
brown silty clay about 6 inches thick. The subsoil is
about 20 inches of dark grayish brown and grayish
brown clay and silty clay. It is mottled in the lower part.
The underlying material to a depth of about 60 inches is
light olive brown, mottled, calcareous silty clay loam. In
places glacial till is within 40 inches of the surface. In a
few areas the surface soil and subsoil contain less clay.

Included with this soil in mapping are small areas of
the well drained Truman soils on the higher parts of the
landscape and the poorly drained Waldorf soils on the
lower parts and in drainageways. Truman soils contain
less clay than the Collinwood soil. Included soils make
up 2 to 10 percent of the map unit.

Permeability is moderately slow or slow in the
Collinwood soil, and the available water capacity is
moderate or high. Organic matter content and natural
fertility are high. Surface runoff is medium. The depth to
a seasonal high water table is 2 to 5 feet. The surface
layer is medium acid to neutral.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county. It
becomes compacted and cloddy if it is tilled when wet.
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Fall tilage allows the soil to warm up sooner in the
spring.

This soil is well suited to farmstead and field
windbreaks. The trees and shrubs selected for planting
should be those that are adapted to moderately wet
sites. Controlling weeds by applications of herbicide or
by cultivation increases the seedling survival rate.

The land capability classification is Ilw.

101B—Truman silt loam, 1 to 6 percent slopes. This
undulating, well drained soil is in convex areas on glacial
lake plains. Individual areas are irregular in shape and
range from 5 to 40 acres in size.

Typically, the surface layer is black silt loam about 9
inches thick. The subsurface layer is very dark brown
and dark brown silt loam about 8 inches thick. The
subsoil is silt loam about 16 inches thick. The upper part
is brown and dark yellowish brown, and the lower part is
yellowish brown and dark yellowish brown and is
calcareous. The underlying material to a depth of about
60 inches is brownish yellow, mottled, calcareous silt
loam. In some areas carbonates are closer to the
surface. In a few areas the soil has a loamy mantle. In
places it has a higher content of fine sand.

Included with this soil in mapping are small areas of
the well drained Bold soils on shoulder slopes. These
soils are calcareous throughout and contain more silt
than the Truman soil. Also included are the moderately
well drained or somewhat poorly drained Kingston and
poorly drained Madelia and Spicer soils in the lower
areas. Included soils make up 5 to 15 percent of the
map unit.

Permeability is moderate in the Truman soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is
medium. The surface layer is medium acid to neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. A
system of conservation tillage that leaves crop residue
on the surface helps to control runoff and erosion.

This soil is well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are adapted to dry sites. Controlling
weeds by applications of herbicide or by cultivation helps
to establish seedlings.

The land capability classification is lle.

102B—Clarion loam, 1 to 6 percent slopes. This
undulating, well drained soil is on summits and shoulder
slopes on till plains. Individual areas are elongated or
irregular in shape and range from 5 to 75 acres in size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer also is black loam. It
is about 4 inches thick. The subsaoil is loam about 19
inches thick. The upper part is dark brown, and the lower
part is dark yellowish brown. The underlying material to a
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depth of about 60 inches is yellowish brown, calcareous
loam. It is mottled in the lower part. In some areas the
soil has sandy or silty sediments in the surface soil or
subsoil.

Included with this soil in mapping are small areas of
the well drained Storden and Swanlake soils on shoulder
slopes, the poorly drained Canisteo and Webster soils on
the lower parts of the landscape or in drainageways, and
the moderately well drained or somewhat poorly drained
Nicollet soils on the lower parts of the landscape.
Storden and Swanlake soils are calcareous throughout.
Included soils make up 5 to 10 percent of the map unit.

Permeability is moderate in the Clarion soil, and the
available water capacity is high. Organic matter content
is moderate, and natural fertility is high. Surface runoff is
medium. The surface layer is medium acid to neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. A
system of conservation tillage that leaves crop residue
on the surface helps to control runoff and erosion.

This soil is well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are adapted to dry sites. Weed
control helps to establish seedlings.

The land capability classification is lle.

106B—Lester loam, 2 to 6 percent slopes. This
undulating, well drained soil is on summits and shoulder
slopes on till plains near the chains of lakes. Individual
areas are elongated or irregularly shaped and range from
5 to 50 acres in size.

Typically, the surface layer is black loam about 9
inches thick. The subsurface layer also is black loam. It
is about 10 inches thick. The subsoil is clay loam about
22 inches thick. The upper part is dark yellowish brown
and has thin clay coatings, and the lower part is
yellowish brown and has moderately thick clay coatings.
The underlying material to a depth of about 60 inches is
light olive brown, mottled, calcareous clay loam and
loam. In some areas there is no clay buildup in the
subsoil.

Included with this soil in mapping are small areas of
the poorly drained Webster soils in drainageways, the
moderately well drained or somewhat poorly drained
Nicollet soils on the lower parts of the landscape, and
the well drained Swanlake soils on shoulder slopes.
Swanlake soils are calcareous throughout. Included soils
make up 5 to 15 percent of the map unit.

Permeability is moderate in the Lester soil, and the
available water capacity is high. Organic matter content
is moderate, and natural fertility is high. Surface runoff is
medium. The surface layer is medium acid or slightly
acid.

Many areas are used for building site development.
Areas along the central chain of lakes are forested. A
few areas are farmed. This soil is well suited to the

Soil Survey

crops commonly grown in the county. If cultivated crops
are grown, erosion is a hazard. It can be controlled by a
system of conservation tillage that leaves crop residue
on the surface. Growing grasses and legumes for
pasture or hay also is effective in controlling erosion.
Returning crop residue to the soil improves tilth.

This soil is well suited to the trees and shrubs grown
as field and farmstead windbreaks. The trees and shrubs
selected for planting should be those that are suited to
dry sites and acid soils. Seedlings survive and grow best
if weeds are controlled by applications of herbicide or by
cultivation.

The land capability classification is lle.

106C—Lester loam, 6 to 12 percent slopes. This
rolling, well drained soil is on shoulder slopes on till
plains near the chains of lakes. Individual areas are long
and narrow and range from 5 to 25 acres in size.

Typically, the surface layer is black loam about 12
inches thick. The subsurface layer is very dark grayish
brown loam about 6 inches thick. The subsoil is clay
loam about 20 inches thick. The upper part is brown and
has moderately thick clay coatings, and the lower part is
yellowish brown and has thin clay coatings. The
underlying material to a depth of about 60 inches is
loam. It is yellowish brown in the upper part and light
olive brown and calcareous in the lower part. In some
areas the soil has carbonates closer to the surface and
has no clay coatings.

Included with this soil in mapping are small areas of
the poorly drained Webster soils in drainageways, the
moderately well drained or somewhat poorly drained
Nicollet soils on the lower parts of the landscape, and
the well drained Storden and Swanlake soils on shoulder
slopes. Storden and Swanlake soils are calcareous
throughout. Included soils make up 5 to 15 percent of
the map unit.

Permeability is moderate in the Lester soil, and the
available water capacity is high. Organic matter content
is moderate, and natural fertility is high. Surface runoff is
rapid. The surface layer is medium acid or slightly acid.

Most areas are used for cultivated crops or building
site development. This soil is fairly well suited to all of
the crops commonly grown in the county. If cultivated
crops are grown, erosion is a hazard. Farming on the
contour and leaving crop residue on the surface greatly
reduce this hazard.

Growing grasses and legumes for pasture or hay is
effective in controlling erosion. Grazing in very wet areas
causes compaction, excessive runoff, and poor tilth.
Pasture rotation and restricted use during wet periods
help to keep the pasture in good condition.

Some areas are wooded. This soil is well suited to
woodland. Seedlings survive and grow well if competing
vegetation is controlled or removed. No major hazards or
limitations affect planting or harvesting.

The land capability classification is lile.
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112—Harps clay loam. This nearly level, poorly
drained soil is on the convex rims around depressions on
till plains. Individual areas are elongated or irregularly
shaped and range from 5 to 25 acres in size.

Typically, the surface layer is black clay loam about 9
inches thick. The subsurface layer is very dark gray clay
loam about 5 inches thick. The subsoil is about 19
inches thick. It is mottled. The upper part is olive gray
clay loam, and the lower part is olive gray and light olive
gray loam. The underlying material to a depth of about
60 inches is light olive gray and light gray loam. The soil
is calcareous throughout. In some areas the upper 20
inches has few or no carbonates.

Included with this soil in mapping are small areas of
the very poorly drained Glencoe and Okoboiji soils in
depressions and the somewhat poorly drained Crippin
soils on slight rises. Included soils make up 10 to 15
percent of the map unit.

Permeability is moderate in the Harps soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium. Surface
runoff is slow. The depth to a seasonal high water table
is 1 to 3 feet. The surface layer is moderately alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to most of the crops commonly grown in the
county. The wetness caused by the high water table in
the spring is a limitation. Tile drains lower the water
table. Soybeans often exhibit iron chlorosis, or
“yellowing.” A good fertility program is needed because
the high content of lime restricts the uptake of iron,
phosphorus, and other plant nutrients. Fall tillage allows
the soil to warm up sooner in the spring, but it increases
the hazard of soil blowing. Ridge planting reduces this
hazard.

This soil is fairly well suited to field and farmstead
windbreaks. If excessively tilled during site preparation, it
becomes powdery and more susceptible to soil blowing.
The trees and shrubs selected for planting should be
those that are suited to moist sites and that can tolerate
the high content of lime. Seedlings survive and grow
best if weeds are controlled by applications of herbicide
or by cultivation. Once established, windbreaks are
effective in controlling soil blowing.

The land capability classification is Ilw.

113—Webster clay loam. This nearly level, poorly
drained soil is on the lower foot slopes and in
drainageways on glacial till plains. Individual areas are
irregular in shape and range from 10 to 100 acres in
size.

Typically, the surface layer is black clay loam about 11
inches thick. The subsurface layer is very dark gray clay
loam about 8 inches thick. The subsoil is dark grayish
brown, mottled clay loam about 15 inches thick. The
underlying material to a depth of about 60 inches is olive
gray, mottled, calcareous loam. In some areas the dark
surface soil is more than 24 inches thick.
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Included with this soil in mapping are small areas of
the poorly drained Canisteo, very poorly drained
Glencoe, and moderately well drained or somewhat
poorly drained Nicollet soils. Canisteo soils are
calcareous throughout. They are in low areas around the
depressions. Glencoe soils are in the depressions.
Nicollet soils are on the slightly higher parts of the
landscape. Included soils make up 5 to 15 percent of the
map unit.

Permeability is moderate in the Webster soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is slow.
The depth to a seasonal high water table is 1 to 2 feet.
The surface layer is neutral.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains help to lower the
water table. The soil becomes compacted and cloddy if
it is tilled when wet. Fall tillage allows the soil to warm
up sooner in the spring, but it increases the erosion
hazard. Ridge planting reduces this hazard.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Weed
control increases the seedling survival rate.

The land capability classification is Ilw.

114—Glencoe clay loam. This nearly level, very
poorly drained soil is in depressions and drainageways
on glacial moraines. It is ponded for brief or long periods
in the spring and is subject to rare flooding. Individual
areas commonly are circular and range from 5 to 40
acres in size.

Typically, the surface layer is black clay loam about 15
inches thick. The subsurface layer is black and very dark
gray, mottled clay loam about 26 inches thick. The
subsoil to a depth of about 60 inches is gray and olive
gray, mottled silty clay loam. In a few places the dark
surface soil is less than 24 inches thick. In some areas
the soil has more clay and less sand.

Included with this soil in mapping are small areas of
the poorly drained Canisteo and Harps soils on the rims
of the depressions and the poorly drained Webster soils
on the slightly higher parts of the landscape. Also
included, in some of the depressions, are small areas of
the very poorly drained Palms soils, which formed in
muck. Included soils make up 5 to 15 percent of the
map unit.

Permeability is moderate or moderately slow in the
Glencoe soil, and the available water capacity is high.
Organic matter content and natural fertility also are high.
Surface runoff is slow to ponded. A seasonal high water
table is 1 foot above to 1 foot below the surface. The
surface layer is slightly acid to mildly alkaline.

Most areas are used as cropland. If drained, this soil is
fairly well suited to the crops commonly grown in the
county. The high water table is a limitation, and ponding
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is a hazard in the spring and after heavy rainfall or
prolonged periods of rainfall. Tile drains reduce the
wetness. Ditches are needed in some areas to provide
suitable outlets for drainage systems. Fall tillage allows
the soil to warm up sooner in the spring, but it increases
the erosion hazard. Ridge planting reduces this hazard.

If this soil is used for pasture or hay, the wetness is a
problem. Ponding can damage or kill seedlings and can
restrict access. Grazing in wet areas can result in
compaction and poor tilth. Restricted use during wet
periods helps to keep the pasture in good condition.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand the wetness.
Controlling weeds by applications of herbicide or by
cultivation increases the seedling survival rate.

The land capability classification is Illw.

118—Crippin loam. This nearly level, somewhat
poorly drained soil is on the summits of low rises on
ground moraines. Individual areas are long and narrow
and range from 5 to 15 acres in size.

Typically, the surface layer is very dark gray loam
about 9 inches thick. The subsurface layer is very dark
grayish brown loam about 6 inches thick. The subsoil is
dark grayish brown loam about 12 inches thick. The
underlying material to a depth of about 60 inches is olive
brown, mottled loam. The soil is calcareous throughout.
In many places the subsurface layer is brighter colored.
In a few places the slope is more than 3 percent.

Included with this soil in mapping are small areas of
the poorly drained Harps soils on the rims of
depressions and the well drained Clarion and Swanlake
soils in the higher landscape positions. Included soils
make up 5 to 15 percent of the map unit.

Permeability is moderate in the Crippin soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium or high.
Surface runoff is slow. The depth to a seasonal high
water table is 2 to 4 feet. The surface layer is neutral to
moderately alkaline.

Most areas are used as cropland. This soil is well
suited to all of the crops commonly grown in the county.
If cultivated crops are grown, a good fertility program is
needed because of the high content of lime. Returning
crop residue to the soil improves tilth.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand the wetness and the
high content of lime. Seedlings survive and grow best if
weeds are controlled by applications of herbicide or by
cultivation.

The land capability classification is I.

128B—Grogan silt loam, 1 to 6 percent slopes. This
gently sloping, well drained soil is in convex areas on
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lake plains. Individual areas are irregular in shape and
range from 5 to 25 acres in size.

Typically, the surface layer is black silt loam about 10
inches thick. The subsurface layer is very dark brown silt
loam about 8 inches thick. The subsoil is brown silt loam
about 20 inches thick. The underlying material to a depth
of about 60 inches is yeilowish brown, mottled,
calcareous, stratified very fine sandy loam and silt loam.
In some areas the soil has more sand, and in a few
areas it has more silt.

Included with this soil in mapping are small areas of
the well drained Ocheyedan and Clarion soils on
shoulder slopes and the poorly drained Madelia soils in
drainageways. The included soils contain more clay than
the Grogan soil. They make up 3 to 10 percent of the
map unit.

Permeability is moderately rapid in the Grogan soil,
and the available water capacity is high. Organic matter
content is moderate, and natural fertility is medium.
Surface runoff is slow. The surface layer is medium acid
to neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. It can be
controlied by a system of conservation tillage that leaves
crop residue on the surface.

This soil is well suited to field and farmstead
windbreaks, which are effective in controlling erosion
and windblown snow. Seedlings survive and grow best if
weeds are controlled by applications of herbicide or by
cultivation.

The land capability classification is lle.

130—Nicollet clay loam. This nearly level, moderately
well drained or somewhat poorly drained soil is on back
slopes and the lower summits on till plains. Individual
areas are oblong or long and narrow and range from §
to 50 acres in size.

Typically, the surface layer is black clay loam about 10
inches thick. The subsurface layer is very dark gray clay
loam about 7 inches thick. The subsoil is dark grayish
brown and grayish brown, mottled clay loam about 19
inches thick. The underlying material to a depth of about
60 inches is grayish brown, mottled, calcareous loam. In
some areas the soil has more silt. In a few places it has
a clay buildup in the subsoil.

Included with this soil in mapping are small areas of
the well drained Clarion soils in the higher landscape
positions and the poorly drained Webster soils in
drainageways. Included soils make up 5 to 15 percent of
the map unit.

Permeability is moderate in the Nicollet soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is slow.
A seasonal high water table is at a depth of 2.5 to 5.0
feet. The surface layer is medium acid to neutral.
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Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. It can
be cropped intensively. Returning crop residue to the soil
and restricting fieldwork during wet periods help to
prevent excessive compaction and improve tilth.

This soil is well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are adapted to moderately wet
sites. Seedlings survive and grow best if weeds are
controlled by applications of herbicide or by cultivation.

The land capability classification is |.

134—Okoboiji silty clay loam. This nearly level, very
poorly drained soil is in depressions on till plains and
lake plains. It is commonly ponded for brief periods in
the spring. Individual areas are circular and range from
10 to 60 acres in size.

Typically, the surface layer is black silty clay loam
about 12 inches thick. The subsurface layer also is black
silty clay loam. It is about 16 inches thick. The subsoil is
olive gray, mottled silty clay loam about 14 inches thick.
The underlying material to a depth of about 60 inches is
olive gray, calcareous clay loam and silt loam. In some
areas the surface layer contains peat. In other areas
glacial till is within 40 inches of the surface.

Included with this soil in mapping are small areas of
the poorly drained Canisteo and Harps soils on the rims
of the depressions and the very poorly drained Palms
soils near the center of the depressions. Palms soils
formed in muck. Included soils make up 2 to 10 percent
of the map unit.

Permeability is moderately slow in the Okoboaiji soil,
and the available water capacity is high. Organic matter
content and natural fertility also are high. Surface runoff
is slow to ponded. A seasonal high water table is 1 foot
above to 1 foot below the surface. The surface layer is
neutral or mildly alkaline.

Most areas are used as cropland. If drained, this soil is
fairly well suited to the crops commonly grown in the
county. The wetness and the ponding are problems. Tile
drains can lower the water table, but ditches may be
needed to provide suitable outlets. Fall tillage allows the
soil to warm up sooner in the spring, but it increases the
erosion hazard. Ridge planting reduces this hazard.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites and that can
withstand the brief periods of ponding. Seedlings survive
and grow best if weeds are controlled by herbicides or
by cultivation.

The land capability classification is lliw.

136—Madelia silty clay loam. This nearly level,
poorly drained soil is on the lower foot slopes and in
drainageways on glacial lake plains. Individual areas are
irregular in shape and range from 10 to 60 acres in size.
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Typically, the surface layer is black silty clay loam
about 9 inches thick. The subsurface layer also is black
silty clay loam. It is about 13 inches thick. The subsoil is
olive gray silty clay loam about 15 inches thick. It is
calcareous in the lower part. The underlying material to a
depth of about 60 inches is olive and light olive gray,
calcareous silt loam. In many areas the dark surface soil
is more than 24 inches thick. In a few places the soil has
less silt and more sand. In some areas it has coarse
fragments.

Included with this soil in mapping are small areas of
the poorly drained Spicer soils on the rims of
depressions and the moderately well or somewhat poorly
drained Kingston soils in the slightly higher landscape
positions. Spicer soils are calcareous throughout.
Included soils make up 2 to 10 percent of the map unit.

Permeability is moderate in the Madelia soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is slow.
The depth to a seasonal high water table is 1.0 to 2.5
feet. The surface layer is slightly acid or neutral.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains lower the water
table. The soil becomes compacted and cloddy if it is
tilled when wet. Fall tillage allows the soil to warm up
sooner in the spring, but it increases the erosion hazard.
Ridge planting reduces this hazard.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Seedlings
survive and grow best if weeds are controlled by
applications of herbicide or by cultivation.

The land capability classification is llw.

140—Spicer silty clay loam. This nearly level, poorly
drained soil is on the rims of depressions and on slightly
concave to slightly convex lowlands on lake plains.
Individual areas are irregular in shape and range from 5
to 75 acres in size.

Typically, the surface layer is black silty clay loam
about 10 inches thick. The subsurface layer is very dark
gray and dark grayish brown silty clay loam about 14
inches thick. The subsoil is grayish brown silty clay loam
about 10 inches thick. The underlying material to a depth
of about 60 inches is light brownish gray and olive gray,
mottled silty clay loam. The soil is calcareous
throughout. In a few areas the dark surface soil is more
than 24 inches thick. In some areas it contains more
clay. In a few places the surface layer is not calcareous.

Included with this soil in mapping are small areas of
the very poorly drained Okoboji soils in depressions, the
poorly drained Madelia soils in drainageways, and the
somewhat poorly or moderately well drained Kingston
soils on the higher parts of landscape. The included soils
are not calcareous throughout. They make up 5 to 15
percent of the map unit.
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Permeability is moderate in the Spicer soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium. Surface
runoff is slow. The depth to a seasonal high water table
is 1 to 3 feet. The surface layer is mildly alkaline or
moderately alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains have been
installed in most areas. A good fertility program is
needed because the high content of lime reduces the
uptake of phosphorus and iron. Soybeans often exhibit
iron chlorosis, or ‘‘yellowing.” Fall tillage allows the soil
to warm up sooner in the spring, but it increases the
erosion hazard. Ridge planting reduces this hazard.

This soil is fairly well suited to field and farmstead
windbreaks. Excessive tillage can break down soil
structure and thus increase the susceptibility to soil
blowing. The trees and shrubs selected for planting
should be those that are suited to wet sites and that can
tolerate the high content of lime. Seedlings survive and
grow best if weeds are controlled by applications of
herbicide or by cultivation. Once established, windbreaks
are effective in controlling soil biowing.

The land capability classification is llw.

181—Litchfield sandy loam. This nearly level,
moderately well drained or somewhat poorly drained soil
is on low rises and some back slopes on outwash plains
and stream terraces. Individual areas are irregular in
shape and range from 5 to 35 acres in size.

Typically, the surface layer is very dark gray sandy
loam about 12 inches thick. The subsurface layer is very
dark grayish brown and dark brown sandy loam about 4
inches thick. The subsoil is about 21 inches thick. The
upper part is dark grayish brown and brown, stratified
fine sandy loam and loamy sand. The lower part is dark
grayish brown and yellowish brown, mottled loamy sand.
The underlying material to a depth of about 60 inches is
grayish brown, mottled sand. It is calcareous in the lower
part. In a few places the surface layer contains less
sand. In some areas the soil contains gravel.

Included with this soil in mapping are smali areas of
the well drained or somewhat excessively drained
Dickinson soils in the higher landscape positions, the
poorly drained Hanska soils in drainageways, and the
poorly drained Lemond soils on the lower parts of the
landscape. Included soils make up 5 to 10 percent of the
map unit.

Permeability is moderately rapid in the Litchfield soil,
and the available water capacity is low or moderate.
Organic matter content is moderate, and natural fertility
is medium. Surface runoff is slow. The depth to a
seasonal high water table is 2.5 to 5.0 feet. The surface
soil is slightly acid or neutral.

Most areas are used as cropland. This soil is well
suited to most of the crops commonly grown in the
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county. If cultivated crops are grown, soil blowing is a
hazard and droughtiness is a limitation in summer and
fall. Also, restricted fertility may be a problem.
Applications of fertilizer should be based on the results
of soil tests. A system of conservation tillage that leaves
crop residue on the surface helps to prevent excessive
soil loss. Planting short-season varieties of row crops,
small grain, and legumes conserves moisture.

This soil is fairly well suited to field and farmstead
windbreaks. Species selection may be difficult because
the soil is wet in spring and dry in summer and fall.
Trees and shrubs grow better if weeds are controlled by
applications of herbicide or by cultivation.

The land capability classification [ls.

197—Kingston silt loam. This nearly level,
moderately well drained or somewhat poorly drained soil
is on back slopes and the lower summits on lake plains.
Individual areas are irregular in shape and range from 10
to 40 acres in size.

Typically, the surface layer is black silt loam about 11
inches thick. The subsurface layer is black silty clay loam
about 7 inches thick. The subsoil is about 20 inches
thick. The upper part is very dark grayish brown and
yellowish brown silty clay loam. The lower part is light
olive brown, mottled, calcareous silt loam. The
underlying material to a depth of about 60 inches is light
olive brown, mottled, calcareous silt loam. In places the
soil is underlain by glacial till.

Included with this soil in mapping are small areas of
the well drained Bold soils on shoulder slopes, the
poorly drained Madelia soils in drainageways, and the
poorly drained Spicer soils on the lower parts of the
landscape. Included soils make up 2 to 10 percent of the
map unit.

Permeability is moderate in the Kingston soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is
medium. The depth to a seasonal high water table is 2.5
to 5.0 feet. The surface layer is medium acid to neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. it can
be cropped intensively. If cuitivated crops are grown, soil
blowing is a hazard. It can be controlled by a system of
conservation tillage that leaves crop residue on the
surface.

This soil is well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to moderately wet sites.
Seedlings survive and grow best if weeds are controlled
by applications of herbicide or by cultivation.

The land capability classification is I.

227—Lemond sandy loam. This nearly level, poorly
drained soil is in slightly convex to slightly concave areas
on outwash plains. individual areas are irregular in shape
and range from 10 to 100 acres in size.
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Typically, the surface layer is black sandy loam about
10 inches thick. The subsurface layer is black and very
dark gray sandy loam about 10 inches thick. The subsoil
is dark gray, mottled sandy loam about 10 inches thick.
The underlying material to a depth of about 60 inches is
olive gray and grayish brown, mottled sand. The soil is
calcareous throughout. In some areas it has less sand in
the surface layer and is underlain by glacial till.

Included with this soil in mapping are small areas of
the very poorly drained Hanska soils in depressions, the
poorly drained Hanska and Webster soils in
drainageways, and the moderately well drained or
somewhat poorly drained Litchfield soils on the higher
parts of the landscape. The included soils are not
calcareous throughout. They make up 5 to 15 percent of
the map unit.

Permeability is moderately rapid in the upper part of
the Lemond soil and rapid in the lower part. The
available water capacity is moderate. Organic matter
content is high, and natural fertility is medium. Surface
runoff is slow. The depth to a seasonal high water table
is 1 to 3 feet. The surface layer is mildly alkaline or
moderately alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains lower the water
table. Soybeans may exhibit iron chlorosis, or
“yellowing.” A good fertility program is needed because
the high content of lime restricts the availability of
phosphorus and iron.

This soil is fairly well suited to field and farmstead
windbreaks, which are effective in controlling soil
blowing. The trees and shrubs selected for planting
should be those that are suited to moist sites and that
can tolerate the high content of lime. Controlling weeds
by applications of herbicide or by cultivation increases
the seedling survival rate.

The land capability classification is llw.

229—Waldorf silty clay loam. This nearly level,
poorly drained soil is in slightly concave and nearly plane
areas on glacial lake plains. Individual areas are irregular
in shape and range from 10 to several hundred acres in
size.

Typically, the surface layer is black silty clay loam
about 10 inches thick. The subsurface layer is black and
very dark gray silty clay loam about 14 inches thick. The
subsoil is dark gray silty clay about 12 inches thick. The
underlying material to a depth of about 60 inches is light
brownish gray, mottled, calcareous silty clay loam. In
some areas glacial till is within 40 inches of the surface.

Included with this soil in mapping are small areas of
the poorly drained Brownton soils on the rims of
depressions, the very poorly drained Okoboji soils in the
depressions, and the moderately well drained or
somewhat poorly drained Collinwood soils on the higher
parts of the landscape. Brownton soils are calcareous
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throughout. Included soils make up 3 to 12 percent of
the map unit.

Permeability is moderately slow in the Waldorf soil,
and the available water capacity is high. Organic matter
content and natural fertility also are high. Surface runoff
is slow. A seasonal high water table is within a depth of
3 feet. The surface layer is slightly acid or neutral.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains have been
installed in most areas. They commonly are spaced 50
to 80 feet apart because of the high content of clay and
the moderately slow permeability. Tilling when the soil is
wet results in compaction and poor tilth. Fall tillage
allows the soil to warm up sooner in the spring, but it
increases the erosion hazard. Ridge planting reduces
this hazard.

This soil is fairly well suited to farmstead and field
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Controlling
weeds by applications of herbicide or by cultivation
increases the seedling survival rate.

The land capability classification is llw.

247—Linder loam. This nearly level, somewhat poorly
drained soil is on low rises on outwash plains and
stream terraces. Individual areas are oblong or long and
narrow and range from 5 to 40 acres in size.

Typically, the surface layer is black loam about 11
inches thick. The subsurface layer is very dark gray and
very dark grayish brown loam about 4 inches thick. The
subsoil is dark grayish brown and grayish brown, mottled
sandy loam about 14 inches thick. The upper part of the
underlying material is dark grayish brown loamy coarse
sand. The lower part to a depth of about 60 inches is
dark grayish brown, olive brown, and grayish brown,
calcareous coarse sand and loamy coarse sand. in some
areas the subsoil is brighter colored. In other areas the
depth to sand and gravel is more than 3 feet.

Included with this soil in mapping are small areas of
the poorly drained Mayer and Biscay soils on the lower
parts of the landscape and the well drained Dickinson
and Wadena soils on the higher parts. Mayer soils are
calcareous throughout. Included soils make up 5 to 15
percent of the map unit. :

Permeability is moderate or moderately rapid in the
upper part of the Linder soil and very rapid in the lower
part. The available water capacity is low. Organic matter
content is moderate, and natural fertility is medium.
Surface runoff is slow. The depth to a seasonal high
water table is 2 to 4 feet. The surface layer is medium
acid to mildly alkaline.

Most areas are used as cropland. This soil is well
suited to most of the crops commonly grown in the
county. If cultivated crops are grown, wetness is a
limitation in the spring and droughtiness is a limitation in
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the summer. Short-season row crops and small grain
can mature before the hot, dry periods in the summer.

This soit is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand both wet and dry
conditions. Weed control increases the seedling survival
rate.

The land capability classification is Ils.

255—Mayer loam. This nearly level, poorly drained
soil is in low areas on outwash plains. Individual areas
are irregular in shape and range from 10 to 60 acres in
size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer is black and very dark
gray loam about 13 inches thick. The subsoil is dark gray
and olive gray, mottled sandy clay loam about 7 inches
thick. The underlying material to a depth of about 60
inches is dark grayish brown, mottled sand. The soil is
calcareous throughout. In some areas the dark surface
soil is more than 24 inches thick. In a few places the
depth to carbonates is more than 20 inches.

Included with this soil in mapping are small areas of
the somewhat poorly drained Linder soils on slight rises
and the well drained Wadena soils on the higher parts of
the landscape. The included soils are not calcareous
throughout. They make up 2 to 10 percent of the map
unit.

Permeability is moderate in the upper part of the
Mayer soil and rapid in the lower part. The available
water capacity is moderate. Organic matter content is
high, and natural fertility is medium. Surface runoff is
slow. The depth to a seasonal high water table is 1 to 3
feet. The surface layer is mildly alkaline or moderately
alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains lower the water
table. A good fertility program is needed because the
high content of lime restricts the uptake of plant
nutrients. Fall tillage allows the soil to warm up and dry
out sooner in the spring, but it increases the hazard of
erosion. Ridge planting reduces this hazard.

if this soil is used for pasture or hay, the wetness is a
problem. Grazing in wet areas can result in compaction
and poor tilth. Restricted use during wet periods helps to
keep the pasture in good condition.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites and that can
tolerate the high content of lime. Seedlings survive and
grow best if weeds are controlled by applications of
herbicide or by cultivation.

The land capability classification is llw.

269—Millington clay loam, occasionally flooded.
This nearly level, poorly drained soil is on flood plains. It
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is occasionally flooded for brief periods in the spring.
Individual areas are long and narrow and range from 10
to 75 acres in size.

Typically, the surface layer is black clay loam about 11
inches thick. The subsurface layer also is black clay
loam. It is about 17 inches thick. The subsoil is very dark
gray clay loam about 11 inches thick. The underlying
material to a depth of about 60 inches is very dark gray,
mottled, stratified clay loam and loam. The soil is
calcareous throughout. In some areas the underlying
material has strata of gravel or sand. In a few places the
surface soil and subsoil are not calcareous.

Included with this soil in mapping are small areas of
the moderately well drained or somewhat poorly drained
Spillville soils on slight rises and the poorly drained
Coland soils in old drainageways or stream channels.
The included soils are not calcareous. They make up 5
to 15 percent of the map unit.

Permeability is moderate in the Millington soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium. Surface
runoff is slow. A seasonal high water table is within a
depth of 2 feet. The surface layer is mildly alkaline or
moderately alkaline.

Most areas are used as cropland. If not flooded during
the growing season and if drained, this soil is well suited
to the crops commonly grown in the county. Channeling
can straighten and deepen existing streams and thus
can reduce the hazard of flooding. Tile can reduce the
wetness in areas where a suitable drainage outlet is
available. Fall tillage allows the soil to warm up and dry
out earlier in the spring, but it increases the erosion
hazard. Ridge planting reduces this hazard.

if this soil is used for pasture or hay, the wetness is a
problem. Grazing in wet areas can result in compaction
and poor tilth. Restricted use during wet periods helps to
keep the pasture in good condition.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand the wetness and the
high content of lime. Weed control helps to establish
seedlings.

The land capability classification is llw.

275B—0cheyedan loam, 1 to 5 percent slopes.
This gently sloping, well drained soil is on summits and
shoulder slopes in the uplands. Individual areas are
irregular in shape and range from 5 to 25 acres in size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer is black, very dark
gray, and brown loam about 12 inches thick. The subsoil
is brown silt loam about 8 inches thick. The underlying
material to a depth of about 60 inches is yellowish
brown, mottled, calcareous silt loam. In some areas the
soil is underlain by glacial till. In places the surface layer
is silty.
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Included with this soil in mapping are small areas of
the somewhat poorly drained or moderately well drained
Fostoria and Kingston soils in the lower landscape
positions. Also included are small areas of the well
drained Grogan soils. These soils are in landscape
positions similar to those of the Ocheyedan soil. They
contain more silt than the Ocheyedan soil. Included soils
make up 2 to 10 percent of the map unit.

Permeability is moderate in the Ocheyedan soil, and
the available water capacity is high. Organic matter
content is moderate, and natural fertility is high. Surface
runoff is slow or medium. The surface layer is medium
acid to neutral.

Most areas are used as cropland. This soil is well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. It can be
controlled by a system of conservation tillage that leaves
crop residue on the surface.

This soil is well suited to field and farmstead
windbreaks, which are effective in controlling soil
blowing. The trees and shrubs selected for planting
should be those that are suited to dry sites. Seedlings
survive and grow best if weeds are controlled by
applications of herbicide or by cultivation.

The land capability classification is lle.

282—Hanska loam. This nearly level, poorly drained
soil is on the lower foot slopes and in drainageways on
outwash plains. Individual areas are irregular in shape
and range from 5 to 25 acres in size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer is black and very dark
gray loam about 11 inches thick. The subsoil is gray and
olive gray sandy loam about 13 inches thick. The
underlying material to a depth of about 60 inches is
grayish brown, mottled sand. In some places the dark
surface soil is more than 24 inches thick. In other places
the underlying material has bands of gravel or loamy
material.

Included with this soil in mapping are small areas of
the poorly drained Lemond soils on the rims of
depressions and the moderately well drained or
somewhat poorly drained Litchfield soils on the higher
parts of the landscape. Lemond soils have carbonates
throughout. Included soils make up 5 to 15 percent of
the map unit.

Permeability is moderately rapid in the upper part of
the Hanska soil and rapid in the lower part. The available
water capacity is moderate. Organic matter content is
high, and natural fertility is medium. Surface runoff is
slow. The depth to a seasonal high water table is 1 to 3
feet. The surface layer is slightly acid to mildly alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains lower the water
table.
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This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Seedlings
survive and grow best if weeds are controlled by
applications of herbicide or by cultivation.

The land capability classification is llw.

313—Spillville loam, occasionally flooded. This
nearly level, moderately well drained or somewhat poorly
drained soil is in slightly convex and nearly plane areas
on flood plains. It is occasionally flooded for brief periods
in the spring. Individual areas are long and narrow and
range from 5 to 50 acres in size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer is black and very dark
grayish brown loam about 22 inches thick. The
underlying material to a depth of about 60 inches is very
dark grayish brown, mottled loam. In places the surface
layer is sandy loam.

Included with this soil in mapping are small areas of
the poorly drained Millington and somewhat poorly
drained Linder soils. Millington soils are calcareous
throughout. Linder soils contain more gravel than the
Spillville soil. Both of the included soils are in landscape
positions similar to those of the Spillville soil. They make
up to 2 to 10 percent of the map unit.

Permeability is moderate in the Spillville soil, and the
available water capacity is high. Organic matter content
and natural fertility also are high. Surface runoff is slow.
The depth to a seasonal high water table is 3 to 5 feet.
The surface layer is medium acid to neutral.

Most areas are used as cropland. Some are pastured.
If drained, this soil is well suited to the crops commonly
grown in the county. The wetness is a limitation, and the
flooding is a hazard. This hazard can be reduced by
ditches or dikes. Tile drains can reduce the wetness if a
suitable drainage outlet is available.

This soil is well suited to grasses and legumes for
pasture and hay. Pasture rotation and restricted use
during wet periods help to keep the pasture in good
condition.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to moderately wet sites
and that can withstand the brief periods of flooding.

The land capability classification is llw.

336—Delft loam. This nearly level, poorly drained soil
is on the lower foot slopes and in narrow drainageways
on till plains. Individual areas are long and narrow and
range from 5 to 50 acres in size.

Typically, the surface layer is black loam about 9
inches thick. The subsurface layer is black and very dark
gray loam about 35 inches thick. The subsoil is dark
grayish brown, mottled loam about 10 inches thick. The
underlying material to a depth of about 60 inches is
grayish brown, mottled, calcareous loam. Some areas
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are ponded after heavy rains. In places the dark surface
soil is less than 24 inches thick.

Included with this soil in mapping are small areas of
the well drained Clarion and moderately well drained
Terril soils. These soils are on slopes above the Delft
soil. They make up 5 to 15 percent of the map unit.

Permeability is moderately slow in the Delft soil, and
the available water capacity is high. Organic matter
content and natural fertility also are high. Surface runoff
is slow, but the water can move onto this soil rapidly
because of the steepness of the adjacent side slopes.
The depth to a seasonal high water table is 1 to 3 feet.
The surface layer is medium acid to mildly alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
The wetness is a limitation. Tile drains lower the water
table, and grassed waterways help to remove excess
surface water. Fall tillage allows the soil to warm up
faster and dry out sooner in the spring, but it increases
the erosion hazard. Ridge planting reduces this hazard.

If this soil is used for pasture or hay, the wetness is a
problem. Grazing in wet areas can result in compaction
and poor tilth. Restricted use during wet periods helps to
keep the pasture in good condition.

This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Weed
control increases the seedling survival rate.

The land capability classification is Ilw.

350—Canisteo clay loam, depressional. This nearly
level, very poorly drained soil is in depressions on till
plains. It commonly is ponded for brief periods in the
spring and after prolonged or heavy rainfall. Individual
areas are circular and range from 5 to 60 acres in size.

Typically, the surface layer is black clay loam about 9
inches thick. The subsurface layer also is black clay
loam. It is about 18 inches thick. The underlying material
to a depth of about 60 inches is grayish brown, mottled
loam. The soil is calcareous throughout. In places the
surface layer is peat. In a few areas some parts of the
profile are not calcareous.

Included with this soil in mapping are small areas of
the poorly drained Canisteo and Harps soils on the rims
of the depressions and the very poorly drained Glencoe
soils in the depressions. Glencoe soils are not
calcareous. Included soils make up 10 to 15 percent of
the map unit.

Permeability is moderate in the Canisteo soil, and the
available water capacity is high. Organic matter content
also is high, and natural fertility is medium. Surface
runoff is very slow or ponded. A seasonal high water
table is 1 foot above to 1 foot below the surface. The
surface layer is mildly alkaline or moderately alkaline.

Most areas are used as cropland. If drained, this soil is
fairly well suited to the crops commonly grown in the
county. The high water table is a limitation, and the
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ponding is a hazard. Tile drains lower the water table.
Ditches may be needed to provide outlets for the
drainage system. A good fertility program is needed
because the high content of lime restricts the uptake of
plant nutrients. Fall tillage allows the soil to warm up and
dry out earlier in the spring, but it increases the erosion
hazard. Ridge planting reduces this hazard.

If this soil is used for pasture or hay, the wetness is a
problem. The ponding can destroy new seedlings and
can restrict grazing. Tile drains are needed. Grazing
when the soil is wet results in compaction and poor tilth.
Restricted use during wet periods helps to keep the
pasture in good condition.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand the wetness and the
high content of lime. Seedlings survive and grow best if
weeds are controlled by applications of herbicide or by
cultivation.

The land capability classification is Illw.

392—Biscay sandy clay loam. This nearly level,
poorly drained soil is in low areas on glacial outwash
plains and on some stream terraces. Individual areas are
irregular in shape and range from 10 to 60 acres in size.

Typically, the surface layer is black sandy clay loam
about 10 inches thick. The subsurface layer also is black
sandy clay loam. It is about 12 inches thick. The subsoil
is dark grayish brown, mottled, calcareous sandy clay
loam about 10 inches thick. The underlying material to a
depth of about 60 inches is grayish brown, stratified,
calcareous loamy sand and sand. In some areas the soil
is calcareous throughout. In a few places the surface
layer is sandy.

Included with this soil in mapping are small areas of
the poorly drained Lemond soils on toe slopes, the
somewhat poorly drained Linder soils on slight rises, and
the well drained Wadena soils on the higher parts of the
landscape. Lemond soils are calcarequs throughout.
Included soils make up 5 to 15 percent of the map unit.

Permeability is moderate in the upper part of the
Biscay soil and rapid in the lower part. The available
water capacity is moderate. Organic matter content is
high, and natural fertility is medium. Surface runoff is
slow. The depth to a seasonal high water table is 1 to 3
feet. The surface layer is slightly acid to mildly alkaline.

Most areas are used as cropland. If drained, this soil is
well suited to the crops commonly grown in the county.
Wetness is a limitation in the spring and after heavy or
prolonged rainfall. Drainage tile lowers the water table.
Fall tillage allows the soil to warm up faster and dry out
sooner in the spring, but it increases the erosion hazard.
Ridge planting reduces this hazard.

If this soil is used for pasture or hay, the wetness is a
problem. Grazing in wet areas can result in compaction
and poor tilth. Restricted use during wet periods helps to
keep the pasture in good condition.
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This soil is fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Controlling
weeds by applications of herbicide or by cultivation
increases the seedling survival rate.

The land capability classification is !lw.

499—Hanska loam, depressional. This nearly level,
very poorly drained soil is in depressions and
drainageways on outwash plains. It is rarely or
occasionally ponded for brief periods in the spring.
Individual areas are circular or elongated and range from
5 to 25 acres in size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer also is black loam. It
is about 14 inches thick. The subsoil is sandy loam
about 13 inches thick. The upper part is dark grayish
brown, and the lower part is grayish brown. The
underlying material to a depth of about 60 inches is light
olive brown and grayish brown loamy sand. In many
areas the dark surface soil is more than 24 inches thick.

Included with this soil in mapping are small areas of
the poorly drained Lemond soils on the rims of the
depressions and the moderately well drained or
somewhat poorly drained Litchfield soils on slight rises.
Lemond soils are calcareous throughout. Included soils
make up 5 to 15 percent of the map unit.

Permeability is moderately rapid in the upper part of
the Hanska soil and rapid in the lower part. The available
water capacity is moderate. Organic matter content and
natural fertility are high. Surface runoff is slow to
ponded. A seasonal high water table is 1.0 foot above to
2.5 feet below the surface. The surface layer is slightly
acid to mildly alkaline.

Most areas are used as cropland. If drained, this soil is
fairly well suited to the crops commonly grown in the
county. The wetness is a limitation. Tile drains lower the
water table and help to remove ponded water.

If this soil is used for pasture or hay, the wetness is a
limitation. Tile drains and restricted use during wet
periods help to keep the pasture in good condition.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Weed
control increases the seedling survival rate.

The land capability classification is lllw.

539—Palms muck. This nearly level, very poorly
drained soil is in depressions on glacial moraines and
lake plains. It is commonly ponded for brief or long
periods in the spring. Individual areas are circular or
oblong and range from 5 to 40 acres in size.

Typically, the surface layer is black muck about 11
inches thick. The subsurface layer also is black muck. It
is about 22 inches thick. The underlying material to a
depth of about 60 inches is black silty clay loam and
olive gray clay loam. In a few areas the organic material
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is more than 51 inches thick. In some areas the surface
layer is calcareous. In places the underlying material is
sandy, and in a few areas it is coprogenous earth.

Included with this soil in mapping are small areas of
the poorly drained Canisteo and Harps soils on the rims
of the depressions and areas of the very poorly drained
Glencoe and Okoboiji soils in some of the depressions.
The included soils are not mucky. They make up 5 to 15
percent of the map unit.

Permeability is moderately rapid in the upper part of
the Palms soil and moderate in the lower part. The
available water capacity is high. Organic matter content
is very high, and natural fertility is high. Surface runoff is
very slow or ponded. A seasonal high water table is 1
foot above to 1 foot below the surface. The surface layer
is medium acid to mildly alkaline.

Most areas are used as cropland or support native
vegetation or grasses. This soil is well suited to wetland
wildlife habitat. If drained, it is fairly well suited to corn,
soybeans, and hay. Tile drains lower the water table.
Ditches are needed in some areas to provide suitable
outlets for drainage systems. The high organic matter
content reduces the effectiveness of preemergence
herbicides. Fall tillage allows the soil to warm up and dry
out earlier in the spring, but it increases the erosion
hazard. Mulch tillage reduces this hazard. Restricted use
during wet periods helps to keep pasture or hayland in
good condition.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites and that can
tolerate the high content of lime. Seedlings survive and
grow best if weeds are controlied by applications of
herbicide or by cultivation.

The land capability classification is lliw.

548—Palms muck, sandy substratum. This nearly
level, very poorly drained soil is in depressions and on
the outer edges of lakebeds and marshes. It is
commonly ponded for brief or long periods in the spring.
Individual areas are circular and range from 10 to 50
acres in size.

Typically, the surface layer is black muck about 10
inches thick. The subsurface layer also is black muck. It
is about 11 inches thick. The upper 13 inches of the
underlying material is black and dark grayish brown silty
clay loam. The lower part to a depth of about 60 inches
is grayish brown, light olive brown, dark brown, and dark
grayish brown, stratified loamy sand and sand. In some
areas the underlying material is loamy. [n a few places
the surface layer is calcareous.

Included with this soil in mapping are small areas of
the poorly drained Lemond and somewhat poorly drained
Linder soils on old beaches and the very poorly drained
Blue Earth soils in the depressions. Blue Earth soils are
calcareous throughout. Included soils make up 5 to 15
percent of the map unit.
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Permeability is moderate in the upper part of Palms
soil and moderately rapid in the lower part. The available
water capacity is high. Organic matter content is very
high, and natural fertility is high. Surface runoff is very
slow or ponded. A seasonal high water table is 1 foot
above to 1 foot below the surface. The surface layer is
medium acid to mildly alkaline.

Most areas support native vegetation or grasses or are
used as cropland. This soil is well suited to wetland
wildlife habitat. If drained, it is fairly well suited to corn,
soybeans, and hay. Tile drains lower the water table.
Ditches are needed in some areas to provide suitable
outlets for drainage systems. Fall tillage allows the soil
to warm up and dry out earlier in the spring, but it
increases the erosion hazard. Mulch tillage reduces this
hazard. Restricted use during wet periods helps to keep
pasture or hayland in good condition.

This soil is poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to wet sites. Seedlings
survive and grow best if weeds are controlled by
applications of herbicide or by cultivation.

The land capability classification is Illw.

664—2Zo0k silty clay loam, occasionally flooded.
This nearly level, poorly drained soil is on flood plains
along the major streams. It is occasionally flooded for
brief or long periods in the spring and after heavy or
prolonged rainfall. Individual areas are irregularly shaped
and range from 10 to 90 acres in size.

Typically, the surface layer is black silty clay loam
about 10 inches thick. The subsurface layer is black silty
clay about 14 inches thick. The subsoil is very dark gray
and very dark grayish brown silty clay about 14 inches
thick. The underlying material to a depth of about 60
inches is very dark grayish brown and dark grayish
brown silty clay loam. In some areas the surface layer is
calcareous.

Included with this soil in mapping are small areas of
the poorly drained Millington and Coland soils. These
soils are in slightly concave to slightly convex areas
close to stream channels. They make up 2 to 10 percent
of the map unit.

Permeability is slow in the Zook soil, and the available
water capacity is moderate. Organic matter content and
natural fertility are high. Surface runoff is slow. The
depth to a seasonal high water table is 1 to 3 feet. The
surface layer is slightly acid or neutral.

Most areas are used as cropland. If drained, this soil is
well suited to most of the crops commonly grown in the
county. The wetness is a limitation, and the flooding is a
hazard. This hazard can be reduced by straightening
stream channels or by building dikes. Drainage tile can
lower the water table if an outlet is available. Fall tillage
allows the soil to warm up and dry out earlier in the
spring, but it increases the erosion hazard. Ridge
planting reduces this hazard.
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If this soil is used for pasture or hay, the wetness is a
limitation. Grazing when the soil is wet can result in
compaction and poor tilth. Restricted use during wet
periods helps to keep the pasture in good condition.

This soil is fairly well suited to field windbreaks. The
trees and shrubs selected for planting should be those
that can withstand the wetness and the periods of
flooding. Seedlings survive and grow best if weeds are
controlled by applications of herbicide or by cultivation.

The land capability classification is llw.

818—Lemond-Linder complex. These nearly level
soils are in slightly concave to slightly convex areas on
old beaches in drained lakes and marshes. The poorly
drained Lemond soil is on the lower toe slopes. It is
subject to rare flooding in the spring. The somewhat
poorly drained Linder soil is on summits. Individual areas
are elongated and range from 5 to 30 acres in size. They
are about 55 percent Lemond soil and 25 percent Linder
soil. The two soils occur as areas so intricately mixed or
so small that separating them in mapping was not
practical.

Typically, the Lemond soil has a surface layer of black
loam about 8 inches thick. The subsurface layer is very
dark gray sandy loam about 12 inches thick. The subsoil
is dark gray sandy loam about 12 inches thick. The ’
upper 24 inches of the underlying material is olive gray
loamy sand. The lower part to a depth of more than 60
inches is olive brown, loamy glacial till. The soil is
calcareous throughout. In places the loamy glacial till is
closer to the surface.

Typically, the Linder soil has a surface layer of black
sandy loam about 16 inches thick. The subsurface layer
also is black sandy loam. It is about 6 inches thick. The
subsoil is dark grayish brown sandy loam about 8 inches
thick. The underlying material to a depth of about 60
inches is dark grayish brown, calcareous loamy coarse
sand. In some areas it is loamy glacial till.

Included with these soils in mapping are small areas of
the very poorly drained Blue Earth and Palms soils in
lakebeds and the somewhat poorly drained Crippin soils
on slight rises. Included soils make up about 20 percent
of the map unit.

Permeability is moderately rapid in the upper part of
the Lemond soil and rapid in the lower part. It is
moderate or moderately rapid in the upper part of the
Linder soil and very rapid in the lower part. The available
water capacity is low in the Linder soil and moderate in
the Lemond soil. Organic matter content is high in the
Lemond soil and moderate in the Linder soil. Natural
fertility is medium in both soils. The depth to a seasonal
high water table is 1 to 3 feet in the Lemond soil and 2
to 4 feet in the Linder soil. The surface layer of the
Linder soil is medium acid to mildly alkaline, and that of
the Lemond soil is mildly alkaline or moderately alkaline.

Many areas are used as cropland. Some are pastured.
A few are left idle. If drained, these soils are well suited
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to the crops commonly grown in the county. They are
better suited to small grain and early maturing row crops
than to other crops. Wetness is a limitation in spring, and
drought is a hazard in summer. In the areas used for
grazing, pasture rotation is needed during both wet and
dry periods.

These soils are poorly suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that can withstand both wet and dry
conditions and the high content of lime in the Lemond
soil. Measures that control weeds are needed.

The land capability classification is Ilw.

886—Nicollet-Crippin complex. These nearly level
soils are in slightly concave to slightly convex areas on
glacial till plains. The moderately well drained or
somewhat poorly drained Nicollet soil is on the lower
summits, and the somewhat poorly drained Crippin soil is
on shoulder slopes surrounding the Nicollet soil.
Individual areas are irregular in shape and range from 8
to 75 acres in size. They are about 50 percent Nicollet
soil and 35 percent Crippin soil. The two soils occur as
areas so intricately mixed or so small that separating
them in mapping was not practical.

Typically, the Nicollet soil has a surface layer of black
clay loam about 8 inches thick. The subsurface layer
also is black clay loam. It is about 9 inches thick. The
subsoil is grayish brown, mottled clay loam about 12
inches thick. The underlying materiai to a depth of about
60 inches is light olive brown, mottled, calcareous loam.
In some areas the soil has silt lenses.

Typically, the Crippin soil has a surface layer of black
loam about 10 inches thick. The subsurface layer is very
dark grayish brown loam about 4 inches thick. The
subsoil is dark grayish brown clay loam about 10 inches
thick. The underlying material to a depth of about 60
inches is mottled grayish brown and light olive brown
loam. The soil is calcareous throughout. In places the
subsoil has duller colors.

Included with these soils in mapping are small areas of
the well drained Clarion and Swanlake soils on the
higher parts of the landscape and the poorly drained
Webster soils in drainageways. Included soils make up
about 15 percent of the map unit.

Permeability is moderate in the Nicollet and Crippin
soils, and the available water capacity is high. Organic
matter content and natural fertility also are high. Surface
runoff is slow. The depth to a seasonal high water table
is 2.5 to 5.0 feet in the Nicollet soil and 2.0 to 4.0 feet in
the Crippin soil. The surface layer of the Nicollet soil is
medium acid to neutral, and that of the Crippin soil is
neutral to moderately alkaline.

Most areas are used as cropland. These soils are well
suited to the crops commonly grown in the county. They
can be cropped intensively. Tilling during wet periods
can result in compaction and poor tilth. Restricting tiltage
during wet periods and returning crop residue to the soils
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help to prevent deterioration of tilth. Because the high
content of lime restricts the uptake of iron and
phosphorus, a good fertility program is needed in areas
of the Crippin soil.

These soils are fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to moderately wet sites
and that can tolerate the high content of lime in the
Crippin soil. Seedlings survive and grow best if weeds
are controlled by applications of herbicide or by
cultivation.

The land capability classification is |.

887B—Clarion-Swanlake loams, 2 to 6 percent
slopes. These undulating, well drained soils are on
glacial uplands. The Swanlake soil is on shoulder slopes,
and the Clarion soil is on summits and the higher back
slopes. Individual areas are irregular in shape and range
from 5 to 60 acres in size. They are about 60 percent
Clarion soil and 25 percent Swanlake soil. The two soils
occur as areas so intricately mixed or so small that
separating them in mapping was impractical.

Typically, the Clarion soil has a surface layer of black
loam about 10 inches thick. The subsurface layer also is
black loam. It is about 5 inches thick. The subsoil is
brown loam about 8 inches thick. The underlying material
to a depth of about 60 inches is yellowish brown,
calcareous loam. It is mottled in the lower part. In some
areas the surface soil or subsoil has sandy or silty
sediments.

Typically, the Swanlake soil has a surface layer of
black loam about 11 inches thick. The subsurface layer
is very dark gray and dark grayish brown loam about 9
inches thick. The underlying material to a depth of about
60 inches is light olive brown, mottled loam. The soil is
calcareous throughout. In places the dark surface layer
is less than 8 inches thick.

Included with these soils in mapping are small areas of
the moderately well drained or somewhat poorly drained
Nicollet and poorly drained Canisteo and Webster soils.
These included soils are on the lower parts of the
landscape. They make up about 15 percent of the map
unit.

Permeability is moderate in the Clarion and Swanlake
soils, and the available water capacity is high. Organic
matter content is moderate. Natural fertility is high in the
Clarion soil and medium in the Swanlake soil. Surface
runoff is medium on both soils. The surface layer of the
Clarion soil is medium acid to neutral, and that of the
Swanlake soil is mildly alkaline.

Most areas are used as cropland. These soils are well
suited to the crops commonly grown in the county. If
cultivated crops are grown, the Swanlake soil is
susceptible to soil blowing and the Clarion soil is
susceptible to water erosion. Contour farming and a
system of conservation tillage that leaves crop residue
on the surface help to prevent excessive soil loss.
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These soils are well suited to field and farmstead
windbreaks, which are effective in controlling soil
blowing. The trees and shrubs selected for planting
should be those that are suited to dry sites. Controlling
weeds by applications of herbicide or by cultivation
increases the seedling survival rate.

The land capability classification is lle.

909C—Truman-Bold silt loams, 6 to 12 percent
slopes. These sloping, well drained soils are in convex
areas on glacial lake plains. The Truman soil is on
summits and the higher back slopes. The Bold soil is on
shoulder slopes. Individual areas are elongated and
range from 5 to 35 acres in size. They are about 45
percent Truman soil and 35 percent Bold soil. The two
soils occur as areas so intricately mixed or so small that
separating them in mapping was not practical.

Typically, the Truman soil has a surface layer of very
dark gray silt loam about 10 inches thick. The subsurface
layer is very dark grayish brown silt loam about 4 inches
thick. The subsoil is brown silt loam about 16 inches
thick. The underlying material to a depth of about 60
inches is yellowish brown, mottled, calcareous silt loam.
In some areas carbonates are within 18 inches of the
surface. In a few areas the soil has a loamy mantle. In
places the content of fine sand is higher.

Typically, the Bold soil has a surface layer of yellowish
brown and very dark grayish brown silt loam about 10
inches thick. The underlying material to a depth of about
60 inches is yellowish brown and light yellowish brown
silt loam. It is mottled in the lower part. The soil is
calcareous throughout. In places it has more clay or
more pebbles.

Included with these soils in mapping are small areas of
the moderately well drained or somewhat poorly drained
Kingston, moderately well drained Terril, and poorly
drained Madelia soils on the lower parts of the
fandscape. Included soils make up about 20 percent of
the map unit.

Permeability is moderate in the Truman and Bold soils,
and the available water capacity is high. Organic matter
content is high and natural fertility medium in the Truman
soil. Organic matter content and natural fertility are low
in the Bold soil. Surface runoff is medium on both soils.
The surface layer of the Truman soil is medium acid to
neutral, and that of the Bold soil is mildly alkaline or
moderately alkaline.

Most areas are used as cropland. These soils are
poorly suited to most of the crops commonly grown in
the county. If cultivated crops are grown, erosion is a
hazard. Planting cover crops (fig. 7), tilling on the
contour, terracing, and leaving crop residue on the
surface slow runoff, increase the moisture supply and
the rate of water infiltration, and help to control erosion.
Applications of fertilizer are needed on the Bold soil.

Field windbreaks and a cover of pasture plants or hay
are effective in controlling erosion and conserving
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moisture. These soils are poorly suited to windbreaks.

The trees and shrubs selected for planting should be

those that can withstand the high content of lime in the

Bold soil. Seedlings survive and grow well if weeds are

controlled by applications of herbicide or by cultivation.
The land capability classification is IVe.

909D2—Bold-Truman silt loams, 12 to 18 percent
slopes, eroded. These moderately steep, well drained
soils are in convex areas along drainageways on glacial
lake plains. The Bold soil is on shoulder slopes, and the
Truman soil is on the higher back slopes. Individual
areas are long and narrow and range from 5 to 25 acres
in size. They are about 45 percent Bold soil and 45
percent Truman soil. The two soils occur as areas so
intricately mixed or so small that separating them in
mapping was not practical.

Typically, the Bold soil has a surface layer of dark
yellowish brown silt loam about 8 inches thick. The
underlying material to a depth of about 60 inches is light
yellowish brown silt loam. It is mottled in the lower part.
The soil is calcareous throughout. In some areas it
contains clay and has a few pebbles.

Typically, the Truman soil has a surface layer of very
dark gray silt loam about 10 inches thick. The subsoil is
brown silt loam about 9 inches thick. The underlying
material to a depth of about 60 inches is yellowish
brown, mottled, calcareous silt loam. In some areas the
soil contains more sand.

Included with these soils in mapping are small areas of
the moderately well drained Terril and poorly drained
Madelia soils. These included soils are on the lower
parts of the landscape. They make up about 10 percent
of the map unit.

Permeability is moderate in the Bold and Truman soils,
and the available water capacity is high. Organic matter
content is low in the Bold soil and high in the Truman
soil. Natural fertility is low in the Bold soil and medium in
the Truman soil. Surface runoff is medium or rapid on
both soils. The surface layer of the Truman soil is slightly
acid to moderately alkaline, and that of the Bold soil is
moderately alkaline.

Most areas are used for pasture or hay. These soils
are generally unsuitable as cropland because of the
slope. A permanent cover of pasture plants is effective
in controlling erosion. Restricted use during wet or very
dry periods helps to keep the pasture in good condition.

Some areas support trees. These soils are poorly
suited to windbreaks. The trees and shrubs selected for
planting should be those that are suited to dry sites and
that can tolerate the high content of lime in the Bold soil.
Seedlings survive and grow best if weeds are controlled
by applications of herbicide or by cultivation.

The land capability classification is Vle.

920B—Clarion-Estherville complex, 2 to 6 percent
slopes. These undulating soils are on narrow ridges on
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Figure 7.—A cover crop in an area of Truman-Bold silt loams, 6 to 12 percent slopes.

glacial moraines. The well drained Clarion soil is on
summits and back slopes, and the well drained or
somewhat excessively drained Estherville soil is on
shoulder slopes and the upper back slopes. Individual
areas are irregular in shape and range from 5 to 25
acres in size. They are about 50 percent Clarion soil and
25 percent Estherville soil. The two soils occur as areas
so intricately mixed or so small that mapping them
separately was not practical.

Typically, the Clarion soil has a surface layer of black
loam about 10 inches thick. The subsurface layer is very
dark grayish brown loam about 4 inches thick. The
subsoil is about 20 inches thick. The upper part is brown
loam, and the lower part is yellowish brown sandy loam.
The underlying material to a depth of about 60 inches is
yellowish brown, mottled, calcareous loam. In some
areas the soil is calcareous throughout.

Typically, the Estherville soil has a surface layer of
very dark grayish brown sandy loam about 10 inches

thick. The subsoil is about 22 inches thick. The upper
part is brown sandy loam, and the lower part is yellowish
brown, calcareous gravelly loamy sand. The underlying
material to a depth of about 60 inches is yellowish
brown, calcareous gravelly loamy sand. In some areas
the gravelly material is at or near the surface. In other
areas the soil has little or no gravel.

Included with these soils in mapping are small areas of
the well drained Storden and Swanlake soils on shoulder
slopes and the moderately well drained Terril and poorly
drained Webster soils on the lower parts of the
landscape. Storden and Swanlake soils are calcareous
throughout. Included soils make up about 25 percent of
the map unit.

Permeability is moderate in the Clarion soil. It is
moderately rapid in the upper part of the Estherville soil
and rapid in the lower part. The available water capacity
is high in the Clarion soil and low in the Estherville soil.
Organic matter content is moderate in both soils, and
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natural fertility is medium or high. Surface runoff is
medium. The surface layer is medium acid to neutral.

Most areas are used as cropland. These soils are well
suited to the crops commonly grown in the county.
Erosion is a hazard. Also, drought is a hazard in areas of
the Estherville soil. Contour farming and a system of
conservation tillage that leaves crop residue on the
surface help to control erosion and increase the rate of
water infiltration and the moisture supply. Small grain or
early maturing crops can withstand drought better than
other crops.

These soils are fairly well suited to windbreaks. The
trees and shrubs selected for planting should be those
that can withstand the droughtiness of the Estherville
soil. Periodic watering on the Estherville soil and weed
control on both soils help to establish seedlings.

The land capability classification is lle.

920C2—Clarion-Estherville-Storden complex, 6 to
12 percent slopes, eroded. These rolling soils are on
narrow ridges on glacial moraines. The well drained
Clarion soil is on summits, the well drained or somewhat
excessively drained Estherville soil is on the upper back
slopes, and the well drained Storden soil is on shoulder
slopes. Individual areas are elongated and range from 5
to 25 acres in size. They are about 30. percent Clarion
soil, 20 percent Estherville soil, and 20 percent Storden
soil. The three soils occur as areas so intricately mixed
or so small that mapping them separately was not
practical.

Typically, the Clarion soil has a surface layer of very
dark gray loam about 10 inches thick. The subsoil is
about 26 inches of brown loam and yellowish brown clay
loam. The underlying material to a depth of about 60
inches is yellowish brown, mottled, calcareous loam. In
some areas the soil has sandy or silty sediments.

Typically, the Estherville soil has a surface layer of
very dark grayish brown sandy loam about 10 inches
thick. The subsoil is about 20 inches thick. The upper
part is brown coarse sandy loam, and the lower part is
dark yellowish brown, calcareous loamy coarse sand.
The upper part of the underlying material is brown,
calcareous coarse sand. The lower part to a depth of
about 60 inches is light olive brown, calcareous loam
glacial till. In some areas the soil is calcareous
throughout. In places gravelly material is at or near the
surface.

Typically, the Storden soil has a surface layer of dark
grayish brown loam about 9 inches thick. The underlying
material to a depth of about 60 inches is mottled
yellowish brown and light olive brown loam. The soil is
calcareous throughout. In some areas the surface layer
is darker.

Included with these soils in mapping are small areas of
the moderately well drained Terril soils, the moderately
well drained or somewhat poorly drained Nicollet soils,
and the poorly drained Delft and Webster soils. The
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included soils are on the lower parts of the landscape.
They make up about 30 percent of the map unit.

Permeability is moderate in the Clarion and Storden
soils. It is moderately rapid in the upper part of the
Estherville soil and rapid in the lower part. The available
water capacity is low in the Estherville soil and high in
the Clarion and Storden soils. Organic matter content is
low in the Storden soil and moderate in the Clarion and
Estherville soils. Natural fertility is low in the Storden and
Estherville soils and high in the Clarion soil. Surface
runoff is medium or rapid on all three soils. The surface
layer of the Clarion and Estherville soils is medium acid
to neutral. The Storden soil is mildly alkaline or
moderately alkaline throughout.

Many areas are used as cropland. Some are used as
permanent pasture. These soils are fairly well suited to
most of the crops commonly grown in the county.
Erosion is a hazard. It has reduced the productivity of
the soils. Unless it is controlled, it can further reduce
productivity. Drought is a hazard in areas of the
Estherville soil. Small grain, grasses, and legumes are
grown in these areas. Measures that improve the fertility
of the Storden and Estherville soils are needed. Farming
on the contour, terracing, and leaving crop residue on
the surface help to control erosion and increase the rate
of water infiltration and the moisture supply. Crop residue
management and additions of manure improve fertility
and tilth.

Windbreaks and a cover of pasture plants or hay help
to prevent excessive soil loss. The trees and shrubs
selected for planting should be those that can withstand
the droughtiness of the Estherville soil and the high
content of lime in the Storden soil. Restricted use during
dry periods helps to keep pastures in good condition.

The land capability classification is llle.

920D2—Clarion-Estherville-Storden complex, 12 to
18 percent slopes, eroded. These hilly soils are on
narrow ridges on glacial moraines. The well drained
Clarion soil is on summits, the well drained or somewhat
excessively drained Estherville soil is on the upper back
slopes, and the well drained Storden soil is on shoulder
slopes. Individual areas are long and narrow and range
from 5 to 20 acres in size. They are about 25 percent
Clarion soil, 20 percent Estherville soil, and 20 percent
Storden soil. The three soils occur as areas so intricately
mixed or so small that mapping them separately was not
practical. ,

Typically, the Clarion soil has a surface layer of very
dark grayish brown loam about 9 inches thick. The
subsoil is dark yellowish brown loam about 9 inches
thick. The underlying material to a depth of about 60
inches is yellowish brown, calcareous loam. In some
areas the soil has sandy or silty sediments.

Typically, the Estherville soil has a surface layer of
very dark grayish brown sandy loam about 9 inches
thick. The subsoil is dark yellowish brown sandy loam



Martin County, Minnesota

about 7 inches thick. The underlying material to a depth
of about 60 inches is grayish brown, yellowish brown,
and light yellowish brown gravelly coarse sand and sand.
In some areas gravel is near the surface.

Typically, the Storden soil has a surface layer of
grayish brown loam about 9 inches thick. The underlying
material to a depth of about 60 inches is yellowish brown
loam. The soil is calcareous throughout. In some areas
the surface layer is darker.

Included with these soils in mapping are small areas of
the moderately well drained Terril and poorly drained
Delft soils on the lower parts of the landscape. These
included soils make up about 35 percent of the map unit.

Permeability is moderate in the Clarion and Storden
soils. It is moderately rapid in the upper part of the
Estherville soil and rapid in the lower part. The available
water capacity is low in the Estherville soil and high in
the Clarion and Storden soils. Organic matter content is
low in the Storden soil and moderate in the Clarion and
Estherville soils. Natural fertility is low in the Storden and
Estherville soils and medium in the Clarion soil. Surface
runoff is medium or rapid on all three soils. The surface
layer of the Clarion and Estherville soils is medium acid
to neutral. The Storden soil is mildly alkaline or
moderately alkaline throughout.

Most areas are used as permanent pasture. These
soils are unsuitable as cropland because of the erosion
hazard and the slope. A cover of pasture grasses is
effective in controlling erosion. Restricted use during dry
periods helps to keep the pasture in good condition.

Some areas support trees. These soils are poorly
suited to field windbreaks. The trees and shrubs selected
for planting should be those that can withstand the
droughtiness of the Estherville soil and the high content
of lime in the Storden soil. Seedlings survive and grow
best if weeds are controlled by applications of herbicide
or by cultivation.

The land capability classification is Vle.

921B—Clarion-Storden loams, 2 to 6 percent
slopes. These undulating, well drained soils are in
convex to slightly concave areas on till plains. The
Clarion soil is on summits, and the Storden soil is on
shoulder slopes. Individual areas are irregular in shape
and range from 5 to 50 acres in size. They are about 45
percent Clarion soil and 35 percent Storden soil. The
two soils occur as areas so intricately mixed or so small
that mapping them separately was not practical.

Typically, the Clarion soil has a surface layer of very
dark gray loam about 9 inches thick. The subsurface
layer is very dark grayish brown loam about 6 inches
thick. The subsoil is brown loam about 10 inches thick.
The underlying material to a depth of about 60 inches is
yellowish brown, mottied, calcareous loam. In some
areas the soil has sandy or silty sediments.

Typically, the Storden soil has a surface layer of dark
grayish brown loam about 9 inches thick. The underlying

33

material to a depth of about 60 inches is yellowish brown
loam. The soil is calcareous throughout. In some areas
the surface layer is darker.

Included with these soils in mapping are small areas of
the moderately well drained or somewhat poorly drained
Nicollet soils and the poorly drained Webster soils. The
included soils are on the lower parts of the landscape.
They make up about 20 percent of the map unit.

Permeability is moderate in the Clarion and Storden
soils, and the available water capacity is high. Organic
matter content is moderate in the Clarion soil and low in
the Storden soil. Natural fertility is high in the Clarion soil
and low in the Storden soil. Surface runoff is medium or
rapid on both soils. The surface layer of the Clarion soil
is medium acid to neutral. The Storden soil is mildly
alkaline or moderately alkaline throughout.

Most areas are used as cropland. These soils are well
suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. It has
reduced the productivity of the soils. Unless it is
controlled, it can further reduce productivity. Measures
that improve the fertility of the Storden soil are needed.
Contour farming and a system of conservation tillage
that leaves crop residue on the surface help to control
erosion. Terraces are effective in controlling runoff and
erosion. A combination of these measures is needed.

These soils are fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to dry sites and that can
tolerate the high content of lime in the Storden soil.
Seedlings survive and grow best if weeds are controlled
by applications of herbicide or by cultivation.

The land capability classification is lle.

921C2—Clarion-Storden loams, 6 to 12 percent
slopes, eroded. These rolling, well drained soils are in
convex areas on glacial moraines. The Clarion soil is on
summits, and the Storden soil is on shoulder slopes.
Individual areas are irregular in shape and range from 5
to 50 acres in size. They are about 35 percent Clarion
soil and 30 percent Storden soil. The two soils occur as
areas so intricately mixed or so small that mapping them
separately was not practical.

Typically, the Clarion soil has a surface layer of very
dark grayish brown loam about 10 inches thick. The
subsoil is brown loam about 13 inches thick. The
underlying material to a depth of about 60 inches is
yellowish brown, mottled, calcareous loam. In some
areas the soil has sandy or silty sediments.

Typically, the Storden soil has a surface layer of dark
grayish brown loam about 10 inches thick. The
underlying material to a depth of about 60 inches is
yellowish brown, mottled loam. The soil is calcareous
throughout. In some areas the surface layer is darker.

Included with these soils in mapping are small areas of
the moderately well drained Terril soils, the moderately
well drained or somewhat poorly drained Nicollet soils,
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and the poorly drained Delft and Webster soils. The
included soils are on the lower parts of the landscape.
They make up about 35 percent of the map unit.

Permeability is moderate in the Clarion and Storden
soils, and the available water capacity is high. Organic
matter content is low in the Storden soil and moderate in
the Clarion soil. Natural fertility is low in the Storden soil
and high in the Clarion soil. Surface runoff is medium or
rapid on both soils. The surface layer of the Clarion soil
is medium acid to neutral. The Storden soil is mildly
alkaline or moderately alkaline throughout.

Most areas are used as cropland. These soils are fairly
well suited to the crops commonly grown in the county. If
cultivated crops are grown, erosion is a hazard. It has
reduced the productivity of the soils. Unless it is
controlled, it can further reduce productivity. Measures
that improve the fertility of the Storden soil are needed.
Contour farming, a system of conservation tillage that
leaves crop residue on the surface, and terraces slow
runoff, increase the rate of water infiltration and the
moisture supply, and help to control erosion. Returning
crop residue to the soil and adding manure improve
fertility.

These soils are well suited to pasture. A cover of
pasture plants or hay is effective in controlling erosion.
Restricted use during dry periods helps to keep the
pasture in good condition.

These soils are fairly well suited to field and farmstead
windbreaks. The trees and shrubs selected for planting
should be those that are suited to dry sites and that can
tolerate the high content of lime in the Storden soil.
Seedlings survive and grow best if weeds are controlled
by applications of herbicide or by cultivation.

The land capability classification is llle.

956-—Canisteo-Glencoe clay loams. These nearly
level soils are on slightly convex to concave lowlands on
till plains and glacial moraines. The very poorly drained
Glencoe soil is in depressions. It is frequently ponded for
brief or long periods in spring and after heavy or
prolonged rainfall. The poorly drained Canisteo soil is in
the convex and nearly plane areas surrounding the
depressions. Individual areas are irregular in shape and
range from 20 to several hundred acres in size. They are
about 60 percent Canisteo soil and 30 percent Glencoe
soil. The two soils occur as areas so intricately mixed or
s0 small that mapping them separately was not practical.

Typically, the Canisteo soil has a surface layer of
black clay loam about 11 inches thick. The subsurface
layer is very dark gray and dark grayish brown clay loam
about 11 inches thick. The subsoil is olive gray, mottled
clay loam about 6 inches thick. The underlying material
to a depth of about 60 inches is mottled light olive gray
and light gray loam. The soil is calcareous throughout. In
some areas it has sandy or silty sediments. In a few
places gypsum crystals are at or near the surface.
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Typically, the Glencoe soil has a surface layer of black
clay loam about 10 inches thick. The subsurface layer is
black and very dark gray, mottled clay loam about 16
inches thick. The subsoil is dark gray and grayish brown,
mottled clay loam about 12 inches thick. The underlying
material to a depth of about 60 inches is grayish brown,
mottled, calcareous loam. In some areas the surface soil
and subsoil have more clay and less sand. in other
areas sandy sediments are in the underlying material.

Included with these soils in mapping are small areas of
the poorly drained Webster soils and the moderately well
drained or somewhat poorly drained Nicollet and Crippin
soils. The included soils are on slight rises or in
drainageways. They make up about 10 percent of the
map unit.

Permeability is moderate in the Canisteo soil and
moderate or moderately slow in the Glencoe soil. The
available water capacity is high in both soils. Natural
fertility is medium in the Canisteo soil and high in the
Glencoe soil. Organic matter content is high in both
soils. Surface runoff is slow to ponded. A seasonal high
water table is 1 to 3 feet below the surface of the
Canisteo soil and 1 foot above to 3 feet below the
surface of the Glencoe soil. The surface layer of the
Glencoe soil is slightly acid to mildly alkaline. The
Canisteo soil is mildly alkaline or moderately alkaline
throughout.

Most areas are used as cropland. If drained, these
soils are fairly well suited to the crops commonly grown
in the county. Tile drains lower the water table in both
soils and remove surface water from the Glencoe soil.
Soybeans often exhibit iron chlorosis, or “yellowing,” on
the rims of the depressions. A good fertility program is
needed because the high content of lime in the Canisteo
soil restricts the uptake of phosphorus and iron. If it is
worked when dry, this soil becomes powdery and thus
more susceptible to soil blowing. Tilling during wet
periods results in compaction and poor tilth. A system of
conservation tillage that leaves crop residue on the
surface reduces the hazard of soil blowing and helps to
prevent compaction and deterioration of tilth.

These soils are well suited to pasture. A cover of
pasture plants or hay is effective in controlling soil
blowing. Restricted use during wet periods helps to keep
the pasture in good condition.

These soils are fairly well suited to field and farmstead
windbreaks, which help to control soil blowing. The trees
and shrubs selected for planting should be those that
can withstand the wetness of both soils and the high
content of lime in the Canisteo soil. Seedlings survive
and grow best if weeds are controlled by applications of
herbicide or by cultivation.

The land capability classification is lliw.

960D2-—Storden-Clarion loams, 12 to 18 percent
slopes, eroded. These hilly, well drained soils are in
convex areas on glacial moraines and till plains. The
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Storden soil is on shoulder slopes, and the Clarion soil is
on back slopes and summits. Individual areas are long
and narrow and range from 5 to 25 acres in size. They
are about 40 percent Storden soil and 30 percent Clarion
soil. The two soils occur as areas so intricately mixed or
so small that mapping them separately was not practical.

Typically, the Storden soil has a surface layer of dark
brown and dark grayish brown loam about 8 inches thick.
The underlying material to a depth of about 60 inches is
yellowish brown and light yellowish brown, mottled loam.
The soil is calcareous throughout. In some areas the
surface layer is darker.

Typically, the Clarion soil has a surface layer of very
dark gray loam about 8 inches thick. The subsoil is
yellowish brown loam about 14 inches thick. The
underlying material to a depth of about 60 inches is
yellowish brown, calcareous loam. In some areas the soil
has sandy or silty sediments.

Included with these soils in mapping are small areas of
the moderately well drained Terril and poorly drained
Delft soils on the lower parts of the landscape. These
included soils make up about 30 percent of the map unit.

Permeability is moderate in the Storden and Clarion
soils, and the available water capacity is high. Organic
matter content and natural fertility are low. Surface runoff
is rapid or medium. The surface layer of the Clarion soil
is slightly acid or neutral. The Storden soil is mildly
alkaline or moderately alkaline throughout.

Some areas are cropped along with the less sloping
adjacent areas. These soils are poorly suited to the
crops commonly grown in the county. If cultivated crops
are grown, erosion is a severe hazard. It has reduced
the productivity of the soils. Unless it is controlled, it can
further reduce productivity. Measures that improve
fertility are needed. Farming on the contour, terracing,
and incorporating crop residue into the soil help to
control erosion.

Many areas are used as pasture or hayland. A
permanent cover of pasture plants or hay is effective in
controlling erosion (fig. 8). Gullies can form during
periods of heavy or prolonged rainfall. Restricted use
during very wet and very dry periods helps to keep the
pasture in good condition.

Some areas support trees. These soils are fairly well
suited to windbreaks. The trees and shrubs selected for
planting should be those that are suited to dry sites and
that can tolerate the high content of lime in the Storden
soil. In the steeper areas, seedlings are planted by hand.
They survive and grow best if weeds are controlled by
applications of herbicide or by cultivation.

The land capability classification is Ve.

960E—Storden-Clarion loams, 18 to 25 percent
slopes. These steep, well drained soils are in convex
areas on glacial moraines and till plains. The Storden
soil is on shoulder slopes, and the Clarion soil is on
summits and back slopes. Individual areas are long and
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narrow and range from 5 to 25 acres in size. They are
about 45 percent Storden soil and 35 percent Clarion
soil. The two soils occur as areas so intricately mixed or
so small that mapping them separately was not practical.

Typically, the Storden soil has a surface layer of dark
grayish brown foam about 9 inches thick. The underlying
material to a depth of about 60 inches is yellowish
brown, mottled loam. The soil is calcareous throughout.
In some areas the surface layer is darker.

Typically, the Clarion soil has a surface layer of very
dark grayish brown loam about 9 inches thick. The
subsurface layer also is very dark grayish brown loam. It
is about 6 inches thick. The subsoil is brown loam about
15 inches thick. The underlying material to a depth of
about 60 inches is yellowish brown, mottled, calcareous
loam. In places the soil has sandy or silty sediments.

Included with these soils in mapping are small areas of
the moderately well drained Terril and poorly drained
Delft soils on the lower parts of the landscape. These
included soils make up about 20 percent of the map unit.

Permeability is moderate in the Storden and Clarion
soils, and the available water capacity is high. Organic
matter content is low in the Storden soil and moderate in
the Clarion soil. Natural fertility is low in the Storden soil
and moderate in the Clarion soil. Surface runoff is rapid
or medium on both soils. The surface layer of the Clarion
soil is slightly acid or neutral. The Storden soil is mildly
alkaline or moderately alkaline throughout.

Most areas support native vegetation. Some support
grasses, and others support trees. These soils are
generally unsuitable as cropland because of the slope.
They are poorly suited to windbreaks. They are fairly well
suited to openland wildlife habitat and well suited to
woodland wildlife habitat. The trees or shrubs planted for
wildlife cover should be those that can withstand a high
content of lime. Leaving a few rows of corn or other
grain close to these steep areas increases the food
supply during the winter.

The land capability classification is Vle.

1029—Pits, gravel. This nearly level to very steep
map unit consists of open excavations from which gravel
or sand has been or is being removed. Some areas are
ponded for long periods. Individual areas generally are
rectangular and range from 5 to 75 acres in size.

Included with the gravel pits in mapping are small
areas of Biscay, Mayer, Estherville, Linder, and Wadena
soils. These soils are along the edges of the pits. They
make up 1 to 5 percent of the map unit.

Permeability is rapid or very rapid in the gravel pits.
Surface runoff is very rapid to ponded. A seasonal high
water table is several feet above to 6 feet below the
surface.

These pits are used as a source of roadfill or gravel.
They also are used as landfill areas. They are unsuitable
as cropland unless extensive reclamation measures are
applied.
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Figure 8.—A protective cover of grasses in an area of Storden-Clarion loams, 12 to 18 percent slopes, eroded.

Abandoned gravel pits are well suited to wildlife
habitat. A pit that contains water and that has trees and
shrubs around the outer edges is well suited to both
wetland and openland wildlife habitat. Leaving a few
rows of corn or other grain in nearby areas increases the
food supply during the winter.

The land capability classification is Vlls.

1052—Palms and Okoboji soils, ponded. These
nearly level, very poorly drained soils are in undrained
depressions. They are ponded during much of the year.
Individual areas are circular and range from 5 to more
than 100 acres in size. They consist of Palms soil,
Okoboiji soil, or both soils. The two soils were mapped
together because they have no major differences that
affect use and management.

Typically, the upper 26 inches of the Palms soil is
black muck. The underlying material to a depth of about
60 inches is black silty clay loam and dark gray clay

loam. In some areas the organic material is more than
51 inches thick. In a few areas the underlying material is
coprogenous earth.

Typically, the Okoboji soil has a surface layer of black
silty clay loam about 35 inches thick. The subsoil is dark
gray silty clay loam about 11 inches thick. The underlying
material to a depth of about 60 inches is olive gray clay
loam. In some areas the soil has less clay and more
sand. In a few areas the surface layer is calcareous.

Included with these soils in mapping are small areas of
the somewhat poorly drained Linder soils and the poorly
drained Canisteo, Harps, and Lemond soils. The
included soils are on the rims of the depressions. They
make up 2 to 10 percent of the map unit.

Permeability is moderately rapid in the organic part of
the Palms soil and moderate in the underlying material. It
is moderately slow in the Okoboiji soil. The available
water capacity is high in both soils. Organic matter
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